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Q1) Attempt any eight of the following : [16]

a) Define a compiler.

b) What is a sentinel?

c) What is parsing?

d) ‘Number of states of SLR parse table are same as that of canonical LR

parse table’. Comment on this statement.

e) Define scope rules of a block structured language.

f) What is an attribute grammar.

g) Define lifetime of activation of a procedure.

h) What is the purpose of doing code optimisation.

i) What are the actions performed by a LR parser?

j) ‘A syntax directed definition does not provide semantic rule for a

terminal’. Is it true or false. Why?

Q2) a) Attempt any one of the following : [6]

i) Write a Recursive Descent parser for the following grammar.

S → aA / bB / ab A → a / b B → bA / a

ii) Check if following grammar is LL(1) or not

E → TE' E' → + TE'/∈
T → FT' T' → *FT'/∈
F → (E) / id

������
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b) Attempt any two of the following : [10]
i) Define a deterministic finite automata. What is its role in scanning?

Explain with suitable eg.
ii) Explain the contents of activation record.
iii) Draw a directed acyclic graph for expression

a + a * (b – c) + (b – c) * d.

Q3) a) Attempt any one of the following : [6]
i) Compute LALR (1) items for following grammar.

S → AA A → aA/b
ii) Compute LR(0) item sets for the following grammar.

S → A/B A → aA/b B → dB/b
b) Attempt any two of the following : [10]

i) Write a note on analysis phase of a compiler.
ii) Explain how compiler handles a while loop and a for loop for

compilation.
iii) Write a note on dynamic memory allocation.

Q4) Attempt any four of the following : [16]
a) Explain bootstrapping and cross compiler.
b) Write a note on input bufferring.
c) Explain the drawbacks of top-down parsing with back tracking.
d) Write a note on static storage allocation.
e) Explain the following methods of code optimisation with suitable

examples.
i) frequency reduction
ii) dead code elimination

Q5) Attempt any four of the following : [16]
a) Explain different types of conflicts observed in LR parsing with suitable

examples.
b) Write a note on call by value method for passing parameters to a

procedure.
c) Explain the concept of displays with suitable example.
d) What are the functions performed by a scanner?
e) What is an expression tree? Explain with suitable examples.
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Instructions to the candidates:

1) All questions are compulsory.
2) Figures to the right indicate full marks.
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Q1) Attempt any eight of the following : [16]

a) State any two advantages of coaxial cable.

b) State the Nyquist theorem for noiseless channel.

c) What is the purpose of the transport layer?

d) State the difference between pure and slotted ALOHA.

e) What are the default masks for class B and class C IP addresses?

f) What is the purpose of D and M flags in the IPv4 packet?

g) List the various service primitives in ISO-OSI model.

h) Which application layer protocols use TCP?

i) List the various types of Ethernet.

j) What is the difference between de-facto and de-jure standards?

Q2) a) Attempt any one of the following : [6]

i) Explain any one method of random access mechanism in MAC

layer.

ii) Write a note on IPv4 addressing and explain how subnets are

created.

b) Attempt any two of the following : [10]

i) Write the differences between FDM and TDM.

ii) Explain how telnet works.

iii) Explain various topologies used in LAN’s.
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Q3) a) Attempt any one of the following : [6]
i) Explain how Ethernet works.

ii) Explain the TCP/IP reference model in brief.

b) Attempt any two of the following : [10]
i) Differentiate between Message passing and packet passing

switched. networks.

ii) Explain how a bridge works with an example.

iii) Explain the architecture of IEEE 802.11.

Q4) a) Attempt any one of the following : [6]
i) Draw the format and explain the fields of a TCP packet.

ii) What is routing? Explain the characteristics of a good routing

algorithm.

b) Attempt any two of the following : [10]
i) Write a note on CSMA/CA.

ii) Explain the encoding mechanisms used in the physical layer.

iii) Explain data and control connection in FTP.

Q5) Attempt any four of the following : [16]
a) For the following IP address, find its class, default mask. Also calculate

the subnet mask if the network has 4 subnets.

IP address : 192.10.200.54

b) Encode the data 1010110 using straight binary, Manchester, differential

Manchester and NRZ encoding.

c) Calculate the data rate for a noiseless channel having 8 kHz bandwidth

and 64 levels of signaling.

d) Show the three-way handshake between Host A and Host B assuming

that A uses sequence number 2000. Which flags are used?

e) An IPv4 datagram has header length of 6. Calculate the header length

in no. of bytes. If the datagram is fragmented and M = 1, is this the last

or middle fragment? Justify. What will be the identification number if

the packet carries byte numbers 100 to 200?
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2) All questions are compulsory.
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Q1) Attempt any eight of the following : [8 × 2 = 16]
a) Describe any two application areas where computer graphics is used.
b) What is horizontal and vertical retrace?
c) What is reflection? Give the transformation matrix for reflection about

the line y = x.
d) Why line clipping algorithms cannot be used for polygon clipping by

considering polygon as collection of lines.
e) What are the two types of parallel projections?
f) Windows to viewport transformation is a composite of basic

transformations. Justify.
g) If the lookup table of a raster device is 8 bits aide and having 6 bit

planes. How many entries are in the lookup table? How many intensities
are available?

h) What is a ‘Data-Glove’?
i) What is a vanishing point? How many principal vanishing points can

a scene contain?
j) How surfaces are ordered in depth sorting method? Why is it called

painter’s algorithm?

Q2) a) Attempt any one of the following : [1 × 6 = 6]

i) Explain the two methods of producing color display in CRT.

ii) Explain the algorithm for general pivot point rotation and general

fixed point scaling.
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b) Attempt any two of the following : [2 × 5 = 10]

i) Explain DDA algorithm. Why is it not efficient?

ii) Write a short note on touch panel as interactive graphics device.

iii) Explain Edge fill algorithm. Explain how the number of pixels

can be reduced by introducing a fence.

Q3) a) Attempt any one of the following : [1 × 6 = 6]
i) A six sided polygonal clipping window is shown below. Illustrate

the complete result of the cyrus-beck algorithm for the line P
1
(–1, 2)

and P2(3, 3).

ii) Illustrate the general Bresenham’s line drawing algorithm for

P
1 
= (2, 3) and P

2
 = (–7, 5).

b) Attempt any two of the following : [2 × 5 = 10]
i) How random scan line display differs from raster scan line display?

Explain Random scan line drawing algorithm.

ii) Consider an object having its center at (5, 2). Give the

transformation matrix for

1) rotating the object 90° counter clockwise about its center.

2) x shear with shx = 2.

iii) Explain cohen-sutherland clipping algorithm.



Q4) a) Attempt any one of the following : [1 × 6 = 6]
i) Discuss the properties of Bezier curves.

ii) Obtain blending functions for open uniform B splines with d = 3

and n = 3.

b) Attempt any two of the following : [2 × 5 = 10]
i) Explain the following terms : control points, zero-order continuity,

convex hull, cubic splines, and quadric surfaces.

ii) Explain flood fill algorithm.

iii) Write a short note on perspective projections.

Q5) Attempt any four of the following : [4 × 4 = 16]
a) Discuss Area subdivision algorithm for hidden surface elimination.

b) Discuss in detail the z-buffer Algorithm.

c) Explain cavalier and caloinet projections.

d) Write a note on uniform and non uniform B-splines.

e) Rotate polygon A = (–1, 0) B = (0, –2), C = (1, 0) and D = (0, 2)

about the line y = x + 1.
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Q1) Attempt any EIGHT of the following : [16]

a) Prove that the interior of a set is an open set in a metric space.

b) Is the following statement true :

‘In a metric space, arbitrary union of closed sets is closed’. Justify your

answer.

c) Find closures of the following sets in R.

i)
⎩
⎨
⎧

⎭
⎬
⎫∈ N/

1
n

n
.

ii) Q : Set of rational numbers.

d) Show that a closed set in a compact metric space X is compact.

e) Suppose d : R × R → R is defined as

d(x, y) = 
⎩
⎨
⎧

≠
=

yxif

yxif

,3

,0

Is ‘d’ a metric on R?

f) Prove that if f
1
 ∈ R(α), f

2
 ∈ R(α) then their product f

1
.f

2
 ∈ R(α).

g) Discuss the convergence of the series ∑
∞

=1

3

n
ne

n
.

h) Explain what do you mean by discontinuity of second kind of a

function by giving suitable example.

i) Let f be a continuous function on [a, b]. Prove that there exists c ∈ (a, b)

Such that, ∫ −=b

a
abcfdxxf )()()( .
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j) Show that the sequence f
n
(x) = 

nx +
1

defined on [0, ∞) is uniformly convergent.

Q2) a) Attempt any ONE of the following : [6]

i) Let E be a subset of a metric space (X, d). Show that E , the

closure of E is closed set in X.

ii) Define compact subset of a metric space. Prove that, compact

subsets of a metric space are closed.

b) Attempt any TWO of the following : [10]

i) Let S
1
 = 1 and S

n+1
 = nS2 + , ∀n = 1,2,......

show that the sequence {S
n
} is Monotonically increasing and

bounded in R.

ii) Give an example of an open cover of (0, 1) which has no finite

subcover.

iii) Let f : X → Y be a mapping of a metric space X into a metric space

Y. Show that f is continuous on X if and only if f –1(G) is open set

in X whenever G is an open set in Y.

Q3) a) Attempt any ONE of the following : [6]
i) Show that a continuous map from a compact metric space X into

a metric space Y is uniformly continuous.

ii) Let f  be a continuous mapping from a metric space X into a metric

space Y. Let E be a connected subset of X. Show that f (E) is a

connected subset of Y.

b) Attempt any TWO of the following : [10]

i) Verify mean value theorems for the functions f (x) = 2

1

x
 and

g(x) = 
x

1
 in [a, b], a > 0.

ii) Let E be a connected subset of a metric space X and F ⊂ X; such

that E ⊂ F ⊂ E  then prove that F is connected.
iii) Show that if f is a continuous real valued function on [a, b] then

f ∈ R(α) on [a, b].



Q4) a) Attempt any ONE of the following : [6]

i) With usual notations, prove that if p* is a refinement of p then,

L(p, f, α) ≤ L(p*, f, α).

ii) If f ∈ R(α) on [a, b] and F is differentiable function on [a, b]

such that F' = f then prove that ∫ −=
b

a

aFbFdxxf )()()( .

b) Attempt any TWO of the following : [10]

i) State and prove Taylor’s theorem for a functions of real variable.

ii) If f(x) = x4 + x3 – x2 + 1, α(x) = x on [0, 1].

Find ∫
1

0

. αdf

iii) State and prove the implicit function theorem.

Q5) Attempt any FOUR of the following : [16]

a) Let f
1
, f

2
 ∈ R(α) on [a, b] and α, β ∈ R then prove that,

αf
1
 + βf

2
 ∈ R(α) on [a, b].

b) If {f
n
} is a sequence of continuous functions on E and if f

n
 → f  uniformly

on E then prove that f is continuous on E.

c) Suppose f is continuous mapping of a compact metric space X into a

metric space Y, then show that f(X) is compact.

d) If f : [a, b] → R is differentiable and f '(a) < λ <  f '(b) then prove that

∃ x ∈ (a, b) such that f '(x) = λ.

e) Show that the sequence f
n
(x) = 

n

nxsin  is uniformly convergent on

[0, 2π].
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�� �����	������������	�����������	�������������
������������� 
�� !������
�������"#$ 
�� !������	
���������������	�����%�����& 
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��������������������	�� [16]
�� �������������	�������
�'��������������&�	���������$����0����	��� 
�� �0����	���������	������������������������� 
�� +�	*�����������	��	����������'������ 

�� 1�2+3�
��
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��
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�
� ���������	
��������������������	�� �[16]
a) Explain indexed sequential file organization.

b) Give applications of information technology.

c) What is a real time operating system? State its application.

d) What is topology? Explain star topology.

e) Explain working principles of inkjet printer.

��� ���������	
��������������������	�� �[16]
a) Convert following numbers to decimal.

i) (1111.0101)2

ii) (11111011)
2

b) Distinguish between MAN & WAN.

c) Define operating system. Give functions. of operating system.

d) Discuss working of CD- ROM drive.

e) Give types of computer. State advantages & disadvantages of super
computer.

��� ���������	
�������������������	�� 716]
a) State different communication medias. Write note on co-axial cable.

b) State types of storage devices. Explain any one in detail.

c) Explain multiprogramming operating system. How it is different from
time sharing operating system. Give advantage & disadvantage of
multiprogramming over batch operating. System.
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Q1) Attempt any eight of the following : [16]

a) What is ‘Javac’ tool? Explain its use.

b) What is polymorphism?

c) Define encapsulation.

d) How to declare 2 dimensional array in Java?

e) What is wrapper class? Why they are used?

f) What is an interface?

g) What are final classes? Explain its use.

h) What is the use of finally block?

i) Explain : i) event source.

ii) event listener.

j) What are result sets in java? What are different types of result sets?

Q2) Attempt any four of the following : [16]

a) What is an exception? Explain user defined exceptions with example.

b) What are the different types of JDBC drivers?

c) What are layout managers? Explain any 2 layout managers.

d) What is a package? How packages are defined in Java? Give suitable

example?

e) What are different access specifiers used in Java? Explain.

������
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Q3) Attempt any two of the following : [16]
a) Write a program to define two different linked lists to store integer

data. Accept ‘n’ numbers from the user and store in linked list as odd

numbers in 1 linked list and even numbers in other linked list.

Show the output of both the linked lists.

b) Create a GUI based program containing list box, TexBox. list any 5

city names in list box. When any name in the list box will be selected,

show its reverse in the text box.

c) Write a program to accept details of a person name, address, age.

Throw the exception if

i) age is less than 0. ‘Negative not allowed’.

ii) age is between 0 to 18 ‘you are minor’.

Q4) Attempt any two of the following : [16]

a) Write a program to accept file names through command line arguments.

Check if that file exists if yes, then show file name with file size and

file path. If file does not exist show the appropriate message.

b) Define a class Employee (e.no, e name, e-salary). Derive two classes as

teaching and non teaching storing ‘designation’. Define appropriate

functions to accept data from the user. Also define a function to compare

the salaries of employees. Show the employee details having max salary

from teaching and non teaching.

c) Write a program to accept ‘n’ numbers from the user through command

line argument. Store them in array perform following operations on

array and show the output.

i) Reverse array.

ii) Add all array elements and show the result.

iii) Find minimum and maximum of array.

Q5) Attempt any four of the following : [16]

a) Define following terms :

i) method overloading.

ii) method overriding.



b) Differentiate : do ...while and while loop. Give suitable example.

c) What are different types of variables in Java? Define the scope of

variables.

d) For each of the following write a single statement code :

i) To find a substring of a string.

ii) Find out length of a string.

iii) Check if the string stri1 ends with ‘ion’.

iv) Compare two strings for their contents.

e) What is Garbage collection in Java?

����
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Q1) Attempt any eight of the following : [8 × 2 = 16]
a) Define a finite state machine.
b) Construct DFA for the language over the alphabet {0, 1} with even

number of zeros.
c) Construct NFA with ∈ moves for the following regular expression :

01*.
d) Find the language generated by CFG

S → aSb | ∈.
e) Show that the grammar given below is ambiguous : S → SS | a |b.
f) Eliminate ∈ productions from the following CFG :

A → aBb | b B b
B → aB | b B | ∈

g) Eliminate unit productions from the following CFG :
S → AB | a, A → C | d, C → b

h) Write regular expression to accept all strings starting and ending with
b and consisting of any no. of ‘a’ s over alphabet {a, b}.

i) Define ∈-closure of a state.

j) Define ID of a Turing Machine.

Q2) a) Attempt any one of the following : [1 × 6 = 6]

i) Design a moore machine for a language over the alphabet {0, 1}

which outputs * if string contains ‘11’ in it and outputs # otherwise.

Convert it into a mealy machine.

������
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ii) Minimize the following DFA :

M = ({A, B, C, D, E, F, G, H}, {0, 1}, δ, A, {D})
δ 0 1

→ A B A
B A C
C D B

* D D A
E D F
F G E
G F G
H G D

b) Attempt any two of the following : [2 × 5 = 10]

i) Prove that ∀n ≥ 0,

1 + ∑
=

+=
n

1i

1)!(n!i.i

ii) Design a FA which checks whether a given binary number is
divisible by 3. The binary number will be given from MSB to
LSB.

iii) Consider NFA whose transition table is as given below :

δ a b

→ 1 {1, 2} {1}
2 {3, 4} {5}
3 {1, 3} {5}

   * 4 φ φ Convert it into a DFA.

   * 5 φ φ

Q3) a) Attempt any one of the following : [1 × 6 = 6]

i) Consider ∈-NFA whose transition diagram is as given below :

Convert it into a DFA.



���������� �

ii) Construct FA for the following regular expression :
(0 + 1)* (1 + 00) (0 + 1)*.

b) Attempt any two of the following : [2 × 5 = 10]
i) Find regular expression for the FA whose transition diagram is as

given below :

ii) Show that L = {0i 1j | j = 2i, i & j are integers} is not regular.
iii) Construct grammar for the language L = {aj bn cn | n ≥ 1, j ≥ 0}

Q4) a) Attempt any one of the following : [1 × 6 = 6]
i) Convert the following CFG into CNF :

S → ABA
A → aA | ∈
B → bB | ∈.

ii) Convert the following CFG into GNF :
S → AA | 0
A → SS | 1.

b) Attempt any two of the following : [2 × 5 = 10]

i) Construct regular grammar for the FA whose transition diagram

is as given below :

ii) Convert the following right linear grammar to left linear grammer:

S → bB

B → bC | aB

C → a

B → a

iii) Construct PDA that accepts language

L = {an bm an | m, n ≥ 1}.



Q5) a) Attempt any one of the following : [1 × 6 = 6]

i) Construct PDA for the following grammar :

S → OAC

A → OAC | 1B | 1

B → | B | 1

C → 1

ii) Construct a CFG which generates the language accepted by the

following PDA :

A = ({q
0
, q

1
}, {a, b}, {Z, Z

0
}, δ, q

0
 Z

0
, φ)

Where δ is given by,

δ (q
0
, b, Z

0
) = (q

0
, ZZo)

δ (q
0
, ∈, Z

0
) = (q

0
, ∈)

δ (q
0
, b, Z) = (q

0
, ZZ)

δ (q
0
, a, Z) = (q

1
, Z)

δ (q
1
, b, Z) = (q

1
, ∈)

δ (q
1
, a, Z

0
) = (q

0
, Zo).

b) Attempt any two of the following : [2 × 5 = 10]

i) Construct a Turing Machine recognising the language

L = {an bn | n ≥ 1}.

ii) Explain ‘Chomsky Hierarchy’.

iii) Explain an Universal Turing Machine.
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[3935] - 404
 M.Sc. Tech. (Sem. - IV)

INDUSTRIAL MATHEMATICS WITH COMPUTER APPLICATIONS

 MIM - 404 : Design and Analysis of Algorithms
(New) (2008 Pattern)

Time : 3 Hours] [Max. Marks : 80
Instructions to the candidates:

1) All questions are compulsory.
2) Figures to right indicate full marks.
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Q1) Attempt any eight of the following : [8 × 2 = 16]

a) Define θ and O notation.

b) Explain the term ‘Recursion Tree’.

c) Explain the term ‘Heap property.

d) Show that 5n2 + 3n is θ(n2).

e) Describe ‘Matrix chain multiplication problem’.

f) Define NP Hard Problem.

g) State true or false. Justify “The code words of the two least frequent

characters have the same length”.

h) Define : Transitive closure of a graph.

i) What is best case and worst case time complexity for quick sort

algorithm?

j) Explain divide and conquer strategy.

Q2) Attempt any two of the following : [2 × 8 = 16]

a) Explain Heap sort. Explain the algorithm to construct heap from

elements of given array & sorts it write Heapify algorithm.

b) Discuss Floyd-Warshall algorithm for all pairs shortest path for a given

weighted directed graph G = (V, E) with n vertices.

c) What is vertex cover problem? Prove that the vertex-cover problem is

NP-complete.
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Q3) Attempt any two of the following : [2 × 8 = 16]
a) Calculate the maximum flow in the following network using ford

Fulkerson algorithm.

b) Given the string of four matrices M1, M2, M3, M4 where r0 = 10,
r1 = 20, r2 = 50, r3 = 1, r4 = 100. Find the minimum number of operations
(scalar multiplications) required to evaluate the product assuming that
matrix mi has dimension ri-1 × ri.

c) Consider the travelling salesperson problem instance defined by
following cost matrix. Find the tour of minimum cost

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

∞
∞

∞
∞

∞

891418

11539

18685

91463

81237

Q4) Attempt any four of the following : [4 × 4 = 16]
a) What is an optimal Huffman coding for the following set of frequencies

based on the first 6 fibonacci numbers
a:1 b:1 c:2 d:3 e:5 f:8

b) If f
1
 (n) ∈ O (g

1
 (n)) and f

2
 (n) ∈ O (g

2
 (n)). Prove that

f
1
 (n) + f

2
 (n) ∈ O (max (g

1
(n), g

2
(n)).

c) Explain topological sort algorithm.
d) Write a note an NP-Completeness.
e) Rank the following functions in their increasing order of growth rates.

The functions are en, nn, n!, logen
n, and n2.
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Q5) Attempt any four of the following : [4 × 4 = 16]
a) Explain activity selection problem. Also Illustrate it using greedy

strategy.
b) Merge sort the array a[1 : 10] = (310, 285, 179, 652, 351, 423, 861,

254, 450, 520).
c) Using prim’s algorithm find minimum spanning tree for the following

graph.

d) Explain Bellman Ford algorithm for solving single source shortest
path problem.

e) Explain how dynamic programming is used to solve the longest
common subsequence problem.
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Total No. of Questions : 5] [Total No. of Pages : 6

[3935] - 501
 M.Sc. (Tech.)

INDUSTRIAL MATHEMATICS WITH COMPUTER APPLICATIONS
 MIM - 501 : Operations Research and Optimizing Techniques

(New) (2008 Pattern)
Time : 3 Hours] [Max. Marks : 80
Instructions to the candidates:

1) All questions are compulsory.
2) Figures to the right indicate full marks.
3) Use of single memory, non-programmable scientific calculator is allowed.
4) Graph papers will be supplied on demand.
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Q1) Attempt each of the following : [2 Marks Each]
a) Explain concept of iteration while solving a linear Programming

Problem.
b) Convert the following unbalanced transportation model into a balanced

transportation model.
D1 D2 D3 D4 D5 Supply

A 4 16 1 16 14 400
B 18 10 8 13 12 500
C 6 1 4 12 2 700

Demand 500 400 300 300 600
c) How degeneracy is located in a transportation model?
d) Draw the feasible region of the following L.P.P.

2x + 3y ≥ 1
3x – 2y ≥ 3

         x, y ≥ 0
e) In graphical method, the feasible region, if it exists, is always in the 1st

quadrant, state whether the statement is true or false And justify your
answer.

f) Find all solutions of the following assignment problem :
Jobs

Machines A B

1 5 5

2  5 5
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g) Match the following :

i) Linear Programming 1) VAM
ii) Transportation Problem 2) Saddle Point
iii) Assignment Problem 3) Simplex Method
iv) Game Theory 4) Hungerian Method

h) Consider the following game :
B

3 6 1
A 5 2 3

4 2 5
If ϑ is the value of the game, then justify the following statement.

“2 ≤ ϑ ≤ 3”

Q2) Attempt any four of the following : [4 Marks Each]
a) Discuss scope and limitations of Operation Research.
b) Solve the following L.P.P. by graphical method :

Minimize : Z = 5x
1
 + 2x

2

Subject to constraints :
3x1 + x2 ≥ 3
3x

1
 – 2x

2
 ≤ 6

  x
1
 + x

2
 ≤ 4

  x1 , x2 ≥ 0
c) Define each of the following term :

i) Artificial variable.
ii) Objective function in L.P.P.
iii) Feasible solution.
iv) Slack variable.

d) Convert the following L.P.P. in equivalent standard form :
Maximize Z = – 2x

1
 + 3x

2
 + 4x

3

Subject to constraints :
  x1 + 3x2 + 5x3 ≤ 10
3x

1
 – x

2
 – 2x

3
 ≤ – 4

  x1 ≤ 0, x2 , x3 ≥ 0

e) What is unbounded solution of L.P.P.? Discuss how unbounded

solution is located while solving L.P.P. by graphical method?
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f) A company sells two products A and B making a profit of Rs. 40 and

Rs. 30 per unit respectively. The total capacity of the production process
is 30,000 man-hours. It takes three hours to produce one unit of A and
one hour to produce one unit of B. It has been founded that a maximum
of 8000 units of A and 12000 units of B can be sold in the market.
Formulate the linear programming problem so as to get maximum

profit.

Q3) Attempt any four of the following : [4 Marks Each]
a) Explain concept of duality. Discuss it’s economic interpretation with

the help of an example.
b) Solve the following L.P.P. by simplex method carry out maximum

two iterations.
Maximize : Z = 2x

1
 + 4x

2
 + x

3

Subject to : x1 + 3x2 ≤ 4
 2x

1
 + x

2
 ≤ 3

   x
2
 + 4x

3
 ≤ 3

   x1, x2, x3 ≥ 0
c) Write the dual equivalent to the following L.P.P.

Minimize : Z = 4x
1
 + 5x

2
 – 3x

3

Subject to :   x1 + x2 + x3 = 22
3x

1
 + 5x

2
 – 2x

3
 ≤ 65

  x
1
 + 7x

2
 + 4x

3
 ≥ 120

  x1, x2, x3 ≥ 0.
d) Comment upon the truthness of the following statement

“The dual of a dual is primal problem”. Justify your answer.

e) Solve the following game by arithmetic method :

B
1

B
2

2

1

A

A
⎥
⎦

⎤
⎢
⎣

⎡
4030

1050

f) Define each of the following :

i) Saddle point.

ii) Pure strategy.

iii) Player in a game.

iv) Strategy of a player.



Q4) Attempt any two of the following : [8 Marks Each]

a) Find IBFS of following transportation model by least cost method.

Test whether it is optimal or not. If not, improve upon the solution by

carrying out one iteration by MODI method.

Market

M
1

M
2

M
3

M
4

a
i

Warehouse W
1

8 10 7 6 50

W
2

12 9 4 7 40

W
3

9 11 10 8 30

b
j

25 32 40 23 120

b) i) A project consists of a series of jobs A, B, C, D, E, F, G, H, I

such that, A < D, E; B, D < F; C < G; B < H; F, G < I

The time of completion of each job is as follows :

Job A B C D E F G H I

Time (days) 23 8 20 16 24 18 19 4 10

Draw the network diagram for the above project.

ii) Explain how an assignment model is a special case of a

transportation model.

c) Solve following travelling salesman problem as an assignment model.

Cities

A B C D

A ∞ 46 16 40

Cities B 41 ∞ 50 40

C 42 32 ∞ 60

D 40 40 36 ∞

d) i) Reduce the order of the following game by principle of dominance.

B
1

B
2

B
3

A
1

1 7 2

A
2

0 2 7

A
3

5 1 6

���������	 �



ii) Solve the following game by graphical method

B

A  
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−−
−

52

21

54

Q5) Attempt any two of the following : [8 Marks Each]

a) A project is represented by the network given below and has the

following data :

Task A B C D E F G H I

optimistic time t
o

2 3 5 5 8 7 9 3 6

Most likely time tm 3 5 8 7 10 9 11 8 8

Pessimistic time t
p

4 7 11 9 12 11 13 13 10

Determine the following :

i) Expected task times, t
e
.

ii) Variance of the task, σ2.

iii) Critical path.

b) i) Why VAM is said to be the best method to find IBFS of T.P?

���������	 �



ii) Obtain the optimal solution of the following transportation problem
by MODI method.

D
1

D
2

D
3

D
4

Capacity

S
1

10 0 20 11 15

S
2

1 7 9 20 25

S3 12 14 16 9 5

Demand 12 8 15 10

c) i) Define balanced assignment problem.

ii) The expected sales by 4 salesmen in each of the four zones are

given below :

1 2 3 4

A 42 35 28 21

B 30 25 20 15

C 30 25 20 15

D 24 20 16 12

Determine the optimal assignment so as to maximize the sales.

d) Solve the following L.P.P. by simplex method.

Minimize Z = 3x
1
 + x

2

Subject to : 5x
1
 + 2x

2
 ≥ 10

  x
1
 + x

2
 ≥ 6

  x
1
 + 4x

2
 ≥ 12

  x
1
, x

2
 ≥ 0

����
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Q1) Attempt any eight of the following : [8 × 2 = 16]

a) Six married couples are standing in a room. Two people are chosen at

random. Find the probability that they are married.

b) Let P be a probability measure defined on S = {a
1
, a

2
, a

3
}. Find P(a

1
) if

P(a
3
) = 2P(a

2
) and P(a

2
) = 3P(a

1
).

c) If A is an event defined on Ω, show that A and Ω are independent.

d) Let X be a binomially distributed random variable with E(X) = 2 and

Var(X) = 4/3. Find the parameters n and p.

e) Let Z be a standard normal variable. Find P(Z ≤ – 0.22) and P(Z ≥ 0.44).

f) Let X be a discrete random variable having poisson distribution with

parameter λ. State the p.m.f. of X. Also state its mean and variance.

g) Define product moment correlation co-efficient. Interpret the result

r = –1 and r = +1

h) Write the equations of two lines of regression. State the point of

intersection of these lines.

i) Define multiple correlation co-efficient and partial correlation coefficient.

j) Define the terms ‘Test statistic’ and ‘critical region’.

������
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Q2) Attempt any four of the following : [4 × 4 = 16]

a) A card is selected at random from an ordinary pack of 52 playing

cards. Consider the following events :

A = {heart} and B = {face card}.

Find P(A), P(B), P(A ∩ B), P(A ∪ B).

b) Let A and B be events with P(A) = 1/3, P(B) = 1/4 and P(A ∪ B) = 1/2.

Find P(A|B), P(B|A).

Are A and B independent.

c) When are two events A and B defined on Ω said to be independent?

Can they be independent and mutually exclusive simultaneously? Justify

your answer.

d) Define distribution function of a continuous random variable X. State

its properties.

e) Find density function f(x) of a continuous random variable X whose

CDF is as follows :

⎪⎩

⎪
⎨
⎧

>
≤≤

<
=

11

10

00

)( 5

xif

xifx

xif

xF

Hence or otherwise find P(1/2 < X < 2/3).

Q3) Attempt any four of the following : [4 × 4 = 16]
a) A random variable X takes values –3, –1, 2 and 5 with probabilities

10
1

,
10

1
,

10
2

,
10

32 +−−− kkkk
 respectively. Determine the value of k. Hence

find E(X).

b) Let X be a continuous random variable with density function given by,

f (x) = 
2
1

x ,    0 ≤ x ≤ 2

= 0    ,   0.W.

Find mean, variance and distribution function of X.

c) Write the p.m.f. of Binomial distribution with parameters n and p.

State its mean and variance. Also mention one real life situation where

Binomial distribution is applicable.
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d) Suppose 300 misprints are distributed randomly throughout a book of

500 pages. Using poisson distribution, find the probability that a given

page contains,

i) exactly 2 misprints.

ii) 2 or more misprints.

e) Let X be a continuous random variable with uniform distribution over

(2, 10). Find mean and variance of X.

Q4) Attempt any four of the following : [4 × 4 = 16]

a) Suppose that the student IQ scores form a normal distribution with

mean μ = 100 and standard deviation σ = 20. Find the percentage of

students whose scores fall between

i) 80 and 120

ii) Over 160.

b) Suppose the lifetime X in days of a certain component is exponential

with θ = 120. Find the probability that the component will last

i) less than 60 days.

ii) more than 240 days.

c) Let a continuous random variable X follows normal distribution with

parameters μ and σ2. Write pdf of X. State additive property of normal

distribution. Also state the distribution of σ
μ−= X

y .

d) Explain in brief the method of least squares to obtain the regression

line of Y on X.

e) The two lines of regression are given by,

x + 2y – 5 = 0

and 2x + 3y – 8 = 0.

If σ2
x
 = 12, calculate 2

y,Y,X  and γ
xy

.

Q5) Attempt any four of the following : [4 × 4 = 16]

a) Explain the test procedure for testing H
0
 : P = P

0
 against H

1
 : P ≠ P

0
 for

a large sample at 5% level of significance.



b) A company introduces a new product in 4 locations A, B, C and D.

The number of items sold during a weekend are as follows :

Location A B C D

No. of items sold 80 65 70 85

Test the hypothesis that the location doesnot make a difference on

sales at 5% l.o.s.

c) Define the following terms :

i) Null hypothesis ii) Alternative hypothesis

iii) One tailed test iv) Two tailed test.

d) From the heights X
1
, weights X

2
 and ages X

3
 of a group of students

the following data was obtained :

σ
1
 = 2.81 σ

2
 = 12 σ

3
 = 1.5

γ
12

 = 0.75 γ
23

 = 0.54 γ
13

 = 0.43

Calculate b
12.3 

, γ
23.1

 and R
2.13

.

e) Find missing values in the following ANOVA table :

Source df Sum of Mean sum F-value

squares of squares

Treatment – – – –

Error 16 82.3 5.14

Total 19 179.8

����
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�������������	
����
�������
���������	� [8 � 2 = 16]

�� �������	
����������������	�����

�� �
������������
���������

�� ����	���
�����������	��	�����	�������������	�

�� �
��������������

�� �
������ !"#��	��$%&&�

�� �
����������������������

�� ����	���
������������	�	����	�������	���
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����	���	������	�����	�

'� �
����������������������	�

��� �	������	
����������
���������	�� �[4 � 4 = 16]

�� "�����	����
�������������������
��	���������������	
�	����	��

�� "�����	��
����������
���
����	���������
��

�� "�����	����
�������������������
���������	���������	�����������	��	�
��	�������	�

�� �����������
�	�������
����������
��
����������(���������	�

�� ���������
�����
����������
�	�����	����	��������	������������
������	����
������������������	�

����	�



��������	� 


�
� ���������	
����������
���������	�) �[4 � 4 = 16]

�� "�����	����
�������������������	
��	���
��������������(�������	�������

�� ����	���
�������������������������	��	���	��	���
����������������	�

�� "�����	�������	���	��(��	��*����	������������������

�� ���������
��+#,������������������������

�� "�����	��
��-%���������	��������
����	������	����+#,����-%��

��� �	������	
����������
���������	� [4 � 4  = 16]

�� ���������
���������
����	�	���	��
�����(��	�
������	�

�� "�����	��
�����������������������������������	�������������������

�� ���������
�����
�������	�������������������
�������������

�� "�����	��
�����������������������	���	���	������	�����	���������	�

�� ���������
������������������������	���	��������������������	��

��� �	������	
���������
���������	�� [2 � 8  = 16]

a) Discuss� �
�� ��������� &������� ���	������� "�����	� ���� ���� �	� �����
��������	��

�� ���
��
��
�������������������.��������	��
���������	��

�� !��	����������	�

��� /�	����������	�

���� "������������	�

�� ���
��
��
�������	�������������%�����������	��������	����������������	
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�������������	
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������
���������	�� [8 � 2 = 16]
�� ����	��������������	�	��������������������	��
�� ����	����� �����!�!
��
!� "#����	��	
����������	���������������!$�����	���������	�!����	��
�� ����	����������	���������������#����	!�����������	�
�� "#����	��
�������������������
�����!����
�� ����	����%������
�� &
�������	�!����� �'

� "#����	��
��	�������������	��
�� ���! �����
��������������!����������
(� "#����	������
��������������������	���
�����!����

��� �� ���������	
��	������
���������	�� [1 � 6 = 6]
�� "#����	��	����������� �����!����!������	�
��� "#����	��	����������� �����!������������	�����	�����	��

�� ���������	
����������
���������	�� [2 � 5 = 10]
�� &
��������
���������	����������	��
�!
��������!�	��������������!� ���

�
���� ��'
��� )����� ���
��������!�	�������
�����	�����
���������	������$��������!���

��� ��������������$����!$�
���� &
������������
����'�"#����	��
�����������������!$*�� �������!$*
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�
� �� ���������	
��	�������
���������	�� [1 � 6 = 6]
�� "#����	��
���
����!������
������	������������
�	������	������ �!���
��� "#����	��
����	�� �����	�����
�����!���������������!��

�� ���������	
���������
���������	�� [2 � 5 = 10]
�� "#����	��	����������� �����!���������	����	�
��� &�������	�����	���!����
�����!����
���� &��
�� ��������������*��#����	��
���!!����	!�������!����������
�

�������

��� �� ���������	
��	�������
���������	�� [1 � 6 = 6]
�� "#����	��
���
	��#����$�����
�����!�����������������
�����	���!�	!����

�
���������	��������
+� ,������������������	������
-� ,������.����
/� ,�������+
0� ,��������	���������	������� ��	�����+

��� &�������	�����	��#��	���	�����'
�� �����������	
���������
���������	�� [ 2 � 5 = 10 ]
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Instructions to the candidates:

1) All questions are compulsory.
2) Figures to the right indicate full marks.
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Q1) Answer any eight of the following : [16]

a) Is it true that an infinite dimensional subspace of a normed linear space

be closed? Justify.

b) Prove that every linear map from finite dimensional normed linear

space to any normed linear space are continuous.

c) Let X be a normed linear space over K (K = R or C) and let a(≠0) ∈ X.

Show that there exists f ∈ X' such that f (a) = || a || and || f || = 1.

d) Let X and Y be normed linear spaces and Z is a closed subspace of X,

prove that the quotient map Q from X to X/Z is continuous.

e) Let X be a normed space and A∈ BL(X). Prove that A is invertible iff

A is bounded below and surjective.

f) Let X be an inner product space. For all x, y ∈ X, prose that

|| x + y ||2 + || x – y ||2 = 2 ( || x ||2 + || y ||2 )

g) With suitable example show that the Riesz representation theorem do

not hold for an incomplete inner product space.

h) Let H be a Hilbert space. For A, B ∈ BL(H), show that (A + B)* = A* + B*.

i) Let H be a Hilbert space. Prove that AB is normal if A commutes with

B* and B commutes with A*.

j) Let X be a normed linear space. If E1 is open in X and E2 ≤ X then

show that E1 + E2 is open in X.

������
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Q2) a) Attempt any one of the following : [6]

i) Let X and Y be normed linear spaces and F : X → Y be a linear

map such that the range R(F) of F is finite dimensional. Prove

that F is continuous iff the zero space Z(F) of F is closed in X.

ii) Let {x
1
, x

2
, .....} be a linearly independent subset of an inner

product space X. Define y
1
 = x

1
, 

|||| 1

1

y

y
u1 =  and for n = 2, 3, .....

y
n
 = x

n
 – 1,uxn ) u

1 
–....... – < x

n
, u

n-1 
> u

n-1
, 

|||| n

n
n y

y
u =  then prove

that {u
1
, u

2
, ---u

n
} is an orthonormal set in X.

b) Answer any two of the following : [10]

i) Let X be a normed space over K and E
1
, E

2
 be nonempty disjoint

convex subsets of X, where E
1
 is open in X. Prove that there is a

real hyperplane in X which separates E
1
 and E

2
 in the following

sense: For some f ∈ X' and E ∈ R, we have Re ( f (x
1
)) < t ≤ Re

( f (x
2
)) for all x

1
 ∈ E

1
 and x

2
 ∈ E

2
.

ii) Let X be a Hilbert space and ∑ ∞<
n

nk 2|| , where k
n
 ∈/K, prove

that ∑
n

nn uk  converges in X, where {u1, u2, un,....} be a countable

orthonormal set in X.

iii) Let X and Y be normed linear spaces and X ≠ {0}. Prove that

BL(X, Y) is a Banach space in the operator norm iff Y is a Banach

space.

Q3) a) Answer any one of the following : [6]

i) Let H be a Hilbert space and f ∈ H'. Prove that there is a unique

y ∈ H such that f (x) = < x, y >, x ∈ H.

ii) Let X be a normed space and Y be a Banach space. Let X
0
 be a

dense subspace of X and F
0
 ∈ BL(X

0
, Y). Prove that there is a

unique F ∈ BL(X, Y) such that F/X
0
 = F

0
. and || F || = || F

0
 ||.
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b) Answer any two of the following : [10]
i) Let H be a Hilbert space. For f ∈ H', Let y

f
 be the representer of  f

in H. Prove that the map T : H' → H given by T(f) = y
f
 is a

surjective conjugate-linear isometry.
ii) Prove that a Banach space cannot have a denumerable basis.
iii) Let H be a Hilbert space and A ∈ B L (H). Prove that there is

unique B ∈ B L (H) such that for all

x, y ∈ H, < A (x), y > = < x, B(y) >.

Q4) a) Answer any one of the following : [6]
i) Let X be a Banach space and Y be a normed space and {F

n
} be a

sequence in BL(X, Y) such that the sequence { F
n
(x)} converges

in Y for every x ∈ X. For n ∈ X, Define F(x) = ∞→n
lim  F

n
(x).

Prove that F is bounded linear map from X to Y and

|| F || ≤ 
∞→n

lim  inf || F
n
 || ≤ sup { || F

n
 || : n = 1, 2, ....}<∞.

ii) Is it true that every normal operator a unitary or self adjoint?

Justify.

b) Answer any two of the following : [10]
i) Let X and Y be normed linear spaces and F : X → Y be linear.

Prove that F is an open map iff there exists some γ > 0 such that

for every y ∈ Y, there is some x ∈ X with F(x) = y ∫ ≤ |||||||| yx γ .

ii) Let K = C and A ∈ BL(H). Prove that there are unique self-
adjoint operators B and C on H such that A = B + iC.

iii) Let {u } be an orthonormal set in an inner product space X and
x ∈ X.
Let E

x
 = {u  | < x1 yα > ≠ 0} prove that E

x
 is a countable set.

Q5) a) Answer any one of the following : [6]
i) Let X and Y be Banach spaces and F : X → Y be a linear map

which is closed and surjective. Prove that F is continuous and open.

ii) Let {u
1
, u

2
, ....} be a countable orthonormal set in an inner product

space X and x ∈ X. Prove that ∑ ><
n

nux 2|,| ≤ || x ||2 where equality

holds iff x = ∑
n

nn uux, .



b) Answer any two of the following : [10]

i) Let X and Y be Banach spaces and let F ∈ BL(X, Y) be bijective

prove that F–1 ∈ BL(X, Y).

ii) Let X be an inner product space. Let E be an orthogonal set in X

and OE. Prove that E is linearly independent.

iii) Let X and Y be normed linear spaces and F : X → Y be linear

map. Prove that F is a compact map iff for every bounded sequence

{u
n
} in X, {F(u

n
)} has a subsequence which converges in Y.
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Q1) Attempt any eight of the following : [16]
a) Find the feasible space of the constraint

3x
1
 – x

2
 ≤ –3, x

1
 ≥ 0, x

2
 ≥ 0

b) Explain the term ‘artificial variable’ and it’s use in linear programming
problem.

c) Write the dual of the following problem and find the optimal value of z.
(Do not solve the dual by simplex)

min z = 10 x
1
 + 4x

2
 + 5x

3

s.t. 5x
1
 + 7x

2
 + 3x

3
 ≥ 50

x
1
, x

2
, x

3
 ≥ 0

d) Explain the term ‘shadow prices’.

e) Solve the game      Player B

Player A ⎥
⎦

⎤
⎢
⎣

⎡
64

26

f) What is dynamic programming?

g) Determine the range for the value of game (V) for the game

Player B

Player A

������

IIIIII

III

II

I

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

021

102

210
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h) What is an unbalanced assignment problem? How do we solve it?

i) Solve the following assignment problem

I II III IV

A 2 10 9 7

B 15 4 14 8

C 13 14 16 11

D 4 15 04 9

j) Explain Fulkerson’s rule for numbering events in network.

Q2) Attempt any two of the following : [16]

a) Reddy Mikks produces both interior and exterior paints from two raw

materials M
1
 and M

2
. The following table provides the basic data of

the problem.

Tons of raw material

Per ton of maximum daily

Exterior Interior availability

Paint paint (tons)

Raw material M
1

6 4 24

Raw material M
2

1 2 6

Profit per ton 5 4

($ 1000)

The market survey indicates that the daily demand for interior paint

can not exceed that of exterior paint by more than 1 ton. Also the

maximum daily demand of interior paint is 2 tons.

Reddy Mikks wants to determine the optimum (best) product mix of

interior and exterior paints that maximizes the total daily profit.

Formulate the problem & solve it by graphical method

b) Solve the following LPP using simplex method.

Min z = 4x
1
 + x

2

subject to , 3x
1
 + x

2
 = 3

4x
1
 + 3x

2
 ≥ 6

 x
1
 + 2x

2
 ≤ 4

 x
1
, x

2
 ≥ 0
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c) The following is an IBFS of a transportation problem. Check whether

it is optimal, if not find optimal solution

→
Destinations D

1
D

2
D

3
D

4
Supply↓ Origins

O
1

7 8 15

O
2

5 15 5 25

O
3

5

Demand

Q3) Attempt any two of the following : [16]
a) Solve the dual of the following LPP using simplex method.

Minimize z =  x1 + x2

S.t. 0.12 x1 + 0.04x2 ≥ 600
0.10x1 + 0.40 x2 ≥ 1000
x1, x2 ≥ 0

Hence find the solution of the dual and Primal.
b) Solve the following game using graphical method.

Player B

Player A 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

−−
−

12

34

97

45

21

c) i) Explain 1) Degeneracy in transportation.
2) Maxmin and Minmax Criteria in game.

ii) Explain ‘Sensitivity Analysis’.

Q4) Attempt any two of the following : [16]
a) Solve the following LPP using Dual Simplex Method.

Minimize z = 3x1 + 2x2

Subject to 3x
1
 + x

2
 ≥ 3

4x
1
 + 3x

2
 ≥ 6

  x1 + x2 ≤ 3
  x

1
, x

2
 ≥ 0

10  0 1120

 1  7  9 20

14 16 1812



b) The following table gives the activities in a construction project and

other relevant information.

Activity : 1-2 1-3 2-3 2-4 3-4 4-5

Duration : 20 25 10 12 6 10

i) Draw the network for the project.

ii) Find Critical path.

iii) Find free, total and independent floats for each activity.

c) Express the following game as LPP (from B's point of view) and solve

it by using simplex method.

Player B

Player A

Q5) Attempt any two of the following : [16]

a) A company is faced with the problem of assigning 4 machines to 6

different jobs. The profits are estimated as below

Machine

A B C D

I 3 6 2 6

II 7 1 4 4 Solve the problem

Job III 3 8 5 8 to maximize the

IV 6 4 3 7 total profit

V 5 2 4 3

VI 3 7 8 4

b) i) Explain the concept of parametric programming.

ii) Explain the earliest and latest start time of an activity.

IIIIII

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

123

210

131

III

II

I
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c) Consider the following transportation problem

D
1

D
2

D
3

D
4

Supply

O
1

15 51 42 33 23

O2 30 42 26 81 44

O3 90 40 66 60 33

Demand 23 31 16 30

Find IBFS using 1) VAM

2) North-west corner method
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