Linear Programming

(2025)

Q.1 The corner points of the feasible region of a Linear Programming Problem
are (0,2), (3,0), (6,0), (6,8) and (0,5). If Z=ax+by;(a, b>0) be the objective
function, and maximum value of Z is obtained at (0, 2) and (3,0), then the
relation betweenaand b is:: (1 Mark) (CBSE 2025 - 65/4/1)

A.a=3b
B.3a=2b
C.a=b

D.b =6a

Q.2 Assertion (A) : In a Linear Programming Problem, if the feasible region is
empty, then the Linear Programming Problem has no solution.

Reason (R) : A feasible region is defined as the region that satisfies all the
constraints. (1 Mark) (CBSE 2025 - 65/4/1)

A. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

B. Assertion (A) is true, but Reason (R) is false.

C. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

D. Assertion (A) is false, but Reason (R) is true.

Q.3 For a Linear Programming Problem (LPP), the given objective function
is Z=x+2y. The feasible region PQRS determined by the set of constraints is
shown as a shaded region in the graph. (1 Mark) (CBSE 2025 -65/6/1)
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Which of the following statements is correct?

A. (Value of Z at P)> (Value of Z at Q)

B.
Z is maximum at R (%? %)
C.

Z is minimum at S (1—78, %)

D. (Value of Z at Q) < (Value of Z at R)

Q.4 In a Linear Programming Problem (LPP), the objective function Z=2x+15y is
to be maximised under the following constraints:

x+y<4,3x+3y=18, x, y=0

Study the graph and select the correct option. (1 Mark) (CBSE 2025 - 65/6/1)

Y
R
)
< //////,, —
v 3x + 3y = 18
x+y=4

(Note : The figure is not to scale)



The solution of the given LPP :

A. lies in the combined region of AAOB and unbounded shaded region.
B. lies in the shaded unbounded region.

C. does not exist.

D. lies in AAOB.

Q.5 A factory produces two products X and Y . The profit earned by selling X and
Y is represented by the objective function Z=5x+7y, where x and y are the
number of units of X and Y respectively sold. Which of the following statement
is correct? (1 Mark) (CBSE 2025 -65/2/1)

A. The objective function measures the total production of products Xand Y .

B. The objective function maximizes the difference of the profit earned from
products Xand Y.

C. The objective function maximizes the combined profit earned from
selling X and Y.

D. The objective function ensures the company produces more of product X
than product Y

Q.6 Assertion (A) : Every point of the feasible region of a Linear Programming
Problem is an optimal solution.

Reason (R) : The optimal solution for a Linear Programming Problem exists
only at one or more corner point(s) of the feasible region.

(1 Mark) (CBSE 2025 - 65/2/1)

A. Both Assertion (A) and Reason (R) are true and the Reason (R) is the
correct explanation of the Assertion (A).

B. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

C. Assertion (A) is true but Reason (R) is false.

D. Assertion (A) is false but Reason (R) is true.



Q.7 For a Linear Programming Problem (LPP), the given objective function

Z =3z + 2y

is subject to constraints :
x+ 2y <10

3z +y <15

z,y >0

I

(0,15I)\'B

(0, 5)
A C4, 3)
, E D
X0 G0\ 10,0 X
X+ 2y =10
{” 3x+y=15

The correct feasible region is : (1 Mark) (CBSE 2025 - 65/2/1)
A.CED

B. Open unbounded region BCD
C. ABC
D. AOEC

Q.8 Assertion (A) : The shaded portion of the graph represents the feasible
region for the given Linear Programming Problem (LPP).

(1 Mark) (CBSE 2025 - 65/5/1)



Min Z = 50z + 70y

subject to constraints

2x+y>8,z+2y>10,z,y > 0

Z = 50z + 70y has a minimum value = 380 at B(2,4).
Reason

(R)

: The region representing

o0x + 70y < 380
does not have any point common with the feasible region.

A. Assertion (A) is false, but Reason (R) is true.
B. Assertion (A) is true, but Reason (R) is false.

C. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

D. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

Q.9 The corner points of the feasible region in graphical representation of a
L.PP. are (2,72),(15,20) and (40,15). If Z=18x+9y be the objective function,
then (1 Mark) (CBSE 2025 -65/1/1)

A. 7 is maximum at (2,72), minimum at (15,20)



B. Z is maximum at (15,20) minimum at (40,15)
C.Z is maximum at (40,15), minimum at (2,72)
D. Z is maximum at (40,15), minimum at (15,20)

Q.10 If the feasible region of a linear programming problem with objective
function Z=ax+ by, is bounded, then which of the following is correct ?

(1 Mark) (CBSE 2025 -65/1/1)
A. It will have both maximum and minimum values.
B. It will only have a minimum value.
C. It will only have a maximum value.
D. It will have neither maximum nor minimum value.

Q.11 In a Linear Programming Problem, the objective function Z=5x+4y needs
to be maximised under constraints 3x+y<6, x<1, x, y=0. Express the LPP on
the graph and shade the feasible region and mark the corner points.

(2 Mark) (CBSE 2025 - 65/7/1)

Q.12 Solve the following Linear Programming Problem using graphical method :

Maximise
Z = 100x + 50y

subject to the constraints (3 Mark) (CBSE 2025 - 65/4/1)
3z +y < 600

x+y < 300

y <z + 200

x>0,y=>0

Q.13 Consider the Linear Programming Problem, where the objective function
Z = (x + 4y)

needs to be minimized subject to constraints



2z +y > 1000
x + 2y > 800

z,y >0 (3 Mark) (CBSE 2025 - 65/6/1)
Draw a neat graph of the feasible region and find the minimum value of Z.

Q.14 Solve the following linear programming problem graphically :
Minimise
Z =x — by
subject to the constraints : (3 Mark) (CBSE 2025 - 65/2/1)
z—y=>0
—x+2y>2
z>3,y<4,y=>0

Q.15 In the Linear Programming Problem for objective function
Z =18z + 10y
subject to constraints
dor +y > 20

2z + 3y > 30

z,y >0

find the minimum value of : Z

(3 Mark) (CBSE 2025 - 65/7/1)

Q.16 In the Linear Programming Problem (LPP), find the point/points giving
maximum value for

Z =5z + 10y

subject to constraints (3 Mark) (CBSE 2025 -65/5/1)
x+ 2y <120
x+1y > 60



Q.17 Solve the following linear programming problem graphically :
Maximise

Z=z+2y

Subject to the constraints : (3 Mark) (CBSE 2025 -65/1/1)
x—y=>0

r— 2y > —2

r=>0,y=0



Answer
Q1B.3a=2b

Q.2 C. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

Q3.C.

Z is minimum at S (g, %)

Q.4. C. does not exist.

Q.5. C. The objective function maximizes the combined profit earned from
selling X and Y.

Q.6. D. Assertion (A) is false but Reason (R) is true.
Q.7.D. AOEC

Q.8. D. Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A).

Q.9.D. Z is maximum at (40,15), minimum at (15,20)

Q.10. A. It will have both maximum and minimum values.

3 A0, 6)

Q11
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Q.12.

500

C = (150, 150)

y,.=x + 200
7 100

Corner Points | Value of Z=100x+50y

0 (0,0) 0

A (0,200) 10000

B (50,250) 17500

C(150,150) | 22500

D (200,0) 20000

Zmax=22500 when x=150, y=150



Q.13.

A= (0, 1000)

B = (400, 200)

Corner points Val
(800,0) -
(400, 200) 1
(0,1000) y

x + 4y < 800 has no region common with feasible region, hence 800 is minimum



Q.14.

Corner Points | Value of Z=x—5y
A(3,2.5) -9.5
B(3,3) -12
C(44) -16
D(6,4) -14

The minimum value of Z is -16 , which is attained at x=4,y=4.



Q.15.

2z + 3y == 30

‘\Q(15, 0) r—oxs
2 4.6 8 10 12 14 16 18 20 22 24
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18z + 10y = 134

,
& & N o

~

Corner PointsValue of Z — 18z + 10y

A(0,20) 200
B(3,8) 134
C(15,0) 270

Also, Z < 134, does not have any common point with the feasible region,
. Min(Z) = 134 at B(3,8)

Q.16.

A=(60,

D = (40, 2

0=(0.0) ¥ oL o ™ B=(120,0) x

-50 -40 ~30 -20 =10 10 20 a0 40 50 [ 70 80 90 100 110 120 430 140 150 160




Corner Points | Value of Z

A (60,30) 600

B (120,0) 600
C (60,0) 300
D (40,20) 400

Since Z is maximum on points A and B
Hence all points lying on segment AB give maximum Z.

Q.17.

Y-axis

X-axis

Y |
Corner Point | Z=x+2y

0 (0,0) 0

A(2,2) 6

Since feasible region is unbounded. Plot x+2y>6 which has common region
with feasible region, thus Z has no maximum value.



(2024)

Q.1 The common region determined by all the constraints of a linear
programming problem is called : (1 Mark) (CBSE 2024 -65/2/1)

A. an unbounded region
B. a feasible region

C. abounded region

D. an optimal region

Q.2 The maximum value of Z=4x+y for a L.P.P. whose feasible region is given
below is: (1 Mark) (CBSE 2024 - 65/4/1)

(0, 50)
50 -

B (20, 30)

0] 10 20 30 40 50
{width=300px}

A.50

B.110
C.120
D.170



Q.3 Assertion (A) : The corner points of the bounded feasible region of a L.P.P.
are shown below. The maximum value of Z=x+2y occurs at infinite points.

Y
6% N (0, 60) T (120, 60)
(60, 30)
R
301 S
/7
/
(40, 20) (120,00 ¢
0 P\ Q\ -
(60, 0)

Reason (R) : The optimal solution of a LPP having bounded feasible region
must occur at corner points. (1 Mark) (CBSE 2024 - 65/4/1)

A. Both Assertion (A) and Reason (R) are true and the Reason (R) is the
correct explanation of Assertion (A).

B. Both Assertion (A) and Reason (R) are true and Reason (R) is not the
correct explanation of the Assertion (A).

C. Assertion (A) is true, but Reason (R) is false.

D. Assertion (A) is false, but Reason (R) is true.

Q.4 A linear programming problem deals with the optimization of a/an :

A. quadratic function

B. logarithmic function

C. exponential function (1 Mark) (CBSE 2024 - 65/1/1)
D. linear function

Q.5 The number of corner points of the feasible region determined by
constraints x>0, y=0, x+y=>4is: (1 Mark) (CBSE 2024 - 65/1/1)

A2
B.0



C.3
D. 1

Q.6 The restrictions imposed on decision variables involved in an objective
function of a linear programming problem are called :

(1 Mark) (CBSE 2024 - 65/3/1)
A. optimal solutions
B. constraints
C. infeasible solutions
D. feasible solutions

Q.7 Of the following, which group of constraints represents the feasible region
given below ? (1 Mark) (CBSE 2024 - 65/3/1)

y

N

A x+2y<76,2x+y=>104,x,y =0
B. x+2y>76,2x+y<104, x, y=0
C.x+2y>76,2x+y=>104,x,y =0
D. x+2y<76,2x+y< 104, x, y=0



Q.8 Solve the following linear programming problem graphically :

Maximise
Z = 2x + 3y

subject to the constraints : (3 Mark) (CBSE 2024 - 65/4/1)
r+y<6

x> 2

y<3

z,y >0

Q.9 Solve the following linear programming problem graphically :

Maximise
z = 500x + 300y

, subject to constraints (3 Mark) (CBSE 2024 - 65/1/1)

r+ 2y <12
22 +y < 12
4z + Sy > 20
x>0,y>0

Q.10 Solve the following linear programming problem graphically :

Maximise
z = 4x + 3y

, subject to the constraints (3 Mark) (CBSE 2024 - 65/3/1)
r+y < 800

2z +y < 1000

x < 400

z,y >0
Q.11 The month of September is celebrated as the Rashtriya Poshan Maah

across the country. Following a healthy and well-balanced diet is crucial in
order to supply the body with the proper nutrients it needs. A balanced diet



also keeps us mentally fit and promotes improved level of energy.

y SN [4 — 6 Portions Each)

Fats & Sugar / ® \ Fats — 5 g/portion
_,\ Sugar - 5 g/portion
f } -5 \-
(2 3 Portions Each)

Pulses & Dairy / ° ' & . Pulses — 30 g/portion
;’ — J.fr Dalry 100 g/portion

’QQ
Fruits & , 3 “aadee |, (4 — 5 Portions)
Vegetables;” 7 \1 00 g/portion
b _'._.'; .t - .
Cereals &/ (10 - 15 Portions) )
Ml\lets 30 giportion o — v —+— ; X
"’““J /‘—“"*‘ A- \

X+y=6 "-

x+ 2y =10
3x+y=8 4x+5y 28 ¥

Figure-1 Figure-2
A dietician wishes to minimize the cost of a diet involving two types of foods,
food X(xkg) and food Y(ykg) which are available at the rate
of X16/kg and X20/kg respectively. The feasible region satisfying the constraints
is shown in Figure-2.
On the basis of the above information, answer the following questions :
(i) Identify and write all the constraints which determine the given feasible
region in Figure-2.
(ii) If the objective is to minimize cost Z=16x+20y, find the values of x and y at
which cost is minimum. Also, find minimum cost assuming that minimum cost
is possible for the given unbounded region.

(4 Mark) (CBSE 2024 - 65/2/1)

Q.12 Solve the following L.P.P. graphically :

Maximise
Z = 60x + 40y
Subject to
r+ 2y < 12
2¢ +y < 12
4z + 5y > 20
z,y >0

(5 Mark) (CBSE 2024 - 65/5/1)



Answer
Q.1. B. a feasible region
Q.2.C. 120

Q.3. B. Both Assertion (A) and Reason (R) are true and Reason (R) is not the
correct explanation of the Assertion (A).

Q.4. D. linear function

Q5.A.2

Q.6. B. constraints
Q.7.B.x+2y>76,2x+y<104, x, y=0

Q.8. On plotting the graph of x+y<6, x>2, y< 3, &x=>0, y=0 we get the
following graph and common shaded region is the region ABCD.

Now, Corner points of the common shaded region
are A(2,3),B(3,3),C(6,0)&D(2,0).Thus,

Corner Points | Value of Z=2x+3y

A(2,3) 13




B(3,3) 15

C(6,0) 12

D(2,0) 4

So, Maximum Value of Z is 15 at x=3, y=3.

Q.9. Maxz=500x+300y

Corner Point | Z

A(0,4) 1200
B(0,6) 1800
C(4,4) 3200
D(6,0) 3000
E(5,0) 2500

Maxz=3200 at x=4, y=4



Q.10.

j A(400,0

i 0)
0(0,0) 200 600 80 1000
2 + y = 1000

Corner Points | z=4x+3y

0(0,0) 0

A(400,0) 1600

B(400,200) {2200

C(200,600) | 2600

D(0,800) 2400

zmax=2600 when x=200,y=600

Q.11.
(i)Constraints are
x+ 2y > 10
r+y=>06
3r+y=>8

z >0

y >0



(i)

Corner Points | Z=16x+20y
A(10,0) 160
B(2,4) 112
C(1,5) 116
D(0,8) 160
The minimum cost is:
I 112
Q.12.
A
10
B(0;
A(0,4
YJ’
4 -6 4 -2 0o 2 4 10 12N_1
(5.0 \(6.0)
-2 % dr+ 5y =20

Corner Points | Value of Z=60x+40y

A(0,4) Z=160

B(0,6) 7=240




C(4,4) 7=400

D(6,0) 7=360

E(5,0) Z=300

Max(Z)=400 at x=4,y=4



12.2 Linear Programming Problemand :

L

its Mathematical Formulation

MCQ i
Which of the following points satisfies both the

ineguations 2x + y=< 10 and x + 2y = 87
a) (-24) (b) (3.2) (o) (-56) (d (4.2)
(2023) (U]

The solution set of the inequation 3x+ 5y < 7 is

(a) whole xy-plane except the points lying on the

line 3x + 5y =7.

(b} whole xy-plane along with the points lying on

the line 3x+5y=7.

(6) open half plane containing the origin except the ;

pointsof line 3x+ 5y =7.

{d) open half plane not containing the origin.

F=11x+Tyis

{a) 21 (b} 33

b 14 (d) 35

The number of solutions of the system of

inequations x +2y £ 3, 3x+dy 212, x20,yz1is

(a) O (k) 2 {c) fnite (d) infinite
(Term 1, 2021-22) (U]

The maxnmum value af 2 3+ 4',-' mb;ec—t to the

cr:mstramtsx}[) vaﬂandx+vs 1|5

fa) 7 b} 4 0 3 (d) 10

figure
N
R\ {0, 104)

{0, 38)

0 {Ezm\gﬁm 7

Then, the constraints of the LPParexz 0, vy 2 0 and
(3a) Zx+y<52andx+2y<74
(b) Zx+y<104andx+2y<78
(c) x+2y=104and 2x+y=<74
(d} x+2y<104 and 2x+y< 38

{a} a+b=0 (b
&) 3Za=b (d)

a=sh
a=3b

toconstraints x -y z-1, x=3,x20,y20

(Term I, 2021-22) (Ev)

(Term 1, 2021-22) (Ev] |

The feasible region of an LPP is given in the following 12

(Term 1, 2021-22) (A [j:]

If the minimum wvalue of an objective function
Z = ax + by occurs at two points (3, 4) and (4, 3) then :

(Term |, 2021-22) (U] :
For the following LPP, maximise Z = 3x + 4y subject

10.

(2023) (1) | -

If the corner points of the feasible region of an LPP
are (0, 3), (3, 2) and (0, 5), then the minimum value of

f 13

the maximum value is
(a) O (b)

e} 25 di 30
(Term I, 2021-22) [ApJ

The corner points of the feasible region determined
by the system of linear inequalities are (0, 0}, (4, 0),
{2, 4) and (0, 5). If the maximum value of z = ax + by,
where a, b > 0 occurs at both (2, 4) and (4, 0), then

(a) a=2b (b) 2a=bh e
(c} a=b (d) 3a=b (2020} U |

In an LPR if the objective function z = ax + by has the
same maximum value on two corner points of the
feasible region, then the number of points at which
Zmax OCCUNS iS5

(a) O (b) 2

(¢} finite (d) infinite

(2020) (1)
The feasible region for an LPP is shown below :
Let z = 3x - 4y be the objective function. Minimum
of z occurs at

" e
(0.8) (6.8)
(6.5
o 5q
{a) (0,0) (b) (0,8)
fe} (5.0 (d) (4,10)
(NCERT Exemplar, 2020) (Ap)

The graph of the inequality 2x + 3y > & is

(a) half plane that contains the arigin

[b) half plane that neither contains the origin nor
the points of the line 2x + 3y = 4.

[c) whole XOY-plane excluding the points on the
line 2x + 3y = é&.

[d) entire XOY-plane.

The objective functionof anLPP is

{a) aconstant

(b) alinear function to be optimised
[c}) aninequality

[d} aquadratic expression

(2020) (1]

(2020) (]

{3 marks)

14

Solve the following linear programming problem
graphically :
Maximise z = -3x - Sy
Subject to the constraints
~2x+y=4
Xx+y=3
X=-2y= 2,

x=0,y=0. (2023) (EV)



(4 marks)

15.

Solve the following linear programming problem

graphically :
Maximize z = Ix + 9y
Subject to constraints

X+ 3Iy=60

x+y=10 i
X<y
%y=0 (2021) (&) |

The corner points of the feasible region determined by :

(/6 mark

: 20.

the system of linear inequations are as shown below:

Answer each of the following :

(i} Letz=13x- 15y be the objective function. Fnd
the maximum and minimum values of z and also
the corresponding points at which the maximum !

and minimum values occur.

(ii) Letz = kx + y be the objective function. Find k, |f i

the value of z at A is same as the value of z at B.

! 18,

19,

F a1

22.

Solve the following LPP graphically :
Minimise Z = 5x + 10y
Subject to constraints x + 2y <120, x + y = &0,
x=-2yz=0and x. ¥y =0

(NCERT Exemplar, Delhi 2017) [Ej
Maximise £=x+ 2y
Subject to the constraints:
x+2y2100.2x -y <0, 2x+y <200, x,y=0
Solve the abowve LPP graphically.

(NCERT, Al 2017) (Ev)

Solve the following linear programming problem
graphically.

Maximize : P = 70x + 40y

Subjectto: 3x+ 2y <2, Ix+y = F x=0,y=0

(2023) (Ev)

Solve the following linear programming problem
graphically.
Minimize : £ = &0x + B0y
Subject to constraints:

Ax+dy=8

Sx+2y>=11

x,y=0 (2023) (&r)

Find graphically, the maximum value of z = 2x + Sy,
subject to constraints given below:

2 +4y <8 Ix+y=6x+ty=4x=20,y=0

(2021) : (Delhi 2015) (Ey)

17. Solve the following LPP graphically : 23. Maximise z= Bx + 9y subject to the constraints given

Minimize z= 5x+ 7y ; below :

Subject to the constraints 2+ 3y<=H,3Ix-2v=Hy<Lxy=20

2x+y28,x+2y210, x,y20 (2020) (&) | (Foreign 2015) (Ev]

A, "
\ CBSE Sample Questions [/
12.2 Linear Programming Problem and objective function Z = 4x + 6y occurs at
® * - H F
its Mathematical Formulation ¢
MCQ
1. The =zolution set of the inequality 3x + 5y < 4is
G o 4% AlD4)

{a) anopen half-plane not containing the origin.

(b) anopen half-plane containing the origin. 3

(e} the whole XY-plane not containing the line

Ix+5y=4.
(d) aclosed half plane containing the origin. i %
(2022-23)(Ev) | ¥ 4——r—s x
H -3 -2 -1

2. The corner points of the shaded unbounded feasible :

region of an LPP are (0, 4), (0.6, 1.5) and (3. 0) as
shown in the figure. The minimum value of the :

=



{a)
(b)
(c)
{d)

(0.6, L&) only

(3,0) only

(0.6, 1.6) and (3, 0) only i
at every point of the line-segment joining the :
points (0.6, 1.6) and (3, 0) (2022-23) (Ev)
Based on the given shaded region as the feasible
region in the graph, at which point(s) is the objective |
function Z = 3x + 9y maximum? H

Point B
Point C
Point D
every point on the line segment CD
(Term I, 2021-22) | _'l

{a)
(B)
(c)
(d)

In the given graph, the feasible r‘eglnn for a LPP is
shaded. The objective function Z = 2x - 3y, will be
minimum at
AY

{4, 10)

0.0y

(5.0)
(a) (4,10 (b) (6.8
© (©8) @ (6.5

(Term 1, 2021-22) (p)

A linear programming problem is as follows :
Minimize £ = 30x + 50y

Subject to the constraints,

ax+5yz= 15

2x+3Jy=18

xz0,yv=0

In the feasible region, the minimum value of £ occurs at
(a) aunigue point

{b) no point
() infinitely many paints
(d) two points only (Term 1, 2021-22) (1]

For an objective function Z = ax + by, where a,b > 0;
the corner points of the feasible region determined :
by a set of constraints (linear inequalities) are :
(0, 20), (10, 10}, (30, 30) and (0, 40). The condition on :

7.

: 10,

a and b such that the maximum £ occurs at both the
points (30, 30) and (0, 40) is
(a) b-3a=0 (b} a=3b
() a+2b=0 [dl 2a-b=0

(Term I, 2021-22)
In a lingar programming problem, the constraints on
the decision variables x and yare x - 3y 2 0, v 2 0,
0 5 x 5 3. The feasible region
{a) isnotin the first quadrant

(b) is bounded in the first quadrant
(c) is unbounded in the first quadrant
(d) doesnot exist (Term I, 2021-22)| u

(3 marks)

;s.

Solve the following Linear Programming Problem
graphically:
Maximize £ = 400x + 300y subject to x + y < 200,
Xx<40,x220,y=0 (2022-23) (Ev)

WY (5/6ma

Solve the following linear programming problem

(L.P.P) graphically.

Maximize £=3x + y

Subject to constraints;

x+2y= 100

2x-y=0

2x+y =200

xyz0 (2020-21) (Ap)

The corner points of the feasible region determined

by the system of linear constraints are as shown below:

El4, 0
T 7 11 |]| X

1 2345¢#67

Answer each of the following:

(i) LetZ=3x- 4y be the objective function. Find the
maximum and minimum value of £ and also the
corresponding points at which the maximum and
minimum value occurs.

Let £ = pu + gy where p, g > 0 be the objective
function. Find the condition on p and g so that
the maximum wvalue of Z occurs at B(4,10) and
C(6, 8). Also mention the number of optimal
solutions in this case. (2020-21) IE_';:

(i)



Detailed

L [d:Wehave 2x+y<10andx+2y=8

Let us check which of the given points satisfy the gwer‘r

inequation one by one.

a) (-2.4)
®(=2)+d4=-4+4=0<10

and -2+2x4=-2+8=6¢8

(b) (3.2)
2x3+2=6+2=8<10
3+2x2=3+4=7¢8

fcd (-5.6)
2= (-5)+4=-10+4=-4=10
-5+2x6=-5+12=7 E 8

d) (4,2)
2x4+2=10=10;4+2=x2=8=8
(4, 2) satisfy both the inequations.

2. (g}:Given inequation is 3x+ 5y <7
Let us draw the graph of 3x+ 5y =7

x| o ]233 Y
T
y |14 ] O 44
- 3 T
Substitute, x = 0 and .24(0,14)
v = 0 in the inequation, 1
we get -, (2.33,0)
3(0)+5(0)<7 N

ie, 0<7whichis true. O g,

The solution set
aof the inequality is
an open half plane b
containing the origin
except the points on
line 3x+5y=7.

3. (a):Given,f=11x+ 7y

At(0,3),7=11x0+7x23=21
At(3,2),Z=11=x3+7x2=47
At(0,5).Z=11x0+7x5=35

B+ 5y=7

Thus, Z is minimum at (0, 3) and minimum value of Zis 21.

4.  (a): Given,
x+2y= 3, Ix+dyz 12, xz0,yz1
The graph of given constraints is shown here.

Since, there is no common region, so, no solution exists.

[Key Points (/]

= Afeasible region is an area defined by a set of
coordinates that satisfy a system of inequalities.

5. [bl:We have to maximise 7 = 3x + 4y
Subject to constraints, x20, yz0andx+y<1

SOLUTIONS
J\ Previous Years' CBSE Board Questions /(5

¥ m,mol %m =

i ¥

The shaded portion OAEB is the feasible region, where
! 00, 0),A{L 0) and B(0O, 1) are the corner points.
AtO(0,0),Z=3=0+4=0=0
AtA(1,0),Z=3x1+4x0=3

| AtB(0,1),Z=3x0+4x1=4

i Maximum value of Z is 4, which occurs at B(O, 1).

Concept Applied (@]
= Any point in the feasible region of a linear
programming problem that gives the optimal value

{maximum or minimum) of the objective function is
called an optimal solution.

i & [b):Clearly, the pair of points given in graph, and
i (D, 104); (52, 0) and (0, 38); (76, 0) satisfy the corresponding
i equations given in option(b) i.e, 2x +y £ 104 and

¥ ix+2ysTh

7. |b): Since, minimum value of £ = ax + by occurs at two

: points (3,4) and (4, 3).

Jo+db=4da+3b =a=b

P8 [c):Given,Z=3x+dy
! Subject to constraints, x-y=>-1,x<3; x=0,y20

¥ A
%

'ﬁi;:;.lﬂ
A{&ﬂ/

ra.g
C(3.0)

R 3

The shaded region OABC is the feasible region, where
i corner points are {0, 0), A{0, 1), B{3, 4) and C{3,0)

P ALO(D,0),Z=3{(0)+4(0)=0

| AtA(0,1),Z=3(0)+4(1)=4
AtB(3,4),Z=3(3)+4(4)=25

| AtC(3,0),Z=3(3)+4(0)=9

o Maximum value of Z is 25, which occurs at B(3, 4).

9. [a):5ince, maximum value of 2 = ax + by occurs at both
{2, 4) and (4, D).

Za+db=4a+0 = 4b=2a = 2h=a
1 (d} : In an LPPR, if the objective function # = ax + by

has the same maximum value on two corner points of the
i feasible region, then the number of points at which z__,
! occurs is infinite,



11, (b} : We know that minimum of objective function
occurs at corner points.

Corner points Value ofz=3x - 4y
{0.0) 0
(5,0) 15
(&,5) -2
{6.8) -14
(4,10) -28
(0. B) =32 « Minimum

12. (b): From the graph of inequality 2x + 3y > &. [t is clear
that it does not contain the origin nor the points of the line

2x+3y=~6.

55 By-/x Tnearfuniction 40, be' optimized s called. a5 The maximum value of Z on the feasible region occurs at

: the two corner points €(15, 15) and D(0, 20) and it is 180

objective function.

14, We have, maximise z=-3x - 5y

Converting the given inequations into equations, we get
~Z2x+y=d A0
x+y=3 i {1)]
i-2y=2 i)

We draw the graph of these lines.
As, x =0,y =0 so the solution lies in first guadrant.

B(8/3, 1/3) and C(0, 3)
The value of z at these corner points are shown as :

Corner points 7==-3x -5y
AlD, 4) =20
B(8/3, 1/3) -2%/3 «— Maximum
Cl0, 3) -15

Hence maximum value of z= % .

15. We have, maximize z= 3x + Jy
Subject to constraints, x + 3y <40, x+y= 10, x <y, x. v =0

To solve LPPE graphically, we convert inequations into

equations.
ly:x+3y=60,l,:x+y=10,l5:x=y.x=0andy=0
Iz and I; intersect at (5, 5. Jy and Iz intersect at (15, 15).

! The shaded region ABCD is the feasible region and is
bounded. The corner points of the feasible region are

A0, 10), B(5. 5), C{15, 15) and D(0, 20)

x+3y=460

x+y=10
Corner Points Value ofz=3x+ 9y
A(D, 10) 20
B{5, 5) &0
{15, 15) 180 | Maximum (Multiple
N0, 20) 180 | optimal solutions)

| ineach case.
i6. (i) | CornerPoints |z=13x- 15y
i o0, 0) 0
Al4, 0} 52 (Maximum)
B(5, 2) 35
C(3,4) -21
D0, 2) =30 (Minimum)

Thus, maximum value of Z is 52 at A(4, 0) and minimum
i value of Zis -30at D(0D, 2)

i (i) Sincevalueofz=
i of ZatB(5,2).

kx + y at A(4, D) is same as the value

k-4+0=k-5+2 = d4k=5k+2=k=-2

{ 17. We have, minimize 2 =5x+ 7y,

i Subject to constraints, 2x+y2= 8. x+ 2y= 10, x,y=0

To solve LPP graphically, we convert inequations into
i equations.

From graph, corner point of feasible region are A(0, 4), : Now.l :2x+y=8,1,:x+2y=10andx=0,y=0
i |y and |, intersect at E(2, 4).

Let us draw the graph of these equations as shown below.

2T 3 916“*::;
5+ 7y= 138

G* i 2 3 N_i
The corner pmn!S of the feasible region are D(0, B),
: B(10, 0) and E{2, 4).



Corner points Valueof z=5x+ Ty
D(0.8) 56
B(10,0) 50
E(2,4) 3B (Minimum)

From the table, we find that 38 is the minimum value of z at

7= 38

[ Answer Tips (7]

= If the region is unbounded, then a maximum or
minimum value of the objective function may not exist.
If it exists, it must occur at a corner point of region.

18. We have, Minimise Z = 5x + 10y,
Subject to constraints :

x+2y<120
x+y=a0
x=2y=0and x, y=0

To solve LPP graphically, we convert inequations into

equations.
ly:x+2y=120,,:x+y=60l;:x-2y=0andx=0,y=0

Iy and I, intersect at E(D, 0], I, and |, intersect at C(&0, 30),

Iz and I3 intersect at D(40, 20).

The shaded region ABCD is the feasible region and is bounded.
The corner points of the feasible region are A{60, 0), B{120, ), :

Cl60, 30) and D{40, 20).

Corner points Value of Z=5x + 10y
Al&0,0) 300 «— (Minimum)
B{120,0) G00
C{s0, 30) G00
D40, 20) 400

Hence, 7 is minimum at A{&0, 0) L.e., 300.

Commonly Made Mistake

= Remember to convert inequations into equations.

1%, Maximise £ = x + 2y, Subject to constraints :
x+2y>2 100, 2x-y< 0, 2x+y <200 and x, y = 0.

lines

flix+2y=100

flp: 2x-y=0
{l3:2x+y=200

i lg:x=0

Pandlg:y=0

By intercept form, we get
E{2,4). Since the region isunbounded, so we draw the graph
of inequality 5x + 7y < 38 to check whether the resulting |

open half plane has any point common with the feasible _ .
region. Since it has no peoint in common. So, the minimum = Thelinel, meets the coordinate axes at (100.0) and (0. 50).

value of z is obtained at E(2, 4) and the minimum value of '
i = The line I, passes through origin and cuts |, and [, at
i (20, 40) and (50, 100) respectively.

H L
P le—t—=
- 3'100 200
i = Theline |; meets the coordinates axes at (100, 0} and
 (0,200).

i ly:x=0isthe y-axis, | y = 0 is the x-axis

Convert all inequations into equation, we get

-0

i)
i)
i)

v

1'1:—x-+-y-r-=1
100 50

l:2x=y

1

MNow, plotting the above points on the graph, we get
the feasible region of the LPP as shaded region ABCD. The
coordinates of the corner points of the feasible region
! ABCD are A(20, 40), B(50, 100), C[0, 200), D(0, 50).

Mow, £,=20+ 2 x40 =100

| Zy=50+2x100=250,Z.=0+2 x 200 = 400

i Zp=0+2x50=100

i o Zismaximum at C{0, 200) and having value 400.

| 20. We have, maximize P = 70x + 40y

i Subjectto:3x+2y<9

Ix+y=9
xz0,y=0

Ix+2y=9
Ix+y=9
x=0andy=0

wee ()
- i)

 Solving (i) and (ii), we get
Converting the inequations into equations, we obtain the

x=3y=0

i So, point of intersection of equation (i} and (i) are (3, 0).



¥
A
\.,

3x+2y=9

x+y=9

“

v
The given shaded region is the feasible region.

The corner points of the feasible region are O(D, 0),

A[D, 9/2) and B(3, 0).

Corner points | Value of p=70x+ 40y

0[0,0) F0=0+40=0=0

Al0.9/2) ?ﬂxﬂ+4ﬂx§-15ﬂ

B{3.0) 70 = 3+ 40 % 0= 210 (maximum}

So, Pis maximum at point B(3, 0).
21. We have, minz = &0x + B0y ;
Subject to constraints ;
Ax+dy=8,5x+2y=11; x,y=0
¥

kS

(11/5,0) Haxiay=8

Sx+2y=11

g
¥
From graph, it is clear that feasible region is unbounded.

The corner point of the feasible region are A[B/3, 0),

B(2,1/2) and C(0, 11/2).
The value of Z at these corner points are as follows :

As the feasible region is unbounded,
140 may or may not be the minimum value of Z.

So, we graph the inequality 60x + 80y < 160ie., 3x+ 4y <8 °

Corner Points £ =60x+ 80y
Al8/3,0) 160 o
B2 1/2) 580 }[Mmrmum}
C(0, 11/2) 440

i and check whether the resulting half plane has points in
common with the feasible region or not.

From graph, it can be seen that feasible region has no
i common point with 3x+ 4y < 8

Minimum value of Z is 140 at the line joining the
| points (8/3,0)and (2, 1/2).

[ 22, Lletl:2x+4y=8l,:3x+y=6l;:x+y=4x=0,y=0

 Solving Iy and I; we get B(gg]

i ¥

gﬁhaded portion OABC is the feasible region, where
i coordinates of the corner points are O{0, 0), A0, 2),
8 &

4 B[—,—].C 0

8z3).c20

The value of objective function at these points are :

Corner points Value of the objective functionz = 2x + 5y
: lo(o,0) 2x0+5x%x0=0
: 1A(0,2) 2x0+5x 2= 10 (Maximum)
-y 8 _ 6
Bl =2 Ix=+5x==9.2
[55 "5 g
C(2,0) 2x2+5x0=4

The maximum value of 2 is 10, which is at A(O, 2.

Concept Applied (@

= [Ifthe region is bounded then the objective function £
has both maximum and minimum value of region.

letl, :2x+3y=6,1:3Ix-2y=6,1;:y=1:x=0,y=0
Ay

s

' Solving Iy and I3, we get D (1.5, 1)
: 30 6 ]

ESI' 1, and I, et C|—.—
plving [, and |, we g [13 T



Shaded portion OADCB is the feasible region, where :
coordinates of the corner points are O[O0, 0), A(D, 1), :

D(1.5, 1), E[%% ] B(2,0).

The value of the objective function at these points are:

Value of the abjective function
G : z=HBx+9y
10, 0) B=x0+9=x0=0 - -
{50 EQM
AD.1) Bx0+9x1=9
¥ A+ Sy=15
D(15, 8x15+9x1=21
{ y Corner points | Value of Z = 30x + 50y

c(ﬂi 8x0 1 9x-5 ~29 & (Maximum) AR M Gystts 150 lnin)

1313 13 13 B(5, 0) 30x5+50%0=150 (Minimum)
B(2,0) Bx2+9x0=16 c(2.0) 30x9+50x0=270

e : | Do, &) 30 % 0+ 50 % 6 =300
Themasimusate ot 2l Lo wiilchisat E[*ﬁ--ﬁ ] - Since, minimum value of Z occurs at both A and B. So, Zis

! minimum at every point on the line joining AB. So, minimum
: value of Z occurs at infinitely many points. (1)
= Remember the difference between feasible solutions | - (3):As, Zis maximum at (30, 30) and (0, 40}.
and infeasible solutions. i= 30a+30b=40b = b-3a=0 (1)
7. [b):From the graph, we can say that the feasible
1 i region is bounded in the first quadrant.
1  [b):The strict inequality represents an open half
plane and it contains the origin, as (0, 0) satisfies it. (1 :
2 |d):The minimum wvalue of the objective function
occurs at two adjacent corner points (0.6, 1.6) and :
(3, 0) and there is no point in the half plane 4x + éy < 12in |

Commonly Made Mistake  J)

common with the feasible region. i ()
5o, the minimum wvalue occurs at every point of the iir'!e_* P L N
segment joining the twopoints. (1) | 8. We have Z = 400x + 300y subject to
3 Ve hae, ?';Evcgur?ri:]r‘ ;ufﬁr:firiﬂ%egfigle region are C{20, 0),
Corner points Value of Z=3x + 9y D{40, 0), B(40, 1600}, A{20, 180)
A0, 10) 3x0+9x10=90 7
B(5, 5) 3x5+9x5=60 : \
C[15, 15) 3x15+9%x15=180 (Maximum) 200
{0, 20) 3x0+9%x20=180 (Maximum)
7 is maximum at C(15, 15) and D(0, 20). 1007
Zis maximum at every point on the line joining CD. C{20, ﬂh\l‘_‘
(M 50100 0
4. [c}:We have,
Corner points Valueof £ =2x - 3y
(0,0) 2=0-3=0=0
(0,.8) 2=x0-3x8=-24 (Minimum) Yyww
(4, 10) 2x4-3%10=-22 x=20 (1)
(&,8) 2xb-3Fuf=-12 Corner points Z = 400x + 300y
(&, 5) 2xh-3x5=-3 C(20,0) 8000
(5,0} 2x5-3=x0=10 D{40.0) 16000
5 Value of Zis minimum at (0, 8). (1) : B(40, 160) 64000
5. [cl:Here, the feasible region is shaded. A(20, 180) &2000 (1)




Maximum profit occurs at x = 40, y = 160
and the maximum profit = ¥ 4,000

7. Maximize F=3x+y

Subject to constraints

x+ 2y 2z 100

2x-y=0

2x+ys 200

xz0,yz0

Converting the given ineguations into equations, we get

(1)

X +2y =100 (i) 2x-y=0 - i)

Dtk 200 (i) |

MNow, draw the graphs of (i), (i) and {iii).
¥

D

10 20 30 40 50 40 70 B0 90100
2x+y =200

x+2y=100 i

(3) :
The feasible region is shaded region and corner points are :
A{0, 50), B(D, 200), C(50, 100) and D{20, 40). (1) :

i The values of 7 at corner points are shown in the following

table:
Caorner points E=3x+y
A (D, 50) 50
B (D, 200) 200
C (50, 100) 250 (Maximum)
D (20, 40) 100
Thus, maximum value of Z is 250 at x = 50, y = 100 (1)
10. i)
- [Corner points Z=3x-4y
(0,0 0
AlD,8) =32 (Minimum)
B (4, 10) =28
Cl&.8) =14
D6, 5) =2
E(a.0) 12 (Maximum)
| (1%)
| Thus, maximum value of Zis 12 at E(4,0).
i and minimum value of Zis -32 at A0, B). (1)

i (i) Since maximum value of Z occurs at B(4, 10) and
i Cl6,8).

4p+10q=6p+8q = 29=2p = p=q (2)

Mumber of optional solutions are infinite.

[~ Every point on the line segment BC joining the two
corner points B and C also give the same maximum value]
(1/2)
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