Chapter 17: SIMPLEX METHOD
TRANSFORMING FROM CANONICAL FORMAT TO STANDARD FORMAT


≤
CONSTRAINT

ADD SLACK


≥
CONSTRAINT

SUBTRACT SURPLUS

e.g.
  2X EQ \S\DO5(A)   +  X EQ \S\DO5(B)   ≤  1000

2X EQ \S\DO5(A)   +  X EQ \S\DO5(B)   + S EQ \S\DO5(1)  =  1000

   100X EQ \S\DO5(o)   +  100 X EQ \s\do5(c)   ≥  4000
      100X EQ \S\DO5(o)  + 100 X EQ \s\do5(c)  - S EQ \s\do5(1)  = 4000

Canonical Format  



Standard Format

Max: Z = 4 XA + 3 XB

s.t. 


2XA +  XB
<  1000



         XA +  XB 
<   800

  XA 

<   400
 
            XB 
<   700

XA   ,    XB
> 0
NOTES: 
I) THERE  IS  ONE  SLACK  OR  ONE  SURPLUS  
VARIABLE  FOR  EACH  CONSTRAINT. 

II) A  STANDARD  FORM  LP  PROBLEM  HAS  M  
CONSTRAINTS  AND  N  VARIABLES  (N > M).

DEFINITIONS
A  BASIC SOLUTION  IS  DERIVED  BY  SOLVING  M  SIMULTANEOUS  EQUATIONS  OF THE STANDARD  FORM  AND  BY  SETTING  N-M  OF THE  VARIABLES  EQUAL  TO  ZERO.

THE  M  VARIABLES  THAT  ARE  THE  SOLUTION  TO  THE  M  EQUATIONS  ARE  CALLED  THE  BASIC  VARIABLES.

THE REMAINING  N-M  VARIABLES  THAT ARE SET  EQUAL  TO  ZERO  ARE  CALLED  THE  NON-BASIC  VARIABLES. 

THE  BASIC  FEASIBLE  SOLUTION  IS  A  SOLUTION  WHERE  ALL  THE  BASIC  VARIABLES  ARE   GREATER  THAN  OR  EQUAL  TO  ZERO.

OBSERVATIONS:

1.  THERE  IS  A  FINITE  NUMBER  OF  BASIC  
FEASIBLE  SOLUTIONS.

2.  THERE  IS  A  ONE-TO-ONE  CORRESPONDENCE  
BETWEEN   BASIC   FEASIBLE   SOLUTIONS  
AND   EXTREME   POINTS   OF  THE  FEASIBLE  
REGION.

ELEMENTARY  ROW  OPERATIONS
1.  MULTIPLICATION  OF  ANY  ROW (EQUATION)


BY  A  NON-ZERO  NUMBER.

2.  REPLACING  ANY  ROW (EQUATION)  BY  ADDING  


TO  IT  OR  SUBTRACTING  FROM  IT  A  MULTIPLE  


OF  ANY  OTHER  ROW (EQUATION).

SIMPLEX  ALGORITHM
1.  DETERMINE  THE  INITIAL  BASIC  FEASIBLE  
SOLUTION.

2.  DETERMINE  AN  ENTERING  VARIABLE  THAT  
IMPROVES  THE  OBJECTIVE  FUNCTION. 


(e.g., maximum cj-zj > 0 for a maximization problem.)


IF  NONE,  STOP;  THE  CURRENT  SOLUTION  IS  


OPTIMAL.

3.  DETERMINE  THE  BASIC  VARIABLE  TO  LEAVE  

THE  BASIS. (i.e., minimum ratio of RHS values to the elements in the entering variable.)

Note: Pivot element is the intersection of entering variable and basic variable that leaves the basis.
4.  UPDATE  THE  COEFFICIENTS  OF  THE  SYSTEMS  

OF  EQUATIONS. (Make pivot element is equal to one and all other elements in the column equal to zero via elementary row operations.)

5.  GO TO STEP 2.

OPTIMALITY  CRITERION
WHEN  ALL  (Cj-Zj)  ARE <  0  IN  THE  LP  MAXIMIZATION  PROBLEM.
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MINIMIZATION  PROBLEM
A.  MULTIPLY  THE OBJECTIVE  FUNCTION  BY  -1.


SAME  AS  PROCEDURE  AS  MAXIMIZATION.

OR

B.  FOLLOW THE SIMPLEX ALGORITHM IN PAGE 4,     

      EXCEPT THAT IN STEP 2, THE MINIMUM Cj-Zj < 0 IS 

      THE ENTERING VARIABLE. 

      OPTIMALITY  CRITERION: ALL  (Cj-Zj)  ARE  >  0.  

CONVERTING EQUALITY AND > CONTRAINTS TO THE SIMPLEX FORMAT
I) EQUALITY  CONSTRAINTS

ADD  ARTIFICIAL  VARIABLE  (LARGE  COST)

e.g.  2X EQ \S\DO5(A)   +  3X EQ \S\DO5(B)   =  1000
    2X EQ \S\DO5(A)   +  3X EQ \S\DO5(B)   + A EQ \S\DO5(1)  =  1000

II) GREATER-THAN-OR-EQUAL-TO  CONSTRAINTS


ADD  ARTIFICIAL  VARIABLE  (LARGE  COST)
e.g. 100X EQ \S\DO5(o)   +  100 X EQ \s\do5(c)   >  4000  






  100X EQ \S\DO5(o)  + 100 X EQ \s\do5(c)  - S EQ \s\do5(1)  + A EQ \S\DO5(1)  = 4000

SPECIAL  CASES
NO  FEASIBLE  SOLUTION
AN  ARTIFICIAL  VARIABLE  IS  BASIC IN THE FINAL SOLUTION.

UNBOUNDED  SOLUTION

ALL  THE  ENTRIES  IN  THE  PIVOT  COLUMN  
ARE  <  ZERO.

ALTERNATE  OPTIMAL  SOLUTION
Cj-Zj  IS  EQUAL TO ZERO  FOR  AT  LEAST  ONE  NON-BASIC  VARIABLE, Xj,  AT  THE OPTIMAL  
SOLUTION.

7

