Lecture 11
Linear programming :
The Revised Simplex Method

11.1 The Revised Simplex Method

While solving linear programming problem on a digital computer by regular simplex method, it
requires storing the entire simplex table in the memory of the computer table, which may not be
feasible for very large problem. But it is necessary to calculate each table during each iteration.
The revised simplex method which is a modification of the original method is more economical

on the computer, as it computes and stores only the relevant information needed currently for
testing and / or improving the current solution. i.e. it needs only

e The net evaluation row A; to determine the non-basic variable that enters the basis.

e The pivot column

e The current basis variables and their values (Xg column) to determine the minimum
positive ratio and then identify the basis variable to leave the basis.

The above information is directly obtained from the original equations by making use of the
inverse of the current basis matrix at any iteration.

There are two standard forms for revised simplex method
e Standard form-1 — In this form, it is assumed that an identity matrix is obtained after
introducing slack variables only.

e Standard form-1l — If artificial variables are needed for an identity matrix, then two-
phase method of ordinary simplex method is used in a slightly different way to handle
artificial variables.

11.2 Steps for solving Revised Simplex Method in Standard Formi

Solve by Revised simplex method
Max Z = 2x1 + Xz
Subject to
3X1+4X%<6
6X1+X2<3
and X3 X2>0

SLPP

Max Z = 2X; + Xo+ 0s1+ 0s;

Subject to
3X1+4X,+5,=6
6X1+Xo+S5,=3

and X3 X281 5>0



Step 1 — Express the given problem in standard form — |
e Ensureallbj>0
e The objective function should be of maximization
e Use of non-negative slack variables to convert inequalities to equations
The objective function is also treated as first constraint equation

Z-2X1-X+0s,+0s,=0
3X1+4 X +5,+05=6 --(1)
6 X1+ X +0s; +5,=3

and X3 X2.51,$,>0

Step 2 — Construct the starting table in the revised simplex form
Express (1) in the matrix form with suitable notation
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Column vector corresponding to Z is usually denoted by e;
matrix B, which is usually denoted as B: = [Bo™, 1, B2 ... Bn™M]

Hence the column Bot, B, B, constitutes the basis matrix By (whose inverse B;™ is also B;)

B,
; 1) (1)
Va?f:gfes (ezl) B | B® | Xe | X | Xs/Xu & %
z 1 | 0 0 0 2 1
51 0 | 1 0 6 3 4
5 0 | 0 1 3 6 1

Step 3 — Computation of A; for a; Dand a, ¥
Ay =firstrow of By " *a;M=1*-2+0*3+0*6=-2
A, =firstrow of By *a,M=1*-1+0*4+0*1=-1
Step 4 — Apply the test of optimality
Both A; and A; are negative. So find the most negative value and determine the incoming
vector.
Therefore most negative value is A; = -2. This indicates a; ) (xy) is incoming vector.

Step 5 — Compute the column vector Xy

Xk = Bl_l * dp @
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Step 6 — Determine the outgoing vector. We are not supposed to calculate for Z row.
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B.*
Basic | e (1) B
variables | (2Z) P e Xe X Xa/ X
YA 1 0 0 0 -2 -
St 0 1 0 6 3 2
52 0 0 1 3 6 1/2—outgoing
T
incoming

Step 7 — Determination of improved solution

Column e; will never change, x; is incoming so place it outside the rectangular boundary

Y BT X X,
R1 0 0 0 -2
R 1 0 6 3
Ry |0 1 3 g
Make the pivot element as 1 and the respective column elements to zero.
Y Y X X,
Ry 0 1/3 1 0
R 1 -1/2 9/2 0
Rs 0 1/6 1/2 1
Construct the table to start with second iteration
B,"
Basic €1 1) 1) dg @ do @
variables | (2) P P2 Xe X | Xal X
Z 1 0 1/3 1 0 -1
S1 0 1 -1/2 9/2 0 4
X1 0 0 1/6 1/2 1 1

Ay=1*0+0*0+1/3*1=1/3
Ap=1*-1+0*4+1/3*1=-2/3




A is most negative. Therefore a, ™ is incoming vector.

Compute the column vector

1 013 -1 -23
0 1-12) | 4| =|72
00 16 1 1/6

Determine the outgoing vector

1
B
Basic e ) W
variables | (2) By B2 Xs Xk Xg/ Xk
Z 1 0 1/3 1 -2/3 -
S1 0 1 -1/2 9/2 7/2 9/7—outgoing
X1 0 0 1/6 1/2 1/6 3
T
incoming
Determination of improved solution
8D gD Xz X,
R1 0 1/3 1 -2/3
R2 1 -1/2 9/2 7/2
Rs 0 1/6 1/2 1/6
8D B Xz X,
Ry | 421 521 137 0
R2 217 -1/7 9I7 1
Rs | -1/21 8/42  2/7 0
Bl_l @) ()
Basic & @ & a, as
variables | (2) Pe B2 X Xk | X/ Xk
Z 1 4/21 | 5/21 | 13/7 0 0
X2 0 217 -1/7 9I7 0 1
X1 0 -1/21 | 8/42 217 1 0

Ay=1*0+4/21*0+5/21 *1=5/21
A3 =1*0+4/21*1+5/21*0=4/21

Asand Az are positive. Therefore optimal solution is Max Z = 13/7, x1= 2/7, X, = 9/7




11.3 Worked Examples
Example 1

Max Z = x; + 2X;
Subject to
Xp+ X2 <3
X1 +2X, <5
X1+ X <6
and Xy, X2 2 0

Solution

SLPP
Max Z = X1 + 2%+ 051+ 05+ 083
Subject to
X1 +Xo+$=3
X1 +2X2+S,=5
X1+ X2 +53=6
and X1, X2,81,52,53 = 0

Standard Form-I
Z - Xy -2X2-0s1- 0sy- 0s3=0
X1+ X+ 5; + 05, + 0s3=3
X1+ 2%, +0s; +5,+0s3=5
3Xp +Xo+0s; +0s,+53=6
and X3, X2,81,82.53>0

Matrix form
Bo B B P
e a a; azs'’ ast oas L
1 -1 -2 0 0 0] 7 0
0 1 1 1 0o 0 - 3
X2 _
0 1 2 0 1 0 S 5
s
L0 3 1 0 0 11 | s | 6]
Revised simplex table Additional table
B,"
Basic e | BP [ BP [ B | Xs | Xe | Xal X a® | a®
variables | (2)
VA 1 0 0 0 0 -1 -2
S1 0 1 0 0 3 1 1
S 0 0 1 0 5 1 2
S3 0 0 0 1 6 3 1




Computation of A; for a; D and a, ®

A =firstrowof B, *a,M=1*-1+0*1+0*1+0*3=-1
A, =firstrowof By *a,M=1*-2+40*1+0*2+0*1=-2

A, = -2 is most negative. So a, ¥ (x,) is incoming vector.

Compute the column vector X
Xk = Bl_l *a @

1 0 0 07 2 -
] 1 0 i 1 )
* =
0 0 1 0 2 2
L0 0 0 1 I ;]
B’
Basic e1 1) ) O
variables | (2) P1 P2 Bs Xg Xk X/ Xk
Z 1 0 0 0 0 -2 -
S1 0 1 0 0 3 1 3
S2 0 1 0 1 0| 5 5/2—
S3 0 0 0 1 6 1 6
T
Improved Solution
B 1(1) Bz(l) B3(1) Xg X,
Ry |0 0 0 0 )
Ry |1 0 0 3 1
Rs |0 1 0 5
Rs |0 0 1 6 1
.Y B0 BP  Xg X
Ri |0 1 0 5 0
R |1 -1/2 0 1/2 0
Rs |0 172 0 5/2 1
Rs |0 -12 1 712 0




Revised simplex table for 1 iteration

B,"
vaEr;?;t;(I:es (ezl) B | B | B | Xe | Xk | XX«
Z 1 0 |1 0 5
S1 0 1 [-1/2 0 1/2
X2 0 0 |12 0 5/2
S 0 0 [-1/2 1 712

a® | a®
-1 0
1 0
1 1
3 0

A1=1*-1+0*1+1*1+0*3=0
Ay=1*0+0*0+1*1+0*0=1

A1 and Aq are positive. Therefore optimal solution is Max Z =5, x;= 0, xo = 5/2




