Exercise 9.1

Chapter 9 123
i) Xx+y<2

Cha pter 9 Sol: Givenx+y <2
consider the associated equation X+y=2
Fory intercept put X=0

: : 0+y=2 = y=2

Llnear Programlng Forx)—/intercept put §=O

X+0=2 = X=2

Exercise 9.1

Q1. Solve following inequalities and graph the
solution set in each case.
i) x+3<7
Sol: Given x+3<7
X<7-3
X<4

ey I

_2 -1 o] | 1 2 3

it

i), 3x—2<4

Sol: Given —3x—2<4
—3x<4+2

x>

X> -2

-2 -1 0 1 2 3

iii). 2x+5>x—-3

Sol: Given 2x+5>x—3
2X—x>-3-5

X>-8

9 8 7 6 5 4 3 2

Q2: Graph the following linear inequalities.

i). X—-2y>4

Sol: Given X—2y >4

Consider associated equation X—2y =4

Fory intercept put X=0

0-2y=4

y=-2

For x-intercept

x—-2(0)=4

Xx=4

For shade inequality put Origin (0,0) i.e. x=0,y=0

(0)-2(0)>4

0>4

False, so we shade the side of line that opposite origin
And the table X |0 |4

put y=0

----‘-.‘2-
-

—4

For shade inequality put Origin (0,0) i.e. x=0,y=0
0+0<2

0<2
True, so we shade the side of line that have origin
And the table

X 0 2
y 2 0
-~
”hh‘.-.‘. d
Q-‘.
-5 7S
il
.~.~..
-2 -1 o 1 2., 3
.~-~
-2
-4
iii). 2x—-3y>6

Sol: Given 2x—3y >6

consider the associated equation 2X—3y =6

Fory intercept put X=0
2(0)-3y=6

-3y=6

y=-2

For x-intercept put y=0
2X—3(0) =6

2X=6

X=3

For shade the inequality put Origin (0,0) i.e.
x=0,y=0

2(0)—3(0) > 6

0>6

False, so we shade side of line that opposite the origin
And the table

X 0 3
Y -2 0
2
-1 o] 1 -g,-‘= 3 4
—ﬂ‘----
-"iﬁ
—4
Q3: Graph the following linear inequalities.

i). 2x—3y <12 and 3x+2y <6
Sol: Given 2x—3y <12 and 3Xx+2y <6
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Chapter 9

Consider associated equations

2x—-3y =12 3X+2y=6
Fory intercept put X=0
2(0)—3y=12 3(O)+2y=6
-3y =12 2y =6

y=-4 y=3

For x-intercept put y=0
2x-3(0)=12 3x+2(0)=6
2x =12 3Xx=6

For shade the inequalities put (0, 0) i.e. x=0,y=0
2(0)—3(0)£12 3(0)+2(0)S6
0<12 0<6

True True

So we shade the side of line that

have origin have origin

And the tables

X [o |6 |Aand[x Jo [2
y |40 3 |o

=
-
-
-

=
-
-
-
.-

ii). X+2y=>2 and 4x—-y=>4
Sol: Given X+2y>2 and 4x—y >4

Consider associated equations

X+2y=2 4x—-y=4
Fory intercept put X=0

0+2y=2 4(0)-y=4
2y =2 -y=4
y=1 y=-4

For x-intercept put y=0
x+2(0)=2 Ax—0=4
Xx+0=2 4x =4

X=2 x=1

For shade the inequalities put (0,0) i.e. x=0,y=0
0+2(0)22 4(0)—024
0>2 0>4

False False

So we shade the side of line that
Opposite to origin Opposite to origin
and the tables

X |0 |2 |And (X |O 1

vy |1 o Y [4 |0

Exercise 9.1
124

-
-
——

-
-
-——

-3

iii). X—y<1 and x+y=>4
Sol: Given Xx—y <1 and X+y=>4

Consider associated equations

x—y=1 X+y=4
Fory intercept put X=0
0-y=1 0+y=4
—y=1

y=4
y=-1
For x-intercept put y=0
x-0=1 x+0=4
x=1 X=4
For shade the inequalities put (0,0) i.e. x=0,y=0
0-0<1 0+0>4
0<1 0>4
True False

So we shade the side of line that

have origin

and the tables
X |0 |1 |[And|X |O |4
Y |-1]0 Y |4 |0

Opposite to origin

Q4: Graph following system of linear inequalities.
i). 2X+y=>4,x+y>3 and x>0
Sol: we have2X+y >4, X+y>3 and x>0

Consider associated equations

2Xx+y=4 X+y=3
Fory intercept put X=0
2(0)+y=4 0+y=3
y=4 y=3
For x-intercept put y=0
2x+0=4

oy = X+0=3
N Xx=3
For shade the inequalities put (0, 0) i.e. X=0, y= 0
2(0)+0>4 0+0>3
0>4 0>3
False False
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Exercise 9.1
125

So we shade the side of line that
Opposite to origin
and the tables
X |0 |2 [And| X |0 |3
y |4 |0 3 10

Opposite to origin

1

i) 2Xx+y <8, Xx+y<6and y>0
Sol: we have 2Xx+y <8, x+y<6and y>0

Consider associated equations

2Xx+y=8 X+y=6
Fory intercept put X=0
2(0)+y=8 0+y=6
y=8 y==6
For x-intercept put y=0
2x+0=8

% =8 X+0=6
«—4 X=6
For shade the inequalities put (0, 0) i.e. x=0,y=0
2(0)+0<8 0+0<6
0<8 0<6
True True

So we shade the side of line that

have origin

and the tables
X |0 |4 [And| X |O |6

have origin

y |8 |0 y |6 |0

iii). 2Xx+y>2, Xx+2y<10 and x>0
Sol: we have2X+y>2 , x+2y <10 and x>0

Consider associated equations

2X+y=2 X+2y =10

Fory intercept put X=0
0+2y=10

2(O)+y:2 2y =10

y=2 yos

For x-intercept put y=0

2x+0=2

oy =2 x+2(0)=10

w1 x=10

For shade the inequalities put (0, 0) i.e. x=0,y=0

0+0>2 0+0<10
0>2 0<10
False True

So we shade the side of line that
Opposite to origin
and the tables
X 0 1 And | X | O 10
vy |2 |0 vy |5 |0

have origin

-2 0

-2

Q5:Graph the solution of the following system of linear
inequalities and find the corner points in each case.
Also tell where the graph is bounded or unbounded.

i). 2X+y <6, Xx+2y<6and x>0
Sol: we have 2X+Yy <6, Xx+2y <6 and X=0

Consider associated equations

2X+y=6 X+2y =06
For y intercept put X=0
0+2y=6
2(0)+y=6 2y=6
y=6 y-3
For x-intercept put y=0
2x+0=6
% =6 X+ 2(0) =6
x=3 X=6
For shade the inequalities put (0,0) i.e. x=0,y=0
2(0)+0£6 0+2(0)S6
0<6 0<6
True True
So we shade the side of line that
have origin have origin
and the tables
X |0 |3 now| X |0 |6
Y |6 |0 y [3 |0

The graph is unbounded and the corner points are
A(3,0), B(0,0) and C(2,2)

ii). 2X+3y>6, x+y=>4and y>0
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Exercise 9.2

Sol: Given 2X+3y>6 , X+y=>4and y>0

Consider associated equations

2X+3y =6 X+y=4
Fory intercept put X=0
2(0)+3y:6 0sy—4
3y=6

y=4
y=2
For x-intercept put y=0
2x+3(0)=6
o —6 x+0=4
X=3 x=4
For shade the inequalities put (0,0) i.e. x=0,y=0
2(0)+3(0)>6 0+0>4
0>6 0>4
False False

So we shade the side of line that
Opposite to origin
and the tables
X |0 |3 now| X |0 |4
2 |0 4 |10

Opposite to origin

Graph is unbounded and corner points are A(4,0) , B(0,4)

Q6: Graph the solution region of the following system of
linear inequalities and find the corner points in each
case. Also tell where the graph is bounded or unbounded.
i). 2x+3y <12 ,3x+y<l12 and x+y>2
Sol: 2x+3y <12 ,3x+y<12 and x+y=>2

Consider associated equations

2x+3y =12 3X+y=12 X+y=2
Fory intercept put X=0

2(0)+3y=12  3(0)+y=12 0+y=2
y=4

For x-intercept put y=0

2x+3(0)=12 3x+0=12

X+0=2

2x=12 3x=12 )
X=6 x=4 X=

For shade the inequalities put (0,0) i.e. x=0,y=0
2(0)+3(0)S12 3(0)+OS12 0+0>2
0<12 0<12 0>2
True True False

So we shade the side of line that

have origin have origin  Opposite to origin

and the tables

X[0|6|nw|X|0 (4 |now|X |02
vyvi4]0 y (12 1]0 v 2|0

Graph is bounded & corner points are A(-6,8),
B(3.43,1.71) & C(5,-3)

ii). 2X+y=3, X+y<band x—-y=>2
Sol: 2X+y>3, x+y<5and x—y=>2

Consider associated equations

2Xx+y=3 X+y=5 X—y=2
Fory intercept put X=0

2(0)+y=3 0+y=5 0-y=2
y=3 y=5 y=-2
For x-intercept put y=0

2x+0=3 X+0=5 X—0=2
x=3 x=5 X=2
For shade the inequalities put (0,0) i.e. x=0,y=0
2(0)+0>3 0+0<5 0-0>2
0>3 0<5 0>2
False True False

So we shade the side of line that
Opposite to origin
and the tables

X{0[15| now | X [0 |5 |now | X |0 |2
y|3]0 y|5]|0 yl2|0

have origin Opposite to origin

The graph is bounded and the corner points are
D(-2,7), B(1.67,-0.33) and C(3.5,1.5)

Exercise 9.2

Ql: Graph the feasible region of the following
linear inequalities and also find the corner points.
i).2X+ Yy <6 and 4x+y <8 withx>0,y>0

Sol: 2X+Yy <6 and 4x+Yy <8 withx>0,y>0

Consider associated equations

2X+y=6 4x+y =8
Fory intercept put X=0
2(0)+y=6 4(0)+y=8
y="6 y=38

Khalid Mehmood Lecturer GDC Bilot Sharif D.I.Khan

available at http://www.mathcity.org




Exercise 9.2

Chapter 9 127
For x-intercept put y=0 The graph is bounded and the corner points are
2x+0=6 4x+0=8 A(0,0), B(4,0) , C(0.25,4.75) and D(0,4)
2%=6 4x =8 ii). X+2y <6 and 2x+y <6 withx>0,y>0
X =3 X =2 Sol: X+2y <6 and 2Xx+Yy <6 withx>0,y>0
For shade the inequalities put (0,0) i.e. x=0,y=0 Consider associated equations
X+2y=6 2X+y=6
2(0)+0<6 4(0)+0<8 Y Y
Fory intercept put X=0
0<6 0<8
True True 0+2y=6 2(0)+y:6
So we shade the side of line that 2y =6 O+y=6
have origin have origin y= 3 y= 3]
and the tables For x-intercept put y=0
X |0 |3 |And|X |0 |2
o - - R s e x+2(0)=6 2x+0=6
) X=0 Xx=3
~ For shade the inequalities put (0, 0) i.e. x=0,y=0
. 0+2(0)£6 2(0)+0£6
0<6 0<6
: True True
- - - - So we shade the side of line that

The graph is bounded and the corner points are
A(0,0), B(2,0), C(1,4) and D(0,6)

ii).3X—y=>—4 and X+y <5 withx>0,y>0
Sol: 3X—y=>—4 and X+Yy<5 withx>0,y>0

Consider associated equations

X—-y=-4 X+y=5

Fory intercept put X=0
3(0)-y=—4 0+y=5

y=4 y=>5

Put y=1 For x-intercept put y=0
3x-1=-4

3x=-4+1=-3 x+0=5
N X=5

For shade the inequalities put (0, 0) i.e. x=0,y=0
3(0)—02—4 0+0<5

0>-4 0<5

True True

So we shade the side of line that

have origin

and the tables
X |0 |-1 |And X |O |5
y (4 |1 Y |5 |0

have origin

have origin

and the tables
X |0 |6 [And|X |0 |3
y |3 1|0 Y |6 |0

have origin

The graph is bounded and the corner points are
A(0,3), B(0,0), C(3,0) and D(2,2)

Q2:Graph the feasible region subject to the following
linear inequalities and also find the corner points.
i) X+2y<8,Xx+y<5&2x+y <8 withx>0,y>0

Sol: GivenXx+2y <8, X+ y<5and 2x+y<8

withx>0,y>0

Consider associated equations

X+2y=8 X+y=5 2X+y=8
Fory intercept put X=0

0+2y=8 (Q+y=5 2(0)+y=8
iijS y=5 y=8

For x-intercept put y=0
x+2(0)=8 x+0=5 2x+0=8

X=8 X=5 X=4
For shade the inequalities put (0, 0) i.e. x=0,y=0

0+2(0)<8 0+0<5 2(0)+0<8
0<8 0<5 0<8
True True True

So we shade the side of line that
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Exercise 9.3

Chapter 9 128
have origin have origin have origin For x-intercept put y = 0
and the tables x+0=3 2x+0=12 x-0=12
X10|8|nw|X |0 |5 now|X |0 |4
Yy |4a]o y|5]o v|8 o x=3 x=6 x=12
For shade the inequalities put (0, 0) i.e. x=0,y=0
0+0=3 0+0<12 0-0<12
0>3 0<12 0<12
False True True
So we shade the side of line that
Opposite to origin have origin have origin

The graph is bounded and the corner points are
A(0,0), B(4,0), C(3,2), D(2,3) and E(0,4)

i). 2X+y>6,2x+3y<12& —x+y<2withx>0,y>0
Sol: Given 2X+Yy =6, 2x+3y <12 and
—X+y<2withx>0,y>0

Consider associated equations

2X+y=6 2x+3y=12 —Xx+y=2
Fory intercept put X=0
2(0)+y=6 2(0)+3y=12 —0+y=2
3y=12

y=6 y=4 y=2

For x-intercept put y=0
2x+0=6  2x+3(0)=12 —_x+0=2
2X=06 2x =12 —X=2
X=3 X=06 X=-2

For shade the inequalities put (0,0) i.e. x=0,y=0

2(0)+026 2(0)+3(0)S12 -0+0<2
0>6 0<12 0<2
False True True

So we shade the side of line that
Opposite to origin have origin

and the tables
X|10|3|now| X |0 |6 |now| X |O0|-2
Y |6 |0

have origin

Graph is bounded & corner points are A(3,0) , B(1.5,3) & C(6,0)
iii). x+y>3,2x+3y <12&X—Yy <12 withx>0,y>0
Sol: Given X+Yy >3, 2x+3y <12 and

X—y <12 withx>0,y>0

Consider associated equations

X+y=3 2Xx+3y =12 x-y=12
Fory intercept put X=0
0+y=3 0+3y=12 0-y=12
y=3 y=4 y=-12

and the tables

X|0|3|now|X |0 |6 |now|X |0 |2
Y|[3]0 Y|4]|0 Y|-2 |0

The graph is bounded and the corner points are
A(2.5,0.5), B(18/5,8/5), C(0,4) and D(0,3)

Exercise 9.3

Q1: Maximize f (X, y) = 2X+ Y subject to constraints
X+y<6and X+Yy=>1with x>0,y>0
Sol: X+y <6 and X+y=>1with x>0,y>0

Consider associated equations

X+y=6 Xx+y=1
For y intercept put X=0
O+y=6 0+y=1
y=6 y=1
For x-intercept put y=0
X+0=06 Xx+0=1
X=6 x=1
For shade the inequalities put (0, 0) ie. x=0,y=0
0+0<6 0+0>1
0<6 0>1
True False

So we shade the side of line that

have origin
and the tables

X |0 |6 |and | X |0 |1
Y |6 |0 Y |1

Opposite to origin
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Exercise 9.3

The graph is bounded and the corner points are
A(0,1), B(1,0), C(6,0) and D(0,6)

At(x,y) | f(xy)=2x+y
A(0,1) 2.0+1 1
B(1,0) 2.1+0 2
C(6,0) 2.6+0 12
D(0,6) 2.0+6 6

Clearly f(x,y) is Maximize at C(6,0) and its value is 6

Q2: Maximize f (X, y) =3X+5Y subject to constraints
2x+3y<12,3x+2y<12& X+ Yy >2withx >0,y >0
Sol: Given 2x+3y <12, 3x+2y <12 and
X+Yy>2 with x>0,y >0

Consider associated equations

2x+3y =12 3X+2y=12 x+y=2
Fory intercept put X=0

0+3y=12 0+2y=12 0O+y=2
y=4 y=6 y=2
For x-intercept put y=0

2x+0=12 3x+0=12 X+0=2
X=6 Xx=4 X=2
For shade the inequalities put (0,0) i.e. x=0,y=0
0+0<12 0+0<12 0+0>2
0<12 0<12 0>2
True True False
So we shade the side of line that

have origin have origin Opposite to Origin

and the tables

X|0|6 |now|X |0 |4 |now|X |0 |2
Y|4 |0 vyl 6|0 vi2]|0

Graph is bounded and the corner points are A(2,0),
B(4,0), C(2.4,2.4), D(0,6), E(0,2) and F(0,1.5)

At (x,y) | f(x,y)=3x+5y
A(2,0) 3.2+0 6
A(0,2) 3.042.5 10
B(4,0) 3.4+0 12
C(2.4,2.4) 3x2.4+5x2.4 19.2
D(0,6) 3.046.5 30
E(0,1.5) 3.0+5.1.5 7.5
F(0,4) 3.0+5.4 20

Clearly f(x,y) is Maximize at D(0,4) & its value is 20

Q3:Minimize f (X,y)=3x+4y subject to the
constraints 2X+3Y =6, X+ Yy <8 with x>0,y >0
Sol: 2X+3y>6, Xx+y<8 with x>0,y>0

Consider associated equations

129
2X+3y =6 X+y=8
Fory intercept put X=0
0+3y=6 O+y=8
y=2 y=38
For x-intercept put y=0
2Xx+0=6 Xx+0=8
X=3 X=8
For shade the inequalities put (0, 0) i.e. x=0,y=0
0+0>6 0+0<8
0>6 0<8
False True

So we shade the side of line that
Opposite to origin
and the tables
X (0 |3 now| X |0 |8
Y [2 |0 y |8 |0

have origin

UI 2 4 [ B

graph is bounded & corner points are A(0,2), B(3,0), C(8,0) and D(0,8)

At (x,y) | f(x,y)=3x+4y
A(0,2) 3.0+4.2 8
B(3,0) 3.3+4.0 9
C(8,0) 3.8+4.0 24
D(0,8) 3.0+4.8 32

Clearly f(x,y) is Minimize at D(0,2) and its value is 8

Q4.Find Maximum and Minimum values of function
f (X, y)=5x+2y subject to the constraints
2X+y=>2, x+2y <10 with x>0,y>0

Sol: 2Xx+y=>2, Xx+2y <10 with x>0,y>0

Consider associated equations

2X+y=2 X+2y =10

Fory intercept put X=0
O+y=2 0+2y=10
y=2 y=>5

For x-intercept put y=0
2Xx+0=2 x+0=10
x=1 x=10

For shade the inequalities put (0, 0) ie. x=0,y=0
0+0>2 0+0<10
0>2 0<10

False True

So we shade the side of line that
Opposite to origin
and the tables

have origin

X |0 |1 (now| X |0 |10

y [2 |o vy |5 |0
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The graph is bounded and the corner points are
A(1,0), B(10,0), C(0,5) and D(0,2)

At (x,y) | f(x,y)=5x+2y
A(1,0) 5.1+2.0 5
B(10,0) 5.10+2.0 50
C(0,5) 5.0+2.5 10
D(0,2) 5.0+2.2 4

Clearly f(x,y) is Maximize at D(10,0) & its value is 50
Minimize at D(0,2) and its value is 4

Q5.Find Maximum and Minimum values of the function
f (X, y) =T7X+ 21y subject to constraints 2X+Yy > 2,
2X+3y <6 and X+2y <8with x>0,y>0

Sol: Given2x+y>2, 2Xx+3y <6 and

X+2y <8with x>0,y >0

Consider associated equations

2X+y=2 2X+3y=6 x+2y=8
Fory intercept put X=0
O+y=2 0+3y=6 0+2y=8
y=2 y=2 y=4

For x-intercept put y=0
2Xx+0=2 2x+0=06 X+0=8
x=1 x=3 Xx=8

For shade the inequalities put (0,0) i.e. x=0,y=0
0+0>2 0+0<6 0+0<8
0>2 0<6 0<8

False True True

So we shade the side of line that

Opposite to origin

and the tables
X0l |now|[X |0 |3 |now|X |0 |8
Y |2 |0 vyi2]0 v 4]0

have origin have origin

The graph is bounded and the corner points are
A(1,0), B(3,0) and C(0,2)

At (x,y) | f(xy)=7x+21y
A(1,0) 7.1+21.0 7
B(3,0) 7.3+21.0 21
C(0,2) 7.0+21.2 42
D(0,4) 7.0421.4 84

Clearly f(x,y) is Maximize at D(0,2) & its value is 84
Minimize at D(1,0) and its value is 7

Exercise 9.3

Q6.Let manufactures of bicycle Model A=x

manufactures of bicycle Model B=y

Sol: Suppose P(x,y) is Profit function, then
P(x,y)=40x+50y and subject to constraints are
5x+4y <120, and 4x+8y <144 with

x>0,y=>0

Consider associated equations

ox+4y =120 4x+8y =144

Fory intercept put X=0
0+4y =120 0+8y =144
y =30 y=18

For x-intercept put y=0
5x+0=120 4x+0=144
X =24 X =236

For shade the inequalities put (0, 0) i.e. x=0,y=0
0+0<120 0+0<144
0<120 0<144

True True

So we shade the side of line that
have origin  and the tables
X |0 |24 |now| X |0 |36

have origin

Y |30]|0 Y |18 |0

The graph is bounded and the corner points are
A(0,0), B(24,0),C(16,10) and D(0,18)

At (X,Y) P(x,y)=40x+50y
A(0,0) 40.0+50.0 0
B(24,0) 40.24+50.0 960
C(16,10) 40.16+10.50 1140
D(0,18) 40.0+18.50 900

Clearly Maximum profit at C(16,10) and its value is 1140

Q7. Lamp L1 Model = x, Lamp L2 Model =y
Sol: Given P(x,y)=70x+50y be the profit function
according to conditions And constrains are

2X+Yy <40, and Xx+Yy <32 with x>0,y >0

Consider associated equations

2x+y =40 X+y=32

Fory intercept put X=0
0+y=40 0+y=32
y =40 y=32

For x-intercept put y=0
2x+0=40 X+0=32
X =20 X=32

For shade the inequalities put (O, 0) i.e. x=0,y=0
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Chapter 9
0+0<40 0+0<32 The graph is bounded and the corner points are
0< 40 0<32 A(0,0), B(0,400) ,C(200,400) and D(0,500)
True True At (X, y) P(x,y) = 30x+20y
So we shade the side of line that A(0,0) 30.0+20.0 0
have origin have origin B(400,0) 30.400+20.0 12000
and the tables C(200,400) 30.200+20.400 14000
X |o |20l now| X |0 |32 D(0,500) 30.0+20.500 10000

Y (400 Y [32]|0

The graph is bounded and the corner points are
A(0,0), B(20,0) ,C(8,24) and D(0,32)

At (X, y) P(x,y)=70x+50y
A(0,0) 70.0+50.0 0
B(20,0) 70.20+50.0 1400
C(8,24) 70.8+50.24 1760
D(0,32) 70.0+50.32 1600

Clearly Maximum profit at C(8,24) & its value is 1760

Q8. Let for Achieving maximum profit
Product A=x, Product B=y

Sol: Given P(x,y) = 30x+20y with constrains

2Xx+y <800, x+2y<1000 with x>0,y >0

Consider associated equations

2x+y =800 X+2y =1000
Fory intercept put X=0
0+y=800 0+2y=1000
y =800 y =500
For x-intercept put y=0
2x+0=2800 Xx+0=1000
x =400 x=1000
For shade the inequalities put (0,0) i.e. x=0,y=0
0+0<800 0+0<1000
0<800 0<1000
True True

So we shade the side of line that
have origin have origin
and the tables
X |0 400 | now | X | O 1000

Y |800]|0 Y | 500 | O

Exercise 9.3

Clearly Maximum profit at C(200,400) & its value is

14000
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