Equality Constraints

If the constraint function is a  “ ≤ “  (less than or equal to) function (e.g. X1 + 2X2 ≤ 6), we introduce a slack variable X3 to make this equality function : X1+2X2 + X3 = 6 such that the Gauss-Jordan row operation (Iteration) could apply. 

Big-M method
If the constraint function consists of a “ = “  (equal ) function, (e.g. X1 + 2X2 = 6 ), we introduce an artificial variable R3 and a multiplier M, which represents a big number (e.g., 100, 200, 500,….1000 or even higher ), such that X1 + 2X2 + R3 = 6 and the objective function will be modified to include ( –MR3 ) if it is a maximizing objective, or  (+MR3) if it is a minimizing objective.  
Example:
Original objective: to maximize   Z = X1 + 5X2   subject to 
X1+X2 = 6

3X1- X2 ≤ 3

X1 + X2 ≤ 7

The augmented form of equations for iteration will become:

Z= X1 + 5X2 – MR3,                                                      ---------(1)

where  R3 is an artificial variable, and M is the big-value multiplier.
The Constraint equations will become :

X1+ X2 + R3 = 6,   where R3 is the artificial variable.            -------(2)
3X1 – X2 + X4 = 3                                                                   -------(3)
X1 + X2 + X5 = 7,   where X4, X5 are the slack variables.      -------(4)
If the original objective is to minimize Z = X1 + 5X2,  

The augmented form will become Z = X1 + 5X2 + MR3.       
During iterations, we will manipulate to force R3 to zero ( penalize R3 to minimum using the big M value) to reach an optimum solution.
The objective function with MR3 has to be modified first before iteration begins, because we do not allow any coefficient to appear for R3 in the Z-row. In the above example,

From (2), R3 = 6 – X1 –X2
Substituting this into Equation (1), Z = X1 + 5X2 – M ( 6- X1 -X2)
                                                         Z = X1 + 5X2 -6M + MX1 + MX2

Z = (1+M) X1 + (5+M) X2 -6M
The new Z-row now becomes: Z – (1+M) X1 – (5+M) X2 = -6M  (The ‘MR3’ disappears!)
