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The Simplex Method 
 

Introduction 

It is a general algebraic method to solve a set of linear equations. We use 

simplex method to get extreme (or corner) point solution. We must first convert 

the model into the standard LP form by using slack or surplus variables to convert 

the inequality constraints into equations. Our interest in the standard LP form lies 

in the basic solutions of the simultaneous linear equations. 

 

Slack Variable 

For constraints of the type (<=) the R.H.S normally represents the limit on 

the availability of a resources and the L.H.S represents the usage of this limited 

resource by the different activities (variables) of the model. A slack represents 

the amount by which the available amount of the resource exceeds its usage by the 

activities. For example (6 X1+4 X2<= 24) is equivalent to (6 X1+4 X2 + S1= 24) 

provided that S1>=0. The slack variable S1=24-6 X1-4 X2 represents the unused 

amount of raw material M1. 

 

Surplus Variable  

It is used in the constraints of type (>=) normally set minimum specification 

requirements. Surplus represents the excess of the L.H.S over the minimum 

requirement. For example (X1+X2 >= 800) is equivalent to (X1+X2 - S1= 800)  
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provided that S1>=0, this signifies that a surplus amount of feed over the minimum 

requirement will be produced. 

 

Unrestricted Variable  

The variable which can be positive or negative. 

 

Example 1: 

Express the following LP model in standard form. 

 Maximize Z = 2 X1 + 3 X2 + 5 X3 

S.T     X1 +    X2 -   X3   >= -5 

  -6X1 + 7 X2 - 9 X3  <= 4 

     X1 +    X2  + 4 X3   = 10 

    X1, X2    >=0 

    X3 unrestricted 

 

Solution 

 

Standard LP form 

 

 Maximize Z = 2 X1 + 3 X2 + 5 X3
+ - 5 X3

- 

S.T -    X1     -    X2 +    X3
+ -  X3

-   + X4  = 5 

  - 6 X1     + 7 X2 - 9 X3
+ + 9 X3

- + X5 = 4 

            X1     +   X2 + 4 X3
+ - 4 X3

-  = 10 

   X1, X2, X3
+, X3

-, X4, X5 >=0 
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Determination of basic solutions 

The standard LP form includes m simultaneous linear equations in n unknowns 

or variables (m<n). We divide the n variables into 2 sets: 

1. (n-m) variables to which we assign zero values which are called non-basic 

variables. 

2. Remaining m variables whose values are determined by solving the resulting 

m equations which is called basic variables. 

The resulting solution is basic solution if all values are satisfying non-

negativity. The non-basic solution is feasible basic solution otherwise, it is 

infeasible. The maximum number of possible basic solution for m equations in 

n unknowns is  

 

 

Example 2: 

  Maximize Z= 5X1 + 6 X2 

S.T 2X1 + 3X2 >= 18 

  2X1 +X2 <= 12 

  3X1 + 3X2 = 24 

    X1,  X2 >=0 
 

Standard LP form 

 

 Maximize Z=5X1 + 6X2 

S.T 2X1 +3X2 + X3   = 18 

  2X1 + X2  + X4  = 12 

  3X1 + 3X2   + X5 = 24 

  X1, X2, X3, X4, X5   >=0 
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Maximum number of possible basic solutions is: 

There are 3 constraints so, m=3. And we have 5 variables so, n=5 

 

 

 

The basic feasible solutions are the corner points 
 

 

 

 

The Simplex Algorithm 

 

For example: 

Maximize  Z = 5 X1 - 4 X2 

 S.T.  6 X1 + 4 X2 <= 24 

   X1  + 2 X2 <= 6 

   - X1 + X2 <= 1 

   X2 <=2 

        X1, X2 >=0 
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Standard LP form 
 

Maximize  Z - 5 X1  - 4 X2 +0 X3 +0 X4 +0 X5 +0 X6 =0 

 S.T.  6 X1 +4 X2  + X3    = 24 

   X1  +2 X2   + X4   = 6 

   - X1 +X2    + X5  = 1 

  X2     +X6 =2 

    X1, X2, X3, X4, X5, X6   >=0 

 

The variables X3, X4, X5, X6 are the slacks associated with the four (<=) 

constraints. 

 

 

 

 

 

 

 

The starting basic feasible solution is  

 

 

o Is the starting solution optimal?  

No, since the coefficients of X1 and X2 are still negative so they can increase 

the profit of Z. 
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We choose X1 with more negative (-5) i.e.; X1 is the entering variable. 
 

 

 

Since none of the Z-row coefficients associated with the non-basic variables 

X3, X4 is negative the last table is optimal. 

 

 

The rules for selecting the entering and leaving variables are referred to as 

the optimality and feasibility conditions 

 

Optimality conditions: 

The entering variable in maximization (minimization) problem is the non-basic 

variable having the most negative (positive) coefficient in the Z-row. Ties are 

broken arbitrarily. The optimum is reached at the iteration where all the Z-row 

coefficients of the non-basic variables are non-negative (non-positive) 
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Feasibility Condition: 

For both the maximum and minimum problems the leaving variables is the basic 

variables associated with the smallest non-negative ratio. Ties are broken 

arbitrarily. 

 

The steps of the simplex method are: 

1. Determine a starting basic feasible solution. 

2. Select an entering variable using the optimality condition. Stop if there 

is no entering variable. 

3. Select a leaving variable using the feasibility condition. 

4. Determine the new basic solution by using the appropriate Gauss-

Jordan computation. 

5. Go to step 1. 

 


