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Abstract

Online Computer Algebra Systems (CAS) have become increasingly popular
among students and teachers. The reasons are many such as being more flex-
ible, simple to use, accessible from anywhere, etc. However, as with any edu-
cational tool, they also have some disadvantages that we should know. The
purpose of this study is to analyze advantages and disadvantages of online
CASs and propose some techniques to optimize CAS performance in order to
reduce weaknesses. The research results reveal that online CAS versions are
on the rise but lag in some capabilities in comparison with desktop versions.
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1. Introduction

A Computer Algebra System (CAS) or Symbolic Algebra System (SAS) is any
mathematical software with the ability to manipulate mathematical expressions.
Computer algebra systems began to appear in the early 1970s and they have
evolved a lot since then. Today, most services of CASs are offered online, and the
user doesn’t need to install any software. You can get all the functionality you
need at a low price. Usually, the only cost of online CAS is just a monthly sub-
scription. Traditional software, on the other hand, generally costs a lot to pur-
chase.

Today, online software is on the rise. Using an online CAS platform is very
simple, all you need is a PC or mobile phone with Internet access. They provide
a variety of tools that help you easily find a solution for any math problem. With
these platforms, users can study at their own pace, in the comfort of their home

and simulate/visualize difficult concepts until they fully understand them. On
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the other hand, some capabilities of desktop CASs are missing from online ver-
sions, and this is the main disadvantage that they have. In this paper, we are
going to examine all these factors in detail. The documentation sheets were the
source of data that we used to compare them and examine their characteristics.
The rest of the paper is organized as follows: Section 2 provides a general
overview of what online software is, while Section 3 shows important issues
about CASs. In Section 4 we describe the advantages and disadvantages of online
CASs. Next (Section 5), the results are presented and discussed whereas in the

final section (Section 6) some conclusions are drawn.

2. What Is Online Software?

Unlike traditional packaged applications that users install on their computers,
online software users (or more accurately online platforms users) don’t own the
software but effectively rent it, usually for a monthly fee. Traditional software
must be installed on your computer, while online software can be accessed
simply through a web browser. Table 1 and Table 2 show us the basic advan-
tages and disadvantages of online platforms.

3. Computer Algebra Systems

Computer Algebra Systems (CASs) are software packages, which are used in

Table 1. Advantages of online platforms.

Accessible from anywhere It’s simple and easy to access it with a Web browser from anywhere at any time.

Low cost You can get all the functionality you need with a low price. Usually, the only cost of online software

is just a monthly subscription. Traditional software, on the other hand, generally costs a lot to

purchase. Also, when a bug is fixed or a new feature is added to the program you don’t have to do

anything, it just upgrades for you.

Get Started Immediately ~ Traditionally, purchasing new software meant downloading it onto your computer to install it. Now,

you don’t have to wait for the software to be installed, there is no download required neither exist

compatibility issues or other problems in achieving the desired functionality.

Data security Online software means data security. You never need to back up your projects because are safe and

are accessible from any computer with a simple Internet connection.

Easy collaboration Usually, online software supports collaboration so users can work in the same file at the same time.

Table 2. Disadvantages of online platforms.

Online platforms could be distracting

Greater privacy on desktop
applications rather than online

Online platform is not design for
everyone

Some capabilities of desktop versions
are missing from online versions

With the web browser open it’s easy to get sidetracked and forget what you were
supposed to be doing in the first place.

All the data in desktop applications are stored on your computer therefore only you have
the permission to access, read, write, and share them.

They can be unreliable. If your Internet connection is slow, you might have trouble
accessing. Not everyone can afford the cost of a strong and reliable Internet connection.

Online versions are on the rise but still lag in available capabilities.
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manipulation of mathematical formulas. The primary goal of a CAS is to auto-
mate tedious and sometimes difficult algebraic manipulation tasks. The specific
uses and capabilities of these systems vary greatly from one system to another.
For example, some of them provide a programming language for the user to de-

fine their own procedures.

3.1. History

The first computer programs designed to carry out symbolic computations were
described in 1953 by Kahrimanian [1] and Nolan [2]. Since then, many general
tools for symbolic and numeric computation have been developed. They include
REDUCE (1968), Macsyma (1970), Maple (1983), MATLAB (1984), and Ma-
thematica (1988) [3].

Now, almost 70 years later, it is estimated that over 50 systems exist for doing

some form of computer algebra (Table 3 and Table 4). The mathematical

Table 3. List of free CASs with latest stable release date after 2015.

System

Cadabra (CAS for tensor field
theory)

CoCoA (CAS for commutative
algebra)

Fermat (CAS for resultant
computation)

FORM (CAS for particle physics)
FriCAS (General purpose CAS)

GAP (CAS for group theory and
combinatorics)

GiNaC (CAS for symbolic
computation)

Macaulay2 (CAS for algebraic
geometry and commutative

algebra)

Mathics (General-purpose CAS)

Maxima (General purpose CAS)

PARI/GP (CAS for number
theory)

Reduce (General purpose CAS)

First Operating system support
publi Latest stable Symbolic P 8 5¥ PP
ublic . . .
release version functionality*  windows macOS Linux Android iOS
2.3.8
2007 1,2,3,4,5,7 Yes Yes Yes No No
(21/11/2021)
1) 2’ 3’ 4) 5) 7) 8’ 9’
1995 5.2.0 (2/5/2017) Yes Yes Yes No No
10, 11, 12
1,2,3,4,5,7,8,9
1993 6.5 (21/6/2021) 10. 12 Yes Yes Yes No No
1989 4.2 (6/7/2017) 1,2,3,4,5,12 Yes Yes Yes No No

1,2,3,4,5,6,7,8,9,
2007 1.3.8 (21/6/2022) Yes Yes Yes No No
10,11, 12,13, 14, 16

1,4,5,6,8,9,10, 11,
1986 4.11.1 (2/3/2021) 1215 16 Yes Yes Yes No No

1,2,3,4,5,6,7,8,9,
1999 1.8.3 (23/3/2022) Yes Yes Yes No No
10,11, 12,13, 14, 16

1994 1.14 (2019) 1,2,3,4,5,7 Yes Yes Yes No No

1,2,3,4,5,6,7,8,9,
2016 4.0 (1/8/2021) Yes Yes Yes No No
10, 12, 13, 14, 16

5.46.0 1,2,3,4,5,7,8,9,
1998 Yes Yes Yes Yes No
(13/4/2022) 10, 12, 13, 14, 15
2.114 1,2,3,4,5,7,9, 10,
1990 Yes Yes Yes Yes No
(17/4/2020) 12
1,2,4,5,7,10, 11,
1968 2018 1213 Yes Yes Yes Yes Yes
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Continued
SageMath (Math ti 1t 1,2,3,4,5,6,7,8,9,
ageMath (Mathematics software - o o r20/1/2022) Yes Yes Yes No  Yes
system) 10, 11, 12, 13, 14, 16
Scilab (General purpose CAS) 1990 6.0.2 (14/2/2019) 1,2,3,4,7,12 Yes Yes Yes No No

SICMUtils (CAS optimized for
classical mechanics and differential 2016 0.13 (9/11/2020) 1,2,4,7,12 Yes Yes Yes Yes Yes
geometry investigations)

SINGULAR (CAS for polynomial

. 1997 4.3 (14/1/2022) 1,2,3,4,5,6,7 Yes Yes Yes No No
computations)
Symbolics.jl (CAS for the Juli 1,2,3,4,5,6,7,8,9,
ymbolics.jl (CAS for the Julia )\ 4 & 11 /6/2022) Yes Yes Yes No  No
Programming Language) 10, 12, 13
Py (O - Pyth 1.10.1 1,2,3,4,5,6,7,8,
SymPy ( P?H source Eython 2007 Yes Yes Yes Yes Yes
library) (20/3/2022) 10,12, 13, 14, 16
Xcas/Giac (General CAS) 2000 1.5.0-85 1,2,5,6,89 11,15 Y Y Y Y Y
cas/Giac (General purpose ,2,5,6,8,9, 11, es es es es es
pup (12/12/2019)
Yacas (General purpose CAS) 1999 1.9.1 (4/7/2020) 1,2,4 Yes Yes Yes No No

*Symbolic functionality. 1 = Arbitrary-precision arithmetic, 2 = Calculus Integration, 3 = Calculus Integral transforms, 4 = Equa-
tions, 5 = Inequalities, 6 = Diophantine equations, 7 = Differential equations, 8 = Recurrence relations, 9 = Graph theory, 10 =
Number theory, 11 = Quantifier elimination, 12 = Boolean algebra, 13 = Tensors, 14 = Probability, 15 = Control theory, 16 =
Group theory.

Table 4. List of non-free CASs with latest stable release date after 2015.

First public Latest stable Operating System Support

System . Symbolic functionality*
release version Windows macOS Linux Android iOS
LiveMath (Simple CAS) 1993 3.6 (2018) 1,2,3,4,7,12 Yes Yes Yes No No
Magma (General purpose 1993 2.25-5 1.4.9.10. 16 v - v N N
4,9, 10, es es es o o
CAS) (29/4/2020)
Maple (Very famous 2022 1,2,3,4,5,6,7,8,9, 10,
1984 Yes Yes Yes No No
general purpose CAS) (15/3/2022) 11,12, 13, 14, 15, 16
Mathcad (some CAS 15
. 1985 2,4 Yes No No No No
capabilities) (27/2/2021)

Mathematica (Very 13.1.0 1,2,3,4,5,6,7,8,9, 10

famous general purpose 1988 Yes Yes Yes No No
generalpuip (29/7/2022) 11,12, 13, 14, 15, 16

CAS)
Very fa R2022 1,2,3,4,5,6,7,8,9, 10,
MATLAB (Very famous 2008 2 ? Yes Yes Yes No No
general purpose CAS) (15/3/2022) 12, 14, 15

*Symbolic functionality. 1 = Arbitrary-precision arithmetic, 2 = Calculus Integration, 3 = Calculus Integral transforms, 4 = Equa-
tions, 5 = Inequalities, 6 = Diophantine equations, 7 = Differential equations, 8 = Recurrence relations, 9 = Graph theory, 10 =
Number theory, 11 = Quantifier elimination, 12 = Boolean algebra, 13 = Tensors, 14 = Probability, 15 = Control theory, 16 =
Group theory

capabilities of many of the well qualified systems are strongly related to the emi-

nent, early successes of computer algebra, as achieved in integration, Celestial
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Mechanics, General Relativity and Quantum Electro Dynamics [4]. There are
many publications that show the positive impact of CASs on students [5]. How-
ever, despite these inspiring research reports, the use of CASs has not succeeded,
as many had expected [6].

3.2. General View of CAS

According to Shacham and Cutlip (1998), the comparison of mathematical
software packages ensures the selection of a system, which will fully meet the
needs of each user. However, in order to achieve the comparison, these software
packages should be investigated with a comparative eye based on specific objec-
tive criteria [7]. These criteria are summarized as follows:
e Numerical performance
e User friendliness
e Technical support

The following Table 3 and Table 4 provide a general view of Computer
Algebra Systems today. Table 3 shows a list of free CASs with latest stable re-
lease date after 2015 and the Table 4 shows a list of non-free CASs with latest
stable release date after 2015. The most famous of them are Mathematica,
Maple, MATLAB, Maxima, SageMath, SymPy, GNU Octave, Magma and
MathStudio.

4. Advantages and Disadvantages of Online CASs

In this section, we will explore the advantages and disadvantages of online CASs.
Most of this material is general and applies to all CASs. In the last part of the
section, we will see some techniques to improve desktop CAS performance.

4.1. Advantages of Online CASs

Online CAS is ideal for digital classrooms, remote access, project-based users,

public computing resources and mobile workers. So, with online CAS you can:

e Access the latest version of CAS without any downloads, installation, or
maintenance and with all the latest features available.

e Perform any mathematical computation directly in your browser.

e Make mathematical computations even though your computer doesn’t meet
the required standards of desktop version. For example, MATLAB R2023a
Storage Requirements for Windows are 3.8 GB for just MATLAB, 4 - 6 GB
for a typical installation and 23 GB for an all products installation.

o Store files in your CAS Cloud Drive and synchronize your important com-
puter files with the Cloud Drive. For example, in Online MATLAB the Drive
gives you 20 GB to store [8].

e Download files for offline use.

e Have access to your online CAS files even though you format the Hard Drive
of your computer, or you have installed a different operating system.

e Collaborate with other CAS users by giving them the appropriate privileges
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that you want and share files directly. You can specify who can read, write,
run, and interact with your files.

Create a link to share your project through social networking. You can have
instant sharing of all your CAS material.

Use 3D graphics and other interactive functions directly in your browser [9].
You can visualize data in your browser with high-level plot commands in 2D
and 3D.

Integrate videos and other web content directly into your notebooks (Ma-
thematica).

Build your notebooks with rich formatting and structure (Mathematica).
Save your work automatically. For example, Mathematica notebooks are con-
tinually saved in the cloud.

Run files that you created with the desktop version of CAS.

Use free and open software like Octave [10] which means that anyone can
use, modify, and redistribute the software, providing that they include any
changes under the original license.

Re-use scripts to other Online CASs. For example, Octave scripts are com-
patible with MATLAB (syntax is largely compatible).

Have flexible licensing options.

Prepare and analyze data with an easy-to-use interface without having to
write code [11].

Have online help from experts. There is a huge community which can advise
you for any problem.

Attend webinar series (sometimes without cost).

Secure your data. You never need to back up your projects because are safe

and are accessible from any computer with Internet connection.

4.2. Disadvantages of Online CASs

The following are some of the basic disadvantages of online CASs:

Desktop CAS gives us greater privacy and security options and maybe better
performance (it depends on system characteristics) rather than online ver-
sion.

Always requires a login and an Internet connection.

There are limitations for online versions. For example, online MATLAB
cannot interact with some hardware, including instrument control [12].
Some packaging tools for add-ons doesn’t exist. Also, Windows-specific
components like COM sometimes are not supported in online versions.

Very large files cannot be uploaded without a Cloud Drive.

The graphical interface sometimes is different.

The supported products are fewer than desktop version.

Subscription is required. For example, Wolfram Desktop requires a premium
Wolfram Programming Cloud subscription.

In desktop version, in contrast to online, all the data are stored on your

DOI: 10.4236/jsea.2023.169024

501 Journal of Software Engineering and Applications


https://doi.org/10.4236/jsea.2023.169024

K. Zotos, |. Atanassova

computer therefore only you have permission to access, read, write, and
share it. No cookies are created and there is no danger for cyber-attacks.

e Because they are built from the ground up to promote accessibility, web apps
pose more security vulnerabilities [13]. Desktop applications are safer since

users have better control and better authorization.

4.3. Techniques to Improve CAS Performance and Reduce
Disadvantages

The performance of online CASs primarily relies on server therefore the user
should just have a stable Internet connection. On the other hand, there are some
techniques to improve performance of desktop CASs. Firstly, you should check
if background processes consume computer resources. You can free up memory
by running CAS as the sole application or increase the RAM of computer to the
recommended. Secondly, it is better to use functions (which are generally faster)
instead of scripts. Don’t use nested functions and loop-based code. Place inde-
pendent operations outside loops. Local functions are better especially if there is
no need to access main function variables. Simple and cohesive functions de-
crease first-time run costs. Thirdly, avoid global variables and function over-
loading (especially built-in functions). Finally, run code in parallel if this option
exists. For every CAS there are many other specific techniques to improve per-
formance for example in MATLAB we should avoid functions such as evalc, eval

and evalin [14].

5. Results

Online Computer Algebra Systems have become increasingly popular for stu-
dents and teachers and seems to have an ever-increasing momentum. They are
simpler to use, mobile, and accessible from any device. Their innovations in
newer versions eliminate drawbacks of older versions creating an easy-to-use
and efficient programming environment. The new capabilities do not only cover
Mathematics but also include many other scientific fields. This development
gives us the hope that in the future the new platforms will have more capabilities
and the disadvantages such as unsupported hardware or lack of tools will be
eliminated.

On the other hand, desktop CASs give us greater privacy and security options,
better performance, and network independence. All the data are stored on our
computer therefore only we have the permission to access, read, write, and share
them. There are no limitations, and they can interact easily with hardware.
These features give desktop CASs the edge over online CASs. This is also the
reason that desktop CASs is preferred for high computational programs from
companies and professionals. However, desktop CASs don’t have the flexibility
of online CASs and need to be manually installed and updated on each release.
Also, different devices and operating systems may have distinctive necessities,

limitations, and features that affect how desktop CAS runs.
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Huge scale numerical calculations can put overwhelming requests of comput-
er memory and processing power. There are many settings that you can make to
improve desktop CAS performance, such as checking if background processes
consume computer resources, increasing the RAM, not using loop-based code,
placing independent operations outside loops and avoiding function overloading
(especially built-in functions). The performance of online CAS primarily relies
on server therefore the user should just have a stable Internet connection.

The world of CAS development is always evolving, with new technologies and
tools. As we look ahead to the next few years artificial intelligence (AI) is going
to become more important. We will expect Al to play an even larger role in CAS
development. New technologies like artificial neural networks [15] are likely to
shape the future of CAS development [16]. No matter how uncertain the future
of CAS may be, the only certainty is that the movement to web-based applica-

tions will continue. The future of online CAS seems to be bright.

6. Conclusion

While desktop CASs give us greater privacy and security options, better perfor-
mance, and network independence, online CASs are simpler to use, mobile, and
accessible from many devices. System configurations, operating System used,
and other similar factors affect the performance of a desktop CASs. Though the
online versions work with good speed and performance, desktop CASs are pre-

ferred for high computational programs from companies and professionals.
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