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MORE EXAMPLES
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Big-M method
Minimize z = 4x; +x;
Subject to :

i) 3x1 + x2 = 3
ii) 4x1 + 3x22 6
iii) X1+ 2x; < 4

X1, X220

Solution :

Std form of the equation;

Max z' = -4x; - X, + 0S; + 0S, = MA; — MA,

i) 3x1+x2+0S1+0S:+A:1 +A;=3
ii) 4x; + 3x2-0S:1 +0S2+ 0A;1 + A2=6
iii) X1+ 2%2 +0S1 + S2 + 0A; + 0A2 =4

X1, X2, Sl; SZ; Al, AZZ 0




Cj -4 -1 0 0
cb Basic X1 X2 S S, b
-4 X3 1 0 1/5 0 3/5
-1 X2 0 1 -3/5 0 6/5
0 S; 0 0 0 1 1
Zj -4 -1 -1/5 0 -18/5
Cj 0 0 1/5 0
Sy

sincez{ is negative, stop the iteration
oo minz=-(-18/5)
=18/5

x1=3/5and x, = 6/5
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Q~> A a) Introduction
The introduction of slack/surplus variables provided the initial basic feasible solution. But there are
many problems where in at least one of the constraints is of (=) or (=) type and slack variables fail
to give such a solution.

b) Procedure
e Step 1: Express the problem in standard form
e Step 2: Add non-negative variables (Artificial variables) to the left-hand side of all those
constraints which are of (=) or (=) type. Assign a very large penalty (— M ) to these artificial
variable in the objective function.
e Step 3: Solve the modified LPP by simplex method.

Question:
Min. Z =2 x1+ 3 x,

Subject to 1/2x,+ 1/4x,< 4
X1+ 3x,>220
X1+ X, = 10
X1x,20
Solution:

i. LetS,, S, A4, A, bethethree slack variables.
Modified form is:
Max Z = =2 x1— 3x,+ 08,1+ 0S,— MA,— MA,

Subject to /2x1+ 1/4x,+ S;+ 0S,+ 04,+ 04,=4
X1+ 3x,+085,-8S,+4,+ 04,=20
X1+ X+ 08+ 0S5, +04,+ 4,=10
X1, X5, 8,82,4,4,20

ii. Initial feasible solution.

X1= 0, X,= O,
Si=4, 4,=20, 4,= 10



Cj =2 -3 0 0 -M -M
Cs Basis X1 X2 S S, A4, 4, b o
0 A 1/2 1/4 1 0 0 0 4 16
-M 2 1 3 0 -1 1 0 20 20/3
-M 4, 1 1 0 0 0 1 10 10
Zi -2M —4M 0 M -M -M | -30M
Cj -2+2M | -3+4M 0 -M 0 0
ii. Introduce X, drep 4,
Ci -2 -3 0 0 -M
Cs Basis X1 X, S S, A, b 6
0 S 5/12 0 1 1/12 0 7/3 28/5
-3 X3 1/3 1 0 -1/3 0 20/3 20
-M 4, 2/3 0 0 1/3 1 10/3 5
Zi | g2y | TR0 M M 0 Dy
3 3 3
Ci “142m 0 ¢ A+ ¢
3 3
iv.  Introduce x4, drop 4,
Ci -2 -3 0 0
Cs Basis X4 X, S S, b
0 S 0 0 1 -1/8 1/4
-3 X, 0 1 0 -1/2 5
-2 X1 1 0 0 1/2 5
Zi -2 -3 0 -1 -25
[of 0 0 0 1

7
%

Optimal Solution is : ¥1= 5
X2= 5

VA maxfa'—zs, Z m|n;25




3) Maximize z = %y + x,

Subject to
X+ 2%, =6
Solution:

Step 2: Express the problem in the standard form. Both inequalities are converted into
equalities by introducing the surplus and slack variables 81, 82 respectively. Artificial

variables A1 and A2 are being introduced too.
The problem in standard form becomes

Subject to

XiXg 154 52 ;#41;3{3 =0

Step 3: Find initial basic feasible solution. The basic feasible solution is
Xy =%, =5, = 5, =0(non=hasic) A =4,A, = 6(basic)




Cj 1 2 0 0 -M -M
Cs basis X1 X2 St S2 A1 A2 b o
-M A1 2 1 -1 0 1 0 4 4/1=4
-M A2 1 (@) 0 0 0 1 6 6/2=3

Zj -3M | -3M M 0 -M -M | -10M

Cj 1+3M | 243M | -M 0 0

Step 4: Apply optimality test as Cj is positive under first column, the initial feasible
solution is not optimal.

Step 5: Identify the incoming and outgoing variables
X, is the incoming variable
Az is the outgoing variable

(2) is the key element
Iterate towards the optimal solution by introducing X, and dropping A2,
Convert the key element to unity and make other element of the key column to

zero.
Gj 1 2 0 0 -M
'CB basis X1 X2 S1 S2 A1 b o
-M A1 (372) 0 -1 0 1 1 15512=2/3
2 | x | 12 [ 1] 0 | 0 [ 0 | 3 | 326
Zi | 132M | 2 M 0 -M | M
G | 32M | 0 | M 0 | 0

R2=r2-r1



Step 6 : as Cj is positive under first column, the solution is not optimal. Here X1 is the incoming

variable and A1 is the outgoing variable and (0.5) is the key element.
Introduce X1 and drop At

Concert the key element to unity

Make all other elements of the key column zero

G 1 4 2 0 0 M

CB basis | xi X2 S S5 Y b

1 | = | 1 |0 | 23] 0 |23 | 23

2N O N N O RN R e
Zj 1 2 0 0 ) %A : I
G 0 0 0 0 M

Since Cj < 0, therefore the optimal feasible solution is

X1=2/3,X2=8/3, Zmax=18/3
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