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Abstract. Computer algebra systems (CAS) are often used programs in universi-
ties to support calculations and visualization in teaching mathematical subjects. In
this paper we present some examples of dynamic visualizations which we prepared
for students of Warsaw University of Life Sciences using Mathematica. Visual-
izations for simplex algorithm and Karush-Kuhn-Tucker algorithm are presented.
We also describe a didactic experiment for students of the Production Engineering
Faculty of Warsaw University of Life Sciences using dynamic visualization of the
network flow problem.
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1 Introduction

The development of computational mathematics techniques, technologies and tools in
recent decades has created new educational challenges in teaching mathematics and IT
subjects in higher education. On the other hand, the development of computational math-
ematics technology has created new educational perspectives based on the possibility of
using new computational and visualization tools in education. CAS such as wxMax-
ima, Mathematica, Maple, Sage, and others are often used to support calculations and
visualization in teaching mathematical subjects [6,7,10,11,9]. In teaching mathematical
algorithms in the field of mathematical analysis, mathematical programming or graph
theory, the possibility of symbolic calculations and visualizing the algorithm steps seems
useful from an educational point of view. This allows a better and deeper understanding
of the topic. In this paper we present two examples of dynamic visualizations which we
prepared for students of the Faculty of Informatics and Econometric of Warsaw Uni-
versity of Life Sciences using Mathematica [8,12] within the course of Mathematical
Programming. We present dynamic visualizations for simplex algorithm for linear pro-
gramming (LP) problem [2,5] and for nonlinear programming (NLP) problem which
we solve using Karush-Kuhn-Tucker (KKT) algorithm [3,5]. A didactic experiment for
students of the Production Engineering Faculty of Warsaw University of Life Sciences
using dynamic visualization of the network flow problem will also be discussed.
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2 Visualization of primal simplex algorithm steps – 3D example

In this example the authors present some new complex approach to visualization of sim-
plex method steps.

The authors propose to use for visualization expanded Simplex Tableau which con-
tains for each simplex step: current simplex table for this step, graph of feasible region
for canonical form of LP problem with current corner point and „simplex path”, level
sets of goal function (hyperplanes : lines in 2D, planes in 3D), axis with current value
of objective function for this step.

Let us solve the following LP problem:

Example 1.

Maximize z = 4x1 + x2 +6x3

Subject to x1 ≤ 9
x2 ≤ 5

− x2+5x3 ≤ 15
−2x1−3x2+3x3 ≤ 3

5x1− x2+5x3 ≤ 45
xi ≥ 0 for i = 1,2,3.

Corresponding to it canonical form is:

Maximize z = 3x1 +2x2

Subject to x1 + x4 = 9
x2 + x5 = 5

− x2 +5x3 + x6 = 15
−2x1−3x2 +3x3 + x7 = 16

5x1− x2 +5x3 + x8 = 45
xi ≥ 0 for i = 1,2, . . . ,8

Let S be feasible region for this LP problem (in standard form). S is presented in each
Figure 1–5. It is convex polyhedral set with vertices at: v1 = (0,0,0),v2 = (9,0,0),v3 =
(9,5,0),v4 =(0,5,0),v5 =(0,0,1),v6 =(3,0,3),v7 =(6,0,3),v8 =(9,5,1), v9 =(6,5,4),
v10 =(0,5,4),v11 =(0,5/2,7/2). In each Figs. 1–5 we present expanded Simplex Tableaus
for subsequent vertices of simplex path. The current vertex of simplex path and level set
are in red and the previous ones are in blue. The dynamic versions of the Figs. 1–5 can
be found in the Electronic supplementary material:
https://drive.google.com/open?id=1vgBC1ij7Z9mNL8 nmhVgrwi3qFRzzhYN
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Fig. 1: First expanded Simplex Tableau.

Fig. 2: Second expanded Simplex Tableau.
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