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Section A

Answer all questions.
Each question carries 1 mark.

Define vertex of a convex set.
Find the convex hull of {x;,x,} c R%.

Define objective function.

While solving an LPP by graphical method, when does one conclude that there exist infinitely
many points in the feasible region at which the objective function attains optimum ?

Define a slack variable.

Write the matrix form of general LPP.

What is meant by feasible solution to an LPP ?

What is meant by optimal solution to an LPP ?

When do you say that a transportation problem is unbalanced ?

State the necessary and sufficient condition for the existence of a feasible solution to general
transportation problem.

Write the number of basic variables of the general transportation problem at any stage of
feasible solution.

In assignment problem, what is the value of decision variable ?
(12 x 1 = 12 marks)

Section B

Answer any nine questions.
Each question carries 2 marks.

Prove that the intersection of two convex sets is a convex set.
Write the standard form of LPP.

What is the basic principle of linear programming ?

Turn over
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Does a feasible solution exist for the LPP : Maximize z = 2x; + 10x, subject to
Xy —%g 21, -2y +29 22,27 20,x, 20? Give reasons.

For linear inequalities, show that the solution set for a group of inequalities is a convex
set.

Write the dual of the LPP :
Maximize f(x)=3x, +2x9 subject to 2x; + x9 <20, x; + 3x9 <20, x; >0, x5 > 0.
Define a loop in transportation table.
How does a loop in a transportation table related to a basic feasible solution ?
Define a triangular basis. Write the role of triangular basis in transportation problem.
How do you solve an unbalanced transportation problem ?
Write the disadvantage of North-West corner rule.

“An assignment problem is a particular case of a transportation problem.” Justify.
(9 x 2 =18 marks)

Section C

Answer any six questions.
Each question carries 5 marks.

Show that the set S = {(x;,%5):5x; + 2x5 210, 2x; + 5x5 > 10} is convex.

(a) Define convex linear combination of a finite set of vectors.

(b) Show that the set of all convex linear combinations of a finite number of vectors
Uy, Uy, Us,...,u;, € R" is a convex set.

Prove that the set of feasible solutions to an LPP is a convex set.

Show that the following system of linear equations has a degenerate solution :
2x; + X9 — X5 =2, 3x; + 2x9 + x5 = 3.

Let x;=2,xy=4andx3=1 be a feasible solution to the system of equations

2%, — x9 + 2x3 =2, x; +4x9 =18. Reduce this feasible solution to a basic feasible solution.

Use graphical method to solve the following LPP :

Maximize z =6x; + x4 subject to 2x; + x9 >3, x5 —x; 20, 27 20, x5 > 0.
Prove that the dual of the dual is the primal.

How do you resolve the problem of degeneracy in transportation problem ?
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33. Obtain an initial basic feasible solution to the following transportation problem using North-
West Corner rule :

D, D, D, D, Supply
0, 3 6 2 19
o, 4 9 1 37
04 3 4 7 5 34
Demand 16 18 31 25
(6 x 5 = 30 marks)
Section D

34. Use Simplex method to solve the LPP :

Answer any two questions.

Each question carries 10 marks.

Maximize Z = 4x; + 10x, subject to

2x1 + X
2x1 + 5x,

2x, + 3x,

<
<

<

50
100

90 and x; 20, x5 20.

35. Use Vogel’s approximation method to obtain an initial basic feasible solution to the
transportation problem :

D, D, D, D, Availability
0, 11 13 17 14 250
0, 16 18 14 10 300
(O 21 24 13 10 400
Demand 200 225 275 250

36. A department head has four subordinates and four tasks to be performed. The subordinates
differ in efficiency and the tasks differ in their intrinsic difficulty. His estimate of the time
each man would take to perform each task is given in the matrix below :

Men
Tasks T, T, T, T,
A 18 26 17 11
B 13 28 14 26
C 38 19 18 15
D 19 26 24 10

How the task should be allocated, one task to a man, so as to minimize the total

man-hours ?

112274
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Section A _
Answer all questions. Each question carries 1 mark.

What is meant by a convex polyhedron ?
Explain the convex combination of set of vectors.
Write down the standard form of a general LPP.
Define feasible and optimal solution of a linear programming problem.
State fundamental theorem of linear prograniming. |
In the two-phase simplex method when phase I terminates.
Write down the dual of the following LPP :
Maximize z = x; + 2x9 + x3
subject to the constraints:

23 + %9 —x3 <2

—2%) + %9 —5x32-6

4x) +x9 +x3<6

Xy, X9, %3 20.
Give the mathematical formulation of the transportation problem. - : L -
Define loop in a transportation table. ' .
State the necessary condition for the existence of feasible solution to the transportation problem.
What is an assignment problem ?
State Konig theorem. :

. SR (12 x 1 = 12 marks)
Section B .

Answer at léast eight questions. Each question carries 3 marks.
All questions can be attended. Overall Ceiling 24.

A manufacturer produces two types of models M, and M,. Each model of the type M, requires 4
hours of grinding and 2 hours of polishing whereas each model of the type M, requlres 2 hours of

. grinding and 5 hours of polishing. The manufacturer has 2 grinders and 3 polishers. Each grinder

works 40 hours a week and each polisher works for 60 hours a week. Profit on M, model is Rs. 3.00
and on model M, is Rs. 4. 00. Whatever is produced in a week is sold in the market How should the
manufacturer allocate his production capacity to the two types of models so that he may make the

max1mum profit in a week.
Turn over
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‘Show that the set S= { (xl, Xg, X3) 12x) —xp + %3 <4, %) +2x5 —x3 < 1} is a convex set.

Rewrite in standard form the following linear programming problem :
Minimize Z = 12x; + 5x,
subject to the constraints

le +*3x2 =15

7x1 + 2x2 <14

X1, X9 >0. ‘

Verify the Minimax theorem for the function f (x)={10,8,5,2,1}.
State the general rules for converting any primal LPP into its dual.
Verify that the dual of dual is primal for the following LPP :

Maximize z = 8x; + 3x,

" subject to the constraints :

Xy —6xy<2
5x1 + 7x2 =—4
= . ’ X1, X9 >0.
Prove that in a balanced transportation problem having m origins and n destinations (m, n2 2),
the exact number of basic variables is m + n — 1.

Prove that a set X of column vectors of the co-efficient matrix of a transportation problem is linearly
dependent if their corresponding cells in the transportation table contains a loop.

Write all the steps for the North-West corner rule of solving a transportation problem.
How to solve the degeneracy in transportation problem ?

Wrii;e steps for solving assignment pr_oblem by Hungarian method.

State the difference between transportati(')n problem and assignmeht problem. ‘
' (8 x 3 = 24 marks)
Section C |

Answer at least five questions.

Each question carries 6 marks.

All questions can be attended.
Overall Ceiling 30.

Prove that the set of all convex combinations of a finite number of vectors Xqs Xgy... X in R is a

convex set.

Let S Be a convex subset of the plane, bounded by lines in the plane. Prove that a linear function

Z2=01X) +Cyxg, Where ¢ and ¢, are scalars, attains its extreme values at the vertices of S only.
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- Minimize z

Solve the following LPP by graphical method :

Maximize Z =

5x1 + 7x2

subject to the constraints:

X+ Xy <4

3x1 + 8x2 < 24
10x1 + 7x2 < 35

Xy, x5 20.

3

C 1251

Find all the basic solution to the system oflinear equatlons X1 + 2% + x3 =4 and 2x; + x5 + 5xg = 5.

Are the solutlons degenerate ?

Use simplex method to solve the followmg LPP

Maxnmze z2=

4x1 + 10x2

subJect to the constraints :

Use Charne’s penalty method to :

2x1 + X9 <50

2x1 + 3x2 <90
X1, Xg 20.

=2x; + %y

subject to the constraints:

3x; +x2'=3

4%, +3x9 26
Xy +2x9 <3
Xy, %9 2 0.

Prove that if the £t constraint of the pr1mal problem is an equality then the &*® dual variable wﬂl
be unrestricted in- s1gn ’ ‘

A company has 5 jobs to be done on five machines. Any job can be done on any machine. The cost
of doing the jobs on different machines are given below. Assign the jobs for dlﬁ'erent machlnes so

as to minimize the total cost :

Machines
Jobs | A B C D E
1 13 8 16 18 19
2 9 15 24 9 12
3 12 9 4 4 4
4 6 12 10 8 13
5 15 17 18 12 20

Turn over



33. Determine an initial feasible solution to the following transportation problem using the Vogel’s

approximation method :

A, B, C, D, Supply
A 11 13 17 14 250
B 16 18 14 10 300
‘ C 21 24 13 10 400
 Demand 200 225 275 250 1950
| (5 x 6 = 30 marks)
Section D
- Answer'any oné quéstion.
’l . . The question carries 14 marks.

34. Prove that there is a one-to-one correspondence between the optimum solutions to the General
LPP and its reformulated LPP.

35. Solve the LPP by simplex method :

Maximize z = 15x; + 6xy + 9x3 + 2x4
subject to the constraints: ,
2x; + x9 + B5x3 + 6x4 <20
8x; + x5 + 3x3 + 25x, < 24
Ty + x4 <70
X1, Xg, X3, X4 2 0.

36. Find the optimal solution of the following transportation problem whose cost matrix is given as

under : ,
D, D, D, D, Supply

0, 1 5 8 34

.02 3 3 1 2 15

0, 0 2 2 3 12

0, 2 7 2 4 19

Required 21 25 17 17 80

(1_>< 14 = 14 marks)



(CUCBCSS—UG)
Mathematics
MAT 6B 13 (EOZFLINEAR PROGRAMMING
Time : Three Hours Maximum : 80 Marks

Section A

Answer all the twelve questions.
Eoch question carries 1 mark.

1. Define a convex set.

™

Determine the convex hull of the set A = {(xp x3): xf + x% = 1}-

State graphical solution algorithm for an LPP involving two variables.
Define slack and surplus variables. » :
State the condition of optimality for a basic feasible solution to an LPP to be maximum.
Define artificial variable. »
Write down the following LPP in standard form :
Maximize Z = 3x; + 2x, + 5x4

: & u

subject to the constraints : 2x; — 3x, <3
X +2x5 +3x3 25
3x; +2x3 <2
x1,% 20
, and x3 >0.
8. Write the dual of the following LPP :
Maximize Z =3x; — x5 + x5
subject to the constraints : 4x; — x5 <8
. 8xi + X9 +3x3 212
Sx; —6x3 <13

X1, X9, %3 2 0.

Turn over
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State fundamental theorem of linear programing.
Define triangular basis in a tranSportation problem.
What is an assignment problem ?

What is degeneracy in transportation problem ? _
(12 x 1 = 12 marks)

Section B

Answer any nine out of twelve questions.
Each question carries 2 marks

Food X contains 6 units of vitamin A per gram and 7 units of v1tam1n B per gram and costs 12 paise
per gram. Food Y contains 8 units of vitamin A per gram and 12 units of vitamin B and. costs
20 paise per gram ; The daily minimum requirements of vitamin A and vitamin B are 100 units
and 120 units respectively. Formulate this as a Linear programming problem to find the minimum
cost of product mix.

Show that the set S= {(xl, Xg,%3):2%) — Xg + %3 < 4} cR3is a convex set.
Plot the feasible region in x;, x5 plane for the LPP constraints :
8x; —2x9 <1227 —6x9 <1;— 37 +2x9 <4 and x5, x5 20. 2l A
State the characteristics of canenical form and write the canonical form of LPP in matrix form.

The column vector (1, 1, 1) is a feasible solution to the system of equations :

Xy + %y + 2¢4 = 4 and 2x, — x, + x5 = 2. Reduce the given feasible solution to a basic feasible
solution.

Verify Minimax theorem for the function f (x) = {9, 7, 5, 3, 1}.
State the general rules for convefting any primal LPP into its dual.

Explain the North- West corner rule for obtaining an initial basic feamble of a transportatlon

Prove that every loop in a transportation table has an even number of cells.

What are the chief characteristics of a transshipment problem.

Write steps for solving assignment problem by Hungarian method.
In an assignment problem with cost (ci,-), if all ¢ > 0, then prove thét feasible solution (xii) which
satisfies > > ¢;j x;; =0 is optimal. '

k (9 x 2 = 18 marks)



M Todmae a2 ar i o Lo me VRSt s

25.

26.

27.

28.
29.

30.

- 31.

3 o B 80274
Section C :

Answer any six out of nine questions.
~‘Each questwn carries 5 marks.

Show that set of all convex combinations of a finite number of vectors xl, Xg, - ,xk 1n ‘R" is a convex
set.
Use graphlcal method to solve the LPP Maximize z = bx, + Tx, subject to the constramts

Xy +xp <4
3x; +8x5 <24
10x; +7x5 <36
X1, %9 20.
Obtain all the basic feasible solution to the system of linear equations :
x +2x2 +x3 =4 and 2x; +x2+4x3 =b.

- Write the algorithm to solve LPP using Simplex method

Use penalty method to :
 Minimize z = 2%, + %, ‘
subject to the constraints, 3x; +x,= 3
|  4x, 431, > 6

- %) 4+ 2x9 <3 and x;, %9, x3 20. -

“Verify that dual of dual is primal for the following LPP :

Maximize z = 2x; + 5%y + 6x3
subject‘to the constraints : 5xi +6xy —x3<3
| ’;2x1,+x2 +4x3 <4
‘ x; —bxg +3x53 <1

—3.‘51 —3x2 +'7x3 36

Xy, X9, %3 20.
Obtain an initial basic feasible solution to the followmg transportation problem using the matrix
- minima method ! : gy
| D, D, D31 D, | Supply

0, 1| o2 3 e e

0, | ¢ 3 7|0 8

Oo; | O 2 2 1 10
Required| . 4 6 8 6 24 : : Turn over
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32. Prove that there always exist an optimal solution to a balanced transportation problem.

33. A company has 5 jobs to be done on five machines. Any job can be done on any machine. The cost
of doing the jobs on different machines are given below. Assign the jobs for different machines so

- as to minimize the total cost.

Machines

Joba | A B € . B E
¥ 113 8. 16 ‘1B 19

‘9 15 o2t 9 oty
19: g9 4 4 4
6 13 19 8 13
45 17 48 13 90

(= IR - R

(6 x 5 = 30 marks)
Section D

Answer any two out of three questions.
Each question carries 10 marks..

" 34. Solve the following linear programming problem by simplex method :
Maximize z = 15x, + 6x, + 9%, + 21, '
subject to the constraints :
2x; + x5 + bxg + 6x4 <20
3x; + %9 +3x3 +26x4 <24

Tx%; +x4 <70 and x, x5, x3, x4 2 0.

~ 85. Let X be set of column vectors of the c_:o-eﬁiciént matrix of a transportation problem. Prove that a
necessary and sufficient condition for vectors in X to be linearly dependent is that the set of their
corresponding cells in the transportation contains a loop.

36. Determine the optimum basic feasible solution to the following transportation problem with the
initial solution obtained by Vogel’s approximation method : :

D, | D, | Dy Availability
o, | 50| 30| 220 1
0, - 90 45 170 4
04 250 | 200 | 50 ; 4
Demand 4 2 3 9 .
(2 x 10 = 20 marks)
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Section A

Answer all the twelve questions.
Each question carries 1 mark.

Define convex hull of a set.
Examine whether the set S = {(xq, x5) : Bx; + 2%, > 10, 2x; + 5xy > 10} is convex. :
State graphical solution algorithm for ‘an LPP involving two variables.

Define slack and surplus variables.

i R R

Reduce the following LPP to its standard form :
Maximize Z = x; — 8x,
subject to the constraints :
-x;+2x,<15 '
x, + 8%, =10
: %, and x, unrestricted in sign.
~ . 6. When does the s_implex method indicate that the LPP has unbounded solution ?
7. Write the dual of the following LPP : '
Maximize Z = 3x; —x, + %g
_subject to the constraints : 4x; —x,< 8
8x; + x9 + 3x4 2 12
Bx; — 6xg < 13
Xy, X9, 32 0.

8. State Minimax theorem.

Turn over
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What is transportation problem ?
State the necessary condition for the existence of feasible solution to the transportation problem.

Give the mathematical formulation of the assignment problem.

What is an unbalanced transportation problem ?
(12 x 1 = 12 marks)

Section B

Answer any nine out of twelve questions.
Each question carries 2 marks.

Formulate the following problem as a Linear Programming Problem : A person requires 10, 12 and
12 units of chemicals A, B and C respectively for his gérden. A liciuid product contains 5, 2 and 1
units of A, B and C respectively per jar. A dry product contains 1, 2 and 4 units of A, B and C
respectively per carton. If the liquid produ‘ct,is sold for Rs. 3 per jar and the dry product is sold for
Rs. 2 per carton, how many units of each product should be purchased, in order to minimize the
cost and meet requirements.

Prove that a hyperplane in R" is a convex set.

Obtain graphically the maximum value.of z = {min (3x, — 10), min (- 5x1 + 5)} such that
0 <x; <5. | |

Write t;he characteristics of standard form of Linear Progfarmm;ng Probleﬁ.

The column vector (1, 1, -1) is a feasible solution to the system of equations :

xq + x2 +2x¢g =4 and 2x; —x, +x3=2. Reduce the g‘i\}en feasible solution to a basic feasible solution.
Verify Minimax theorem for the function fx)=19,7>5,3,1}.

State the general rules for cdnverting any primal LPP into its dual.

Write all the steps for Vogel’s Approximation method of solving a'.transportation.problem.

Pfove that every loop in a transportation table has an even number of cells. /
How to solve the degeneracy in transportation problems ? 4N
Write steps for solviﬁg assignment problem by Hungarian method. | _X('\
State the difference between transportation problem and assignment problem.

(9 x 2 = 18 marks)
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Section C

Answer any six out of nine questions.

- Each question carries 5 marks.’

25. Show that set of all convex combinations of a finite number of vectors x, x,, ... x;, in R" is a convex
set. -~ v

- 26. Use graphical method to solve the LPP :

7 Maximize Z = 6x; + 11x,
subject to the constraints,
%, +x, < 104
X +2%, < 76

[\

X1, X 0

27. Show that the following system of linear equations has a degenerate solution : —

s

-

28. - Use simplex method to solve the LPP :

Maximize Z = 3x; + 2x,
Subject to tﬁe constraints
dx, + éxz <12 |
4x1 +x,< 8
4x, —x9 < 8 and x;, x5 2 0.
29. Explain the Charne’s Big-M method.
307" i’rove that dual of the dual is primal.

31. Determine an initial basic feasible solution to the'folfowing transportation problem using the row

minima method.
D, D, Dy Supply
0, .50 30 220 1
0y 90 45 170 4
04 250 | 200 50 -4
-Required 4 2 3 9

32. Prove that there aIways"exist an optimal solution to a balanced transportation problem.
' : ' : Turn over
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33. The owner of a small machine shop has four machinists available to do jobs for the day. Five jobs
are offered with expected profit for each machinist on each job as follows :

. Machinists
Jobs i
12 3 4
A 32 41 57 18
B 48 = B4 62 34
C 20 31 81 57
D 71 43 41 47 | , -
E 52 29 51 50 ‘

Find, by using assignment method, the assignment of machinists to jobs that will result in a
maximum profit. |

(6 x 5 = 30 marks)
Section D -
Answer any two out of three questions.
Each question carries 10 marks.
34. Let A c R" be any set. Prove that < A >, the convex hull of A, is the sét of all finite convex
combination of vectors in A. ’
35. Use Simplex method to solve the LPP :
Minimize Z = x, — 3x3 + 2x;
' subject‘to the constraints
8y — 2 + 205 < T
— 20y + 4x3 < 12
—4xy + 3xg + 8x5 < 10 and xy, x3, %5 >0.

- 36. Obtain an optimum basic feasible solution to the following degenerate transportation problem':

D, | D, [ Dj [Availability
o, |7 3| 4 2
0, |2 1| 3 3
0, |3 4| 6 5
Demand | 4 1| 5 10

(2 x 10 = 20 marks)
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Section A

Answer all questions.
Each question carries Y4 weightage.

1. Give the Canonical form of a minimization linear programming problem.
2. Is Minimise Z = 5x, — 6x,
subject to Xy +%5=5
3x; +2xy=23

%4, X9 2 0 in the standard form ?

True or False : R” is convex.
Define a non-degenerate Basic Feasible Solution of the system of linear equations AX = B.
State the fundamental theory of linear programming.

Define a surplus variable.

N o oA W

If the dual has no feasible solution, then the primal problem has an objective function
that is : '

@

Name the method used to solve a linear programming problem when surplus variables arise ?

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

10. Consider a 5 x 7 transportation problem. Does the set of cells {(1, 1),(1,3),(5.3), (5,7),(3,7), (3,1)}
form a loop ? '
11. True or False : An assignment problem is a special type of transportation prob.lem.
12. A non-degenerate basic feasible solution of a-transportation Problem with ‘m’ rows and ‘n’ columns
has ————— zeros.
(12x%=3 we‘ightége)

. Turn over.
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Section B .

Answer all questions.
Each question carries 1 weightage.

13. Standardizé :

Maximize Z = 3x; — 2x,

subject to . x, + x5 < 1
Xy +2x0 27
X1,%X9 20.

14. Show that A ={(2,0),(0,2)}c R2 is not convex.

15. Define a half space in R". ,
16. State the optimality criterion for the Basic Feasible Solution of a Linear programming problem.
17. Find the dualof: | |

Minimize Z = x; — 3x5 — 2x4

subject to 2x; —4x5 212
3x; ~xp+2x3 <7
—4x; +3x5 +8x3 =10
%1 <0,x220
x3 unrestricted. |

18. When is Charnes method uséd to solve a linear programining problem ? Define penalty.
19. Give the matrix notation of a transpdrtation problerh. :

20. Find an initial basic feasible solution by NWCR :

| p; D, D, | Supply
0, 6 8 4 14
0, 4 9 8 | 12
0, 1 2 6 5
- Demand 6 10 15

21. Show that a balanced trapsportation,problem always poSsesses a finite feasible solution and an
optimal solution. ’
(9 x 1 =9 weightage)
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Section C

Answer any five questions.
Each question carries 2 weightage.

Solve graphically :

Minimize Z = 2x; — x,

subjectto  x; +x5 <1
2x1 =+ 3x2 >6
x1,% 2 0.

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

Solve :

Maximize Z = x; + x5 + 3x4

subject to 3x; +2x5 +x3 <3
le + X +2x3 <2
X1,%9,%x3 20.

Solve :

Maximize Z = 3x; + 2x, + 3x3

subject to - 2y + x5 + x5 <2

3x; +4x9 +2x3 28
X1,%X9,X3 2 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
0, 6 -4 10 000
0, g - m 3 | 100
Demand | 100 300 50

Turn over
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28. Solve to find minimum cost (Assignment problem) :

M M M, M, M;

1 9 8 7 6 4
2 5 7 5 6 8
3 8 7 6 3 5
4 8 5 4 9 3
5 6 7 6 8 5

. (5 x 2 =10 weightage)
Section D '

Answer any two questions.
Each question carries 4 weightage.

29. Formulate as an L.P.P. and solve :

A firm produces two products — A and B, with profits per unit Rs. 100 and Rs. 40 respectively.
Each product is processed on machines M1, M2 and M3 product A requires 10 minutes on M 1, 3
minutes on M2 and 6 minutes on M3 product B requires 4 minutes on M 1, 2 minutes on M2 and
12 minutes on M3. M1 is available for at most 33 hours. 20 minutes per week and M2 for at most

15 hours and M3 for at most 50 hours per week. Find the number of units of A and B to be made
per week to maximize profit.

30. Use principle of Duality to solve :

Maximize Z = x; + x5 + X3

subjeét to 2% + x9 +2x3 <2
4x; +2x5 +x3 <2
X1,X9,%X3 >0.

S

31. Obtain an optimal solution to minimize cost :

: D, D, Dy D, Supply

0, 19 30 50 10 N )
0O, = 70 30 40 | 60 9

03 40 8 70 . 20 18
Demand 5 8 7 14

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

1 Define a slack véri'able. T

2. Define a convex set in R3.

o

. State ijué or False : -

The union of two convex sets is con%rex | .

Deﬁne non-degenerate bas1c solutmn of the system AX = B.

What is the optlmahty criterion for the basic fea51ble solutlon of a maximization L PP.?

Deﬁne artificial variable.

| e ooe

' The primal has 5 decision vanables and 3 constramts Then its dual has ——— decision
variables and ———— constraints. e =

Dual of the dual is the e
9. Definea loop ina Transportatlon Problem (TP)
10. State True or False :

~ Abalanced TP always possesses a finite fea81ble solution and an optlmal solutlon

»

11. The number of zeros in a non-degenerate basic feas1ble solutlon ofa bala.nced Transportatlon
Problem with 4 sources and 5 destinations is ‘

12. The decision varlables in an As51gnment problem are -
(a) 1 only :
(b) 0 qnly.
(c) Either1 or 0.
(d) None of these.

(12'x 1 = 3 weightage)

* Turn over



13.

9
15.
- 16.

17

18.

19.

- Find the dual of :

o , - . C40400
' Part’Ii |
‘ - Answer any hine_,questidns.
Write in standard form:
Maximize z = 33c_1 — X9
subject to
X1 — 2x2 <-3°
'4x1 +x5 54
X1, X9 2 0.

‘Show that k= {(x, y)eR? ;22 +y* <9} is convex.

‘Show that every hyperplane in R” is convex.

Show that a set ‘S’ is convex in E" iniblies_ that every convex combination of peints in S lies
in S. - - - ' :
Show that an optimél solution of
Minimize z = cx
- subject to Ax<b, x>0 isalsoan optimal solution of -
Maximize z'=—cx,

— Re<b 120

s

Minimize z =42, -%, =
subject to '
Xy +%g < 4
. 2x1 —X9 2 3
X1 ZO '
. %y unrestricted.

State the Fﬁndamenta_l Theorem of Linear Programming.

20. Find an IBFS by NWCR :

ABCD

I |21 16 25 13 |11 .

gl Bi1enllm .

|32 27 18 41 |19 =
6 10 12 16

3



Sy

.21

22

23.

- 24, What is a restrictive Assignment Problem and how is it tackled ?

25.
26.
27,

28.

29.

Fmd an IBFS to the above problem by the matrix minimum method.

Test optimality of the Basic Feasible Solution x19 =30, x21 =10, g9 =10, xzo —30

x31 = 10, x33 =10 for the Transportatlon Problem glven below :

A-B CD
1. 12 1 3 4 130
nis 2 1 4 (5
Im|{5 2 3 8 |20
20 40 30 10

Give the Mathematical Form of the Assignment Problem.

- = : _ (9 x 1=9 weightage) .

Part I

Answer any ﬁverquestions.

‘State and prove a necessary and sufficient condltlon for a set S in En to be convex..

‘Show that the basic feasible solutions of Ax = bare the extreme points.

Explam in simple steps the computatmnal procedure of the S1mplex method
Solve : Maximize z = x; +5x9

subject to ‘

21 +10x5 <20

x < 2
%1, %9 2 0.
Solve : Maximize z=2% —8x,
- subject te :
—ty 25 2 -2
5x1 = 4x2 <46

. T 420282
'xl_"x2'20' ‘

Turn over
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' 30. Find an IBFS by VAM and test for optimality :

A

C

1 [10
‘I |10
mIf 11
V| 12

8
10
7

14 10

© =1 o

10

10 8

A © 9 ®

81. Solve the folloﬁving minimization Aséignnient Problem :

4

© > W O o+
o o O B[

HO QW >

32 Prove that in a balanced TP, there are at most m +n -1 basic varlables (m- no: of sources,

n-no: of destmatlons)

o = © ol M| ew
‘o o Moo e

Part IV

Answer both questions.

ol w o A ot

= o li}weightage)

33. Solve the followmg Transportatlon Proble@ to obtam the opt1ma1 SOhlthIl

N

I
I

A B.

2. D

6 1
11 5
10 12

9,
2.

4

3 |70
8 | 55
7.190

85 35

50 45

34. Solve the .follovwing inaximization Assighmept Prqblein .

HOOQ®E |

12 3 4 &
9 3 4 2 10
12 10 8 11 9 _ -
112 9 0 8
: . g
8 0108 1
7 5 & 2 0

©@xi-8 weightage)
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Mathematics .
MAT 6B 13 (E02)—LINEAR PROGRAMMING

Time.: Three Hours R gl R | Maximum : 80 Marks

Part A (Objective Type)

Answer »all the twelve questions.
Each question carries 1 mark.

. Define extreme point of a convex set. 4

- Ahyperplane is given by the equation 3x; + 2x, + 4x, + 7x, = 8. Find in which half space does the |

point (-6,1,7,2) lie.

. What do you mean by a degenerate basic solution ?

. Define slack and surplus variable.

. Reduce the following LPP to its standard form : Maximize z = x, + 2x, subject to the constraints, -

2x, -3x,< 3
dx, + x,<-4
X, % 2 0.

g When_ does the simplex method indicate that the LPP has unbounded solution ?

. Write the dual of the following LPP Min 4x, + 6x, + 18x, subject to the constraints,

- X, +3x, 23

Xy + 2%, 25

Xy, X9,y X3 2 0.

. When does the transportation problem is said to be unbalanced.’

. What is transportation problem ?

Turn over



10.
1L
12.

13.

14.

16.
17.

18.
19.
20.
21.
22.
23,
24.

2 . D 40046

Give mathematical formulation of the assignment probiem.’
State the necessary condition for the existence of feasible soh{tion to transportation problem.
What do you mean by an unbalanced assignment problem ? » |
| (12 x 1 = 12 marks)
Part B (Short Answe;‘ Type)

Answer any nine questions.
Each question carries 2 marks.

Formulate the following problem as a LPP : A firm manufactures two type of products A and B
and sells them at a profit of Rs. 2 on type A and Rs .3 on type B. Each product is proce'ssedbon two
machines M; and M, Type A requires 1 minute of processing time on M, and 2 minutes on M, ;
Type B requires 1 minute on M, and 1 minute on M,. The machine M, is available for not more
than 6 hours 40 minutes, while machine M, is available for 10 hours during any working day.

Prove that a hyperplane in R is a convex set.

Solve graphically, Maximize z = 2%, + 3x, subject to the constraints

% 4, <13
3x, +x,<4;
X dg 2

- Write the characteristics of standard form of LPP.

Find all basic solutions of the system,

X +2x, + x,=4

2%, + x,+bx, =5.

Prove that fhe intersection of 2 convex sets is aiso a convex set.

Show that the dual of the dual of ia given primal is the primal itself.

Write all the steps for North-West corner rule. |

How to solve the degeneracy in transportation prbblem.

Give an algorithm to sol\}e assignment problem.

Write the steps for solving assignment problem by Hungarian method.

Write the main differences between assignment problem and transportation pfoblem.

(9 x 2 = 18 marks)



25.

26.

217.

28.

29.
30.

31.
32.

33.

3 : L D 40046
Part C (Short Essays)

Answer any six questions.
Each question carries 5 marks.

Use graphical method to solve Maximize z = 5x, + 7x, subject to the constraints

X+ %, <4
3x, +8x, <24

10x, +7x, <35

%, %, 2 0.

Explain Charne’s Big-M method.

Show that the set of all convex combinations of a finite number of vectors x,, x,, ....... x, in gr isa
convex set. ‘
Using Simplex method to solve the LPP : Maximize 2x, + 4x, subject to the constraints

2x, +3x, <48
%, +3x, <42
%+ x,<21
%, %, 2 0.
Let x,=2,x,=4,2,=1 be a feasible solution to the system of equations 2x, —x, +2x; =2,
x, +4x, = 18, reduce the feasible solution to a basic feasible solution. |

Show that S =(x,, x,, %,) +2x, — %, + %, <4 in R® is a convex set.

Prove that there always exist an optimal solution to a balanced transportatibn problem.

Solve :
D, D, D4 D4 supply
o, 21 16 2 13 11
o, 17 18 14 23 13 |
0, 82 21 18 41 19
Demand 6 10 12 15 43
Prove ’that there always exist an optimal solution to a balanced transpbrtation problem.

(6 x 5 = 30 marks) |
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Part D

-Answer any two questions.

Each question carries 10 marks.

34. 'Use Simplex method to solve the LPP : Maximize z = 2x, +x, subject to the constraints

4z, +8x, <12
4x, + x, < 8
4x, - x,< 8

X, %, > 0.

35. Let AcR” be any set. Show that the convex hull of A, is the set of all ﬁnite-convex combiﬁatibn

of vectors in A.

36. Solve the transportation problem

b, D,
0, i 3
0, 4 2

0, 2040

ngand 20 40

D3
1

=

30
30

10

Availability
30 ‘
50
20
- 100

@ % 1020 marks)
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SIXTH SEMESTER B. Sc. DEGREE EXAMINATION, MARCH' 2019
(CUCBCSS)

Mathematics
MAT 6B 13 (E 02)—LINEAR PROGRAMMING

: Three Hours ' * Maximum : 80 Marks

Section A

Answer all the twelve questions.
Each question carries 1 mark.

Define a convex set.

What is a degenerate solution of an LP.P.?

What is a slack variable ?

Wnte the names of any two methods to a solve a transportatlon problem

Write the following L.P.P. in standard form :

Maximize Z =2x; - 8x2

subject to X +x9 2-1

X —x9 <3
X1,X9 20.

Show that x; =2, x, = 11is a feasible solution of the L.P.P. given below :

Maximize 7 =4x) +x,

X3 +x5 <3
X;—x9>1
X1,%9 2 0.
Explain, why we not use ‘Transportation Algorithm’ to solve ‘An assignment problem’.
Find the number of possible feasible solutions of the following L.P.P. :
Maximize Z =x; +x,

subject to the constraints x; +x, +x3 <5
‘ "X1,X9,X3 2 0.

Write the nécessary and sufficient condition for a basic feasible solution to aL.P.P. to be an optimum

(maximum).
Write the following L.P.P. in matrix form :
Minimize Z = X + X9 — X3
subjecf to x; +2x53 > 2
X —%p 24
X1,%9 20. -
Turn over



11.

12.

13.
14.

15.
16.
17.
18.

Write the dual of the following L.P.P. :
Minimize Z = x; + %, |
subject to x, + x5 21
X1 — Xo <1
X1,Xg 2 0.

When we say that a ‘transportation problem’ is unbalanced ? -

Section B

Answer any nine out of twelve questions.
Each question carries 2 marks.

Define a hyper sphere in R".
Show that the following L.P.P. has no solution :
Maximize Z= X1 + Xo
where x;-%920

~  3x;-%9<-3

X1,%X9 20.

Show that the intersection of two convex set is also a convex set.
Write a short note on ‘The North-West Corner Rule’.
Write a short note on ‘The Assignment Problem’.
Form the Mathematical formulation of the problem given below :

C 60053

(12 x 1 = 12 marks)

Prabha goes to the market to purchase buttons. She needs atleast 20 large buttons and 30 small
buttons respectively. The shopkeeper sells buttons in two tons—(i) boxes ; and (ii) cards. A box
contains 10 large buttons and 5 small buttons respectively ; whereas a card contains 2 large
buttons and 5 small buttons respectively.

Determine the most economical way in which Prabha should purchase the buttons, if a box costs
Rs. 25 and a card costs Rs. 10 only. ;

Write the dual problem of the following L.P.P. :
Maximize f(x)=2x; +5x; +6x3
subject to the constraints. 5x; +6x9 —x3 <3
—le + Xg +4x3 <4
x; —5x9 +3x3 <1
- 3x1 -3x2 +7x3 <6
x1,%9,%3 2 0.
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20.

21.

22.
23.

24,

25.

26.
217.
28.

29.

3 ' C 60053

Find any basic feasible solution of the folldwing transportation problem :

my . My Mg My
w, [ 1 2 3 | 4 2
w, | 4 | 38 2 [ 1] 2
wg 2 1 4 3 3
3 2 1 1

1} 2 1] :
Given that a1=[2],b1=[2],c1=[1 can be written in the form a;=24; b +2rz¢.

Flnd 2.1 and 7\.2 = .
Write the Mathematical formulation of an assignment problem.

Check whether the set ‘A = {(xpxz)/ X1,%g € Rs x12 + x% = 1}‘ is a convex set.

1 1 21 \
Show that the vectors a; = [2], b = [ 4], ¢ = [ 6] are linearly dependent.

(9 x 2 = 18 marks)
Section C ' ‘

Answer any six out of nine questions.
Each question carries 5 marks.

Maximize Z = 2x; +xg

where %; +x9<4
X +2%5 <6
| x <3
x1,%9 2 0.
Prove that a hyperplane is a convex set.
Prove that the set of all feasible solutions to a L.P.P. constitutes a convex set.’
Use simplex method to solve the following L.P.P. :
Maximize Z = 2.5x; +xg
subject to the constraints 3x; +5x, <15
5x; +2x9 <10
X1,%9 2 0.
TFind a basic feasible solution of the fo]loWing transportation problem by using Vogel’s approximation

method :
11 111 v

13 3 |34

15
4 4 3 |12
-1 4 2 |19

21 25 17 17 |80

ODQwp
Amooc.nr—f
w
o
K
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30. Consider the problem of assigning five jobs to five persons. The assigament cost are given below .

31.

32.

33.

34.

" 85.

36.

Prove that a hyperplane is a closed set.

Job
- 1 -2 . 8. 4...5
Al 8 4 2 6 1
B 0 9 5 5 4
" Person C 3 8 9 2 6
‘ D| 4 3 1 0 3
E 9 5 8 9 5

Determine the optimum assignment schedule.
Show that the following L.P.P. has an unbounded solution :

Maximize Z = 4x; +5x,

subjectto  x; +x9 21
—2x) +x9 <1

4x;—-2x9 <1

X1,%9 2 0:

-

The column vector [1, 1, 1] is a feasible solution to the system of equations :
xp+x9+2x3 =4
2x1 —Xg +X3 = 2.
Reduce the given solution to a basic feasiblessolutiomn.
State and prove ‘Minimax Theorem’. »
(6 x 5 = 30 marks)
Section D
Answer any two out of three questions.
Each question carries 10 marks.

S.T. any convex combination of K different optimum solutions to aL.P.P. is again an optimum
solution to the problem. ' :

Use simplex method to solve :

Maximize Z = 107x1 + X9 + 2x3

subject to the constraint,s 14x; +x9 —x3 +3x4 =7

16x1 +-;—x2 —-2x3 <3

‘3x1 20
X1,%9,%3,%4 2 0.

(2 x 10 = 20 marks)




