SUMMIT
VIENNA 2015

e

515

Extended Abstract

CATO — An Almost Intuitive Access to Mathematical Software
Hans-Dieter Janetzko

HTWG Konstanz, Brauneggerstr 55, 78467 Konstanz

janetzko@mathematikbuero.de

Accepted:

Introduction

CATO, the Computer Algebra Taschenrechner (calculator) Oberflache (surface), is a software
intended to facilitate the use of computer algebra systems. In its availability and accessibility of
information it is not limited to specialists, but the use of this scientific software should also be possible
for users without a specialist’s background. Barriers to usage are overcome through user-guides.

Over the past 30 years, a special kind of mathematical software, the computer algebra (CA) system,
has widely been used for calculation and solution of mathematical problems. In many sectors in
mathematics, strict laws, rules and algorithms apply, and these can be converted into appropriate
programs. As a result, computer algebra systems ease the performance of otherwise demanding and
time-consuming calculations. So-called numerical analysis packages have existed since the 1950s.
However, while they were suitable to perform calculations, their accuracy was limited and they could
also not be used in those instances where mathematical methods or algorithms could not be
transformed into a numerical algorithm.

The demand for better designs of user interfaces for CA systems is almost as old as the systems
themselves. Kajler has described and developed his ideas for a perfect user interface in various works
[1, 2, 3] and elaborated these in further works [4, 5]. Kajler has postulated that well-designed CA
interfaces should afford intuitive access. As such, they should enable the entry of commands with more
than one parameter in a two-dimensional fashion. This prevents syntactic and structural errors. In
addition, all templates and masks should follow the convention of operating from left to right.

Intuitive interfaces should also apply conventional mathematical notations, and decouple the surface
from the computer algebra system. The interface should be serviced independently, and regularly
developed and updated. Ideally, it should understand a range of computer algebra systems.
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Kaljer has responded to his own demand for such a surface for different systems with his
development of CAS/Pi [3]. He wrote [5, pg. 151]: ..., it is desirable to produce a portable interface
that handles lexical, syntactical, and functional differences between different CAS.”
The software CATO, which is a user interface for various computer algebra systems, enables the
use of scientific software by any parties equipped with rudimentary knowledge; it can easily be learned
by laypeople.

Methods

The author has taught mathematics for engineers for over twenty years at the University of Applied
Sciences (HTWG) in Konstanz, Germany. CA systems have always belonged to the tools used in his
teaching, and he has also always intended that these systems be used by students.

However, easy-to-use computer algebra systems have proven to be the exception, rather than the
rule. The majority of CA systems are not really accessible to non-mathematicians, who have only
occassional call upon them (for example, a non-mathematician wishing to use them once a week to
solve set problems). CA systems are at the user-interface a mixture of a programming language and the
corresponding mathematical terminology. That the necessary commands for use are often
abbreviations, further compounds the hindrance current systems pose to their spontaneous use.

The question therefore is, what can be done to improve access to such scientific programs: Among
other things, modification of the selection of commands and the configuration of the input parameters
are necessary steps.

The use of a computer algebra system should not detract from the mathematics, or the problem to be
solved. The use of such a system should also not be the goal in itself, or pose additional difficulty for
teaching. It raises, in the author’s view, a more general question: What are, in this context, the
distinguishing features of user-friendliness?

In programming CATO the author noticed that if an interface is to be developed in order to facilitate
access to programs, ease-of-use cannot be limited to the input of the commands and their parameters.
The following aspects should be observed:

First, the help itself should be prepared according to the users’ needs to use the computer algebra
system. Therefore, it must have an extensive index that contains more than just the respective
command name. Furthermore, in addition to being intelligible and providing comprehensible
examples, the help text should always be designed in the same way and always be structured
identically. Every help text for CATO is structured in the following way: The name of the command
appears first (black), followed by the packages containing this command (green), and finally by a list
of the computer algebra systems in which the command is available (red). The free text that follows
contains first an abstract description, and then several comprehensible examples. Of course, the CATO
help is written in HTML, and can therefore be read independently of the system itself [6].

Second, the choosing of a command must be simple. Selecting commands in CATO follows a
hierarchical paradigm via 27 packages (4 of these consist of sub-packages). Packages group related
commands together, but the same command may be included in more than one package. For instance,
the command “Definition eines Vektors” (definition of a vector) is contained in the packages “Lineare
Algebra” (linear algebra) and “Definitionen” (definitions). The help text will refer to both locations.
This means that the user is not obliged to learn the command or its package.
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The selection of a package is made using the combo box on the lower left of the surface of CATO;
all the commands from this package are downloaded into the combo box directly to the right of the
first one. The selection of a command is therefore performed from left to right.

Multi-parameter commands will always invoke a two-dimensional input graphical user interface.
Each parameter has its own documented input row. The user does not need to know the right input
order of parameters or the right kind of separators or brackets.

Finally, the transportation of the results should be simple. Each computer algebra system has a
protocol, in which all inputs and outputs are written sequentially. The user can save the protocol at any
time, and read the results later. In many computer algebra systems, the respective protocol can only be
read after calling-up the program; in addition, some have a free log-reader. The CATO protocol in
contrast can be read independently of CATO, using any editor.

Results and Discussion

The author [7, 8, 9, 10] has over the last ten years developed a German-language interface for
computer algebra systems. In writing CATO, he has developed, adopted and implemented many ideas
and concepts for ease-of-use. His primary aim was to allow casual use of computer algebra in his
lectures. He further wished that the use of software would support teaching and also motivate the
students to use CA systems at home.

Now the students can learn the usage of CATO in less than 15 minutes. During term-time, CATO is
used occasionally, when and as appropriate; sometimes just for exercises, sometimes more extensively.
With every semester, the author has observed a desired effect of CATO: widespread independent
exploration of the possibilities and potential of CA systems. CATO has facilitated access to this kind
of mathematical software, which in turn, has encouraged many students to further explore it on their
own.

Conclusions

There are, approximately, 500 commands for Mathematica (version 4.0 or higher), 400 commands
for the mathematical toolbox of MATLAB, 300 commands for Maple (version 9.5 or higher), 300
commands for MuPAD 3.0, 200 commands for Yacas and 100 commands for MATLAB. In addition,
there are approximately 50 CATO internal commands.

(Maple, Mathematica, the mathematical toolbox of MATLAB (an additional package), MuPAD and
Yacas are computer algebra systems, the mathematical part of MATLAB itself is a numerical
software.)

The author successfully established CA as a learning aid during lectures. If scientific software is
made intelligible and accessible, the author’s experience has shown that also non-specialists readily
integrate such programs into their work.
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