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Part I

~ Answer all questions.
Each question carries Vi weightage.

'1. Define optimal solution of a Li_nea;' Programming Problem.
Define degenerate basic feasible solution of an 'LPP. & s e o ’
Define basic variables for an LPP. | |
Write the Standard form of an LPP.

Write the Canonical form of Maximization Problem in LPP.

S o A @ o

What is meant by Integer Liner Programming.

7. In a transportation problem if travelling cost for a destination is not known, it is assumed to 1
be - . ' : : v . ,

8. Define a Convex set K in »]R",‘ -
9. State Trueor Fa_lse “If S be convex, then all convex co‘mbinations gf elements of S lie 1n S”.
~ 10. Define convex hull of a set S in E”, ‘
li . In a balanced Transpbrtation Problem the basic variables can be at most

12. When will we say that a feasible solution of a Transportation Problem is basic

(12 x % = 38 weightage)
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Part I

Answer any nine questions.
~ Each question carries 1 weightage.

13. Solve graphically the LPP.
Max z =5x, + 75c2, subject to x, + x, <4, 3x, + sz <24,10x, +7x, <35, Where x, >0, x, > 0.
14. Reduce the problem to Canonical form

Min z = x, + %,, subject to 2x, — x, =4, 3x, + 5x, =10 and x, >0, x, > 0.

15. Venfy that A = {(x, y)eR?*;x? + 2 = 1} is a convex set or not.

16. Prove that every hyper plane in R» is convex. |
'17. Find the dual of : R R

Max z=x, - x, + 3x,, subject to x, +x, + x, <10, 2x, — x, <2, 2x, — 2x, + 3x, <6, Where

%,20,%,20,x, 20.

18. Solve algebraically
Max z = 10x, + 15x§,subjéct to x, -l;x2.=2,> 3x, +x, <6, and %, 20,%,20.
* ©19. Give a counter example to show that “union of two convex sets need not be convex”.

. 20. Find the initial basic feasible solution for the transportation problem using NW CR

Destination

21 | 16 25 13| 11

Source |17 | 18 | 14 | 23| 13

« ls2 | 27 | 18 | 41| 19

6 10 12 15 . , : PRI
21. Write the mathematlcal form of the assignment problem 7 _ . | o
22, Use simplex method to solve - : " ‘. ’ | _ |

Max z = 2x, +3x2,subjecttox1 +%,<1,8x% +x,<4, and x, > 0,x,>0.
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23. Solve the Transportation.problem with initial b. f, s. Y13 =%g) =Xgg =3, x5, = Xgy = 2.

24.

25.
26.

27.

28.

29.

30.

Destination
10 7 3 6 | 3
Source |1 6 8 3 5
7 4 5 3 7
3 - g 6 4

What is meant by a non-degenerate basic feasible solution of a TP.
Ox1=9 weightage)
Part IIT

Answer any five questions. _
Each question carries 2 weightage.

Show that the set of all feasible solutions of an LPP is a closed convex set,

Solve the LPP

Min z = x, - 8x, + 2x,, subjeét to 3x; - x, + 22, <7, 2x, + 4x, < 1 2, —4x, +3x, + 8x, <10, Where

%20,x,20,x, 0.

Find a basic feasible solution to the following TP by Vogels Approximatidn Method.

Destination

5 [ 3 | 6 30

9 6 5 15

4

Source |3 4 7 8 15
8
7

10 25 18

Food X contains 6 units of Vitamin A and 7 units of vitamin B pei' gram and cost 12 paise per gram.
Food Y contains 8 units and 12 units of A and B per gram respectively and costs 20 paise per gram.
The daily requirements of vitamin A and B are at least 100 units and 120 units respectively.
Formulate the above as an LPP. ‘

Show that H = {(x, y)eR?*;a<x< b} is a convex set.

Prove that the set of all feasible solutions of a system of équation Ax = is a closed convex set;

. : : - Turn over

=




L —

S

L 4 C 21565
31. Use Charne’s Method to solve
Max z=-x, — X, — X, si‘1bje'ctto::c1 —x, +2%3=2, x +2x,—x,=1,
Where x, 20,x, 20,x; 20.

32. Solve the assignmént problem

M1| M2 | M3| M4 | M5
J1 9 3 4| 2] 10
J2 | 12 | 10 8 | 11 9
J3 | 11 2 o| o 8
J4 s | o |10 3 7
J5 7 5 | 6 2 9 | T

| ' .(5 x 2 =10 weighiv;age)‘
Part IV |

~ Answer Both questions.
Each question carries 4 weightage.

33. Solve the Transportation Problem

Destination

619'3A70

Source |11 | 5 | 2 | 8| 55

10 | 12 4 | 7] 90

85 35 50 45

34. Solve the Assignment problem

M1 | M2 | M3| M4 | M5
J1 |11 | 17 8| 16 20‘

J2 9 7112 6| 15

J3 13 16 15 12 16

J4 21 24 17 28 26

J5 14 | 10 12 11 15

(2 x“4 = 8 weightage)
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7 Section A -

Answer all questions.
Each question carries weight Y.

1. Give the canonical form of a maximization LPP.

2. Is “ Maximize z = 2x; + 3xy

subject to x; + x5 =5
5x1 = 2x2 >3
X1, Xo >0
in the standard form.
3. State True or False : The singleton set is convex.

What is the maximum number of basic solutions in a system of m’ linear non-homogenous equations
with ‘n’ variables ?

Define a surplus variable. :
State the optimality criterion for a basic feasible solution of a Linear Programming Problem.

7. If the primal problem has an unbounded objective function, then the dual has no feasible
solution—True or False ?

Define “penalty” in Cham‘s method.

9. What is the maximum number of basic variables in a balanced Transportation problem with ‘m’
rows and ‘n’ columns ? '

10. Consider a 4 x 4 Transportation Problem. Does the set of cells
{1,1,(1,2),(3,2),(3,4),(4,4), (4,1)} form aloop in it.
11. State True or False : An Assignment Problem is a special types of Transportation Problem.

12. A non-degenerate basic feasible solution of a Transportation Problem with ‘m’ rows and ‘n’ columns
has how many zeros. '

(12 x 4 = 3 weightage)
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13.

14.
15.
16.
17

18.
19.
20.

21.

N
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Section B

Answer all questions.
Each question carries weight 1.

Reduce to the standard form :

Minimize z =x; + xy

subject to 2% —x3 <4
3x1 + 5x2 P 10
% 20,25 20.

Define a hyperplane in the Euclidean plane.
State a necessary and sufficient condition for a set S to be convex in E*.

State the Fundamental Theorem of linear programming.
Find the dual of |

Minimize z = 2x; + 3x, + 43

subject to 2x; + 3xp + 5x3 > 2
3% + x5 +Tx3 =3
% +4x5 +6x3 <5
X1, X3 20, x3 unrestricted.

Name the method used to solve an LPP when surplus variables arise. Also define ‘penalty’.
Give the matrix notation of a transportation problem.
Find an initial basic feasible solution by NWCR :

B B D, D, Supply
o, | 1 13 17 14 | 250
o, | 16 18 14 10 | 300
TR 24 13 10 $400
Demand | 200 225 275 250

Show that a balanced Transportation problem possesses a finite feasible solutlon and an optimal
solution always.

(9- x1= 9 weightage)



22

23.
24.

25.

26.
27.

Solve graphically :

Maximize z =x; + xo

subject to 2x; + 3xy <6

X1 = Xg

<1

x1,%9 20.

3

Section C

Answer any five questions.
Each question carries weight 2.

~ C 80032

Show that the set of all feasible solutions of a system of equatlons A =bisa closed convex set.

Solve by simplex method :

Maximize z = x; + 5x,

subject to
- X3 <2

x1'+ 10x2 <20

X1, X9 =>0.

Solve

Maximize z=38x +2x, +3x;

subject to 2x; + %9 +x3 <2

3x; +4x9 +2x32>8

X1, X9, X3 >0.

Show that the dual of the dual is the primal itself.
Find an initial basic feasible solution by VAM :

D,

D, D, Supply
0, 3 5 7 150
o, 6 10 200
04 8 10 3 100
Demand 100 300 50

- Turn over



28.

29.

30.

8.

d
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Solve the following AP to minimize cost :

I II II1 IV A
A | 9 8 7 6 4
B 5 7 5 6 8
C 8 7 6 3 5
D| 8 5 4 9 3

E 6 yi 6 8 - b ;

' ‘ (5 x 2 = 10 weightage)
Section C : ;
Answer any two questions., . ‘

Each question carries weight 4.

'Formulate as an LPP and solve : Two types of cloth X and Y are made by a company. Each has to

go through processes A and B. Time in hours per unit and total time available are :

X Y Total hours
ProcessA .. 3 4 24 _ : 7
ProcessB .. 9 4 - 36 s e el

Profit per unit of X and Y are Rs. 5 and Rs. 6 respectlvely how many umts of X and Y-should be
produced to maximize profit ?

Use Principle of Duality to solve :

Maximize z=3x; + 2x5

subject to x; + x5 > 1
X +x5 <7
X +2x5 <10
%<3
Xy, Xg, X3, %4 20.

Solve the following minimization Transportation Problem :

D, D, D, Supply
0, 2 7 4 5
0, 3 3 8
o, | 5 4 7
0, 1 6 - 14
Demand 7 9 18

(2 x 4 ='8 weightage)

sl St o S S
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10.

11,

12.

Part I

: Answer all questions.
. Each question carries Y, weightage.

. . Define a su}plus variable.

State True or False : Every half space determined by a hyperplane is convex.
Define a hyperplane in the Euclidean space E”. '

‘What is a degenerate basic solution of the system AX = B ?

In chaines méthod what is the cost of the artificial variable called ?

In the s1mplex table of a maximization LPP, a column corresponding to a non-basic vanab]e has
all entries < and net evaluatlon < 0. What does this indicate ?

The primal has 2 decision variables and 3 constraints. Then the dual has — decision variables
and ——— constraints.

Write the dual of Min. z = cx subject to Ax> b, x20. »

Define a loop in a transportation problem.

State True or False : :

There exists a balanced Transportation problem without an optimal solution.

The number of zero in a non-degenerate basic feasible solutlon of a balanced TP with 7 sources
and 10 destinations is -

The decision variables of an Assignment problem are :
(a) 1 only.
(b) 0 only.
(c) Either 1or0.
(d) None of these.
‘ (12 x }; = 3 weightage)

Turn over
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13.

14.

15.
16.
17.
18.

19.

20.

2.
Part II

- Answer any nine questions.
‘Each question carries 1 weightage.

Write in standard form :
Maximize z=9x-6y
subjectto x-y>-1

x+5y<10
x,y20.

Show that the set % ={(x, y) e R? ; 5x + 7y = 15} is convex.

Show that every hyperplane in R® convex.

Show that the intersection of an arbitrary family of convex sets is convex.

Show with an example that the dual of the dual is the primal.
Find the dual of : :
Maximize 2z=x;-%5"
-subject to 2x; —x, <-4
X1 +5x9 =2
Xy, %9 2 0.
Convert to a minimization problem :
Maximize 2z=>5x; —x +x3
subjeét to x; +2x9 +3x3 <8
x;—%9—x321
X5 %9, %3 20,
Find an IBFS by NWCR :
A B C D
Bl 1. 16 25 13 il
I |17 18 14 231 13
Nhfsz 87 18 41]| 19
6 10 12 15

S

C 60114
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21. Find an IBFS to the above problem by matrix mlmmum method.

22. Test the optlmallty of x4, =20, x5 = 10, x5 = 20 x93 =20, %94 =10, X33 = 20 for the followmg

23.
24.

25.
26.
- 2T
28.

29,

: What is a restrictive AP ? How is it tackled ?

Transportatlon problem : :
A B C D
I b1 9.1 (4
b e n g e
111 4 2 5 9 20

20 40 30 10

Give the mathematical form of the Assignment problem.

9x1=9 weightage)
Part III

'Answer any five questions.
Each question carries 2 weightage.

SRR e S

Show that a set S in E" is convex iff every convex combination of points in S lies i in S.
Show that the Basic Feasible Solutions of Ax = b are the extreme points. -
Explain the computationial procedure of the - simplex method in simple steps
Solve :
Minimize 2z =x; —3ux, +2x5
. subject to  3x; — 9;2 +2x3 <7

—211 a6 4x2 <12

—4x; +3xy + 823 <10 ' _ e

X1, X9, X3 >0.
Solve :

Maximize z=2x; - 3xy
subject to -x; + x5 > -2

5x1 +4x2 <46
Tx; + 229 2 32
'xl,xg 2 0.

Turn over
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30. Find an IBFS by VAM and test for optimality :
. A B ¢ D
I |19 80 ‘50 10
- 1|70 30 40 B0} 9
HMIl4 8 70 2018
B 8 7. 14

31. Solve the _Assignment problem to ﬁinimizé cost :

‘ 1 2 3 1

. I 12 30 21 15
II | 18 33 9 31
It 44 25 24 91
IV.] 23 30 28 14

3%. Prove thatin a balanced Transportation problem, there can be at the most m + n — 1 basic variables. |
(m — no : of sources, n — no : of destinations).
: 7 . (5 x 2 = 10 weightage)
= S Pamt IV
: Answer both questions.
Each question carries 4 weightage.
33. Find an optimal solution to the following Transportafion problem :

= A B ¢ D &

P58 6 6 9 oge
H {4 7 7 6 "%
oE e 4 6 85 3ld0
wols =0 o @& 0| 50

0 40 "B0C 40 80
34. Solve the following maximization Assignment problem : .

1 2. 3 4 5
3 38 4 2 10
1210 8  11- 9
it 5. d o0 4

| 7
9

& 0 10 3
7 & -8 B

H O Q® >

(2 x 4 = 8 weightage)
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Part I
Answer all questions.

1. In a mathematical programming problem, the function tobe maximized or minimized is called an

Define a convex set in R".

State True or False : The union of two convex sets is convex.

What is the standard form of an L.P.P. ?

What is the optimality condition for the BFS of a maximization L.P.P. to be 6ptimal ?
Dual of the dual is the

When is a transportation problem said to be balanced ?

® N e oA N

At most how many basic variables can be there in a balanced transportation problem with ‘n’
destinations and ‘m’ sources.

9. State True or False : The Assignment problem is a special case of the transportation problem.
10. Define “two person zero sum” game.
11. Define “Lower value” of a two peréon Zero sum game.
12. What is a fair game ?
(12 x % = 3 weightage)
Part II

Answer any nine questions.

13. Write the Canonical form of the maximization L.P.P.
14. Show that the set K = {(x, y)eR%x+Ty= 12} is convex.
15. Show that every hyperplane in p» is convex.

Turn over




16.

17.

18.
19.

20.
21.
22.
23.

24.

25,
26.

C 60115

Show that an optimal solution of :

Minimize Z = cx
subject to Ax = b, x > 0is also an optimal solution of :
Maximize Z' = —cx
subjectto Ax =b,x>0.
Find the dual of :
Maximize Z = 2x; — x,
subject to Xy +2%, <4
32y —x9 23
%7 20,2
unrestricted.
Give the mathematical form of the Transportation Problem (T.P.).
Find an 1 BFS by NWCR.
A B C D
I |21 16 25 13 | 11
IT |17 18 14 23 13
IIT |32 27 18 41 19
6 10 12 15 ,
Find an IBFS to the above transportation problem by Matrix Minima method.

Explain briefly the method to solve a maximization assignment problem.
State and prove the fundamental theorem of Game theory. ’

What is the saddle point of the following game ?

= ot~
(- N
S W
S BTN

_ Differentiate between pure strategy and mixed strategy.

(9 x 1 =9 weightage)
- Part III
Answer any five questions.
State and prove a necessary and sufficient condition for a set ‘S’ in E™ to be convex.

Show that the extreme of the set of feasible solutions of Ax = b are the basic feasible solutions.

pacac i

o o

e
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27. Solve by simplex method : |
Maximize Z = 4x; + Tx,
subject to 2x; + x5 < 1000
X1+ %9 < 600
- %y — 2x5 > — 1000
%y, %9 > 0.
28. Solve : Minimize Z = 4z, + 3x,
subject to Xy +2x9 > 8
3x; + 2%y > 12
%1, %9 > 0.
29. Find an IBFS by VAM and test for optimality :
A B C
I 5 1 8 12
II| 2 4 0 14
~——~HH -8 6 7 -1 4
9 10 11

30. Find an optimal assignment to minimiie cost :
M, M, M,

J; 12 24 15

| dgy 23 18 24
ds 30 14 28

31. Prove that the set of optimal strategies of a player in a two person zero sum game is a convex set.
32. Use the principle of dominance to reduce the following pay-off matrix : )

Player B 5
B, B, Bj
A1 2 -1
. PlayerA A;| 3 1 ‘2 (5 X 2 = 10 weightage)
Agl-1 3 2

Turn over
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Part IV
Answer both questions.

33. Four new machines M;, My, M3 and M, are to be installed in four vacant plots A, B, C, D.
M, cannot be placed at C and M, cannot be placed at A. The assignment cost in rupees are :

A B C D
M, 9 11 15 10
M, 12 9 - 10
M, - 11 14 11
M, 14 8 12 7

Obtain an optimal solution that minimizes cost.
34. Solve the following two person zero sum game :

Player B
B; By

T e g

A _
Player A z[a b];a,b,c,d>0.
’ (é x 4= 8 weightage)

‘ A4' - d
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Part I
Answer all questions.
1. Maximum Z = 2x, +3x, subject to X=X 5, 3x+2x, 21, x 20, x,20isa:
(a) Linear programming problem.
(b) Quadratic programming problem.
(c) Transportation problem.
(d) Assignment problem.
2. Define an objective function of a linear programming problem.
3. What is a slack variable ?

4. . Which of the following is a convex set in R2 ?
() {(1, 0), (0, 1)) () {(x,y)/y=sinx}.
© {(x,y)/x*+y*=1. D {(x,y)/a<x<b}.
5. Define a convex hull of a set in E".
6. Define a convex combination of the vectors a,, a,,....a, in R,
7. Write an ortho normal basis of RS, |
8. Find a basic feasible solution of X +2x, —x, +x, =4, X, =X, +2x; —x, =—2 taking X, and
X, as non-basic variables.

9. Theset {(x, y) e E2/2x—y >0} is

(a) Closed and bounded. (b) Closed and convex.
(¢c) Open and convex. (d)- Compact and convex.
10. What is a zero-sum game ?

Turn over
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11. Determine the dualof:

12.

13.
14.
15.

16.
17.

18.

Minimize Z =4x, —X,

subject to
x+x,54,
2x,—x, 23,
x; 20,
%, 20,

Define a translate of set S in a vector space.
(12 x 1 = 3 weightage)
Part II
Answer all questions.

Show that (1, 1, 0), (0, 2, 1) and (1, -1, 2) is a linearly independent set.
Express (1, 3) as a linear combination of (1, 2) and (2, 3).
Find a feasible solution of the system :

x, +2x, =10, x, +x,=4

x, 20, x,=20, x;20.
Prove that intersection of two convex set is convex. :
Rewrite the following L.P.P. in the standard form : 7 ‘ 7

Maximize Z =3x-2y
subject to
x-y<],
3x—-2y<6,
x20,
y=0.
Obtain the dual of the L.P.P. :

Maximize Z =3x, +4x,

subject to

x ~%y L1,
X +x 24,

x,—3x, <3, and
x, >0,

x, 20.

'i
i
i
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19. State the fundamental theorem of Game theory.
20. Give an example of a balanced transportation problem.
21. Find a non-degenerate basic feasible solution of the system

X +2x,—-x+x,=4
X=X +2x,—x, =2,
(9 x 1 =9 weightage)
Part II1

Answer any five questions.

22. Find graphically the feasible space of the following in equations :
X +2x, <7, x,-x,<4, %20, x,20.

23. Show that the points (1, 2, 1) (2, 8, 0) and (1, 2, 2) form a basis for E3,

24. Prove that convex hull of a set S in E” consists of all convex combination of elements of S.
25. Find the convex hull of the set
S =141, 2) 3, 7) (2, -1)}.

26. Prove that if a constant is added to any row or column of the cost matrix of an assignment
problem, an optimal solution of the original problem remains optimal for the new problem.

27. Using north-west corner rule find an initial solution to the transportation problem :

Dl D2 D3-
O 2 1 3 s
O, | 1 4 5 |5
O3 | 2 38 4 |7
6 9 5

28. A company has 3 senior executives. Each is judged against each of the 3 positions and their
rating are given by :

Position
I IT IT1
Executives E; 7 5 6
E, 8 7
Eg 9 6 4

Assign each executive to one position so that sum of ratings for all 3 is highest.
(5 x 2 = 10 weightage)

Turn over
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Answer any two questions.

29. Solve by principle of duality :
Maximize Z =3x, —2x,
subject to

x <4, x,<6,
X, +x,<35, x,21
%20, x,20.

30. Find a basic solution by Vogel’s approximation method :

Dl D2 D3 D4
o] 6 T 1 ]9 [ 38 [70
=0y} 711 2 | 8 |55
O; [ 10 | 12 [ 4 [ 7 |90

85 35 50 45

Player B

Player A 3 “ 4 0

| 3 4 2 4
} 4 2 4 0
0 4 0 8

31. Solve the game using principle of Dominance :

(2 x 4 = 8 weightage)




