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1. Definition: Linear programming (LP) is an optimisation technique in which a linear function is
optimised (i.e., minimised or maximised) subject to certain constraints which are in the form of
linear inequalities or/and equations. The function to be optimised is called objective function.

2. "Applications of Linear Programming: Linear programming is used in determining optimum
combination of several variables subject to certain constraints or restrictions.

3. Formation of Linear Programming Problem (LPP): The basic problem in the formulation of a

linear ‘programming problem is to set-up some mathematical model. This can be done by asking
the following questions:

(@) What'are the unknowns (variables)?
(b) What is the objective?
(c) What are the restrictions?

For this, let x;, G ... x, be the variables. Let the objective function to be optimized (i.e.,
minimised or maximised) be given by Z.

(1) Z=c;x;+c, YA + U—,ere C;x; (i=1,2, ... n) are constraints.

(ii) Let there be mn constants and let a be a set of constants such that

fyy Xy + 0y Xy + by, X (S, = 01 2) by
Ay X1+ p Xy + .u b lly, X, (S, =0r2) b,
Ay X7 + Ay Xy + e +ay, x, (S, =0r2)b,
(i1i) Finally, let x; 20, x, 2|0, ........... x, > 0, called non-negative constraints.
The problem of determining the values of x;, X;, .o , X, which makes Z, a minimum or

maximum and which satisfies (if) and (iii) is called the general linear programming problem.
4. General LPP:

(a) Decision variables: The variables x;, x,, x5, ........ , X, whose values are to be decided, are called
decision variables.
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(b) Objective function: The linear function Z =c; x; + ¢ X5 + ........ + ¢, x,, which is to be optimized
(maximised or minimised) is called the objective function or preference function of the general
linear programming problem.

(¢) Structural constraints: The inequalities given in (ii), are called the structural constraints of the
general linear programming problem. The structural constraints are generally in the form of
inequalities of > type or < type, but occasionally, a structural constraint may be in the form of
an equation.

d) Non-negative constraints: The set of inequalities (ii7) is usually known as the set of non-negative
constraints of the general LPP. These constraints imply that the variables x;, x,, ..., x,, cannot take
negative values.

asible solution: Any solution of a general LPP which satisfies all the constraints, structural
non-negative, of the problem, is called a feasible solution to the general LPP.

um solution: Any feasible solution which optimizes ( i.e., minimises or maximises) the
e function of the LPP is called optimum solution.

. Reg s for Mathematical Formulation of LPP: Before getting the mathematical form of a

linea ming problem, it is important to recognize the problem which can be handled by
ming problem. For the formulation of a linear programming problem, the problem
ollowing requirements:

linear p
must sat

(i) There

an objective to minimise or maximise something. The objective must be capable

of being defined mathematically as a linear function.
(i1) There m ternative sources of action so that the problem of selecting the best course of
actions ma

(iii) The resourceé
LPP.

be in economically quantifiable limited supply. This gives the constraints to

(iv) The constraints
or inequalities.

ictions) must be capable of being expressed in the form of linear equations

6. Solving Linear Prog
Method is adopted. U

Step 1. At first, feasi
its corner poi
point.

ing Problem: To solve linear programming problems, Corner Point
his method following steps are performed:

gion is obtained by plotting the graph of given linear constraints and
e obtained by solving the two equations of the lines intersecting at that

Step II. The value of ob
x and y-coordin
value of Z respe

Case I: If the fe
values o

Case II: If the fe:

Step III. The open half pla

Case I: If therefis no common point in the half plane determined by ax + by > M and
feasible region, then M is maximum value of Z, otherwise Z has no maximum
value.

e function Z = ax + by is obtained for each corner point by putting its
place of x and y in Z = ax + by . Let M and m be largest and smallest
ely.

le region is bounded, then M and m are the maximum and minimum

ble region is unbounded, then we proceed as follows:

determined by ax + by > M and ax + by < m are obtained.

Case II: If there is no common point in the half plane determined by ax + by < m and
feasible region, then 7 is minimum value of Z, otherwise Z has no minimum
value.
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Above facts can be represented by arrow diagram as

Feasible region (having largest and smallest values
M and m of Z =ax + by at corner points)

|

Unbounded

M is maximum and 1 is Open half plane is determined by
minimum value of Z. ax+by>M and ax + by < m obtained.

If no common point in the half plane If no common point in the half plane

etermined by ax + by > M and feasible determined by ax + by < m and feasible
egion, then M is maximum value of region, then m is minimum value of Z,
otherwise Z has no maximum value. otherwise Z has no minimum value.

Selected NCERT Questions A
1. Max - NeE2y
Subje , X¥Y25x+2y=>6,y=0.
Sol. Letus iven inequalities

1[r R L LS RS RS R SRS
I lse} &

Bl 1
=

,,,,,

,,,,,

The feasible region is shown shaded which is unbounded.
The coordinates of the corner points of the feasible region are A(6, 0), B(4, 1) and C(3, 2).

Let us evaluate the objective function.
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A (6,0) Z=-6+2x0=-6+0=-6
B(4,1) Z=-4+2x1=-4+2==-2
€ (@3,2) =-3+2x2=-3+4=1 «=——Maximum

We see that maximum value of Z at (3, 2) is 1.
Since the region is unbounded, so 1 may or may not be the maximum value of Z.
First draw the graph of the inequality —x + 2y > 1.
-x + 2y > 1 is away from origin.
Since the open half plane of —x + 2y > 1 has points in common with the feasible region.
us, Z has no maximum value.
ctory manufactures two types of screws, A and B. Each type of screw requires the use of
achines, an automatic and a hand operated. It takes 4 minutes on the automatic and 6
s on hand operated machines to manufacture a package of screws A, while it takes 6
on automatic and 3 minutes on the hand operated machines to manufacture a package

B. Each machine is available for at the most 4 hours on any day. The manufacturer
ackage of screws A at a profit of ¥7 and screws B at a profit of ¥10. Assuming that

he 11 the screws he manufactures, how many packages of each type should the factory
ow ce in a day in order to maximise his profit? Determine the maximum profit.
Sol. Letx ber of packages of screws A, y be the number of packages of screws B produced
inada e the total profit of the manufacture in a day.
Package o 6 minutes 7
Package of 3 minutes 210
Time Availab 4 hours
Thus, the math formulation of the given LPP is
Maximize Z =7
Subject to 4x + 6y 6x +3y <240, x,y 2 0.
Let us draw the gra system of inequalities representing constraints.
Gl ¥
NG.C(0,40)  \Z
407 HEEN
%
30 0/ //
20 . B(30, 20)
10
i I A0, 0

X f 10|20 | 30 40\ 50 X
=
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The feasible region is shown (shaded) in figure, which is bounded.
The coordinates of the corner points of the feasible region are O(0, 0), A(40, 0), B(30, 20) and C(0, 40).
Let us evaluate the objective function.

0O (0,0) Z =7 x0+10 x0=0

A (40, 0) Z=7x40+10x 0=280+ 0 =280

B (30, 20) Z=7x%30+10x20=210 + 200 = 410= Maximum
C (0, 40) Z=7x0+10 x40 =0 + 400 = 400

Thus, Z is maximum at (30, 20) and maximum value = 410

Maximum profit = ¥410 when 30 packages of screws A and 20 packages of screws B are
produced in a day.

tory makes two types of items A and B, made of plywood. One piece of item A requires 5
es for cutting and 10 minutes for assembling. One piece of item B requires 8 minutes for
and 8 minutes for assembling. There are 3 hours and 20 minutes available for cutting
rs for assembling. The profit on one piece of item A is I5 and that on item B is 6.
pieces of each type should the factory make so as to maximise profit? Make it as an
LF ve it graphically. [CBSE (F) 2010]

Sol. Let y makes x pieces of item A and y pieces of item B.

Time by item A (one piece)

cutti inutes, assembling = 10 minutes

Time req item B (one piece) 1
cutting tes, assembling = 8 minutes 3:)\
Total time fo s

cutting = 3 and 20 minutes and

assembling rs
Profit on one pie 10
Foritem A =%5, i %6
Thus, our problem X 5

Z =5x + 6y .0 N
Subject to constraints
x20,y=0 ...(l0
5x + 8y <200 ..(iii)
10x + 8y < 240 .(iv)
From figure, possible points for maximum value of Z are at O(0, 0) A(0, 25), B(8, 20), C(24, 0).

0,0) 0

0, 25) 150

(8,20) 40 + 120 = 160 <=——Maximum

(24,0) 120
A and 20 pieces of item B produce maximum profit of I160.

Hence, 8 pieces of item
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4. A merchant plans to sell two types of personal computers— a desktop model and a portable
model that will cost ¥25000 and I40000 respectively. He estimates that the total monthly
demand of computers will not exceed 250 units. Determine the number of units of each type
of computers which the merchant should stock to get maximum profit if he does not want to
invest more than %70 lakhs and if his profit on the desktop model is 4500 and on portable
model is T5000. [CBSE (AI) 2011]

Sol. Let the number of desktop models be x and the number of portable models be y.

ACCENTS EDUCATIO

Since, the total monthly demand of computers does not exceed 250. Then we have
x+y<250

Also, cost of one desktop computer is ¥ 25000 and one portable computer is ¥ 40000.

Therefore, the cost of x desktop and y portable computers =X (25000x + 40000y).

We have maximum investment = ¥ 7000000

= 25000x + 40000y < 7000000 = 5x + 8y < 1400
Now, profit on x desktop and y portable computers is given by
Z = 4500x + 5000y

4
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x

Hence our LPP is

Maximise, Z =4500x + 5000y wwi(t)
Subject to the constraints:
x+y<250 ss(t8)
5x + 8y < 1400 ..(ii)
x,y=0 ...(iv)

Now, the shaded region OABC is the feasible region which is bounded.
The coordinates of corner points are O (0, 0), A (250, 0), B (200, 50), C (0, 175) .
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Now, we evaluate Z at each corner point

0(0,0) 0
A (250, 0) 1125000
B (200, 50) 1150000 <«———Maximum
C(0,175) 875000

ce, the maximum profit of 1150000 is obtained, when he stocks 200 desktop and 50 portable
outers.

to contain at least 80 units of Vitamin A and 100 units of minerals. Two foods, F, and
ailable costing I5 per unit and I6 per unit respectively. One unit of food F, contains
vitamin A and 3 units of minerals whereas one unit of food F, contains 3 units of
nd 6 units of minerals. Formulate this as a linear programming problem. Find the
st of diet that consists of mixture of these two foods and also meets minimum

quirement. [CBSE (South) 2016]

od F; and y units of food F, are required to be mixed.

o

e € (100,0
£ 1 1 A ( 3 )
20\ 11125%, 111130 35\\\:51, 45 X
X
S5x + 6y =124
4x + 3y = 80

Cost Z = 5x + 6y ...(i) is to be minimised
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Subject to following constraints.

4x + 3y >80 ...(11)
3x + 6y > 100 ..(iii)
x=20,y=0 ...(iv)

To solve the LPP graphically, the graph of inequations (ii), (iii) and (iv) is plotted as shown:

The shaded region in the graph is the feasible region of the problem. The corner points are
80 32 100

a(0.5) 8(12 %) c(5-0)

the value of Z at corner point is given as

5><0+6><?=160

12, 2_2) 12x5+6 % % =124 <«——Minimum
1
g",o) 5x 100 +6x 0= 166.6

Since, fe egion is unbounded therefore, a graph of 5x + 6y = 124 is drawn which is shown

in figure E d line.

Also, since no point common in feasible region and region 5x + 6y < 124.

cost is 124 and 12 units of F; and % units of F, are required.

3 have grain capacity of 100 quintals and 50 quintals respectively. They supply
d F whose requirements are 60, 50 and 40 quintals respectively. The cost of
al from the godowns to the shops are given in the following table :

Hence, the m

6. Two godowns
to 3 ration shops
transportation pe

6 4
3 2
2.50 3

How should the supp be transported in order that the transportation cost is minimum?
[HOTS]

x quintals of grain to ration shop D, y quintals of grain to ration shop E.

What is the minimum ¢
Sol. Letthe godown A transp

Since the total capacity
grain can be transported

godown A is 100 quintals, so the remaining (100 — x — y) quintals of
ration shop F.

Now the requirement of ration shop D is 60 quintals, out of which x quintals are transported from
godown A. The remaining (60 — x) quintals will be transported from godown B.

Also the requirement of ration shop E is 50 quintals, out of which y quintals are transported from
godown A. The remaining (50 — ) quintals will be transported from godown B.
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Ration Shop D

60 quintals
= 60 — x
26
T4
Godown A 1 J ( Ration Shop E 1 50—y ( Godown B
00 quintals J 23 L 50 quintals J 72 L 50 quintals

Ration Shop F
40 quintals

e total capacity of godown B is 50 quintals, so the remaining

x + 50 =y) = (x + y — 60) quintals can be transported to ration shop F.
total transportation cost then

+2.50(100 = x = y) + 4(60 — x) + 2(50 — y) + 3(x + y — 60)

= 250 = 2.50x - 2.50y + 240 — 4x + 100 - 2y + 3x + 3y — 180

50y + 410

atical formulation of the given LPP is

Dx +1.50y + 410

D0, x +y =260, x<60,y<50,x,y=>0

em of inequalities representing the constraints.

Thus, the
Minimize
Subject to x
Let us graph t

Y.
60

50 4

x =60

A /

(50, 50)C
40 |

30 +

20+

10+

L A60, 0)

4 { + + > X
50 60 70 80 90
Y

XA
o

A EPSTUDY CIRCLE



L____]
A = i IIT-NEET-CBSE @
STUD m CIRCLE

ACCENTS EDUCATIO L PROMOTERS P oG A N I"‘

The feasible region ABCD is shown (shaded) in figure which is bounded.

The coordinates of the corner points of the feasible region are A (60, 0), B (60, 40), C (50, 50) and
D (10, 50). Let us evaluate the objective function.

Z =250 x 60 + 1.50 x 0 + 410 = 150 + 410 = 560
Z =2.50 x 60 + 1.50 x 40 + 410 = 150 + 60 + 410 = 620 «<——Maximum
Z =2.50 x 50 +1.50 x 50 + 410 =125 + 75 + 410 = 610
Z =250 x 10 + 1.50 x 50 + 410 = 25 + 75 + 410 = 510 <———Minimum

Thus, Z is minimum at (10, 50) and minimum value = 510.

0, the minimum transportation cost is ¥510 when 10 quintals, 50 quintals and 40 quintals are
ported from godown A and 50 quintals 0 quintal and 0 quintal are transported from godown
ration shops D, E and F respectively.

ice Questions A (7]

e correct option in the following questions.
region for an LPP is shown below: [NCERT Exemplar, CBSE 2020 (65/3/1)]

be the objective function. Minimum of Z occurs at

t ul|
|
e i
g
=
by / Ly
(0,'-1(2;1 3 A
(@) (0,0) 0,8) (c) (5,0) (d) (4,10)

2. In an LPP, 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 of which Z_, occurs is
[CBSE 2020 (65/4/1)]

(a) O ) 2 (c) finite (d) infinite
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3. Corner points of the feasible region determined by the system of linear constraints are (0, 3),

(1, 1) and (3, 0). Let Z = px + qy, where p, g > 0. Condition on p and g so that the minimum of Z
occurs at (3, 0) and (1, 1) is

@ p=2 ®) p=7 (©) p=3q @ p=q

ACCENTS

4. The optimal value of the objective function is attained at the points
(a) given by intersection of inequation with y-axis only.
(b) given by intersection of inequation with x-axis only.
(c) given by corner points of the feasible region.
(d) none of these

Answers
1. (b) 2. (d) 3. (b) 4. (c)

Solutions of Selected Multiple Choice Questions

1. 'Given objective function Z = 3x - 4y

on putting the corner points, we get

Z in=—32at(0,8)

3. At(30), Z ;n=3p+qx0=3p

and, at (L, 1), Z . =pxl+tg+tl=p+g

S 3p=ptq

q

= 2p=q9 P25

Fill in the Blanks o k)|

1. The corner points of the feasible region of an LPP are (0, 0), (0, 8), (2, 7), (5, 4) and (6, 0). The
maximum profit P = 3x + 2y occurs at the point . [CBSE 2020, (65/2/1)]

2. The common region determined by all the linear constraints of a LPP is called the
region.

3. If the feasible region for a LPP is then the optimal value of the objective function

Z =ax+by may or may not exist. [NCERT Exemplar]
4. The feasible region foran LPP is always a polygon.

Answers

1. (5,4) 2. feasible 3. unbounded 4, convex

Solutions of Selected Fill'in the Blanks
1. We have,
P=3x+2y
. At point (5, 4)
P=3x5+2x4=15%+8 = 23 will be maximum profit.
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1. In figure, which half plane (A) or (B) is the solution of x + y > 1? Justify your answer.

0 0 ;:)(
1
\ L\}+2j=2

2x+y =2

Z=3x+ya
Z=3x1+0
3. Is feasible region

aximum value at (1, 0).

ented by x + y21,x 20, y > 0 bounded? Justify your answer.

Sol. No, feasible region ed is unbounded as shown in figure.

>~
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1. Asmall firm manufactures necklaces and bracelets. The total number of necklaces and bracelets
that it can handle per day is at most 24. It takes one hour to make a bracelet and half an hour
to make a necklace. The maximum number of hours available per day is 16. If the profit on a
necklace is ¥100 and that on a bracelet is ¥300. Formulate an LPP for finding how many of each
should be produced daily to maximise the profit. It is being given that at least one of each must
be produced. [CBSE Delhi 2017]

Sol.  Let x and y be the number of necklaces and bracelets manufactured by small firm per day. If P be
the profit, then objective function is given by

P =100x + 300y which is to be maximised under the constraints
X+y<24

1
- <
2x+y_16

e 1
2. Two tailors, A and B,yeam %300 and Y400 per day respectively. A can stitch 6 shirts and 4 pairs
of trousers while B can stitch 10 shirts and 4 pairs of trousers per day. To find how many
days should each of them work and if it is desired to produce at least 60 shirts and 32 pairs of
trousers at a minimum labour cost, formulate this as an LPP. [CBSE (AI) 2017]
Sol. LetA and B work for x and y days respectively.
Let Z be the labour cost.
Z = 300x + 400y
Subject to constraints
6x + 10y = 60
4x + 4y > 32
X, y=20
3. A company produces two types of goods A and B, that require gold and silver. Each unit of
type A requires 3 g of silver and 1 g of gold while that of type B requires 1 g of silverand 2 g
of gold. The company can produce a maximum of 9 g of silver and 8 g of gold. If each unit of

type A brings a profit of 40 and that of type B 50, formulate LPP to maximize profit.
[CBSE (F) 2017]
Sol. Letx and y be the number of goods A and goods B respectively. If P be the profit then
P = 40x + 50y which is to be maximised under constraints
3x - 9
X+ 8
x=20y=0
4. A firm has to transport atleast 1200 packages daily using large vans which carry 200 packages
each and small vans which can take 80 packages each. The cost for engaging each large van is
%400 and each small van is ¥200. Not more than 3,000 is to be spent daily on the job and the
number of large vans/ cannot exceed the number of small vans. Formulate this problem as a
LPP given that the objective is to minimize cost. [CBSE Delhi (C) 2017]

Sol. Let the number of large vans and small vans be x and y respectively.

Here transportation cost Z be objective function, then

Z = 400x + 200y, which is to be minimized under constraints
200 x + 80y = 1200 = 5x + 2y 230

400 x + 200y < 3000 = 2x+y<15
x<y, x20,y=20
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5. Minimise Z = 13x - 15y subject to the

constraints x + y<7,2x-3y+6>0,x>0 Y
and y > 0. [NCERT Exemplar]
Sol. Minimise Z =13x-15y ..(1)
Subject to the constraints
x+y<7 ..(i1)
2x-3y+6=0 .. (i)
x=20y=0 ...(1v)

aded region shown as OABC is

nded and coordinates of its corner Xt 3.9)
/Y ! I 0 T ! I ! | 1 ‘f\
s are (0, 0), (7, 0), (3, 4) and (0, 2) 3o ana L S8SS7 ingac Janal JSRELIRSS. JASATdR, e InPly
X 2x-3y+6 =0 Y’ G
tively.

(0, 0

,0) 91

) -21

-30 <«——Minimum
Hence, um value of Z is -30 at (0, 2).

6. The feasi n for a LPP is shown in the following figure. Evaluate Z = 4x + y at each of
the corner f this region. Find the minimum value of Z, if it exists. [NCERT Exemplar]

A@4,0) 1 .
2 5%1\
@

Sol. From the fig, it is clear that feasible region is unbounded with the corner points A (4, 0), B (2, 1) and
C@O,3).[v x+2y=4andx+y=3 = y=1and x =2]

Also, we have Z =4x +

A (4,0) 6

B(2,1)

C(0,3) B <«———Minimum
www.aepstudycircle.com
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o A 4% '\,})(,
\ \VARY 5 ex2)
\ VAR S
‘ (!

e see that 3 is the smallest value of Z at the corner point (0, 3). Note that here we see that,
is unbounded, therefore 3 may or may not be the minimum value of Z.

is issue, we graph the inequality 4x + y < 3 and check wether the resulting open half
pla 0 point in common with feasible region otherwise, Z has no minimum value.

Fro
Z has

n graph, it is clear that there is no point common with feasible region and hence,
m value 3 at (0, 3).

Short Answe ions-Il [3 marks]

1. Solve the fo
Minimise Z
Subject to the aints

2x+y=8
x+2y =10
xy=0

g LPP graphically:

[CBSE (F) 2020, (65/3/1]
Sol. Given constraints a
2x+y =8
x+2y =10
and x,y=0
For the graph of 2x +

.

Now, checking for (0, 0)
.*. Origin (0, 0) does no

we draw the graph of 2x+y =8
7l
> have 2x0+0=>28 = 0=8
tisfy 2x+y =8

.. Region lies away from origin.

For the graph of x +2y 2710, we draw the graph of x+2y =10

o
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Now, checking for origin (0, 0), we have

0+2x0=10 = 0=10
*. Origin (0, 0) does not satisfy x +2y =10
*. Region lies away from origin.
Now x, y = 0, it means region will lie in first quadrant.
On plotting graph of given inequalities (or constraints)
We get the region (shaded) with corner points
A (10, 0), B(2, 4) and C(0, 8).

‘A (10, 0)

Now, the value o

valuated at corner points in the following table.

D>

PROGRANNMING

—— Minimum

R 10, 0) 50
‘ 2,4) 38
L Co9 56

Since, feasible region is
5x +7y < 38

Since, the graph of this uality does not have any point common.

So, the minimum value of Z is 38 at (2, 4).

Hence, Z,;, =38 at (2,4

2. Maximise Z = 8x + 9y subject to the constraints given below :
2x + 3y <6; 3x -2y 3
Given constraints are
2x+3y <6

3x-2y <6

b; y<1; x,y=>0
Sol.

www.aepstudycircle.com

pounded. Therefore, we have to draw the graph of the inequality.

[CBSE (F) 2015]

A EPSTUDY CIRCLE



ACCENTS

Sol.

L
L=
STUD

EDUCATIO

Y
NA

i SINCE 2001...
IIT-NEET-CBSE

CIRCLE

L PROMOTERS

D>

www.aepstudycircle.com

PROGRANNMING

y=<1

A Y-axis
xy =0

For graph of 2x + 3y < 6

We draw the graph of 2x + 3y =6

3
0

-
2x0+3x0 < 6= (0,0) satisfy the constraints.

ence, feasible region lie towards origin side
line.

graph of 3x -2y < 6
aw the graph of line 3x - 2y = 6.

A 2
A ;
<6

0) satisfy 3x — 2y = 6.

egion lie towards origin side of line.

1

h of line y = 1, which is parallel to x-axis and meet y-axis at 1.

3
= 0
Hence

For grap
We draw t
0<1=fea
Also,x =0,

gion lie towards origin side of y = 1.
ys feasible region is in Ist quadrant.

Therefore, OAF
30 6
)l

B(_‘l 13'13
Here, feasible regio

is the required feasible region, having corner point O(0, 0), A(0, 1)

5 0).

punded. Now the value of objective function Z = 8x + 9y is obtained as.

0
9
21
226 —«—— Maximum
16
Z is maximum when x = $=and y 3
Minimize and maximize 5x + 2y subject to the following constraints:
x-2y<2, 3x+2y<12W-3x+2y<3, x>0,y=>0 [CBSE Panchkula 2015]
Here, objective function is
Z=5x+2y ...(1)
Subject to the constraints
x=2y<2 w11 |
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3x+2y =12 .. (iii) Y-axis
Bxt+2y <3 ..(v)
x=0y=0 ...(v)
Graph forx -2y < 2
We draw graph of x -2y =2 as

0 2
0

0-2x0<2
By putting x = y = 0 in the equation]
2, (0, 0) satisfy (ii) = feasible
ion lie origin side of line x — 2y = 2.
for3x +2y < 12
w the graph of 3x + 2y =12.
A 4
|\ :
< 12[By putting x = y ' Y
en equation]

é X;xis

(iif) = feasible region lie origin side of line 3x + 2y = 12.
2y <3
ph of 3x +2y < 3

Lo
A W

3x0+2x0 putting x = y = 0]
i.e., (0, 0) satis
x=20y=0=

Graph f

> feasible region lie origin side of line -3x + 2y = 3.
e region is in Ist quadrant.

Now, we get shad ion having corner points O, A, B, C and D as feasible region.

22)e(22)men(02)

A, B, C and D are O(0, 0), A2, 0),3( 5 5

The co-ordinates ¢

respectively. Now, aluate Z at the corner points.

0, 0) 0 =———Minimum

2,0) 10

7 3
,Z) 19 «—— .  Maximum

3 15

[ le32) s
3

2 8
. (°'2)

Hence, Z is minimum atx =0, y = 0 and minimum value =0

7 3
also Z is maximum at x 2Y=7 and maximum value = 19.

www.aepstudycircle.com
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4. A company manufactures two types of novelty souvenirs made of plywood. Souvenirs of type
A require 5 minutes each for cutting and 10 minutes each for assembling. Souvenirs of type
B require 8 minutes each for cutting and 8 minutes each for assembling. There are 3 hours
20 minutes available for cutting and 4 hours for assembling. The profit for type A souvenirs
is ¥100 each and for type B souvenirs profit is ¥120 each. How many souvenirs of each type
should the company manufacture in order to maximize the profit? Formulate the problem as

LPP and then solve it graphically. [CBSE 2020 (65/5/1), 2019 (65/5/3)]
ol. Let x be the number of souvenirs of type A and y be the number of souvenirs of type B.

3 x 60 + 20 = 200

4 x 60 = 240
Z =100x + 120y ..(0)
5x + 8y < 200 ...(if)
10x + 8y <240 ..(iii)
5x + 4y <120 ...(1ii)

x,y=0 ...(iv)

straints

Feasible region is shad
Valueof Z=100x +
At(0,0), Z=0

At (0,25) Z=3000
At (24,0) Z=2400
At (8,20) Z=3200 Maximum

. Maximum profit is 3200 at point (8, 20).

So, 8 types A and 20 types B souvenirs should be made to maximise profit.

www.aepstudycircle.com
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5. A small firm manufacturers gold rings and chains. The total number of rings and chains
manufactured per day is atmost 24. It takes 1 hour to make a ring and 30 minutes to make a
chain. The maximum number of hours available per day is 16. If the profit on a ring is 300 and
that on a chain is 190, find the number of rings and chains that should be manufactured per
day, so as to earn the maximum profit. Make it as an LPP and solve it graphically.

L PROMOTERS

Sol. Total number of rings and chains manufactured per day = 24

Time taken in manufacturing ring = 1 hour

Time taken in manufacturing chain = 30 minutes

Time available per day = 16 hours

Maximum profit on ring =300

Maximum profit on chain =190

et number of gold rings manufactured per day = x and chains manufactured per day =y
P is

ize Z = 300x + 190y i)
to constraints x>0,y >0 ...(iM)
X+y<24 (i)

1 ;
X+ 5y <16 ...(1v)
ts for maximum Z are A(0, 24), B(8, 16) and C(16, 0).

\!

...........

1C(16,0)

N TENE

A(0,24)
B(8, 16)
C(16, 0)

5440 <«———Maximum

/
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Z is maximum at (8, 16).
Hence, 8 gold rings and 16 chains must be manufactured per day.

6. A manufacturing company makes two types of teaching aids A and B of mathematics for
class XII. Each type of A requires 9 labour hours for fabricating and 1 labour hour for finishing.
Each type of B requires 12 labour hours for fabricating and 3 labour hours for finishing. For
fabricating and finishing, the maximum labour hours available are 180 and 30, respectively.
The company makes a profit of T80 on each piece of type A and Y120 on each piece of type B.
How many pieces of type A and B should be manufactured per week to get a maximum profit?
What is the maximum profit per week?

et x and y be the number of pieces of type A and B manufactured per week respectively. If Z be

profit then, v

A

tive function, Z = 80x + 120y ...(7)
e to maximize Z, subject to the

S

<180

60 ...(ii)
...(ii)
...(iv)

straints are drawn and

X

x20(

The graph
feasible regi

is bounded ha
A (20,0),B (12, €

BC is obtained, which

orner points O (0, 0),
(0, 10)

Now the value o ive function is obtained at corner points as

0) 0
), 0) 1600

, 6) 1680 <«——Maximum
10) 1200

Hence, the company will get the maximum profit of 1680 by making 12 pieces of type A and 6

aid.

ecial purpose brick is 5 kg and it must contain two basic ingredients

pieces of type B of teac

7. Thestandard weight of
B, and B,. B, costsI 5 p
brick should contain nc

g and B, costs T 8 per kg. Strength considerations dictate that the
more than 4 kg of B; and minimum 2 kg of B,. Since the demand
for the product is likely to be related to the price of the brick, find the minimum cost of brick
satisfying the above conditions. Formulate this situation as an LPP and solve it graphically.
Sol. Letx kg of B; and y kg of B, are taken for making brick.

Here, Z = 5x + 8y is the cost which is objective function and is to be maximised subjected to
following constraints.

www.aepstudycircle.com
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xX+y=5 swi(F)

x<4 sl

y=2 ... (i)

x20,y=0 ... (iv)
In this case, constraint (i) is a line passing through the feasible region determined by constraints
(i), (iit) and (iv).

Therefore, ma
(constraint) (i) it
At A(3,2)Z=5
At B(0,5)Z=5x

Hence, cost of brick

or minimum value of objective function ‘Z” exist on end points of line
le region i.e., at A or B.

3 x 2=15+16 =31
x5=0+40=40
imum when 3 kg of B;and 2 kg of B, are taken.

Long Answer Question [5 marks]

ckets and cricket bats. A tennis racket takes 1.5 hours of machine

1. A factory makes tenn

time and 3 hours of craftman’s time in its making while a cricket bat takes 3 hours of machine
time and 1 hour of cra n’s time. In a day, the factory has the availability of not more than
42 hours of machine tin
is Y20 and 10 respecti

must manufacture to ez

d 24 hours of craftsman’s time. If the profit on a racket and on a bat
, find the number of tennis rackets and cricket bats that the factory
the maximum profit. Make it as an LPP and solve graphically.

[CBSE Delhi 2011]
Sol. Let the number of tennis rackets and cricket bats manufactured by factory be x and y respectively.
Here, profit on x rackets and y bats is the objective function Z.

Z =20x+ 101 s2:(1)

www.aepstudycircle.com
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We have to maximise Z subject to the constraints:

1.5x + 3y <42 ...(if) [Constraint for machine hour]
3x+y<24 ...(iii) [Constraint for craft man’s hour]
x,y=0 ...(iv) [Non-negative constraints]

Graph of x = 0 and y = 0 is the y-axis and x-axis respectively.
. Graph of x 2, y > 0 is the Ist quadrant.
Graph of 1.5x + 3y =42

0 28
14 0

. Graph for 1.5x + 3y < 42 is the part of Ist
quadrant which contains the origin.

aph of 3x +y =24

8
0

L

3x + y <24 is the part of Ist quadrant
origin lie.
Hen d area OACB is the feasible region.
For coo of C, equation 1.5x + 3y =42 and 3x + y = 24 are solved as
1.5x + 3y = 42 ...(v)
3x+y=24 ...(vi)
3x + 6y = 84
ty=_24
5y =60
y=12 = x=4 (Substituting y = 12 in (1))

2 x (v) - (vi

=

Now, value of ob e function Z at each corner of feasible region is

(0,0) 0

(8,0) 20 x 8+ 10 x 0 =160

0, 14) 20 x 0+ 10 x 14 = 140

4,12) 20 x4+ 10 x 12 =200 < Maximum

Therefore, maximum profit is ¥200, when factory make 4 tennis rackets and 12 cricket bats.

2. A dealer wishes to p ase a number of fans and sewing machines. He has only 35,760 to
invest and has space for at the most 20 items. A fan costs him ¥360 and a sewing machine 3240.
He expects to sell a fam at a profit of ¥22 and a sewing machine for a profit of ¥18. Assuming
that he can sell all the items that he buys, how should he invest his money to maximise his
profit ? Solve it graphically. [CBSE (AI) 2007, 2009, Delhi 2014]

www.aepstudycircle.com
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OR

A dealer in a rural area wishes to purchase some sewing machines. He has only 57,600
to invest and has space for at most 20 items. An electronic machine costs him 3,600 and a
manually operated machine costs ¥2,400. He can sell an electronic machine at a profit of 3220
and a manually operated machine at a profit of I180. Assuming that he can sell all the machines
that he buys, how should he invest his money in order to maximise his profit? Make it as an

LPP and solve it graphically. [CBSE Bhubaneshwar 2015]
ol. Let the dealer purchases x fans and y sewing machines,then cost of x fans and y sewing machines
is given by 360x + 240y
360x + 240y < 5, 760 = 3x +2y <48
s, he has space for at most 20 items,
x+y<20
profit earned by the dealer on selling x fans and y sewing machines = 22x + 18y
our LPP is to
Z=22x+18y suskl)
e constraints:
3x+2y <48 v (i)
x+y=<20 ...(ii)
x,y=0 ...(iv)
] ]
HH206- O) 1tk
\‘& &
Emmmm L oam i :}(\
\ %
ERECd PR \. B (8.12)
TR
smmmaaaan
e LA (16)0) £
° s 12 1& 20
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Let us evaluate, Z = 22x + 18y at each corner point.

The region satisfying inequalities (ii) to (iv) is shown (shaded) in the figure.

0(0,0)
A (16, 0)
B (8,12)
C (0, 20)

352
392
360

<«——Maximum

XD

Thus, maximum value of Z is 392 at B (8, 12).

Hence, the profit is maximum i.e., ¥ 392 when he buys 8 fans and 12 sewing machines.

OR

Solve yourself as above solution. Here Z = 220x + 180y is objective function.

A company produces soft drinks that has a contract which requires that a minimum of 80 units
of the chemical A and 60 units of the chemical B go into each bottle of the drink. The chemicals
are available in prepared mix packets from two different suppliers. Supplier S had a packet of
mix of 4 units of A and 2 units of B that costs ¥10. The supplier T has a packet of mix of 1 unit
of A and 1 unit of B that costs T4. How many mix packets mix from S and T should the company
purchase to\honour the contract requirement and yet minimize cost? Make a LPP and solve

graphically.
Let x and ¥ units of packet of mixes be

purchased from S and T respectively. If Z
is total cost then

VA | TEEE())
is objective function, which we have to
minimize.
Here, constraints are:
4x +y >80 ..
2x+y =60 ..(1ii)
Also, x,y20 ...(1v)

On plotting graph ‘of above constraints
or inequalities (ii), (#if) and (iv), we get
shaded region having corner point A, P,
B as feasible region.

For coordinate of P.

[CBSE (F) 2012] [HOTS]

Point of intersection of

2x +y =60 )
and 4x+y=80 (Vi)
(v) = (vi)
= 2x+y-4x-y = 6080

= 2x=-20
= =10
= y=40

coordinate of P = (10, 40)

www.aepstudycircle.com
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Now the value of Z is evaluated at corner point in the following table

ACCENTS

Corner Points

A (30, 0) 300
P (10, 40) 260 - Minimum
B (0, 80) 320

Since, feasible region is unbounded. Therefore we have to draw the graph of the inequality.
10x + 4y < 260 ...(vii)

Since, the graph of inequality (vii) does not have any point common.
Se, the minimum value of Z is 260 at (10, 40).

i.e., minimum cost of each bottle is ¥260 if the company purchases 10 packets of mixes from S and
40 packets of mixes from supplier T.

4. A cooperative society of farmers has 50 hectares of land to grow two crops A and B. The profits
from crops A and B per hectare are estimated as ¥ 10,500 and ¥ 9,000 respectively. To control
weeds, a liquid herbicide has to be used for crops A and B at the rate of 20 litres and 10 litres
per hectare, respectively. Further not more than 800 litres of herbicide should be used in order
to protect fish and wildlife using a pond which collects drainage from this land. Keeping in
mind that the protection of fish and other wildlife is more important than earning profit, how
much land should be allocated to each crop so as to maximize the total profit? Form an LPP

from the'above and solve it graphically. [CBSE Delhi 2013]
Sol. Let x and yhectares of land be allocated to crop A and B respectively. If Z is the profit then
Z = 10500x + 9000y . ()

passs
|HHH 74
1

7

!

We have to maximize Z subject to the constraints:

x+y<50 ... (if)
20x +10y <800 = 2x+y < 80 ...(iii)
x20,y20 ...(iv)

www.aepstudycircle.com
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Table for x + y = 50

0 50
’ 50 0

Table for 2x + y = 80

0 40
80 0
The graph of system of inequalities (ii) to (iv) are drawn, which gives feasible region OABC with

corner points O (0, 0), A (40, 0), B (30, 20) and C (0, 50).

Eeasible region is bounded.

Now,
Corner points Z =10500x + 9000y
0 (0,0) 0
A (40, 0) 420000
B (30, 20) 495000 <———Maximum
C (0, 50) 450000

Hence, the co-operative society of farmers will get the maximum profit of I 495000 by allocating
30 hectares for crop A and 20 hectares for crop B.

A manufacturer considers that men and women workers are equally efficient and so he
pays them at the same rate. He has 30 and 17 units of workers (male and female) and capital
respectively, which he uses to produce two types of goods A and B. To produce one unit of A,
2 workers and 3 units of capital are required while 3 workers and 1 unit of capital is required
to produce one unit of B. If A and B are priced at Y100 and Y120 per unit respectively, how
should he use his resources to maximise the total revenue? Form the above as an LPP and solve

graphically. | | ‘ ~ [CBSE (Al) 2013]
Let x and y units of goods A and B are )6 ' i i
produced respectively.
Let Zbe total revengessf =~ o
Here, Z =100x + 120y ~@) 0 BN
Subjects to constraints:
Also 2x + 3y < 30 (7))

3x+y <17 ...(iii)

x, y=0 ....(iv)

On plotting graph of above inequalities (ii),
(#ii) and (iv). We get shaded region as feasible
region having corner points A, O, B and C.

For coordinate of 'C'

PNV
e\%? FrH
»X

Two equations (ii) and (iif) are solved and we Nt
o7 e g oI

get coordinate of C = (3, 8) : O 1 2 3 4 5
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Now, the value of Z is evaluated at corner points as:

0O (0,0) 0
A (0,10) 1200
17 1700
B(%5-0) 1720
C(3,8) 1260 <«——Maximum

Therefore, maximum revenueis<1, 260 when 3 workers and 8 units capital are used for production.

n aeroplane can carry a maximum of 200 passengers. A profit of I500 is made on each
ecutive class ticket out of which 20% will go to the welfare fund of the employees. Similarly
ofit of 400 is made on each economy ticket out of which 25% will go for the improvement
ilities provided to economy class passengers. In both cases, the remaining profit goes to
ine’s fund. The airline reserves at least 20 seats for executive class. However, at least
es as many passengers prefer to travel by economy class than by the executive class.
e, how many tickets of each type must be sold in order to maximise the net profit of
Make the above as an LPP and solve graphically. [CBSE (F) 2013]
x tickets of executive class and y tickets of economy class be sold. Let Z be net profit

75
700 400y x 755

(1)
)
...(iid)
oy =4x]

...(1v)

f=‘22(5 T
x =40

37

(0, 2p0)
g0t D20,

A{.; 20, 0),. B(40,0)
20 40 60

4
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Shaded region is feasible region having corner points A(20, 0), B(40, 0), C(40, 160), D(20, 180).
Now, value of Z is calculated at corner point as

Hence, 40 tickets of executive class and 160 tickets of economy class should be sold to maximise
the net profit of the airlines.

A factory owner purchases two types of machines, A and B for his factory. The requirements
d the limitations for the machines are as follows :

Y 1000 m? 12 men 60
\ 1200 m? § men 40
aximum area of 9000 m? available, and 72 skilled labourers who can operate both the
ow many machines of each type should he buy to maximise daily output?
Sol. Le er buys x machines of type A and y machine of type B.

The + 1200y < 9000 (i)
2x +8y = 72 ...(if)
is to maximize Z = 60x + 40y

Objectiv

From (i)
y < 90
or y < 45 ..(iii)
<18 ..(iv)  [from (ii)]
We plot the graf requations shaded region in the feasible solution (ii7) and (iv).

The shaded regi¢
evaluate Z at each

e figure represents the feasible region which is bounded. Let us now
r point.

Y

1

NG
°
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Zat(0,0)is 60 x 0 +40 x 0 =0
15

1
7 at (0,75) i5 60 x 0 +40 x - =300

Z at (%,‘;—5) is 60 x % +40 x ‘;—5 =135 + 225 = 360 <——Maximum

Z at (6,0) is 60 x 6 + 0 = 360 <=——Maximum

Therefore, either x =6, y=0orx = %, y= 48_5 but second case is not possible as x and y are whole
numbers, because number of machines cannot be fraction.

Hence, there must be 6 machines of type A and no machine of type B is required for maximum
daily output.

A manufacturer produces two models of bikes-model X and model Y. Model X takes a 6
an-hours to make per unit, while model Y takes 10 man hours per unit. There is a total of
) man-hour available per week. Handling and marketing costs are Y2000 and Y1000 per unit
odels X and Y, respectively. The total funds available for these purposes are I80000 per
Profits per unit for models X and Y are Y1000 and 500, respectively. How many bikes
model should the manufacturer produce, so as to yield a maximum profit? Find the
profit. [NCERT Exemplar]
ufacturer produces x number of model X and y number of model Y bikes.

es a 6 man-hours to make per unit and model Y takes a 10 man-hours to make per unit.
of 450 man-hour available per week.

5x + 10y < 450
3x + 5y < 225 (i)

d Y, handling and marketing costs Y2000 and 1000, respectively, total funds
purposes are I80000 per week.

+ 1000y < 80000

2x +y <80 w0

>20,y=0

it for models X and Y are ¥1000 and 500, respectively.

For mode
available fo

=

Also,
Here, the profits

Required LP

Maximise Z= + 500y
Subject to, 3x + 225
2x + 30
%20,

From the shaded feas
(25, 30) and (0, 45).

On Solving 3x + 5y = 2

region, it is clear that coordinates of corner points are (0, 0), (40, 0),

nd 2x + y = 80, we get x =25,y =30

0, 0) 0
40000 - Maximum
25000 +15000 = 40000 <= Maximum
22500
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So, the manufacturer should produce 25 bikes of model X and 30 bikes of model Y to get a
maximum profit of ¥40000.

Since, in question it is asked that each model bikes should be produced, so the value (40, 0) is
ignored.

9. A manufacturer has employed 5 skilled men and 10 semi-skilled men and makes two models
A and B of an article. The making of one item of model A requires 2 hours work by a skilled
man and 2 hours work by a semi-skilled man. One item of model B requires 1 hour by a skilled
man and 3 hours by a semi-skilled man. No man is expected to work more than 8 hours per
day. The manufacturer’s profit on an item of model A is ¥15 and on an item of model B is ¥ 10.
How many of items of each model should be made per day in order to maximize daily profit?
Formulate the above LPP and solve it graphically and find the maximum profit.

[CBSE Delhi, 2019]
Sol. Let x items of model A and y items of model B be made.
X,y >0 (number of items can not be negative)

According to question, we have

The making of model A requires 2 hours work by a skilled man and the model B requires 1 hour
by a skilled man.

2x +y <40
and, the making of model A requires 2 hours work by a semi skilled man and model B requires

3 hours work by a semi-skilled man.
2x + 3y < 80

www.aepstudycircle.com
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and, the profit, Z = 15x + 10y, which is to be maximised.

Thus, we have the mathematical formulation of the given linear programming problem as

Zypax. = 15 +10y

Subject to constraints
2x +y <40 ()
2x+3y < 80 ..(ii)
x, y=0 ...(iii)

e feasible region determined by the system of constraints is OABC.

- B(10,20)

2,
*. VRN

- NEEase
a

80

The corner points are —3—), B (10, 20), C (20, 0).

(. 80 800
& (O’ ?) 3
B (10, 20) 350 <——Maximum
C(20,0) 300

The maximum value of Z = 350 which is attained at B (10, 20).

Hence, the maximum profit is ¥350 when 10 units of model A and 20 units of model B are
produced.
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1. Choose and write the correct option in the following questions.

(i) Feasible region (shaded) for a LPP is shown in the given figure. Minimum of z =4x +3y
occurs at the point.

7

X!
N

[

(a)
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s unique optimal solution.

o optimal solutions it has infinite number of solutions.

of p=x+3y suchthat 2x+y <20, x+2y <20, x=0, y=0is

(a) 10
2. Fill in the blanks.

(i) In a LPP, the linear function which has to be maximised or minimised is called a linear
function.

(i7) The maximum value of Z=6x+16y satisfying the conditions x+y=2, x=0,y=0 is

(b) 30 (©) 60 d) %

(iii) In a LPP, the inequalities or restrictions on the variables are called
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B Very Short Answer Questions: [1 mark each]
3. Determine the maximum value of Z =3x +4y,
Subject to the constraints: x+y <1,x=0,y = 0.
4. If a linear programming problemis Z_ . =3x+2y,
Subject to the constraints: x+y <2, find Z
5. Maximise the function Z = 11x + 7y, subject to the constraints: x <3,y <2,x=0,y = 0.

W, Short Answer Questions-I: [2 marks each]

6. A manufacturing company makes two models A and B of a product. Each piece of model A
requires 9 labour hours for fabricating and 1 labour hour for finishing. Each piece of model B
requires 12 labour hours for fabricating and 3 labour hours for finishing. For fabricating and
finishing the maximum labour hours available are 180 and 30 respectively. The company makes
a profit of 8,000 on each piece of model A and ¥12,000 on each piece of model B. To realise a
maximum profit formulate above problem in LPP.

7. One kind of cake requires 200 g of flour and 25 g of fat, and another kind of cake requires 100 g
of flour.and 50 g of fat. To get the maximum number of cakes can be made from 5 kg of flour and
1 kg of fat, formulate the problem in LPP.

8. A manufacturer produces nuts and bolts. It takes 1 hour of work on machine A and 3 hours on
machine B to produce a package of nuts. It takes 3 hours on machine A and 1 hour on machine B to
produce a package of bolts. He earns a profit of ¥17.50 per package on nuts and ¥7.00 per package
on bolts. If he operates his machines for at most 12 hours a day, the formulate the problems in
LPP to maximise his profit.

9. A merchant plans to sell two types of personal computers a desktop model and a portable model
that will cost 25,000 and ¥40,000 respectively. He estimates that the total monthly demand of
computers will not exceed 250 units. If he does not want to invest more than ¥70 lakhs and if his
profit on the desktop model is ¥4500 and on portable mode is Y5000, then formulate the problems
as LPP to get maximum profit.

10. A manufacturing company makes two toys A and B. Each piece of toy A requires 8 labour hours for
fabricating and 2labour hours for finishing. Each piece of toy B requires 16 labour hours for fabricating
and 4 labour hours for finishing. For fabricating and finishing, the maximum labour hours available
are 200 and 50 respectively. The company makes a profit of 10,000 on each piece of toy A and ¥14,000
on each piece of toy: B. Formulate the problem as LPP to realise a maximum profit.

B Short Answer Questions-II: [3 marks each]
11. A cottage manufactures pedestal lamps and wooden shades. Both the products require machine
time as well as craftsman time in the making. The number of hour(s) required for producing 1

unit of each and the corresponding profit is given in the following table:

e Iime Craftsman time
Pedestal lamp 1.5 3 30
Wooden shades 3 hours 1 hours 20

In day, the factory has availability of not more than 42 hours of machine time and 24 hours of
craftsman time.

Assuming that all items manufactured are sold, how should the manufacturer schedule his daily
production in order to maximise the profit? Formulate it as an LPP and solve it graphically.

[CBSE 2020, (65/2/1)]
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12. A manufacturer has three machines I, II and III installed in his factory. Machine I and II are
capable of being operated for atmost 12 hours whereas machine III must be operated for atleast

5 hours a day. He produces only two items M and N each requiring the use of all the three
machines.

The number of hours required for producing 1 unit of M and N on three machines are given in
the following table:

L PROMOTERS

e makes a profit of Y600 and ¥400 on one unit of items M and N respectively. How many units
ach item should he produce so as to maximise his profit assuming that he can sell all the items
e produced. What will be the maximum profit? [CBSE 2020, (65/4/1)]

rides his motorcycle at the speed of 50 km/hour. He has to spend %2 per km on petrol. If
it at a faster speed of 80 km/hour, the petrol cost increases to I3 per km. He has at the
to spend on petrol and one hour time. He wishes to find the maximum distance that he
Express this problem as a linear programming problem.

e maximum value of Z = 3x + 4y of the feasible region (shaded) for a LPP is shown

15. Infigure, the feasible n (shaded) for a LPP is shown. Determine the maximum and minimum
value of Z = x + 2y.
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Minimise Z=x-5y+20
Subject to constraints: x-y=0,-x+2y=2;
x=23,y<4,x,y=0
17. Solve the following LPP:
Maximise Z =Dx ¥ 7%
Subject to constraints: x, +x, <4,
3x, +8x, = 24,
10x; +7x, = 35,

>
Xy Xy 0

lve the following LPP graphically:
imise Z =1000x + 600y
t to the constraints
x+y =200
x=20
y—4x=0
i~ 0
Solve owing LPP graphically:
Maxi = +y
Subject t ing constraints x +y < 50,
B 00 ,
¥=10
xy=0
21. Solve the follo
Maximise Z=7x+10y
Subject to constre
4x + 6y = 240
6x + 3y = 240
x > 10
=0 y=0
22. Fund graphically, the
2x +4y < ¢
3x+y=6,
x+y=4,
x=20,y=0
23. Solve the following line
Minimise Z =3x+5y
Subject to the constrain

x+2y=10;@x+y=6; 3x+y=8;, x,y=0
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16. Solve the following linear programming problem graphically:

aximise Z = x +y subjectto x+4y <8,2x+3y<12,3x+y<9,x=0,y=0.

ear programming problem graphically:

imum value of Z = 2x + 5y, subject to constraints given below:

programming problem graphically.
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® Long Answer Questions: [5 marks each]

24. (Diet problem) A dietician has to develop a special diet using two foods P and Q. Each packet
(containing 30 g) of food P contains 12 units of calcium, 4 units of iron, 6 units of cholesterol and
6 units of vitamin A. Each packet of the same quantity of food Q contain 3 units of calcium, 20
units of iron, 4 units of cholesterol and 3 units of vitamin A. The diet requires at least 240 units
of calcium, at least 460 units of iron and at most 300 units of cholesterol. How many packets of
each food should be used to minimise the amount of vitamin A in the diet? What is the minimum
amount of vitamin A? [CBSE Chennai 2015]

One kind of cake requires 300 g of flour and 15 g of fat, another kind of cake requires 150 g of flour
and 30 g of fat. Find the maximum number of cakes which can be made from 7.5 kg of flour and
600 g of fat, assuming that there is no shortage of the other ingredients used in making the cakes.
ake it as an LPP and solve it graphically? [CBSE (AI) 2010]

order to supplement daily diet, a person wishes to take some X and some Y tablets. The contents
on, calcium and vitamins in X and Y (in miligrams per tablet) are given below:

A X 6 3 2
A Y 2 3 4
needs at least 18 milligrams of iron, 21 milligrams of calcium and 16 milligrams of
vita e price of each tablet of X and Y is Y2 and 1 respectively. How many tablets of each
shou son take in order to satisfy the above requirement at the minimum cost?

[CBSE (F) 2016]

factures three kinds of calculators: A, B and C in its two factories I and II. The
an order for manufacturing at least 6400 calculators of kind A, 4000 of kind B
. The daily output of factory I is of 50 calculators of kind A, 50 calculators of
lators of kind C. The daily output of factory II is of 40 calculators of Kind A,
kind C. The cost per day to run factory I is ¥12,000 and factory II is ¥15,000.
he two factories have to be in operation to produce the order with the
late this problem as an LPP and solve it graphically.

[CBSE Allahabad 2015]

s only —item A and item B. He has ¥50,000 to invest and a space to store
A costs 2,500 and an item B costs ¥500. A net profit to him on item A is
If he can sell all the items that he purchases, how should he invest his
1 profit? Formulate an LPP and solve it graphically.

[CBSE Chennai 2015]

bost office wishes to hire extra helpers during the Deepawali season,
in the volume of mail handling and delivery. Because of the limited
ary conditions, the number of temporary helpers must not exceed 10.
, aman can handle 300 letters and 80 packages per day, on the average,
) letters and 50 packets per day. The postmaster believes that the daily
kages will be no less than 3400 and 680 respectively. A man receives
pives Y200 a day. How many men and women helpers should be hired
um? Formulate an LPP and solve it graphically.[CBSE Patna 2015]

vest an amount of ¥50,000. His broker recommends investing in two
type of bonds “A” and ‘B yielding 10% and 9% return respectively on the invested amount. He
decides to invest at least 20,000 in bond “A” and at least 10,000 in bond ‘B’. He also wants to invest
at least as much in bond ‘A" as in bond ‘B’. Solve this linear programming problem graphically to
maximise his returns. [CBSE (North) 2016]

A compa
company
and 4,800 o
kind B, and
20 of kind B a
How many da
minimum cost?

28. A dealer deals in
at most 60 items. A
¥500 and on item B
amount to have max

29. The postmaster of a 1d
because of a large incr
office space and the buc
According to past experi
and a woman can handle
volume of extra mail and
%225 a day and a woman
to keep the pay-roll at a

30. A retired person wants ta
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31. A company manufactures two types of cardigans: type A and type B. It costs I360 to make a type
A cardigan and X120 to make a type B cardigan. The company can make at most 300 cardigans
and spend at most 72000 a day. The number of cardigans of type B cannot exceed the number of
cardigans of type A by more than 200. The company makes a profit of 100 for each cardigan of
type A and 50 for every cardigan of type B.

AS.T &
A S TUC

ACCENT

Formulate this problem as a linear programming problem to maximise the profit of the company.
Solve it graphically and find maximum profit. [CBSE (East) 2016]

32. There are two types of fertilisers ‘A’ and ‘B’. “A” consists of 12% nitrogen and 5% phosphoric acid
whereas ‘B’ consists of 4% nitrogen and 5% phosphoric acid. After testing the soil conditions, farmer
finds that he needs at least 12 kg of nitrogen and 12 kg of phosphoric acid for his crops. If “A” costs
10 per kg and ‘B’ costs I8 per kg, then graphically determine how much of each type of fertiliser
should be used so that nutrient requirements are met at a minimum cost. [CBSE (Central) 2016]

33. A manufacturer produces two products A and B. Both the products are processed on two
different machines. The available capacity of first machine is 12 hours and that of second machine
is 9 hours per day. Each unit of product A requires 3 hours on both machines and each unit of
product B requires 2 hours on first machine and 1 hour on second machine. Each unit of product
A is sold at X7 profit and that of B at a profit of ¥4. Find the production level per day for maximum
profit graphically. [CBSE Delhi 2016]

34. A'manufacturer produces nuts and bolts. It takes 1 hour of work on machine A and 3 hours on
machine B to produce a package of nuts. It takes 3 hours on machine A and 1 hour on machine B
to produce a package of bolts. He earns a profit of ¥17.50 per package on nuts and 7 per package
on bolts. How many packages of each should be produced each day so as to maximize his profits
if he operates his machines for at the most 12 hours a day? Form the linear programming problem
and solve it graphically. [CBSE Delhi 2012]

35. A dietician wishes to mix two types of foods in such a way that the vitamin contents of the
mixture contains at least 8 units of vitamin A and 10 units of vitamin C. Food I contains
2 units/kg of vitamin A and 1 unit/kg of vitamin C while Food II contains 1 units/kg of
vitamin A and2 units /kg of vitamin C. It costs 5 per kg to purchase Food I and X7 per kg to
purchase Food I. Determine the minimum cost of such a mixture. Formulate the above as a

LPP and solve itigraphically. [CBSE (AI) 2012]
Answers
1. (i) (b) (i) (a) (iii) (c) (iv) (c) () (b)
2. (i) objective (i) 12 (iii) linear constraints
3. 4 4. 6 5. 47
6. Z = 8000x + 12000y is to be maximised under constraints

9x+12y <180;x+3y <30;x=20,y=0
7. Z=x+y is to be maximised under the constraints

2x+y =50

x+2y <40

xy=0

where x and y are number of first and second kind of cake and Z the total number of cakes.
8. Z = 17.5x + 7y which is to be maximised under constraints

x+3y<12;3x+y<12;x, ygo0

where x nuts and y bolts are produced and Z is the profit.
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9. Z=4500 x +5000y which is to be maximised under constraints
x+y < 250; 5x + 8y < 1400; x, y = 0
10. Z =10,000x + 14,000y which is to be maximised under constraints
8x+16y =200;2x+4y <50;x =20,y =0
where Z is total profit and x, y are the number of toy A and toy B.

. The manufacturer should produce 4 pedestal lamps and 12 wooden shades to get maximum profit
of 360.

Maximum profit is ¥4000 whan a manufacturer produced 4 units of items M and 4 units of item of N.
{aximise Z = x +y. Subject to constraints: 2x + 3y < 120, 8x + 5y <400, x>0,y = 0.

15. Maximum = 9, minimum = 3-;— 16. At(4,4), Z i =4
12 _ 124 43 (28 15 B B B
=% B 5 18. T ( 11 ﬁ) 19. Z . =136000at x =40 and y =160
henx=30,y=0 2. Z,,,=410forx =30,y =20
. Maxir eofZisl0at x=0,y=2 23. Minimum value of Z is 26 at (2, 4)

24. 15 pack
25. 20 cakes
26. x=1,y=6
27. Factory [ ru
Factory I run
Hint: Objective
Subject to const

5x +4y =6

28. Dealer deals in 101
Hint: Objective fun
Subject to constraints
x+y<60 5

29. Minimum payroll 6 me

od P and 20 packets of food Q, minimum amount of vitamin A is 150 units.
and 10 cakes of type II to get maximum number of cakes

m value B

days and

days to get minimum cost 2184000

on Z = 12000x + 15000y

5x + 2y > 400 3x + 4y > 480 xy20
of A and 50 items of B to get maximum profit 12500
Z = 500x + 150y

100 x, y=20

d 4 women must be hired minimum cost 32150
225x + 200y

10 3x+4y>34 8x+5y268 x,y=20
) in bond B for a maximum return of ¥4900.

Hint: Objective functio
Subject to constraints: x
30. 40000 in bond A and 1(
31. 150 cardigans of type A and 150 of type B for a maximum profit of 22,500.
32. Minimum cost 1980, 30 kg of fertiliser A and 210 kg of fertiliser B should be used.
33. Manufacturer will get maximum profit of 326 by producing 2 units of A and 3 units of B.
34. Maximum profit is ¥73.5, when 3 package of nuts and 3 package of bolts are produced.
35. Minimum cost of food mixture is ¥38, when 2kg of Food I and 4 kg of food II are mixed.
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