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part I
Answer all questians.

Each question caties ye weightage.

1. Define optimal solution of a Linear programming probrem.

2. Define degenerate basic feasible solution of an Lp,P,

3. Define basic variables for an Lpp.

4. Write the Standard form of an Lpp.

5. write the canonical form sf l\da=irniption problem in Lpp.

6. What is meant by Integer Liner programming.

:1. In a transportation problern iftravelling cost for a destination
be

Maximum : 80 Weightage

is not known, it is assumed to

8. Define a Convex set K in IR"- :

';
9. State True or False "If S be convex, then all convex cornbinations of elements of S lie in S,,.

11. In a balanced Transportation Problem the basic variables can be at most

12. When will we saythat a feasible solution of a Tlansportation Problem is basic

(L2xY+=Sweightage)

overTurn
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' Part II-

Answer any \ine questions.

Eoch questian earries L weightage.

cu$

j
,fl

t

16.

77,

13. Solve graphically the LPP.

Maxz =hxr+'Ixz,subjectto*, + rr34,r3r, +8r, 324,L0xr+\xr<35, Where ,rr >0, :-r2(..

14. Beduce the problem to Canonical fom

Miri z = rr * *r, subject to2q, - frz =4,8x, +5r, =19 and ri z 0, *, ) 0.

15. Veri$that a={(r,r)elR.2 ixz + y2=1} isaconver'setornot.

Prove that every hyper plane in R" is co:rvex.

Find the dual of :

Max 1=r, - xz * 3r, subject to r, + rz + x,s sLO,Zx,

#r 20,*r20,r, }0.

I8. Solve algebraically

- rs s 2, 2*, - 2x, + Ii"S $\flhere

Maxz=10q +Llx2,robi*ttor, t h=2, 8xi+rr<6, and r, )0,*r 20.

Give a counter examSle to shorr thai funion of two convex sets need not be convex'.

Lnd the initiat basic feasible solution for the transportation problem using }IWCB.

Destination

Source

610L215
Writ€ the mathematical form of the assignment problem.

Max z =2r, + 3*r, subject to *, + *z Slrgx, + xrS 4, and r, I0, *, ) 0.

19.

20.

2L.

22.

t1
j

1g'

19t
!

1

2L 16 25 18

17 18 L4 28

82 27 18 4L
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28. Solve the Tbansportation problem with initial b. f. s. *r, _ 11

c 21569

= fBB = 3rig2= xg4= 2.

Source

Destination

10 7 3 6

I 6 8 3

7 4 5 3

zti4
what is meaat by a non-degenerate basic feasibre sorution of a Tp.

(9x1=gweightage)
part III

Answqr any frve questions._ z __e,rv, w.

Each questian earries 2 weighrage. t

ied convex set.
Solve the LPP

Mine }xr +2x*subject toBxr _ xr +2xr s7,_ 2rr + 4xr{12,_4xr+Br, +gr, s10, -Where
.rr 20,r, )0,r, )0.

Find a basic feasibre sorution to the forowing Tp by vogels Appnoximation Method.

Source

Destination

5 3 6 4

3 4 7 8

I 6 b 8

1025187
Food x contains 6 units ofvitamin A and 7 units ofvitamin B per gram and cost 12 paise per gram.Food Y contains 8 units and 12 units 

"ra ""a 
s p;i ;;;#;;;; * paise per gram.rhe daily requirements of vitamin A and B are at least r00 ""il il ,ro ""t" respectively.Formulate the above as an Lpp.

Show that H = {(r, r) e IR' ; a s x <D} is a convex set.

Prove that the set of all feasible solutions of a system of equation Ar = bis a closed *", set.

3

5

7

24.

25t

26.

27.

30

15

15

28.

29.

30.

Turn over
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31. Use Charne's Method to solve

Max z =-Nr- r,2- *y subject b xr- xr+2xr=2, xr+Zxr-fis=L,

Where r, ) 0, xr2},r, 2 0.

g2. Solve the assignment Problem

Part IV

AnswerBoth questions'

Eaek qucstion carries l weightage'

33. Solve the Tlansportation Problem

, Destination

Source

85 85 50

Solve the Assignment Problem

70

OD

90

(5 x 2= l0weightage)

(2x4=Sweightage)

34.

M1 M2' M3 M4 M5

J1 I 3 4 2 1!

J2 t2 10 I 11 I

J3 11 2 I 0 I

J4 I 0 '10 .3 7

J5 7 b 6 2 I

6 1 I 3

11 b 2 8

10 12 4 7

M1 M2 M3 M4 M5

J1 11 L7 I 16 20

J2 I 7 t2 6 15

JS 18 16 15 L2 16

J4 2L 24 t7 28 2$

J5 t4 10 t2 11' 15
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SIXIH SEMESTER B.Sc. DEGREE HGMINATION,

Erective ::":' :#lhern atics

MM 68 13 (EOz}-LINEAR PROGRAMMING AND GAME THEORY

(2010 Admission onwards)

Time : Three Hours

Section A

Answer all questions.
Each question carries weight r/+.

1. Give the canonical form of a maximization LPP.

2. Is " Maxiinize z =2q +3x2

Maximum : 30 Weightage

subjectto xL!xz=5
5q -2x2>3
t\, 1c2 >- O

in the standard fornt.

3. State True or False : The singleton set is convex.

4. What is the maximum number ofbasic solutions in a system of 'rn'linear non-homogenous equations

, with'r'variables ?

5. Define a surplus variable.

6. 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 ?

9. What is the maximum number of basic variables in a balanced Transportation problem with'rn'
rows and'z'columns ?

10. Consider a 4 x 4 Transportation Problein. Does the set of cells

{{r, r), (t,z),(3, 2), (4, 4), (4,4),(4, 1)} form a loop in it.

11, State True or False : An Assignment Problem is a special types of Transportation Problem.

72 . A non-degeneratd basic feasible solution of a Transportation Problem with 'rz' rows anid.'n' columns
has how many zeros' 

(12 x V+= 3 weightage)

Turn over
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Saa*i^- IlSection B

Answer all questibtls.
Each question cirrics weight L.

13. Reduce to the standard form:

Minimize z =*1* x2

subject to 2\ - x2 <4
3*1+5r2>10
q )0,12 >0.

14. Define a hlperplane in the Euclidean plane.

15. State a necessary and sufficient condition for a set S to be convex in Eu.
16. State the Fundamental Theorem of linear progr4mming
L7. Find the dual of

Minimize z=2xL+Br2+4q

subject to Ztq + 3r2 + lre > 2

3rr + xz +7x, =g
q+4x2 +6*s <5
x1, !r,2 20, rg Unrestricted.

18. Name the method used to solve an LPP when surplus variables arise. Also define,penalty'.
19" Give the matrix notation of a transportation problem.

20. Find an initial basic feasible solution by NWCR :

SupplyD3

o1

o2

o3

250

800

400

Demand 200 225 275 250
21. Show that a balanced Transportation problem possesses a finite-feasible solution and an optimal

solution always.

(9 x 1= 9weightage)

11 13 L7 L4

16 18 L4 10

2L 24 13 10
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Section C

Answer any frve questions.
Eack questibn earries weight 2.

c 80032

?urn over

22. Solve graphically :

Maximize z=*1 *9c2

subject to 2x1 + 8r2 s 6

h -r"z<l
x1, tc220.

23. Show that the set of all feasible solutions of a system of equations A, = b is a closed convex set.
24. Solve by simplex mefhod :

Maximize z=xt+*xo
.:

subjoctto'q+'t0x2=80, ' ' ' :'

\7 {2 20'

25. Solve

. Irftuimize z=fu+eh+&B

subjilct to 2x1+ x2 + tcs sz
.lxt+4x2+Zxs>8

26. Show that the dual of the dual is the primal itself.
27. Find an initial basic feaiiblemlution by VAM :

SupplyD1

o1

o2

Dema'rd

150

200

100

857
6410
8103
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28. Solve the following AP to minimize cost :

8

t

7

b

7

4

I
b

3

5

(5xZ = l0weightage)

Seotion C :'-

Answer d.ny two questians.. /

Each questian carries uteight 4.

29. Formulate as an LPP and solve : T\vo types of cloth X and Y are made by a cor-rpany. Each has to
go through processes A and B. fime in hours per unit and total time available are :

X Y Totalhours

ilI
7

b

6

4

6

I
b

I
8

6

A

B

C

D

E

6

6

3

I
8

ProcessA .. 3

ProcessB .. I
Profit per unit of X and Y ee Rs. 5 and Rs. 6 resfectively how many units of X and YshoUId be

424
4S6

30.

31.

produced to maximize profit ?

Use Principle of Duality to sotve :

Maximize z=8q +Zye

subject to'q + n22L
x1 + r,2 <'l
q +2x2 310

*1, *2t \, x4 20.

Solve the following minimization Transportation Problem :

27
83
54
16

4

1

7

2

(2x4='8wqightage)

r
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Part I
Answer qll questians.

- Eanh question carries /n weightage.

2. State Tlue or False : Every half space determined by a hyperplane is convex.

3. Define a hlperplane in the Euclidean space pu.

4. What is a degenerate basic solution of the system AX - B ?

5. In chaines method, what is the cost of the artifrcial variable called ?

6. In th<i simplex table of a mairimization LPP, a column corresponding to a non-basic variable has
all entries s 0 and net evaluation < 0. wtiat does this indicate ?

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

-.7 
constraints.

8. Writethedualof Min. z=Q* subject to Ax)b, r)0.
9. Define a loop in a transportation problem.

10. State Tlue or False :

Tlrere exists a balanced Ttansportation problem without an optimal solution.

11. Ihe number of zeroin a non-degenerate basic feasible solution of a balanced TP-with 7 sources
and 10 destinations is 

-
12. The decision variables of an Assignment problem are :

(a) 1 only.

(b) 0 only.

(c) Either 1 or 0.

(d) None of these.

(l2x )/n =Sweightage)

Turn over
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Answer any tine questions.

. Each questian carries L weightage

13. Write in standard form:

Maximize z=gx-Gy

subjectto r-y>-1

x, !>0.

L4.Showthattheset[=lk,y1eIR2;:5r+7}=15}isconvex.

15. Sho'w that every.hyperplane in R" convex.

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

L7. Show with an example that the dual of the dual is the primal

18. Find the dual of :

V
c 60114

z=t4-Te.

2x1-*, <- 4

tr +6iE;::2
. frttr,22O.

19. Convert to a minimization problem;

M'aximize z=lxt-x2+xg
l

subject t0 11 +2r2 +}rs <8

\-t"Z-'-' > 1

fl,1ifr2t*3 ) G'

20. Find an IBFS by NWCR:

Maximize

.subject'to

I
il

, III

2L 16 25 13

L7 18 14 23

32 27 t8 4l

D

15t210

l1
13

19
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xsz =20 for the following

(9x1=gweightage)

2t.

22i,

o

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

Test the optimality of r11 =20, x1s =LO, x22 =20, x2; =20, *2n =1g,
Tlansportation problem :

I
II
III

2A 40 30 10-

29. Give the mathematical form of the Assignment problem.

24. . What is a restrictive AP ? How is it tackle.d ?

Part Iil

E ac h qu e stio n_ _c sfi ie s Z w eig htag e*

D

30

50

20

25.

26.
** -- 27.

28.

.\
Show that a set S iri f,4 is convex iffevery eonvex combination of points in S lies in S.

show that the Basic Feasible solutions of A* = b are the extreme points.
-txplairr-ttreeomputatiofr'ahproeediireof the'simplex method in simple steps.

So1ve :

Minimize z = &!-Br2+Z,xg

subject to 3*t-xz+Zxs s7

-2q+4*2<12
4q+3*2 +8rs S10

*1t fit*g ) 0.

29. Solve: l

Maximize

subject.to

z =zxt-1raz

-q+r'2>-2
5q+4r2<46
7q+2x2>82

\'x'220'

214
321
2 5 9,

1

I
4

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

ABCD
30 50

30 40

870

10

60

20

19

70

40

587L4
Solve the Assignment problem to minimize cost :

Illz 30 21 15

32. Prove ttrdi in a balaneid Transportation problem, there can be at the most tn + n - 1 basic variables.
(m - no: of sources , n - no.: of destinations).

{l

Part IV

Answ er' lrrlth que stions.

Ea,ch questian carrins 4 weightage.

33. Find an optimal solution to the following Transportation problem :

ABCDE
I
II-
III
IV

40 40 50 40 80

34. Solve the following maximization Assignment problem:

1 2 I 4 5'

I
II
III

934210
L2 10 8 11'I
11 2 I 0, 8

80-1037
75629

\.r'
c 60114

(5x2=l0weightage)

t,.

7

9

18

31.

80

50

90

30

A

B

C

D

E

IIl18 33 9 31

III 144 25 24 2L

ry123 30 28 L4

I
6

3

0

866
776
466

5

4

8

0 000

(2x4=Sweightage)
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Mathematics (Elective)

MM 68 13 (02)-LINEAR PROGRAMMING AND GAME THEORY

Time : Three Hours
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Part I
Answer all questions.

Maximum : 30 Weightage

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

2, Defrne a convex set in IR.u.

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

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

5. What is lhe optimality condition for the BFS of a maximization L.P.P. to be optimal ?

6. Dual of the dual is the

7. When is a transportation problem said to be balanced ?

8. At most how many basic variables can be there in a balanced transportation problem with 'n'
destinations and'rz' 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 person zero sum game.

(12x %= 3 weightage)

Part II
Answer any nine questions.

13. Write the Canonical form of the muimization L.P.P.

L4. Show that the set K = {(*,1)e IR2;* *7y =fZ} is convex.

L5. Show that every hyperplane in p" is convex.

Turn over
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16. Show that an optimal solution of :

Minimize Z = cx

subject to A* =b,x)-}is also an optimal solution of :

Maximize Z' = -cx
subjectto Ar =b,xZA.

17. Firid the dual of :

Maximize Z=2xt-x2
subject to q+2xz<4

3q-x2>3
q20,x2

unrestricted.

18. Give the mathematical form of the Transportation Problem (T.P.)

19. Find an l BFS by NWCR.

ABCD
I
il
ilI

2L 16 25 13

L7 18 L4 23

32 27 18 41

6101215

11

13

19

20. Find an IBFS to the above transportation problem by Matrix Minima method.

21. Explain briefly the method to solve a maximization assignment problem.

22. State and prove the fundamental theorem of Game theory.

23. What is the saddle point of the following game ?

73
64
20

24. Differentiate between pure strategy and mixed strategy.

(9x 1=9weightage)

Part III
Answer any frve questions.

State and prove a necessary and su{ficient condition for a set'S'in En to be eonvex.

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

\
,:)
:i
i

tl
3l

25.

26.

t
l*-*_ -



28.

29.

c 60115
27. Solve by simplex method :

Maximize Z=Axt+Trcz

subject to %r + {z < 1000

1c1+ xz < 600

- xt- Zxz >_ _ 1000

xcy xc2 2 0,

Solve: Minimize Z=4xr+ 3x,
subject to zct + 2rcz > g

Bxr+Zxr> 12

Xr, X, > 0.

Find an IBFS by VAM and test for optimality :

L2

L4

4

I 10 11

Fiqd an optimal assignment to minimize cost:

J1

J2

J3

3 L ' 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-offmatrix :

30.

Player B
81 82 83

Ar[ 1 2 _1.l

. PlayerA Orl B 1 zl
As L_1 3 2)

(5xZ=l0weightage)

Turn over
i

10 11

L2 24 15

23 18 24

30 L4 28
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Part w
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c 60115

Answ er .both que stions.

33. Four new machines M1, M2, M, and Mn 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 :

L4

L2L4

M1

M2

M3

M,+

9

L2

11

9

11

8

10

10

11

7

Obtain an optimal solution that minimizes cost.

Solve the following two person zero sum game :

Player B

Br Bz

n"y*.t? [ " -b.f;o,b,r,d,ro.
" AaL{ d )'-'-'-'- -'

34.

I

I

t

I
I
I

IL
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(b) {(x, y) / y = sin x} .

(d) {(x,y)/a<r<A}.

GAME THEORY

Maximum : B0 Weightage

SDMH SEMESTER B.Sc. DEGREE ExArvrrNATd
(CCSS)

Mathematics-(Elective Course)
MM 68 13 (E O2)_LINEAR PROGRAMMING AND

Time: Three Hours

(2009 Arlmissisnr;

Part f
Answer all questions.

I

I

1. Maximum Z=2xt+3r, subjectto xr_x215, 3t +2xr>1, xr > 0, xr20isa:
(a) T,inear programming problem.
(b) Quadratic programming problem
(c) Transportationproblem.
(d) Assignment problem.

2' Define an objective function of a rinear programming probrem.
3. What is a slack variable ?

4. ' Which of the following is a convex set in R2 ?

(a) (1, 0), (0, 1)).

(c) {(x, y) / x2 + y' =l} .

5. Define a convex hull of a set in B, .

6. Define a convex combination of the vectors et, az).....anin B, .

8. Find a basic feasible solution of x, + 2xr_xr-txo=4, xr_xr+2xr_xo=_2 taking x, and
ro as non-basic variables.

9. The set {(x, y) eEz /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 ?

It{rrrr:.r,

Tura over
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11. Determiiie the dual of :

Minimize Z= 4\-xz
' subjectto

xr+xr34,
- r:.: Zxr_xr23,

q >0,

xr20.

12. Defrne a translate of set S in a vector space'

Part II
Answer all questinns.

18. Show that (1, 1, O), (0, 2, 1) and (1, -1, 2) is a linearly independent set.

L4. E:rpress (1, 3) as a linear combination of (1, 2) and (2, g)'

15. Find a feasible solution of the system :

\+2x2=10' 4 *x'={

x,20, .r2 >0, x, )0
16. Prove that intersection of two convex set is convex.

L7. Rewrite the follovi"ingL.P.P. in the standard form :

Maximize Z=3x-Zy
subject to

x- Y 31,

3x-2y <6,

x)0,
y>0.

18. Obtain the dual of the L.P.P. :

Maximize Z=3\+4xz

subject to

rr-xr3t,
\*x224, .

\-3xr(3, and

xr 20,

x, )0.

\*
c 4040L

(rzx 1=Sweightage)

j
j
i
il

i
,!

.!.,
I
I
I

.

l

i

I

\*_
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L9. State the fundamental theorem of Game theory.
20. Give an example of a balanced transportation problem.
2L. Find a non-degenerate basic feasible solution of the system

4+2xr- x3 + x4 = 4

xt-xz*2xr-xo=2.

' (9x1=gweightage)
Part III

Answer any five questi,ons.

22. Find graphically the feasibre space of the following in equations :

. xt*2xr17, xr-xr 14, x, ) 0, xr20.
23. Show that the points (L,2, L) (2, g, O) and (1, 2,2) forma basis for Es.

24. Prove that convex hull of a set S in En consists of all convex combination of elements of S.
25. Find the convex hull of the set

s = (1, D @, il @, -t)1.
26' Prove that if a constant is added to any row or column of the cost matrix of an assignmentproblem, an optimal solution of the original problem remains optimal for the new problem.

?!: U11g}orth-w-est corner rule find an initial solution to the transportation problem :

28' A eornpany has 3 senior executives- Each is judge'd against each of the B positions and theirrating are given by :

Executives

Assign each exeeutive to one position so that sum of ratings for all B is highest.
(5xZ = l0weightage)

Turn over
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DsD2D1

or
o2

o3

8

b

7

2

1

2

1

4

3

3

5

4

Positinn

I II NI
E 7 5 6

E2 8 4 7

I 6 4
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''.:.:' 'Alis:gjer any'*o questione.

Solve bf principle'of dualifj,':

subject to

' xtS4, xr16,
xr +xr35, xr,g .,, :

x, ) 0, xr.20.
30. Find a basic sol+rtion byVogel's approximation method :

:.€' ."Tr=:!1s.-:

. ii'
dV! *

G €SI'.
i

29.
-_:i;11i.-.:_.

31.

(2,x4=Sweightage)

.*!+*eq-*=*f*!:i*


