Visualization of simplex method with Mathematica
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Simplex algorithm is taught at universities in framework of different academic
courses, for example Linear Programming, Mathematical Programming or Opera-
tion Research. One aspect of the teaching of this algorithm is to present a geometric
interpretation of simplex steps. Some attempts to visualization simplex method us-
ing CAS were taken in papers [1, 4, 5]. In this article, the authors propose some
new approach to this subject through the use of expanded Simplex Tableau. This
Tableau, for each of simplex step contains: current simplex table for this step, graph
of feasible region for standard form of LP problem with current vertex of simplex
path, current level set of objective function corresponding to this step (hyperplanes
: lines in 2D, planes in 3D), axis with current value of objective function for this
step. The presentation was prepared using Mathematica. We present examples for
2D and 3D feasible regions. One of them is presented below.

Example.
Let us visualize simplex steps for the following LP problem in standard form (in
R?):
Maximize z=3x;+2x;
Subject to x1—3x0p< 2
x1— x»n< 4
S5x1— x <36

5
—4X1 + Exz < 5

—x1+ 4x <16
XQS 9
x; > 0fori=1,2.



Corresponding to it canonical form is:

Maximize z=3x;+2x»

Subject to X1 — 3x+x3 = 2
X — X2 +x4 =4
S5x1— x» + X5 =36
5
—4x 4+ 5)62 + X6 =5
—x1+ 4x +x7 =16
X2 +x3= 9

x;>0fori=1,2,...,8

Feasible region for this LP problem (in standard form) is presented in each Fig-
ure 1-5. It is convex polyhedral set with vertices at: v; = (0,0),v2 = (2,0),v3 =
(5,1),va=(8,4),vs =(9,9),v6 = (6.5,9),v7 = (2.5,6),v3 = (0,2). In each Figure
1-5 we present expanded Simplex Tableau for subsequent vertices of simplex path.
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Figure 1: First expanded Simplex Tableau.



bs.vrs X1 X2 X3 X4 X5 X6 X7 Xg Dby
Xx 1 -3 1.0 0 0 0 0 2
X 0 2 -1 1000 0 2
Xs 0 14 -5 0 1 0 0 0 26
X 0 -2 4 00 1 0 013
X7 0 -5 3 00 0 1 0 22
X 0 1 00000 1 9 ,
obj.fc 0 -1 3 0 0 0 0 0 6

2(20)=6

2(0,0)= 0

X1

3x+2% =0 3% +2X% =6

Figure 2: Second expanded Simplex Tableau.
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Figure 3: Third expanded Simplex Tableau.
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Figure 4: Forth expanded Simplex Tableau.
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Zmax = 2(9,9) = 45
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Figure 5: Fifth expanded Simplex Tableau.

The fifth expanded Simplex Tableau is optimal. We have: zma.x = z(9,9) = 45.
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