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Transportation systems rely upon linear programming for cost and time
efficiency. They factor in scheduling travel time and passengers, optimize

‘ ‘ their profits according to different seat prices and customer demand, pilot/
driver scheduling and routes, etc. This method of solving problems using linear
programming has applications in a number of industries, such as business,

supply-chain management, hospitality, cooking, farming, and crafting.

Topic Notes

Basic Concepts of Linear Programming



BASIC CONCEPTS OF LINEAR

PROGRAMMING

| ToPIC 1]
LINEAR INEQUALITIES

Linear Programming is a mathematical technique
thot determines the best way to use available
resources. Managers use the process to help make
decisions about the most efficient use of limited
resources, like money, time, materials, and machinery
etc.

The term 'programming’ refers to ‘planning’, i.e. a plan
of action for maximizing or minimizing a function
under given constraints. The term ‘linear’ means all
constraints in the form of inequalities or equations
must be linear.

In Class XI, we have studied linear inequalities and
sustemn of linear inequalities in two variables and their
solution by graphical methed. Now we shall apply
the same in solving linear programming problems.

In this chapter, we shall restrict our study to Linear
Programming Problems in two variables and up to
three non-trivial constraints.

(1) Let a and b be two real numbers and x be a
variable. Then, ax < b,ax > b,ax <bandax = b
are called linear inequalities in one variable.
Eg,2x<5 4x>9, 8x <13 and 7x = 8 are linear
inequalities in cne variable.

(2) Let g band c be three real numbers and x, y be
two variables. Then,
ax+by<cax+by>cax+by=cand ax+byzc
are called linear inegualities in two variables.
Eg,.x+2y<8 2x+3y>7, 2x+ 3y < 10 and
7x = 2y = 1 are linear inequalities in two variables.

| ToPIC 2 |

GRAPHICAL SOLUTION OF A LINEAR INEQUALITY IN TWO
VARIABLES

Aline ax + by = ¢ lying in a plane divides a plane into

the following three disjoint sets.

(1) Ahalfplaneax+by<c

(2) Ahalfplaneax+bys>c

(3) Thelineax+by=c

The half planes, are of two types, viz,. open half planes

and closed half planes.

(1) The inequalities ax + by < c and ax + by > ¢
represent open half planes. (The points lying on
the line ax + by = ¢ are not included)

(2) The inequalities ax + by < c and ax + by 2 ¢
represent closed half planes. (The points lying on
the line ax + by = c are included)

So, a linear inequality in two variables represents a

half plane.

Now, to sclve a linear inequality in two variables, we

have the following working rule:

Step 1: Write the given inequality as an equation and

sketch its graph which is a straight line.

Step 2: If the given inequality is a strict inequality

(inequality containing < or »), then the points on the

line are not included in the solution region. So, we

represent this by drawing a dotted line.

If the given inequality is a slack inequality (inequality

containing = or =), then the points on the line are

included in the solution region. So, we represent this
by drawing a solid line.
Step 3: The line will divide the xy-plane into two half-
planes.
Step 4: If the point (0, 0) satisfies the linear inequality,
then the half plane containing the origin will be the
solution region.
Step 5: If the point (0, 0) does not satisfy the linear
inequality, then the other half plane not containing
the origin will be the solution region.
We represent the solution region by shading it.
We can extend the above methed to solve a system of
linear inequalities in two variables, using the following
working rule:
Shade the solution region of each of the linear
inequality.
The cormmon region will represent the solution of the
system of linear inequalities.
Illustration: Solve the following system of linear
inequalities graphically:

2X+3y=<6 3x-2y<6B,y<1l x=20,y=0
We consider the following equations:

2x+3y=6, 3x-2y=6,y=1, x=0,y=0



2x+3y=6 3x-2y==6
| 3lo]| |[x]|2]o
v | 0| 2| y | 0|-3

Solution reglon of 2x+ 3y =6

The line 2x + 3y = 6 divides the xy-plane into
two half planes.

The point (0, 0) does not lie on the line, but
satisfy the inequality 2x + 3y < 6.

So, the half plane containing the origin is the
solution reglion of the given inequality.
Solution region of 3x~-2y =<6

The line 3x - 2y = 6 divides the xy-plane into
two half planes.

The point (0, O) does not lie an the line, but
satisfy the inequality 3x - 2y < 6.

So, the half plane containing the origin is the
solution regicn of the given inequalitu.
Solution regionof y=1

The line y = 1 is a horizontal line and the
solution region of the given inequality is the
half plane below the line y = 1. Also, points an
the line satisfy the given inequality.

Solution region of x=0

The line x = 0 s a vertical line and the solution
region of the given inequality is the half plane
to the right of the line x = 0. Also, points on the
line satisfy the given inequality.

Solution regionof y=0

The line y = 0 is a horizontal line and the
solution region of the given inequality is the
half plane above the line y = 0 ie. x-axis. Also,
points on the line satisfy the given ineguality.
Hence the required solution region is shawn
shaded in the graph.
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| TOPIC 3 |

A LINEAR PROGRAMMING PROBLEM (LPP) AND A GRAPHICAL
METHOD OF SOLVING IT

A Linear Programming Problem is concerned with
finding the optimal value (maximum or minimum
value) of a linear function (called objective function)
of several variables (say x and ), subject to the
conditions that the variables are non-negative and
satisfy a set of linear inequalities.

Standard Form of a LPP

Here both objective function and constraints must be
linear equationsfinequalities. This means that power
of any variable must not be greater than one.

Three Components in LPP

The three major components in LPP are decision
variables, objective function and constraints.

A general LPP in two variables and up to three
constraints is of the form:

Maximise (or Minimise) Z = ax + by} Objective function
subject to the constraints
ax+byl=,<=>z2lc;
ax+bay{=.< 2> 22 | Constraints
ax + by {=,< = > 2} 3

x =0, y 2 0 } Non-negative restrictions

How Do We maximize (or minimize) a

Linear Programming Problem (LPP)?

(1) Write the objective function.

(2) Write the constraints.

(3) Graph the constraints and ascertain the valid
side of all constraints.

(4) ldentify the region of feasible solution and shade
it

(5) ldentify the corner points.

(6) Determine the corner point(s) that gives the
maximum (or minimum) value,

Before we proceed further, we now formally define

some important terms (which have been used above)

which we shall be using in the linear programming
problems.

Objective Function

Linear function Z = ax + by, where g, b are constants,
which has to be maximized or minimized is called
objective function. Variables x and y are called
decision variables.



Constraints

The linear inequalities or equations on the variables
of a LPP are called canstraints. The conditions x z 0,
y = 0 are called non-negative restrictions.

Optimization Problem

A problem which seeks to maximize or minimize a
linear function (say, of two variables x and y) subject
to certain constraints as determined by a set of
linear inequalities is called an optimization problem.
Linear Programming Problems are special type of
optimization problems.

Corner Point Method

This is the graphical method of solving a linear
programming problem (LPP). In this method, we shall
make use of the following terms. So, it is necessary
that we have clear understanding of these terms
befare making attempt to solve a LPP.

(1) Feasible Region: The common region determined
by the constraints and non-negative restrictions
is called the feasible region.

(2) Feasible Solution: A set of values of decision
variables of LPP satisfying the constraints and
the non-negative restrictions is called feasible
solution. Every point in the feasible region is a
feasible solution of the given LPP.

(3) Optimal Feasible Solution/Optimal Selution:
A feasible solution of LPP is said to be optimal
feasible solution (ar optimal solution) if it
optimises (ie, maximises or minimises) the
objective function.

(4) Bounded Feasible Region: A feasible region
of a system of linear inequalities is said to be
bounded feasible reglon If it can be enclosed
within a circle,

(5) Unbounded Feasible Region: A feasible
region of a system of linear inequalities Is said
to be unbounded feasible region if it cannot
be enclosed within a circle, ie, if it extends
indefinitely in any direction,

(6) Corner Paoint: A corner point of a feasible region

is a point in the region which is the intersection of
two boundary lines.

The following two theorems are fundamental In
solving an LPP (The proofs of these theorems are
beyond the scope of the present syllabus):

Theorem 1

Let R be the feasible region (convex region) for LPP and
let Z = ax + by be the objective function. When Z has
an optimal value (maximum or minimum), where the
variables x and y are subject to constraints described
by linear inequalities, this optimal value must occur at
a corner point (vertex) of the feasible region.

Theorem 2

Let R be the feasible region (convex region) for LPP
and let Z = ax + by be the objective function. If R is

bounded, then the objective function Z has both a
maximum and a minimum values on R and each of
these occurs at corner point (vertex) of the feasible
regicn.

Working Procedure: The corner Point Method for

solving LPP involving tweo decision variables x and y
comprises of the following steps:

Step 1: Find the feasible region of the LPP and
determine its corner points (vertices).

Step 2: Evaluate the objective function Z = ax + by at
each corner point. Let M and m be the greatest and
the smallest values of Z at these corner points.

Step 3: When the feasible region is bounded, M and
m are the maximum and minimum values of the
objective function,

Step 4: When the feasible region is unbounded, then

s M is the maximum value of Z, if the cpen
half plane determined by ax + by > M
has no point in common with the feasible
region. Otherwise, Z has no maximum
value,

* m is the minimum value of Z, if the open
half plane determined by ax + by < m
has no point in commeon with the feasible
region. Otherwise, Z has no minimum value,

ﬁj' Important

= If Z has optimum (le, maximum or minimum) value at
any two corner points, then it has the eptimum vaolue at all
points on the line segment joining these two corner points.

Illustration:  Solve the following linear
programming problem (LPP) graphically:

Maximise and Minimise Z = -3x + 4y

subject to the constraints

x+2ys8 3x+2ys12, x20,y=20 [NCERT]

The shaded region in the following graph is the
feasible region determined by the given system of
constraints.
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OABC is the bounded feasible region. The
coordinates of O, A, B and C are (0, 0), (4. 0},
(2, 3) and (0, 4) respectively.

Corner point | Corresponding value of Z |

Hence, maximum value of Z is 14 which occurs
at (0, 4); and the minimum value of Zis -12
which occurs at (4, 0).

Example 1.1: Seclve the following linear program-
ming problem (LPP) graphically:

(3' g) 012 L Maximise and Minimise Z = 5x + 10y
(2' 3) ;‘, il subject to the constraints
50'4: 14 (moxi ) x+2y=120,x+y=60,x-2y=z0,x=z0,y=0
K aximum [NCERT]
Ans. The shaded region in the following graph is the feasible region determined by the given system of
constraints.
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ABCD is the bounded feasible region. The
coordinates of A, B, Cand D are (60, 0), (120, 0),
(60, 30) and (40, 20) respectively.

Comer point | Corresponding value of Z
(60, 0) 300 (minimum)
(120,0) 600 {(maximum)
(60, 30) 600 (maximum)
(40, 20) 400

Hence, the minimum value of Z is 300 which
occurs at (60, 0).
But maximum value of Z is 600 which occurs
at two points namely, (120, 0) and (60, 30). So,
the maximum value of Z occurs at all points of
the line segment joining the points (120, 0) and
(60, 30).

Example 1.2: Solve the following linear

programming problem (LPP) graphically:

Maximise Z= -x + 2y

Subject to the constraints

xz3,x+y=5x+2y=z6,y=z0 [NCERT]

Ans. The shaded region in the following graph is the
feasible region determined by the given system
of canstraints.
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ABC is the unbounded feasible region. The
coordinates of A, B and C are (6, 0), (4, 1) and
(3. 2) respectively.

Corner point | Corresponding value of Z

60 | -6
(@, 1) <2
G2 | 1

We see that maximum value of Z is 1 which
occurs at (3, 2).

Since the feasible region is unbounded, 1 may
or may not be the maximum value of Z.

We, therefore, first draw the graph of the
inequality -x + 2y > 1.

The graph of =x + 2y > 1 is away from the
origin.

Since the open half plane of -x + 2y > 1 has

points in common with the feasible region, so,
1 is not the maximum value of Z.

Hence, Z has no maximum value.

Example 1.3: Solve the following linear

programming problem (LPP) graphically:

MaximiseZ= x+y

subject to the constraints

Xx-y=0,x-y=-1,xy=0 [NCERT]

Ans. The shaded region in the following graph is
the feasible region determined by the given

system of censtraints.
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There is no cammon feasible region.
Thus, there is no maximum value of Z.

Example 1.4: Solve the following linear
pragramming problem (LPP) graphically:
Minimise Z = x + 2y

subject to the constraints
2x+y=3,x+2y=6, x=0,y=0. [NCERT]

Ans. The shaded region in the following graph is the
feasible region determined by the given system
of constraints.
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BC is the unbounded feasible region. The
coordinates of B and C are (0, 3) and (6, 0)
respectively.

| Corner point | Corresponding value of Z |

‘ (©,3)
(6,0)
Hence, Z is minimum at (6, 0) and (0, 3) and

minimum value is 6.

Since the feasible region is unbounded, 6 may
or may not be the minimum value of Z

We, therefore, first draw the graph of the
inequality x + 2y < 6,

Since the open half plane of x + 2y < & has no
points in common with the feasible region, 6
is the minimum value of Z which occurs ot all
points on the line segment jaining (6, 0) and
(0, 3).

6 (minimum)
6 (minimum)

(O BJECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

1. The solution set of the inequality 3x + 5y < 4 is:
(o) open half plane not containing the origin.
(b) whole xy-plane except the points lying

on the line 3x + 5y = 4.

(c) open half plane containing the origin.
(d) none of these.
Ans. (c) open half plane containing the origin.



2. @in the given graph, the feasible region for

a LPP is shaded.
Y
F
{4, 10)
(0, 8)1 (6,8)
(6. 5)
(0,0) o

The objective function Z = 2x - 3y, will be
minimum at:

(o) (4,10) (b) (6, 8)
(c) (0, 8) (d) (6, 5)
[CBSE Term-1 SQP 2021]

3. 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?

Y

(a) PointB

(b) Point C

(c) PointD

(d} Every point on the line segment CD
[CBSE Term-1 SQP 2021]

Ans. (d) every point on the line segment CD
Z is maximum 180 ot paints C (15, 15)
and D (0, 20).
= Z is maximum at every point on the
line segment CD
[CBSE Marking Scheme Term-1 SQP 2021)
Explanation: The corner points of the feasible
region are A(0, 10), B(5, 5), C(15, 15) and
D(0, 20).

Corner Points Objective Function
Z=3x+9y
A(0,10) 90
B (5.5) 60
C{15.15) 180 (maximum)
D (0, 20) 180 (maximum)

Since maximum value of Z occurs at two paints,
namely C and D, so every point on the line
segment joining the points C and D gives the
maximum value,

4. Corner paints of the feasible region for an
LPP are (0, 2), (3, 0), (6, 0), (6, B) and (0, 5).
Let F = 4x + 6y be objective function. The
Minimum value of F oceurs at:

(a) (0, 2) only

(b) (3,0) only

{c) the mid point of the line segment joining
the points (0, 2) and (3, 0) enly.

(d) any point on the line segment joining the
points (0, 2) and (3, 0). [NCERT Exemplar]

Ans. (d) any point on the line segment joining the

peints (0, 2) and (3, 0).
Explanation: Here, objective function is

F =4x+ 6y
|  Corner points | F=4x + 6y _'
©2 | 12(Minimum)
(3.0 12 (Minimum)
(6.0) | 24
(6,8) | 72 (Maximum)
(0,5) L 30

Hence the minimum value of F occurs at points
on the line segment joining the points (0, 2) and
(3,0).

A Caution

= There could be more than one point at which
minimum value oceur.

5. @The feasible region for an LPP is shown
in the figure below. Let F = 3x - 4y be the
objective function. Maximum value of F is:

)

(12, 6)
{0, 4)
/T

0

(12,0)



Ans.

(@) 0 (b) 8
(c) 12 (d) -18
[NCERT Exemplar]

In a linear pregramming problem, the
constraints on the decision variables x and y
arex=-3yz0,yz0,0 = x = 3. The feasible
region:
(a) is not in the first quadrant.
(b) is bounded In the first quadrant.
{(c) is unbounded in the first quadrant.
(d) does not exist.

[CBSE Term-1 SQP 2021]

(b) is bounded in the first quadrant

Feasible region is bounded in the first
quadrant.

[CBSE Marking Scheme Term-1 SQP 2021]

Explanation: The graphical representation of
linear inequationsx -3y =0, y=0and0<x<3
is shown below.

So, the feasible region is bounded and lies in
first quadrant.

7. @ The feasible region, for the inequalities x

+2y=<6,y>0,0=<xliesin:

(a) First Quadrant (b) Second Quadrant

(c) Third Quadrant (d) Fourth Quadrant
[Delhi Gov. 2022]

8. @For an objective function Z = ax + by,

where g, 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 a and b such that the maximum Z occurs
at both the points (30, 30) and (0, 40) is:
(@) b-3a=0 (b) a=3b
(¢) a+2b=0 (d) 2a-b=0

[CBSE Term-1 SQP 2021}

9. @The corner points of feasible region for

a linear Programming problem are P(0, 5),
Q(1, 5), R(4, 2) and S(12, 0). The minimum
value of the objective function Z = 2x + 5y is
at the point:
(@ P ) Q
(©) R (d) s

[CBSE Term-1 2021]

10. If the objective function z = ax + y Is

minimum at (1, 4) and its minimum value is
13, then value of a is:
(@) 1 (b) 4
(© 9 (d) 13
[Delhi Gov. 2022]

Ans. (c) 9

Explanation: At (1,4),13=g(1)+4=a=9

11. @A linear programming problem is as

follows:

Minimize Z = 30x + 50y

subject to the constraints,
3x+5y=15
2x+3y =18
xz0,y=0

In the feasible region, the minimum value of
Z occurs at!

(a) a unique point
(b) no point
(c) infinitely many poins
(d) two points only
[CBSE Term-1 SQP 2021]

12.If x + y s 2, x, y = 0, the point at which

maximum value of 3x + 2y attained, will be:

@ (0,2) (®) (0,0)
© 2,0 w%}%]

Explanation: The corner points of the feasible
region are: (2, 0), (0, 2) and (0. 0).

Ans. (c) (2 0)

The values of Z at these corner points are 6, 4
and 0, respectively.

Thus, Z e = 6 at (2, 0).



13. The shaded region shown in the figure, is Ans. () Maximum and minimum value bath

given by the T"eg'-'ﬂliﬂ“: Explanation: In a linear programming problem,
rs if the feasible region is bounded then objective
function Z = px + gy has maximum and

(0,10 =7 (19,14) minimum values both.

17. @Which of the following is false?
(a) The feasible region of a LPP is always a

<5 > X convex polygon,

v (b) In a LPP, the constraints are always given
(0) 14x+5y=70,y=<14, x=y=<5 by the inequalities.
(b) 14x+5y=270,y=<14,x-y=5 (c) The minimum value of an objective
(€) 14x+5y=<70,y<14,x=y=5 function Z = ax + by in a LPP always
(d) 14x+5y=70,y=14,x-y=5 occurs only at the corner point of the

Ans. (a) 14x+5y270,y=< 14, x-y=<5 feasible region.
Explanation: Let A(S, 0), B(19, 14) and C(0D, 14). (d) If the feasible region of a LPP is bounded,
So, equation of line AB is: then the objective function Z = ax + by
y-0) = (i; —g % —5) has both maximum and minimum.

18. Sam manufactures two types of lamp
= y=x-5 shades, A and B. The maximum number
= x-y=5 of hours a day required to manufacture
Since, the feasible region of the line AB contains two lamp shades of type A and one lamp
the origin, so its equality isx -y < 5. shade of type B is 10 hours, whereas, the
Similarly, inequalities of lines BC and ACare y < maximum number of hours a day required
14 and 14x + 5y = 70, respectively. to manufacture one lamp shade of type A

and three lamp shades of type B is 15 hours.

14. Which one of the following is correct?
() Every LPP admits an optimal sclution.
(b) A LPP admits a unique solution.
(c) The optimal value occurs at a corner
point of the feasible region.
(d) If a LPP admits two optimal solutions,
then it has infinite optimal solutions.

Ans. (d) If a LPP admits twe optimal solutions, then
it has infinite optimal solutions.

15. The optimal value of the objective function is

attained at the points: The corner points of the feasible region
(@) ?J;;nxl-:’t?xits}.w intersection of inequalities determined by a system of linear inequalities
(b) given by corner points of the feasible are {0, 0), (5, 0), 3, ) and (0, 5).
region. Let Z = px + qy, wherep, g >0
(c) gi‘.uen by the intersection of inequalities Condition on p and q so that the maximum
with axes onlu. of Z occurs at both (3, 4) and (0, 5) is:
(d) none of these
Ans. (b) gi b ints of the feasibl @ p=q ol
ns. (b) ?é;?:n. y corner points o e feasible © p=3q d) q=3p
Ans. (d) g=3p

16. In a linear programming problem, If the

feasible region is bounded then objective Explanation: Let, the maximum value of Z be

function Z = px + qu has: M. Then,

(@) Maximum value only At (3, 4), M=3p+4q =0
(b) Minimum value only At{0,5, M=5q (D)
(c) Maximum and minimum value both From (i) and (ji), we have

(d) Neither maximum nor minimum value 3p+4g=>5q

[Delhi Gov. 2022] =2 3p=q



( CASE BASED Questions (CBQs) )

[ 4 & 5 marks ]
Read the following passages and answer the point (2, 1), B is the point (2. 7) and C is
the questions that follow: the point (6. 3). The shaded region R is defined
. . . ) by three inequalities. One of these three
19. in the figure given below, O is the origin, A is inequalities is x + y < 9.
| IHHE
il e | H
ki [4 1 |
g NI .
2 Br2.%) f
L e
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:I.‘ﬁ i ; p ; [ 10
(A) @The other two inequalities are: Ans. (B) (c) 21
(@) x=2,2y=x (b) x<2,2y<x Explanation: The corner points of the
(€ xz2-2,y22x (b)x2-2,2y<x feasible region R are: A(2, 1), B(2, 7) and
(B) Given that the point {x, y) is in the region G6. 3%
R, the maximum value of Z=3x + y is S0,Zp=7,23=13,Zc=21
(a) 7 (b) 13 Yo Zax =21
(c) 21 (d) 26 (D) (a) 12 sq. units
(C) @Given that the point (x, y) is in the Explanation: Area of region R
region R, the minimum value of P = 5x - = Area of AABC
2yls 1/ Y 1
(o) -8 (b) -4 =ie oy 1
2
(c) =24 (d) 8 X Yg 1
(D) Area of the region R is: 7 1 1
(a) 12 sq.units  (b) 15 sq. units =g 3 1
(c) 18 sq.units  (d) 24 sq. units 2, 5 4
(E) @which of the following points lie inside 1
the region R? =35 2(3-7)-1(6-2)
(@) (0,2) () (4,3) Hdga=al

(¢) (3,1) (d) (2, 0) = 12 5q. units



20. In the figure, O is the origin, A is the point

(% O], B(6, 3) and C{0, 5). The shaded

feasible region is defined by three non-trivial
inequalities and two trivial inequalities. One of
the three non-trivial inequalities is x + 3y = 15.
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(A) Write the other two non-trivial
inequalities plotted on the graph.
(B) Given that the point (x, y) is in the region
R, find the minimum value of (Bx = 5y).
Ans. (&) Equation of g line joining the points (0, 6)
and (12, 0) is:

0
12

y-6==>(x-0)

= 2y-12 =-x
= x+2y=12

And, equation of a line joining the points

(0, 15) and [%.0] is:

T (S
S
2

15 15
e PRI ¢ [
= 7Y [x 2 ]

= y=-=2x+15
= x+y=15
By observing the feasible region R, the

inequations of these two equations are x +
2y=12and 2x+ y = 15.

(B) The corner points of the feasible region are

A(};.O} B(6. 3), C(0, 5) and C(0. Q).

Now, (Bx-—5y)s =45
(Bx - 5y)g = 15
(6x - 5y)c =-25
(6x - 5y)o =0

So,  (Bx=5y)min ==-25



21. Look at the graph below. Here, A(0, 50), B(20, 40), C(50, 100), D(0, 200) and E(100, 0).
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This graph is constructed using three non- (a) 400 (b) 450
trivial constraints and two trivial constraints. (c) 500 (d) 600

One of the non-trivial constraints is x + 2y
2 100.

(A) @What are the two trivial constraints?
(o) x<0,y=20 (b)yz0,0
(c) x20,y20 (dxz20,y<0

(B) Considering Ry as the feasible region, find
the other two non-trivial constraints.
(a) 2x-y <0, 2x + y < 200
(b) 2x+y =20, 2x + y =200
(€) 3x+y=>0,3x-y<200
(d) 4x + 2y 20, 5x + y = 200

(o] @Conslderlng Rz as the feasible region,
find the other two non-trivial constraints.
(0) 2x=-y=20and 2x + y < 200
(b) 2x + y= 0 and 2x - y <200
(¢) 2x=y<0and 2x + y > 200
(d) 3x + 2y <0and 3x -y 2200

(D) @Given that the point (x, y) is in the
region Ry, find the maximum value of 5x
+ 2y.

(E) Given that the point (x, y) is in the region
Rz, find the maximum value of 5x + 2y.

(a) 400 (b) 300
(c) 500 (d) 600

Ans. (B) (@) 2x-y<0, Zx+y < 200

Explanation: From the figure, the region Ry
is bounded by the inequality x + 2y = 100

and the lines BC and DC.
Now, equation line BC is:
100 - 40
-40=2 ——— (x-2
530 20
ie, 2x-y=0;and
Equation of line DC Is:
100 - 200
-200= | ————— [x-0
¥ ( 50-0 ]( )
le, 2x + y =200,

To find the sign of inequality of these two
lines, take any point from the feasible
region Ry, say (20, 60).



Now, at (20, 60)
2x-y=2x20-60

=-20<0

= 2x-y=<0

and 2x+y-200=2x 20+ 60-200
=100=0

L2x+y-200<0,0r2x+y =< 200
So, the other two inequalities are: 2x-y < 0,
2x+ y =< 200.

(B) (¢) 500
Explanation: The corner points of the
feasible region R; are: B(20, 40), C{50, 100)
and E(100, 0).
Now, (5x + 2y)g = 180, (5x + 2y)c = 450,
(5x + 2y)e = S00
So, (5x + 2y)max = 500

(VERY SHORT ANSWER Type Questions (VSA) )

[ 1 mark]

22. In the figure, given below, the feasible region
(shaded) for a LPP is shown. Determine the
maximum and minimum values of Z = x +
2y. [NCERT Exemplar]

o \éﬁ

,' .
‘f \'\ L
18 2
87D
Ans. From the shaded region, it is clear thot the

coordinates of corner points are [-1 24],

13' 13
182)(2,3) (315
7'7)\2"%)od 2"

Here, abjective function is

Z=x+2y

" Corner

Sulnts Z=x+2y

El ziJ 3.,48_51

(13" 13 13 13 13

'

18 2

\7' ?] 1?_B+; = 27—2(Minimum)
(7' 3 7,6_2 .

(2' 3 2°4 4

E. E] _?1+E- E—g(muximum)
\2 4 2 4 4

Hence, the maximum and minimum values of Z

are 9 and 2—72 , respectively.

23. Find the maximum value of the function
Z = 5x + 3y subjected to the constraints x = 3
andy =z 3.

Ans. Here, value of Z at the corner point (3, 3) of the
feasible region is 24.

*
. 5%
—
.

|
Sx+3y>24

Since, region is unbounded, so we draw the
graph of inequality S5x + 3y > 24,

Since, open half plane of 5x + 3y > 24 has
common points with feasible reglon,

So, maximum value does not exist.
24. @what type of polygon is formed by the
feasible region for an LP.P.?

25. The feasible solution for a LPP is shown in the
following figure.




Let Z = 3x - 4y be the objective function. Then,
at what point minimum value of Z occurs.

Ans. [ Corner Points

| ofZ=3x-4y
(0, 0) 0
(5.0) 15
(6, 5) -2
(6.8) 14
(4, 10) ' 28
©,8) 32 — Minimum

Hence, minimum value of Z oceurs at (0, B).

26. The feasible region for an LPP is shown in
the following figure. Then, find the minimum
value of Z = 11x + 7y.

y
N

N cio, 5)

p 3

B(0, 3) A(3,2)
X'€ 0 \ \ > X

v
Y

Ans. Here, the ohjective functionis Z=11x+ 7y.
And the corner points of the feasible region are
A(3, 2), B(0, 3) and C(0, 5).

+ AtA(3, 2), Z=11x3+7x2
=33+14=47
At B(0, 3), Z=11x0+7x3

Carrespo_nding Value

=21
Z=11x0+7x5
Hence, the minimum value of Z is 21 which
occurs at paint B(Q, 3).

At C(0, 5),

27. What is the condition x = 0, y = 0 in linear
programming called?

Ans. This condition is called the non-negative
restriction ie, x and y could not have the negative
values.

28. Feasible region (shaded) for a LPP is shown
in the figure below. Maximize Z = 5x + 7y.
Y

B(3, 4)

A(7,0)

[NCERT Exemplar]
Ans. The shaded region is bounded and has
coordinates of corner points as (0, 0), (7, 0),

(3, 4) and (0, 2).

Also, Z=5x+7y
Corner pofnts | Z=5x+ 79 |
(0.0) | 0 |
(7.0) | 35 ‘
{3, 4) | 43 (Maximum) ‘
0,.2) 1 14 ‘
Hence, the maximum value of 7 is 43 which

oceurs at point (3, 4).

CSHORT ANSWER Type-l Questions (SA-l))

[ 2 marks ]

29. Maximise Z = 3x + 4y, subject to the
constraints: x+ y<1,x>0,y=0.

[NCERT Exemplar]
Ans. Maximize Z = 3x + 4y
Subject to constraints
x+y=<1
xz20y=0
Forx+y=1
| X | 1 ! 0 ‘
Ly | 0 | 1 |

u

3
H 2

1M f'+x

<
(\(, X

x' W -

QO 1 2 3 4 5
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Corner points Z=3x+4y
(0,0) 0
(1,0 3
(0, 1.}. | 4 (Muximum}

Hence the maximum value of Z is 4 at (0, 1).

(SHORT ANSWER Type-Il Questions (SA-1I))

[ 3 marks ]
30. Solve the following LPP graphically: Convert the inequations to equations, to plot

Minimize, Z = 5x + 7y them on the graph.

Subject to the constraints Fortheline2x+y =8 -0
2x+y=8 | 0 4 |
x+2yz10 ' |

xuz0 [CBSE 2020] Y B 9 |
Ans. Given, we have to minimize Ao, fo the linéx +2y =10 . -
Z=5x+7y x 0 10
Subject to the constraints, Ly 5 0
x+y=8 Plotting these points on a graph, we get a
X+2y =210 feasible region (shaded) which is unbounded.
xy=0
¢
)
—10
S8
E
7

2 ///
'_"2 ax =
=N @
W - < /
—! %3
\ i =7
: A0 : IO%&;’,& e
0 1 2 3 | 5 g | 9] 10 =
3 orady k38| ISh




The corner paints of feasible region are D{0, 8),

x+2y =10

B(10, 0) and E(2, 4). 2x+y =14
Corner Points | Z=5x+7y ong Xe=0,§ 20
—— - | Ans. Given, maximise Z = 2x + 3y
w8 = subject to constraints
B(10, 0) 50 | x+2y =10 A0
E(2,4 |38 (Minimum) | Lk+y<14 (i)
Here, 38 is the minimum value at E(2, 4). But xz0,y=20 (i)
the region is unbounded, so we draw the graph Convert inequations to equations to plot them
of inequality 5x + 7y < 38. on the g.rclph.
Now, Inequality 5x + 7y < 38 has no point For the lmgx+ ny 10
in commaon with the feasible region. So, the X 0 10 |
minimum value of Z is obtained at E(2, 4) and S 0 |
the minimum value of Zis 38. Earthe lin 2:'; y=14
31. @Determine the maximum value of Z = 11x ' |
+ 7y subject to the constraints: x 0 7 |
X+ y<6,x<2,x20,y20. [NCERT Exemplar] y 14 0 |
32. Maximise Z = 2x + 3y Now, plotting these points on a graph, we get
subjact to constraints the feasible region (shaded) which is bounded.
ERIED
Y
A3
10
-9
o I
3
\&
\\;,;b
I \}%i(@._ 2
:'1_
1D(7.0) L C(10.0) ol
ol Hletala i lan]saliis A8 ]9 |10
" . B EELR] S

The corner points of the feasible region are O
(0,0), A (0,5),B (6,2) and C (7, 0).



Corner Z=2x+3y
Points

0(0C,0) .Z=0

A(0, 5) Z=2u0+3:5=15i

B(6, 2) .Z= 2x6+3x2=18 I-&Maximum
D(7.0) .Z=2u7+3x0=14l

Hence, thé maxlmun_-l ua_lue of Zis 18 at the
point B(6, 2).

33. Maximise and minimise Z = x + 2y

subject to the constraints
x+ 2y = 100
x=-y=0
2x + y = 200
xy=z0
Solve the above LPP graphicallu.[CBSE 2017]

Ans. Given, Max.and Min. Z = x + 2y

Subject to the constraints,

x+2y =100 i)
2x-y=0 -{ii)
2x +y =200 (i)
and x=20,4y=0 {iv)

Now, convert given inequalities to equalities, to
plot them on the graph.

For the line x+ 2y = 100

x 0 _ 100

y 50 0
Forthe line 2x-y=0

x 0 _ 10

y 0 20
And for the line 2x + y = 200

X 0 100

y 200 0
Plotting these points on graph, we get a

feasible region (shaded) which is bounded.

L] ond) KD(U,;zglm"- ::| I

140 | 160|180 200 | 220/| -

S HEEE

The corner points of the feasible region are A(0,
50), B (20, 40), C (50, 100) and D (0, 200).

Corner Points Z=x+2y
A0, 50) Z=0+2x50=100
B(20,40) Z=20+2x40=100

C(50,100) Z=50+2x100=250
D(0.200) Z=0+2x200=400

The maximum value of Z is 400 at D(0, 200)
and the minimum value of Z is 100 at the
points A(0, 50) and B(20, 40).



34. @The corner points of the feasible region determined by a system of linear constraints are shown

below:
I
[
. !1-1
I B(410)
10 I A, 4
T 8 >
THEN Am"% r= | C(6, 8)
I
e
————ts D(6:5)
T i
.
T 3
1
T //_/514,0) T 851 i
[ [o ¢ VY BT P S 7 AT
Answer each of the following: (B) Let Z = px + qy, where p, g > 0 be the
(A) Let Z = 3x - 4y be the objective function. objective function. Find the condition
Find the maximum and minimum values on p and q so that the maximum value
of Z and also the corresponding points of Z occurs at B(4, 10) and C(6, 8). Also,
at which the maximum and minimum mention the number of optimal solutions
values occurs. in this case. [CBSE SQP 2020]

( LONG ANSWER Type Questions (LA) )

[ 4 & 5 marks |

35. Maximize Z = x + y subject to x + 4y < B, For equation 3x + y=9
2x+3y<12,3x+y<9,20,y=0. = 0 3
Ans. We have, LPP is '
[ 9 0

maximize Z = x + y

For equation 2x + 3y = 12
Subject to constraints 9 d

x+4y <8 X 0 | 8
2+ 3y < 12 v 4 0
I+y<9 Plotting these points on the graph, we get the
x20,y20 feasible region which Is shaded.
For equation x + 4y = 8
i lo 8

Y | 2 0
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Corner points Z=x+Yy
(0.0 0
(3.0 3

2815 43
11'11 11
©.2) 2

43

Hence, the maximum volume of Z is = at

36. Maximise and minimise Z = 3x - 4y
subjectto x-2y<0
-3x+y<4
x-y=<6
xyz0

Ans. Given, LPP is

Maximize and minimize, Z = 3x - 4y
Subjectto x-2y=<0
-3x+ys4
x-ys<86
xyz20
For the equationx -2y =0
x 0
Y 0 1

For equation -3x + y = 4

X 0 _—1
y 4 1

For equation x -y = 6
x 6 0
y 0 -6
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Plotting these points on a graph, we get a
feasible region which is unbounded.

Corner points ‘ Z=3x-4y
0,0) 0

(0, 4) | ~16 (Minimum)
(12, 6) | 12 (Maximur)

H

Now, to decide whether 12 and -6 are
respectively the maximum and minimum
values of Z or not, plot the inequalities 3x — 4y
> 12 and 3x - 4y < -6.

From the graph, it is clear that the inequalities
3x -4y > 12 and 3x - 4y < -6 has no pointin
common with the feasible region.

Hence, the maximum value of Z is 12 and its
minimum value is -6.



