
�The mathematical experience of the student is incomplete if he never had

the opportunity to solve a problem invented by himself. — G POLYA �

12.1  (Introduction)
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Linear Programming
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L. Kantorovich
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12.2  (Linear Programming

Problem and its Mathematical Formulation)

(i)

(ii)

Rs

50,000 ÷ 2500, 20 

Rs (250 × 20) Rs 5000 

Rs 50,000 ÷ 500, 

Rs 60 × 75 Rs 

Rs (10 × 250 + 50 × 75), Rs 6250

12.2.1 (Mathematical Formulation of the Problem)

x y
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Rs 

2500x + 500y � 50,000 )

5x + y � 100 ... (3)

x + y � ) ... (4)

Z 

x y

Z = 250x + 75y )

Z = 250x + 75y 

5x + y � 100

x + y � 60

x � 0,  y � 0

Z

x y

Z

Z = ax + by, a, b 
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Z = 250x + 75y x  y

x � 0, y � 0 

x y 

12.2.2 (Graphical Method

of Solving Linear Programming Problems)

XI, x y 

5x + y � 100 ... (1)

x + y � 60 ... (2)

x � 0 ... (3)

y � 0 ... (4)

 12.1
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x, y � 0 

OABC 

OABC 

 OABC 

Z = 250x + 75y

R *

Z = ax + by Z 

x y

R Z = ax + by 

R Z, R 

R 

 R 

R 

O, A, B C 

(0, 0), (20, 0), (10, 50) (0, 60) 

, Z 
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*

** 

1.

2.  Z = ax + by M 

m, 

3. (i)  M m, Z 

(ii)

4. (a) M  Z ax + by > M 

Z 

(b) , m, Z ax + by < m

Z 

x + y � 50 ... (1)

 Z 

O (0,0) 0

A (0,60) 4500

B (10,50) 6250 �

C (20,0) 5000
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3x + y � 90 ... (2)

x � 0, y � 0 ... (3)

Z = 4x + y 

OABC Z 

 12. 2

 Z 

(0, 0) 0

(30, 0) 120 ����

(20, 30) 110

(0, 50) 50

 O, A, B C (0, 0), (30, 0), (20, 30) (0, 50) 

 Z

Z 

x + 2y � 10 ... (1)

3x + 4y � 24 ... (2)

x � 0, y � 0 ... (3)

Z = 200 x + 500 y 

ABC A, B C (0, 5), (4, 3) 

(0, 6) Z = 200x + 500y
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Z Rs

3

x 3y � 60 ... (1)

x y � 10 ... (2)

x � y ... (3)

x � 0, y � 0 ... (4)

Z = 3x + 9y 

ABCD 

 12.3

Z 

(0, 5) 2500

(4, 3) 2300 �

(0, 6) 3000

 12.4

Z 

 Z = 3x + 9y

A (0, 10) 90

B (5, 5) 60

C (15, 15) 180

D (0, 20) 180 )

�

�}
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A, B, C D (0, 10), (5, 5), (15,15)  (0, 20) Z

B Z 

Z C (15, 15)   D (0, 20) 

C D, 

CD C D 

 4  Z = –50x + 20y

2x – y � – 5 ... (1)

3x + y � 3 ... (2)

2x – 3y � 12 ... (3)

x � 0, y � 0 ... (4)

Z 

Z = – 50x + 20y

(0, 5) 100

(0, 3) 60

(1, 0) –50

(6, 0) – 300 ��

 12. 5
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Z 

Z 

Z 

Z 

– 50x + 20y < – 300

– 5x + 2y < – 30

Z Z 

  Z = –50 x + 20 y, 

 Z  = – 50 x + 20 y, 

– 50 x + 20 y > 100 

 5 Z = 3x + 2y 

x + y � 8 ... (1)

3x + 5y � 15 ... (2)

x � 0, y � 0 ... (3)

(1)

(2)

 12.6
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1. Z =  3x + 4y 

x + y � 4, x �  0, y � 0

2. Z = – 3x + 4 y 

x + 2y � 8, 3x + 2y � 12,  x �  0, y � 0

3. Z = 5x + 3y

3 x + 5y  ��15, 5x + 2y � 10, x �� 0, y � 0

4. Z = 3x + 5y 

x + 3y � 3, x + y � 2, x, y � 0

5. Z = 3x + 2y 

x + 2y ��10, 3x + y � 15, x, y � 0

6. Z = x + 2y 

2x + y ��3, x + 2y � 6, x, y � 0

Z 

7. Z = 5x + 10 y 

x + 2y � 120, x + y � 60, x – 2y � 0, x, y � 0

8. Z = x + 2y

x + 2y � 100, 2x – y ��0, 2x + y � 200; x, y � 0

9. Z = – x + 2y

x � 3, x + y � 5, x + 2y � 6, y � 0

10. Z = x + y

x – y ��–1, –x + y �� 0,  x, y � 0

12.3 (Different Types of Linear

Programming Problems)

1.
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2.

3.

 6   ( ):

A C 

I A C 

II  A C kg

I Rs II Rs 

I x kg II y kg x � 0 y � 0. 

A C

2x + y � 8

x + 2y � 10

I x kg II  y kg  Z

Z = 50x + 70y

2x + y � 8 ... (1)

I II

(x) (y)

 A 2 1 8

kg)

 C 1 2 10

kg)

Rs kg 50 70
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x + 2y � 10 ... (2)

x, y � 0 ... (3)

Z = 50x + 70y 

(1) (3) 

 12.7

A(0,8), B(2,4)  C(10,0) Z 

Z Z 

50x + 70y < 380

5x + 7y < 38

Z 

‘I’ kg  ‘II’ kg

Rs

 7  ( ) X Y 

X Y Rs 10,500

Z = 50x + 70y

(0,8) 560

(2,4) 380 �
(10,0) 500
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Rs 9,000 X Y 

X x Y y

x � 0, y � 0

X  = Rs 10500

Y  = Rs 9000

= Rs (10500x + 9000y)

x + y � 50 ( ) ... (1)

20x + 10y � )

2x + y � 80 ... (2)

x � 0, y � 0 ... (3)

Z = 10500 x + 9000 y 

OABC 

 12.8

(0, 0), (40, 0), (30, 20)  (0, 50) 

Z = 10500 x + 9000y

Z = 10500x + 9000y

O(0, 0) 0

A( 40, 0) 420000

B(30, 20) 495000 �

C(0,50) 450000
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X Y 

Rs 4,95,000 

 8 (Manufacturing Problem)

A B A

B

A Rs 

B Rs A B

A x B y

= (Rs 8000 x + 12000 y)

Z = 8000 x + 12000 y

9x + 12y � 180

3x + 4y � ) ... (1)

x + 3y � ) ... (2)

x � 0, y � ) ... (3)

Z = 8000 x + 12000 y 

OABC 

 12.9
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 Z 

Z = 8000 x + 12000 y

0 (0, 0) 0

A (20, 0) 160000

B (12, 6) 168000 �

C (0, 10) 120000

B (12, 6)  Z Rs 1,68,000 A

12 B  

Rs 1,68,000 

1. P Q 

A  11 B P Rs kg

Q Rs kg  P 3 kg A 5 kg

B Q 4 kg A 2 kg

2. g g fat

g g

3.

   (i)

(ii) Rs Rs 

4. A

B
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A B

Rs Rs 

5. A B  

A

B

A

Rs B Rs 

6.

Rs Rs 

7. A

B

A 

Rs B Rs 

8.

Rs Rs 
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Rs 

Rs Rs 

9. A 

F
1

F
2

F
1

Rs F
2

Rs F
1

A F
2

A 

10. F
1 

F
2 

F
1

10% 6% 

F
2

% %

kg kg

F
1

Rs /kg F
2

Rs /kg

11.  2x + y ��10, x + 3y ��15, x, y��0 

(0, 0), (5,0), (3, 4) (0, 5) Z = px + qy,

p, q > 0,  p q Z

(A) p = q (B) p = 2q (C) p = 3q (D) q = 3p

 9  ( ) P Q 

P 

A

Q 

A  3  

A 
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P Q x y x � 0, y � 0.

12x + 3y � ) 4x + y � 80 ... (1)

4x + 20y � ) x + 5y � 115 ... (2)

6x + 4y � ) 3x + 2y � 150 ... (3)

x � 0, y � 0 x � 0, y � 0 ... (4)

 Z = 6x + 3y  A) 

 12. 10

L, M N (2, 72), (15, 20) (40, 15) 

Z 

Z = 6x + 3y

(2, 72) 228

(15, 20) 150 �

(40, 15) 285
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Z (15, 20) 

A  P Q 

A 

 10 (Manufacturing problem)

I, II III I II 

III 

M N 

 M N 

I II III

M 1 2 1

N 2 1 1.25

M Rs N Rs 

M N x y

 = Rs (600 x + 400 y)

Z = 600 x + 400 y 

x + 2y � I ) ... (1)

2x + y � II ) ... (2)

x +
5

4
y � III ) ... (3)

x � 0,  y � 0 ... (4)

ABCDE 

A, B, C, D E 

(5, 0) (6, 0), (4, 4), (0, 6)  (0, 4) 
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 12.11

 Z = 600 x + 400 y

Z = 600 x + 400 y 

(5, 0) 3000

(6, 0) 3600

(4, 4) 4000 �

(0, 6) 2400

(0, 4) 1600

Z

Rs 

11 Transportation Problem P Q 

A, B C 

P Q 

 (Rs )

A B C

P 160 100 150

Q 100 120 100
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x y P A B 

(8 – x – y) C 

x � 0, y � 0 8 – x – y � 0

x � 0, y � 0 x + y � 8

A P  x

A Q (5 – x) A 

5 – x � 0, x � 5 

 (5 – y) 6 – (5 – x + 5 – y) = x + y – 4 Q B 

C 

5 – y � 0, x + y – 4 � 0

y � 5, x + y � 4

Z 

Z = 160 x + 100 y + 100 ( 5 – x) + 120 (5 – y) + 100 (x + y – 4) + 150 (8 – x – y)

= 10 (x – 7 y + 190)

 12.12
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x � 0, y � 0 ... (1)

x + y � 8 ... (2)

x � 5 ... (3)

y � 5 ... (4)

x + y � 4 ... (5)

Z = 10 (x – 7y + 190) 

ABCDEF 

(0, 4), (0, 5), (3, 5), (5, 3), (5, 0)  (4, 0) Z 

Z = 10 (x – 7 y + 190)

(0, 4) 1620

(0, 5) 1550 ����

(3, 5) 1580

(5, 3) 1740

(5, 0) 1950

(4, 0) 1940

 Z  

 12.13
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P 5, 0 Q 

A, B C 

Rs 

1. A

A

2. P Q P

Rs A B

C Q Rs 

A B C

A, B, C

3. X Y 

A, B 

C kg

A B C

X 1 2 3

Y 2 2 1

X kg Rs kg Rs 

4. A B

I II III

A 12 18 6

B 6 0 9
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A

Rs B Rs 

A B

5.

Rs Rs 

6. A B 

D, E F 

 / A B

D 6 4

E 3 2

F 2.50 3

7. A B

D, E F

km 

 / A B

D 7 3

E 6 4

F 3 2
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8. P Q

kg

kg 

kg kg

kg

 P Q

3 3.5

1 2

3 1.5

1.5 2

9.

10. A B 

B A

A

A

B Rs Rs 
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�

�

(i)

(ii)

(iii)

� x � 0, y � 0 

�

�

�

R 

Z = ax + by Z

x y

 R 

Z = ax + by R 

R R 

�

R 

�

(1)
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(2)  Z = ax + by

M m 

(3) M m

(i) M ax + by > M 

(ii) m ax + by < m 

�

L.Kantoro Vich

G.B. Dantzig  

L.Katorovich 

T.C.Koopmans 

—����—


