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ABSTRACT The undergraduate program in Electrical and Computer Engineering (ECE)
is a four-year curriculum where students work on several software to complete their
coursework. These tools are accessible to students in universities where they spend several
hours completing their assignments, a process not doable under the COVID-19 global
lockdown. Hence, students either (i) access their university labs remotely via virtual private
networks, or in the absence of remote access (sadly) (ii) resort to using pirated software, or
(regretfully) (iii) are deprived of hands-on knowledge of the course. In this (post) COVID-
19 era, educators are required to adopt teaching pedagogy in order to ensure maximum
delivery of their course material. In an attempt to facilitate experimental learning, this effort
provides a detailed survey of Linux-based tools coupled with their corresponding
coursework within ECE with the hope that the content provided in this paper would be of
some relief to students and teachers engaged in ECE education globally.

INDEX TERMS Linux, circuit analysis, electronic design automation, mathematics,
power engineering, programming

1. INTRODUCTION
COVID-19 pandemic resulted in the lock-

universities adopted several software to
facilitate their students through content

down of academic institutions across the
world. Over 1.2 billion students were
unable to attend classrooms, giving rise to
e-learning where teaching is undertaken
remotely via digital platforms. COVID-19
pandemic highlighted the importance of e-
inclusion in educational crisis. This gave
rise to new opportunities, defining future
education, development of ICT
infrastructure, provision of digital devices,
adequate learning resources, and support
material for teachers and learners. Hence,

distribution and improved visibility to
analytical frameworks as well as improved
communication channels.

Computer aided design (CAD) helps to
understand key principles in a course by
allowing the user to experience a simulated
environment mimicking real life situations.
Hence, if CAD solutions are affordable and
free of cost, student learning may vastly
improve in underprivileged communities
and countries falling in low-income group.
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For  improved e-learning, it is
recommended that any course must make
use of four modalities [1]:

e visuals (demonstrations
descriptions and pictures)

e auditory sensations (dialogues and
discussions)

e tactile perceptions (labs and hands-on
work)

o  kinaesthetic impressions (movement)

using

Several online platforms, such as Khan
Academy [2], MIT Open Courseware
(MIT-OCW) [1]-[3], Udemy [4], Coursera
[5], and edX [6] provide courses, online
lectures, assignments, exams, and solutions
on a broad range of topics. Universities
have also started providing free online
coursework. In terms of engineering
education, the above-mentioned online
courses provide engaging visual and

auditory faculties. However, they are
limited in engaging tactile perceptions and
kinaesthetic impressions. This primarily
affects engineering since its courses are
often associated with lab work.

In fact, engineering labs often require
resources and software packages that are
generally expensive. Hence, students either
(i) spend significant time in labs
completing their work, an option that is not
feasible under lock-down scenarios, or (ii)
remotely access university’s facilities via
virtual private networks, an option usually
available only in high-income countries; or
(iii) pay for this expensive software
themselves, an option that many cannot
afford. Since most of the tools are
expensive, many students end up with (iv)
pirating software. Figures 1 and 2 provide a
glimpse of the distribution of software
piracy among five continents.
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Western Europe

$16,439

| s9,461

North America

| $9,458
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$2,910

FIGURE 1. Commercial value of unlicensed software use (in Millions) [7]
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FIGURE 2. Average rate of unlicensed software [7]
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Therefore, to facilitate Electrical and
Computer Engineering (ECE) education,
this effort promotes the use of Linux
operating systems within ECE (Section-II).
Moreover, it also provides an extensive
survey of free CAD tools available for ECE
coursework (Section-111) and concludes by

Linux
Windows
Docker
Android
AWS

Mac0S
Slack
Raspberry Pi

WordPress

suggesting future directions within the
same (Section 1V).

2. LINUX

Popular operating systems are Windows,
Linux, and macOS. Among these three,
Linux is a popular platform for developers,
as shown in Figure 3.

9,
w
w

o

50.7%

i0S 13.0%
Google Cloud Platform 12.4%
Microsoft Azure 11.9%
Arduino
Heroku
Kubemnetes 8.5%
IBM Cloud or Watson 1.9%

FIGURE 3. Survey conducted by stack overflow

Linux offers several advantages over
Windows and macOS. Being an open-
source, Linux provides unmatched

flexibility and customizability. This allows
users to modify and optimize it to their
specific requirements, something Windows
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and macOS do not permit. Furthermore, it
also excels in cost-effectiveness, since it is
free to use and distribute, unlike macOS,
which is tied to expensive Apple hardware
or Windows. Additionally, Linux is secure,
as it has a robust architecture and strong
community-driven updates, making it less
prone to malware and cyberattacks.
Moreover, Linux offers exceptional
performance on a wide range of hardware,
from supercomputers, servers to aging PCs.
While macOS is restricted to Apple
devices, and Windows often demand higher
system resources. For developers and tech
enthusiasts, Linux provides a rich
ecosystem of tools and programming

support that surpasses the capabilities of
both macOS and Windows. This further
solidifies its position as the operating
system of choice for innovation and
versatility [8]. Additionally, it is useful for
students since it allows its users to sudo
(‘super user do’) troubleshoot, customize,
install, and upgrade their system, making
them polish their computing skills.

Among Linux distributions, Google Trends
highlight Ubuntu as the most popular
distribution (see Figures 4 — 6). Whereas,
Fedora tops the list in Alexa Traffic
Statistics with openSUSE occupying the
median among popular Linux distributions.

Ubuntu

| ea.8

CentOS

] 1as
] 121
] o0

| a6

] 3.7

] 28

1 1s
FIGURE 4. Google trends survey

Debian GNU/Linux

Linux Mint

Fedora

Arch Linux

Red Hat Enterprise Linux

openSUSE

FIGURE 5. Google trends survey
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Jan 5-11,2025
Ubuntu
Red Hat Enterprise Linux

73 w.
Cent0S
Fedora Linux 1

openSUSE

Values for this point have partial

FIGURE 6. Google trends survey

Figure 3 shows platform usage among
developers and students. As one can see,
Linux is one of the most popular operating
systems. Figure 4 shows the relative
popularity of different Linux distributions
among users. For instance, Ubuntu,
openSUSE, and Fedora together make up
76% of Linux usage. Figure 5 shows the
relative popularity of different Linux
distributions among users. For instance,
together Ubuntu, openSUSE, and Fedora
make up 76% of Linux usage. Figure 6
shows that after the initial downward
popularity of Ubuntu (2015 — 2020), the

popularity of Ubuntu has remained steady
in the last five years (2020 — 2025). Please
note, CentOS’s support was discontinued
after Dec. 31 2021.

A brief comparison of some Linux
distributions is presented in Table |I.
Together, Ubuntu, Fedora, and OpenSUSE
constitute 76% of the entire Linux
community. Moreover, Ubuntu, Fedora,
and openSUSE represent popular versions
of the Debian, RedHat, and SUSE flavours
of Linux.

TABLE |

COMPARISON OF SOME POPULAR FREE LINUX DISTRIBUTIONS SORTED
WITH REFERENCE TO ALEXA BOUNCE RATES [8].

. Package Alexa
S. Operating  Current _Stable Suppor_t (End Management Purpose  bounce
No. System Version of Life)
System rates
Fedora 41 November $ﬁ:\:_g€:§d General,
1  Fedora (Oct 29, » ohap, Server, 64.00
2025 Flatpak,
2024) ADD Desktop
ppimage
Pacman, Snap,
2 Arch Linux Rolling Rolling Flatpak, General 63.20
Appimage
Red Hat
3 Enterprise RHEL 9.5 May 2034 RPM Server 59.80
Linux
APT General,
4 Debian Debian 12 June 2028 (Synaptic), Server, 59.30
Snap, Desktop

Innovative Computing Review

»ICR-

Volume 4 Issue 2, Fall 2024

(incomplete) data available ey


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr

Wajid et al.

. Package Alexa
S. Operating  Current _Stable Suppor_t (End Management Purpose  bounce
No. System Version of Life)
System rates
Flatpak,
Applmage
RPM-based
openSUSE
5 0penSUSE Leap 15.5 December Yast, Snap, General, 57 50
2024 Flatpak, Desktop
(Jun 7, 2023) Aopi
ppimage
CentOS Linux
. . Ended on Dec. RPM,
6  CentOS (Dlsco;mnued 31, 2021 yum/up2date Server 55.30
APT
(Synaptic),
. - : General,
7 LinuxMint  SNUWXMING ) iagpy  mintnstall, e e’ 53,90
21.2 Snap, Deskto
Flatpak, P
Applmage
APT
(Synaptic),
Ubuntu
8  Ubuntu Ubuntu 24.04 April 2029 Software General 47.20
LTS
Center, Snap,
Flatpak,
Applmage
9 Manjaro Rolling Rolling Pacman, Snap  General 38.10

The following section (Section-111)
provides an extensive survey of existing
ECE-related CAD tools present in the
Linux community.

3. LINUX SOFTWARE FOR ECE

To conduct a thorough survey, the authors
categorized all ECE courses in seven broad
categories (Table I1). Here, each category is
assigned a category code which helps relate
corresponding courses in ECE to their
respective categories, as shown in Ill. For
the sake of brevity, each category has been
assigned a code allowing corresponding
ECE courses to relate to these categories, as
shown in Table Il1.

Lastly, Table IV provides an extensive
survey of related tools presented within the
Linux ecosystem for each of the seven
categories of courses. Together, Tables II,
I11, and IV make it easier for faculty and

School of Systems and Technology
Volume 4 Issue 2, Fall 2024

students to find and select appropriate tools
for their respective ECE courses.

TABLE 11

SEVEN BROAD SUBJECT
CATEGORIES WHICH
COLLECTIVELY CLASSIFY COURSES
OFFERED IN AN UNDERGRADUATE

ECE PROGRAM
No ECE Category Code
Mathematical and
1 Numerical Analysis MN
2 Programming PROG
Circuit Analysis and
3 PCB Design CPCB
4 Power Systems PS
5 Embedded Systems EMBD
6 Communication COMM
Systems
Technical Writing and TWP

Presentation

37
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TABLE Il

LIST OF ALL COURSES OFFERED IN
AN UNDERGRADUATE PROGRAM
ALONG WITH THEIR SUGGESTED

Yr. | ECE Curriculum Course Category
Introduction to VLSI
Design CPCB
Electrical Instruments CPCB
Integrated Electronic
Circuits CPCB
Industrial Electronics CPCB
Power Electronics CPCB/PS
High Voltage Engineering PS
Renewable Energy PS
Systems
Design of Electrical PS
Machines PS
Power System Protection PS
Introduction to Smart Grids | COMM
_ | Satellite Engineering COMM
.g Wireless Communications COMM
& | Microwave Engineering
Electromagnetic COMM
Compatibility
Optical Circuits and COMM
Systems MN/PROG
Digital Image Processing PROG
Database Engineering
Introduction to Machine PROG
Learning PROG
Computer Networks PROG
Software Construction PROG
Artificial Intelligence EMBD
Computer Architecture TWP
Project Management
Thesis Writing (Capstone TWP

Project)

CATEGORIES
Yr. | ECE Curriculum Course Category
Electric Circuit Theory CPCB
= Calculus MN
g Differential Equations MN
3 Multivariate Calculus MN
L | Communication Skills TWP
Computer Fundamentals PROG
Semiconductor Devices CPCB
Digital System Design CPCB
Analog and Digital Circuits | CPCB
Signals and Systems COMM
Discrete
Mathematics/Structures MN
° Linear Algebra MN
G | Object Oriented
E Programm?ng PROG
g | Programming
@ | Fundamentals PROG
Data Structures and
Algorithms PROG
Technical Writing and
Prgsentatlon TWP
Mlcrop_rocessor Systems EMBD
Numerical Methods MN
Applied Probability and
Statistics MN
Control Systems MN/EMBD
Digital Signal Processing MN/COMM
Electromagnetic Theory COMM
Analog and Digital
Communications COMM
5 | Antenna Systems COMM
S | Introduction to Robotics EMBD
| Operating Systems PROG
Power Transmission and
Distribution PS
Electric Machinery
Fundamentals PS
Power System Analysis
and Design PS

TABLE IV

EXTENSIVE LIST OF ~250 TOOLS
DEVELOPED BY THE COMMUNITY
TO FACILITATE ECE EDUCATION

No

Pub.

Software after Offline Free

2010

Mathematical and Numerical Analysis (MN)
Mathematical Analysis

~N oo b~ w

GeoGebra
(91

GNU
Octave [9]
GraphMon
key [10]
Gretl [11] v
Kig [12]

Maple [13] v
Mathematica

[€] v

v
v

v v

AR RS
AN

Innovative Computing Review

»ICR-

Volume 4 Issue 2, Fall 2024


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr

Wajid et al.

Pub. Pub.
No  Software after Offline  Free No  Software after Offline  Free
2010 2010
Mathworks MFEM
8  MATLAB v v 36 g v v v
[14] MoFEM
OenEPI 37 JosePH v v v
° o v v v [44]
OpenEuclid OOFEM
10 e [16] v v 38 [45] v v v
11 PSPP[17] v v v 39  Open
1, SageMath v v v FoAM[26] ¥ v v
[18] Range
13 Scilab [9] v V4 V4 40 Software v v v
Shogun [471
14 [19] v v v Programming (PROG)
SMathStudi C/C++ Development
B o2 v v v a1 Anjua[d8] < v v
wxMaxima Code::Bloc v v v
R | vy v Y 2 ks [a9]
Finite Element Analysis 43 CodeLite v v v
17 Agros2D v v v [50]
[23] Eclipse V4 v v
Calculix 44 IDE
R v v v (CIc++) [9]
CodeAster GNAT v v
B 2 4 v v 4 Studio [51]
COMSOL 16 Jet_Brains v v
20  Multiphy v v Clion [52]
[26] 47  Kdevelop v v v
21 deal.ll [27] v v v (CIC++) [8]
DIANAFE NetBeans v v v
22 A[28] v v 48 CIC++
n DWER v vy % v v
24 Elgneig@] v v v 49 Solalfis
2 oty VY v v %ttuglr(;a[t&c}r v v v
FreeCAD 50
26 33 v v v (91
l[ig]e Rational v v
1 . Arch
27 Fem++ [34] v v v 5 [Sg]t rc
Get :
28 FEM++ v v v 52 #\g';gﬁeﬁ v v v
[55] [54]
29 ng [36] v v v C# and Visual Basic Development
Ermes MonoDevel
30 Project [37] v v v 53 op [55] v v v v
31 I[-%;])erMesh v 54 Rider [56] v v
pra R Understand v v
32 Eggh}/l suite v v 55 (C#) [57]
- Xamarin v
83 IMAGQ] v v 5 sudio [58]
34 ‘Ezlll]a FEM v v v JAVA Development
. LSDYNA v v 57  BlueJ[g] v v v
[42]
School of Systems and Technology ‘:@3 U MT 39
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Pub. Pub.
No  Software after Offline  Free No  Software after Offline  Free
2010 2010
Dr Java 80  VTCL[74] v v v
%8 [59] v v v Perl Development
Eclipse Eclipse
50 IDE v v v 81 Epicro v v
(JAVA) [9] g  KomodoID v
60 Greenfoot v v v E [73]
[60] g3  NetBeans v v
IntelliJ (Perl) [71]
61 IDEA Com v v v Padre - the
%].Id 84  Perl IDE v
uilder
62 [75]
[62] v g5 PerlEdit
63 IGRASP v v v [76] :
[63] HTML/CSS/Javascript Development
NetBeans Aptana
64 JAVA pack v 86  Studio3 v v v
I@I [69]
e BlueGriffo
65  Jdeveloper v v 87, [82] v v v
[64] Brackets
Understand 8 52 v v v
66  (JAVA) v v Eclipse
[66] 89 \wTP 9] v v v
Python Development KompoZer
90 v v v
67 Anaconda v v v [77]
[5]. a1 NetBeans v v v
68  Eric [8] v v v packs [71]
69  IDLE[9] v v v 92  NVU[78] v v
KDevelop Quanta
70 (Python) v v v B Plus[ez] v v
[8] Sea
Komodo 94  Monkey v v v
71 (Python) v v [79]
[67] WebStorm
4, PyCharm v v v % 1501 v v
(8] PHP Development
Jupyter Eclipse
73 v v p
[66] v ® prp VYV
74 Thonny [8] v v v PHPStorm
Ruby Development 97 [81] v v
Aptana Adminer
75  Studio3 v v v % [82] v v v
[69] Datazenit
Komodo % [83] v v
76 IDE (Ruby) v v DBeaver
[70] 100 [84] | v v v
NetBeans DBVisualizer
TRy Y YV o vy
RubyMine Jacl
78 [72] v v 102 [@]' v v
Tcl/Tk Development 103 I\gz;rla DB v v v
79 Komodo v v [87]
IDE [73]

40 ICR Innovative Computing Review
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Pub. Pub.
No  Software after Offline  Free No  Software after Offline  Free
2010 2010
MySQL GNU nano
104  Workbench v v v 129 El} v v v
[88] 130  JED [104] v v v
105 Navicat v 131 jEdit [105 v v v
[89] 137 Komodo v v v
106 Oracle SQL v v v Edit[@]
Dev [8] SlickEdit
Percona 133 [107] v v
107 Toolkit v v v Sublime
[%]M 134 Text [8] v v v
pnpivly UltraEdit
108 s dmin [91] v v v 135 [108] v v
109 SQLite[92] « v v 136  Vim|[8] v v v
LISP Development Visual
Emacspeak 137  Studio v v v
110 [93] v v v Code [8]
GNU Compilers
111 Emacs v v v ActivePerl
(LISP) [9] 138 interpreter v v v
11, GNUZle v v v (Perl) [109]
[9] ActiveTcl
113 JOVE [94] v v 139 (Tcl/Tk) v v v
Lispbox [110]
1 og) v v v FreeBASIC
LispwWorks 140  (BASIC) v v v
15 o v v [111]
Portacle GCC
16 fog v v v 141  GNAT v v v
QuickLisp (ADA) [8]
117 [95] v v GNU
118  SBCL [96] v v v 142 Compilers v v v
SLIME (CIC++) [9]
19 o v v Gnu
Vanilla COBOL
120 Lisp Shell v v 143 cosony VY v v
[98] [
Xemacs javac
121 gq) v v v 144 (JAVA)
R Development [112]
RKWard 145 Mono (C#)
122 9] v v v [113]
RStudio NASM
123 o] v v v 146 (Intel *86)
Code Editors [%]
g python
124 QFSL“FIE;]] v v 147 (Python) v v
125 v v v [9]
[101] r-base
126 [Blriazc]ke“ v v v Y8 [us) v v
G Network Simulation Software
127 oeay v v G
[103] 1 Edraw [117] v v
GNU 150  Gns3 [9] v v v
128 Ehiacs [9] v v v
School of Systems and Technology g&: UMTi 41
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Pub. Pub.
No  Software after Offline  Free No  Software after Offline  Free
2010 2010
151 %\'ET” v v v 178 g]ega”o v v v
Network Monitoring Software QSapecNG
15, leinga2 v v v 17 [131] v v v
[119] 180 Spicet v v
Nagios [132]
158 coerizqg V¥ v 181 Spicex v v
Zabbix Power Systems (PS)
154
[121] v v v o G
155 Zenoss v v D [133]
Core [121] PyPSA
183 ) v v v
Circuit Analysis and PCB Design (CPCB) [134]
Schematic and PCB Design GridSim
1% Eagle[22] < v 184 0l v v
i Penthode
7 [FglCHdJ v v v 185 136] v v v
Gerbv RAPSIm
1
198 104) v v v 8 g v v v
159  Kicad [9] v v v Eython
PCB ower
160  Layout v v 17 [Egliactronics v v v
Tool [9] 9
161  Visolate [9] v v Embedded Systems (EMBD)
162  CircuiTikzZ v v v PIC Development Tools
163  XCircuit v v v Gputils
188 v v v
164  Fritzing [9] v v v I[\%SL]AB
165  gEDA[9] v v v 189 [139] v v v
Ktechlab ol
166 v v SDCC
Q%IIDE %0 [140] v v v
167 [126] v v v ARM Development Tools
Simulation Program with Integrated Circuit gode
Emphasis (SPICE) 191 omposer v v v
HADES Studio
168 v v v [141]
[127] : DENX
169 ModelSim v 192 ELDK v
[128] [142]
Magic T
170 VLSI 9] v v v 193 II\E/ICCI:II’.)JS‘EQ | v v
GNU-Cap
7 g v v v Arduino Development Tools
GNU Spice Arduino
172 ul 9] v v v 194 IDE [143] v v v
GTKWave Processing
173 9] v v v 195 IDE [144] v v v
174 Egg}’&[g] v v v AVR Development Tools
175 [129] v v AVR
NetlistView 196  toolchain v v v
176 v v v [145]
Ngspice 197 Simuavr
AR v Y ¥ [ v v v
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Pub. Pub.
No  Software after Offline  Free No  Software after Offline  Free
2010 2010
8051 Development Tools 224 Halibut v v v
GNU 8085 225  Notabene v v
198 Simulator v v v Word Processor
El GNU
199 MCUB0SL -, v v 226 TeXmacs v v v
1DF ] [
200 SPCC v v v 227 Gummi v v v
[140] ;
228  Halibut v v v
Texas Instruments Development Tools
RISC-V Development Tools 229 Lyx v v v
Eclipse 230  Notabene v v
201 MCU [9] v v v 231 TeX Live v v v
s0p  Firesim v v [9]
[148] 232 TeXmaker v v v
203 Jorlk [147] v v ]
GEMS5 233 TeXstudio v v v
204 [148] v v v Spreadsheet Editor
205 PQSE v v 234 C_alllgraS_heets v v v
[149] 235 LibreOffice v v v
206  RAR [148] v v v calc [8]
207 Renode v v v 236 Pyspread_ v v v
[150] 937 WPS Office v v v
208  RISCV-VP v v v Spreadsheets
VLAB Presentation Program
209  Works v v 238  Beamer v v
Q%ER 239  CalligraStage  + v v
210 v v v LibreOffice
Eﬁ']s PIN e Impress [£] v v v
Whyte
2L tools [148] v v 241 Boa)ll'ti v v
MARS -
212 v v v WPS Office
[@] 242 Presentations v v v
213 Spim[9] ¥ v v Diagram/Flowchart
Communication Systems (COMM) 243 Dia v v v
Electromagnetic (EM) Simulation Edraw
214 Angora v v v 244 Flowchart v v v
215  gprMax v v v Software
Antenna Design and Simulation LibreOffice
245
216  MaxFEM v v v Draw [8] v v v
217 Meep v v v 246 yEd LA 4 v
Technical Writing and Presentation Skills (TWP) Reference and Citation
Document Preparation Systems 247  JabRef v v v
TeX Live 248  KBibTeX v v v
218 v v
(9] v 249  Referencer v v v
219 TeXstudio v v v 250 Zotero v v v
220 '[I'§Xmaker v v v Project Management
Gantt
221 Gummi v v v 251 Project v v v
222 Lyx v v v 252  Gi v v v
GNU 253 GitKraken v v v
223 '[I;)e]Xmacs v v v 254 Jira v v
School of Systems and Technology 3 U MT 43
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Pub.
No  Software after Offline  Free
2010
255  TaskJuggler v v v
Virtual Machines (VMs)

Parallels

256 Desktop v v

257 QEMU [9] v v v

258  VirtualBOX v v v

Serial Monitor
259 PuTTY [9] v v v
Calculator

Generic

260  Mapping v v v
Tools

261  Qalculate v v v

262  SpeedCrunch v v

Unit Converter

263  ConvertAll v v v

264  Gonvert v v v

265  MultiConvert v v v
Help and Learning Resources

266  Artha v v v
Golden

267 Dict v v v
Resistor

268  Color v v v
Calculator

269  StarDict v v v

4. CONCLUSION
COVID-19 pandemic and subsequent

intermittent lock downs gave rise to wide-
spread use of virtual classrooms, raising
awareness among educators pertaining to
the dire need to enhance quality of e-
learning. As engineering disciplines require
extensive lab work, there is a need for
advanced solutions that may fill necessary
gaps and provide quality education in this
hard time. Hence, the authors of this study,
through their extensive discussions and
experiences spanning Pakistan, Turkey,
and USA were able to appreciate the need
to (i) introduce Linux OS as a necessary
component within the ECE curriculum and
(if) showcase the wide variety of tools
available in the Linux ecosystem that
gracefully cover the entire four-year
undergraduate program.

It is worth highlighting that both Android
and iOS dominate the mobile market.
Statista reports that Android holds about
70% of the global mobile market share,
with i0S accounting for around 28%,
leaving little room for competitors. With
over 6.8 billion smartphone users
worldwide, this dominance would likely
grow as smartphones become increasingly
affordable and accessible. Moreover, the
combined ecosystems of Android and iOS
support over 8 million apps on their app
stores, with revenue from mobile apps
projected to surpass $935 billion by the end
of 2025. Innovations, such as artificial
intelligence  (Al) integration, 5G
connectivity, and enhanced user interfaces
are driving adoption, while these platforms’
seamless integration with wearables, loT
devices, and cloud services ensures their
continued relevance. This combination of
widespread adoption, cutting-edge
technology, and revenue potential
underscores why Android and iOS are
poised for sustained growth in the coming
years.

Engineering and CS students may leverage
this growing popularity by developing
experimental tools and applications on
Android and iOS platforms to enhance their
learning and career prospects. By designing
apps that utilize emerging technologies,
such as Al, machine learning, augmented
reality, or blockchain, students may gain
practical experience in high-demand fields.
For instance, creating educational tools,
simulations, or productivity apps can allow
students to experiment with APIs, cross-
platform development, and user interface
design. These platforms' vast user bases and
developer-friendly resources, such as
Android Studio and Apple’s Xcode,
provide excellent opportunities for rapid
prototyping and real-world testing.
Additionally, publishing apps on Google
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Play or the App Store enables students to
showcase their work globally, building
professional portfolios and potentially
earning revenue. Ultimately, working on
Android and iOS not only equips students
with relevant technical skills but also helps
them address real-world challenges in
industries increasingly shaped by mobile
technologies.

Lastly, through this study, the authors hope
the wider community may benefit from
Linux’s rich ecosystem and help ECE learn
globally, and perhaps expand to Android
and iOS in order to enhance their career
prospects for the next decade.

CONFLICT OF INTEREST

The author of the manuscript has no
financial or non-financial conflict of
interest in the subject matter or materials
discussed in this manuscript.

DATA AVALIABILITY STATEMENT

The data associated with this study will be
provided by the corresponding author upon
request.

FUNDING DETAILS

No funding has been received for this
article.

REFERENCES

[1] N. E. Carrol and M. Burke, “Learning
effectiveness using different teaching
modalities,” Am. J. Bus. Edu., vol. 3,
no. 12, pp. 65-76, 2010.

[2] C.Thompson, “How Khan Academy is
changing the rules of education,”
Wired Mag., vol. 126, pp. 1-5, 2011.

[3] H. Abelson, “The creation of
opencourseware at MIT,” J. Sci. Edu.
Technol., vol. 17, no. 2, pp. 164-174,
Apr. 2008, doi: https://doi.org/
10.1007/s10956-007-9060-8.

School of Systems and Technology
Volume 4 Issue 2, Fall 2024

[4] 1. Cetina, D. Goldbach, and N. Manea,
“Udemy: A case study in online
education and training,” Revista Econ.,
vol. 70, no. 3, 2018.

[5] S. Audsley, K. Fernando, B. Maxson,
B. Robinson, and K. Varney, “An
examination of Coursera as an
information  environment: Does
Coursera fulfill its mission to provide
open education to all? edited by rick j.
block,” Serials Libr., vol. 65, no. 2, pp.
136-166, Jul. 2013, doi: https://doi.org
/10.1080/0361526X.2013.781979.

[6] S. K. Ch and S. Popuri, “Impact of
online education: A study on online
learning platforms and edx,” in 2013
IEEE Int. Conf. MOOC Innov.
Technol. Edu. IEEE, 2013, pp. 366—
370.

[7] B. S. Alliance, “Software
management:  Security imperative,
business opportunity,” BSA Global
Software Survey, 2018. [online].
https://gss.bsa.org/

[8] B.Wajid, H. Igbal, and M. Jamil, Linux
Programming for the Faint of Heart.
Sabz Qalam, 2020.

[9] B. Wajid, A. R. Ekti, and M. K.
AlShawaqfeh, “Ecebuntu-an
innovative and multi-purpose
educational operating system for
electrical and computer engineering
undergraduate courses,” Electrica,
vol.18, no. 2, pp. 210-217, Aug. 2018,
doi: https://doi.org/10.5152/iujeee.
2018.1820.

[L0]M. Silén and V. Kerdnen, Symbolic
and Numerical Computation
Programs. Lapland University of
Applied Sciences, 2015.

[11]A. Cottrell and R. Lucchetti, Gretl
User’s Guide. Gretl library, 2012.

UMT 45

s
-7



https://doi.org/%2010.1007/s10956-007-9060-8
https://doi.org/%2010.1007/s10956-007-9060-8
https://gss.bsa.org/
https://doi.org/10.5152/iujeee.%202018.1820
https://doi.org/10.5152/iujeee.%202018.1820

Survey of Linux-Based Free Software Tools...

[12] Z. Ismail and M. K. Kasmin, “Creating
Islamic art with interactive geometry
software,” in 1st Int. Malay. Educ.
Technol. Conven., 2007, pp. 1214-
1220.

[13]B. W. Char, K. O. Geddes, G. H.
Gonnet, B. L. Leong, M. B. Monagan,
and S. Watt, Maple V Library
Reference Manual. Springer Science &
Business Media, 2013.

[14]1C. B. Moler, Numerical Computing
with MATLAB: Revised Reprint. Siam,
2008.

[15] A. G. Dean, K. M. Sullivan, and M. M.
Soe, Epi Info and Openepi in
Epidemiology and Clinical Medicine:
Health Applications of Free Software.
CreateSpace, 2010.

[16]S. Kurtenbach, I. Prause, C. Weigel,
and B. Corves, “Comparison of
geometry software for the analysis in
mechanism theory,” in New Trends in
Educational Activity in the Field of
Mechanism and Machine Theory, J. C.
Garcia-Prada and C. Castejon, Eds.,
Springer, 2014, pp. 193-201.

[17]1Y. Jignasu, “PSPP a free and open
source tool for data analysis,” Voice
Res., vol. 2, pp. 73-76, 2014.

[18]P.  Zimmermann, Computational
Mathematics with Sage. Math Siam,
2018.

[19]S. Soren et al. “The SHOGUN
machine learning toolbox,” J. Mach.
Learn. Res., vol. 11, pp. 1799-1802,
2010.

[20]K. Atkin, “Using smath studio in
physics teaching,” Phy. Edu., vol. 54,
no. 2, Art. no. 025012, Jan. 2019, doi:
https://doi.org/10.1088/1361-
6552/aaf6d9.

[21]E. Roanes-Lozano, J. Cabezas-
Corchero, M. V. Vara, E. Roanes-
Macias, P. Ortega, and C. A. Romo, “A
proposal for filing the gap between the
knowledge of a CAS and its
application in the classroom,” in
Computer Algebra in Education, M. J.
Wester and M. Beaudin, Eds., Aulona
Press, 2008, pp. 7-17.

[22]J. A. Torres, F. J. Naranjo, D. T.
Torres, and J. Quiroz, “Vibrational
behaviors studied through experiments
and simulations using free licensing
cross-platform software,” Mex. J.
Phys. E, vol. 64, no. 1, pp. 92-99, June
2018.

[23]P. Karban, F. Mach, P. Kuus, D. Panek,
and I. Dolezel, “Numerical solution of
coupled problems using code
agros2d,” Computing, vol. 95, no. 1,
pp. 381-408, Jan. 2013, doi: https:/
doi.org/10.1007/s00607-013-0294-4.

[24]P. A. Gustafson, F. A. Yapor Genao, B.
A. Bednarcyk, and E. J. Pineda,
“Integration of MAC/GMC into
CalculiX, an open source finite
element code,” AIAA Scitech 2019
Forum, San Diego, California, 2019.

[25]C. G. Von Wangenheim, J. C. Hauck,
M. F. Demetrio, R. Pelle, N. da Cruz
Alves, H. Barbosa, and L. F. Azevedo,
“Codemaster— automatic assessment
and grading of app inventor and snap!
Programs,” Inform. Educ., vol. 17, no.
1, pp. 117-150, 2018.

[26]C. Multiphysics, Introduction to
COMSOL Multiphysics®. COMSOL
Multiphysics, Burlington, 1998.

[27]1D. Arndt et al., “The deal. II finite
element library: Design, features, and
insights,” Comput. Math. Appl., vol.
81, pp. 407-422, Jan 2021, doi: https://
doi.org/10.1016/j.camwa.2020.02.022

Innovative Computing Review

=ICR

Volume 4 Issue 2, Fall 2024


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://doi.org/10.1088/1361-6552/aaf6d9
https://doi.org/10.1088/1361-6552/aaf6d9

Wajid et al.

[28] Geoengineer, “Diana fem-software
release  9.4.4,> 2014. [Online].
Auvailable: https://dianal.software.
informer.com/9.4/

[29]P. Bastian, M. Blatt, C. Engwer, A.
Dedner, R. Kléfkorn, S. P.
Kuttanikkad, M. Ohlberger, and O.
Sander, “The distributed and unified
numerics environment (DUNE),” in
Proc. 19th Symp. Simul., 2006.

[30]M. Malinen and P. Raback, “Elmer
finite element solver for multiphysics
and multiscale problems,” Multiscale
Model. Methods Appl. Mater. Sci. vol.
19, pp. 101-113,

[31]V. Phunpeng and P. Baiz. “Mixed
finite element formulations for strain-
gradient elasticity problems using the
FENnICS environment,” Finite
Elements Anal. Design., vol. 96, pp.
23-40, Apr. 2015, doi: https:/
doi.org/10.1016/j.finel.2014.11.002.

[32]N. Bracikowski, M. Hecquet, P.

Brochet, and S. V. Shirinskii,
“Multiphysics  modeling of a
permanent  magnet  synchronous

machine by using lumped models,”
IEEE Transac. Indust. Elect., vol. 59,
no. 6, pp. 24262437, Sep. 2011, doi:
https://doi.org/10.1109/T1E.2011.216

9640.

[33]B. Falck, D. Falck, and B. Collette,
Freecad [How-To]. Packt Publishing
Ltd, 2012.

[34]F. Hecht, “New development in
freefem++,” J. Num. Math., vol. 20,
no. 3-4, pp. 251-266, 2012.

[35]D.-S. Ling, L.-F. Bu, G.-Q. Huang, and
B. Huang, “h-adaptive enhanced finite
element method for plane problems,”
J. Zhejiang Univ. Eng. Sci., vol. 45, no.

School of Systems and Technology

12, pp. 2150-2158, 2011.

[36]D. Garcia-Dofioro, L. E. Garcia-
Castillo, and I. Gomez-Revuelto, “An
interface between an hp-adaptive finite
element package and the pre-and post-
processor GiD,” Finite Elements Anal.
Des., vol. 46, no. 4, pp. 328-338, Apr.
2010, doi: https://doi.org/10.1016/].
finel.2009.11.005.

[3712. Ma, L. Korous, and S. Erick,
“Solving a suite of NIST benchmark
problems for adaptive FEM with the
Hermes library,” J. Comput. Appl.
Math., vol. 236, no.18, pp. 4846-4861,
Dec. 2012, doi: https://doi.org/
10.1016/j.cam.2012.02.004.

[38]S. Kirthana and M. K. Nizamuddin,
“Finite element analysis and topology
optimization of engine mounting
bracket,” Mater. Today Proc., vol. 5,
no. 9, pp. 19277-19283, 2018, doi:
https://doi.org/10.1016/j.matpr.2018.0
6.286.

[39]C. Cances, M. lbrahim, and M. Saad,
“Positive nonlinear CVFE scheme for
degenerate anisotropic Keller-Segel
system,” SMAI J. Comput. Math., vol.
3,pp. 1-28, 2017.

[40]P. Feng, W. Liyong, and C. Tao,
“Finite element simulation of on—
Line wear debris monitoring sensor
based on JMAG,” in 13th IEEE Int.
Conf. Elect. Measur. Instrument, 2017,
doi:  https://doi.org/10.1109/ICEMI
.2017.8265761.

[41]J. Armesto, 1. Lubowiecka, C.
Ordonez, and F. I. Rial, “Fem
modeling of structures based on close
range  digital  photogrammetry,”
Automat. Construct., vol. 18, no. 5, pp.
559-569, Aug. 2009, https://doi.org/
10.1016/j.autcon.2008.11.006.

UMT— 47

Volume 4 Issue 2, Fall 2024

s
@
R4



https://doi.org/10.1109/TIE.2011.2169640
https://doi.org/10.1109/TIE.2011.2169640
https://doi.org/10.1016/j.%20finel.2009.11.005
https://doi.org/10.1016/j.%20finel.2009.11.005
https://doi.org/%2010.1016/j.cam.2012.02.004
https://doi.org/%2010.1016/j.cam.2012.02.004
https://doi.org/10.1016/j.matpr.2018.06.286
https://doi.org/10.1016/j.matpr.2018.06.286
https://doi.org/10.1109/ICEMI%20.2017.8265761
https://doi.org/10.1109/ICEMI%20.2017.8265761
https://doi.org/%2010.1016/j.autcon.2008.11.006
https://doi.org/%2010.1016/j.autcon.2008.11.006

Survey of Linux-Based Free Software Tools...

[42]Y. D. Murray et al., “Users manual for
Is-dyna concrete material model 159,”

United  States  Department  of
Transportation.  Federal Highway
Administration,  2007.  [Online].

Available: https://rosap.ntl.bts.qov/
view/dot/38730

[43]R. Anderson et al., “MFEM: A
modular  finite element methods
library,” Comput. Math. Appl., vol. 81,
pp. 42-74, Jan. 2021, doi:
https://doi.org/10.1016/j.camwa.2020.
06.009.

[44]E. Muir, C. Pearce, and L.
Kaczmarczyk, “Evaluation of the
tangent stiffness matrix  for
hyperelastic fibres using automatic
differentiation,” in Proc. 24th UK
Conf. Assoc. Comput. Mechan. Eng.,
Cardif, 2016.

[45]B. Patzak, “Oofem—an object-
oriented simulation tool for advanced
modeling of materials and structures,”
Acta Polytech., vol. 52, no. 6, Jan.
2012, doi:
https://doi.org/10.14311/1678

[46]N. G. Jacobsen, D. R. Fuhrman, and J.
Fredsege, “A wave generation toolbox
for the open-source cfd library:
Openfoam®,” Int. J. Num. Methods
Fluids, vol. 70, no. 9, pp. 1073-1088,
Nov. 2012, doi:
https://doi.org/10.1002/fld.2726.

[471Y. Xiong, A. Hubaux, S. She, and K.
Czarnecki, “Generating range fixes for
software configuration,” in 2012 34th
Int. Conf. Software Eng., IEEE, 2012,
pp. 58-68.

[48]H. Zhao, “A design of information
teaching platform based on Linux
operating system,” J. Phys.: Conf. Ser.,
vol. 2138, Art. no. 012018, 2021, doi:
https://doi.org/10.1088/1742-

6596/2138/1/012018.

[49]Z. Pi and F. Khan, “Methods and
apparatus to improve performance and
enable fast decoding of transmissions
with multiple code blocks,” SSRN,
Feb. 2013.

[50]C. Gallardo, A. Pogrebnoy, and J.
Varela-Aldés, “Development and use
of dynamic link libraries generated
under various calling conventions,”
presented at the Info. Technol. Syst.,
Libertad City, Ecuador, Feb. 4-6,
2021.

[51]P. Héraud, and T. Lelégard, “Using ada
in interactive digital television
systems,” Int. Conf. Reliable Software
Technol., Leuven, Belgium, May 14—
18, 2001.

[52]R. K. Panchal and M. A. K. Patel, “A
comparative study: Java vs kotlin
programming in android,” [Intz. J.
Innov. Trends Eng. Res., vol. 2, no. 9,
2017.

[53]D. Leroux, M. Nally, and K. Hussey,
“Rational software architect: A tool for
domain-specific modeling,” IBM Syst.
J., vol. 45, no. 3, pp. 555-568, Dec.
2006, doi:
https://doi.org/10.1147/s].453.0555.

[54] M. Fidler, I. Zabala, T. Rylek, D. Kos,
M. D. Fedele, I. Yilmaz, and Z.
Rebacz, “U++ - Cross-Platform app
development framework.”
Ultimateapp.org. [Online]. Available:
https://www.ultimatepp.org/ (accessed
Jan. 25, 2024).

[55]L. Paczkowski. “Replacing
monodevelop-unity with visual studio
community starting in unity 2018.1.”
https://blogs.unity3d.com/2018/01/05/
discontinuing-support-for-
monodevelop-unity-starting-in-unity-

Innovative Computing Review

«ICR

Volume 4 Issue 2, Fall 2024


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://rosap.ntl.bts.gov/%20view/dot/38730
https://rosap.ntl.bts.gov/%20view/dot/38730
https://doi.org/10.1016/j.camwa.2020.06.009
https://doi.org/10.1016/j.camwa.2020.06.009
https://doi.org/10.14311/1678
https://doi.org/10.1002/fld.2726
https://doi.org/10.1088/1742-6596/2138/1/012018
https://doi.org/10.1088/1742-6596/2138/1/012018
https://doi.org/10.1147/sj.453.0555
https://www.ultimatepp.org/
https://blogs.unity3d.com/2018/01/05/discontinuing-support-for-monodevelop-unity-starting-in-unity-2018-1/
https://blogs.unity3d.com/2018/01/05/discontinuing-support-for-monodevelop-unity-starting-in-unity-2018-1/
https://blogs.unity3d.com/2018/01/05/discontinuing-support-for-monodevelop-unity-starting-in-unity-2018-1/

Wajid et al.

2018-1/ . Blogs.unity3d.
Jan. 25, 2024).

[56]J. Brunner, The shockwave rider. Open
Road Media.
https://openroadmedia.com/ebook/the-
shockwave-rider/9781497617841.
(Published, 2014)

[57]1R. Malhotra, A. Bansal, and S. Jajoria,
“An automated tool for generating
change report from open-source
software,” presented at Int. Conf. Adv.
Comput. Commun. Info., Jaipur, India,
Sep. 21-24, 2016.

[58]M. Reynolds, Xamarin Essentials.
Packt Publishing Ltd, 2014.

[59] M. Olan, “Dr. J vs. the Bird: Java ide’s
one-on-one,” J. Comput. Sci. College,
vol. 19, no. 5, pp. 44-52, 2004.

[60]M.  Kolling, “The  Greenfoot
programming environment,” ACM
Transac. Comput. Edu., vol. 10, no. 4,
Art. no. 14, 2010, doi: https://
doi.org/10.1145/1868358.1868361.

[61]D. Jemerov, “Implementing
refactoring in IntelliJ idea,” in Proc.
2nd Workshop Refactor. Tools, 2008,
pp. 1-2.

[62] C. Albing, and M. Schwarz, Java (TM)
Application Development on Linux
(R)(Bruce Perens' Open Source
Series). Prentice Hall, 2004.

[63]J. H. Cross and T. D. Hendrix,
“GRASP: An integrated development
environment with visualizations for
teaching java in csl, cs2, and beyond,”
J. Comput. Sci. Colleges, vol. 23, no.
1, pp. 170-172, Dec. 2007.

[64]D. Mills, P. Koletzke, and A. Roy-
Faderman, Oracle JDeveloper 11g
Handbook. McGraw-Hill, Inc., 2009.

[65] X. Brun, S. Sesmat, D. Thomasset, and

(accessed

School of Systems and Technology

S. Scavarda, “A comparative study
between two control laws of an
electropneumatic actuator,” in 1999
Eur. Cont. Conf., 1999, pp. 2967-
2974.

[66]P. F. Sweeney et al., “Using hardware
performance monitors to understand
the behavior of java applications,” in
Virtual Mach. Res. Technol. Symp.,
2004, pp. 57-72.

[67]1H. Alhussian, N. Zakaria, F. A. Hussin,
and H. T. Bahbouh, “A review of the
current status of the Java programming
on embedded real-time systems,” in
2012 Int. Conf. Comput. Info. Sci.,
IEEE, 2012.

[68] A. I. Yakimchik, “Jupyter Notebook:
A system for interactive scientific
computing,” Geofizich. Zhurn., vol.41,
no. 2, pp. 112-121, Apr. 2019, doi:
https://doi.org/10.24028/gzh.0203-
3100.v41i2.2019.164458.

[69] T. Deuling, “Aptana Studio Beginner’s
Guide. Packt Publishing Ltd, 2013.

[70]N. Feng, J. Xie, and Y. Wu,
“Comparison of Ruby on rails
development tools,” in 2009 WRI
World Cong. Software Eng., 2009, pp.
290-294.

[71]H. Bock, The Definitive Guide to
NetBeans Platform. Apress, 20009.

[72]1D. Jones, Instant RubyMine. Packt
Publishing Ltd, 2013.

[73]A. Feldthaus, M. Schafer, M.
Sridharan, J. Dolby, and F. Tip,
“Efficient construction of approximate
call graphs for javascript ide services,”
in 35th Int. Conf. Software Eng., 2013,
pp. 752-761.

[74]M. Hopkirk, “Visual Tcl: Building a
Distributed  Multi-Personality GUI

UMT— 49

Volume 4 Issue 2, Fall 2024

s
@
R4



https://blogs.unity3d.com/2018/01/05/discontinuing-support-for-monodevelop-unity-starting-in-unity-2018-1/
https://openroadmedia.com/ebook/the-shockwave-rider/9781497617841
https://openroadmedia.com/ebook/the-shockwave-rider/9781497617841
https://doi.org/10.24028/gzh.0203-3100.v41i2.2019.164458
https://doi.org/10.24028/gzh.0203-3100.v41i2.2019.164458

Survey of Linux-Based Free Software Tools...

Toolkit for Tcl,” in Fourth Annual
USENIX Tcl/Tk Workshop. 1996.

[75]R. S. Graves et al., “Open-source,
rapid reporting of  dementia
evaluations,” J. Registry Manag., vol.
42, no. 3, pp. 111-114, 2015.

[76]R. Warner and R. Harris, “Editing
text,” in The Definitive Guide to SWT
and JFace. Springer, 2004, pp. 739—
772.

[771P. Whitt and P. Whitt, “Website
creation software and web browsers,”
in Pro Freeware and Open-Source
Solutions for Business, Apress, 2015,
pp. 169-180.

[78]V. V. Riabov, “Tools and
methodologies for teaching online
computer—science  courses,” in
Learning Management Systems and
Instructional Design: Best Practices in
Online Education, Y. Kats, Ed., IGI
Blobal, 2013, pp. 144-171.

[79]1B. Mills et al., “Software testing: the

seamonkey project,” Ph.D.
dissertation, Turku Univ. Appl. Sci.,
2010. [Online]. Available: https://

www.theseus.fi/handle/10024/16909

[80]S. Rosca and D. Patin, WebStorm
Essentials. Packt Publishing Ltd, 2015.

[81]M. Chaudhary and A. Kumar,
PHPStorm Cookbook. Packt
Publishing Ltd, 2014.

[82]N. Loubser, “Databases and database
design,” in Software Engineering for
Absolute Beginners, N. Loubser, Ed.,
Apress, 2021, pp. 159-192.

[83]A. C. Vindel, M. J. Pollo, E. H.
Rodriguez, and  P.  Sanchez,
“Ruido/relajacion, hipotesis de
contingencia y patron de respuestas
bajo un programa IF,” Rev. de Psicol

Geny Apli., vol. 43, no. 1, pp. 71-75,
1990.

[84]M. Nasir and N. Natasya, “Sistem
monitoring Akuarium berbasis
mikrokontroler dan Django web
framework,” Elektrika Borneo, vol. 6,
no. 1, pp. 25-28, 2020.

[85] 1. Sharafaldin, A. H. Lashkari, and A.
A. Ghorbani.,, “An evaluation
framework for network security
visualizations,” Comput. Secur., vol.
84, pp. 70-92, July 2019, doi:
https://doi.org/10.1016/j.cose.2019.03
.005.

[86]1. Riadi, A. Fadlil, and M. A. Mu'min,
“OWASP framework-based network
forensics to analyze the SQL.i attacks
on web servers,” J. Manag. Info. Eng.
Comput. Eng., vol. 22, no. 3, pp. 481-
494, 2023.

[87]1L. M. Nyman, Freedom and Forking
In Open Source Software: The
MariaDB Story. Nordic Academy of
Management, 2013.

[88]D. I. Inan and R. Juita, “Analysis and
design complex and large data base
using MySQL workbench,” Int. J.
Comput. Sci. Info. Technol., vol. 3, no.
5, pp. 173-183, 2011.

[89]G. Ozar, MySQL Management and
Administration with Navicat. Packt
Publishing Ltd, 2012.

[90]M. de Jong and A. van Deursen,
“Continuous deployment and schema
evolution in SQL databases,” in
IEEE/ACM 3rd Int. Workshop Release
Eng., 2015, pp. 16-19.

[91]M. Delisle, Mastering Phpmyadmin
3.1 For Effective MySQL
Management. Packet Publishing Ltd,
20009.

Innovative Computing Review

»JCR-

Volume 4 Issue 2, Fall 2024


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://doi.org/10.1016/j.cose.2019.03.005
https://doi.org/10.1016/j.cose.2019.03.005

Wajid et al.

[92]J. Kreibich, Using SQLite. O’Reilly
Media, Inc., 2010.

[93]T. Raman, “Emacspeak—direct
speech access,” in Proc. Second Ann.
ACM Conf. Assis. Technol., 1996, pp.
32-36.

[94]S. P.  Gorlyansky, “Function
programming. Lisp fundamentals:
Implementing algorithms and solving
problems,” in Electronic Textbook for
Students in The Field of Training.
Crimean Federal University, 2017.

[95]E. Weitz, “Chapter 19: Interfacing
with other languages,” in Common
Lisp Recipes: A Problem-Solution
Approach, E. Weitz, Ed., Apress,
2016, pp. 591-636.

[96]1. A. Durand and R. Strandh,
“Bootstrapping common lisp using
common lisp,” in European Lisp
Symposium. Genova, Italy, 2019.

[97]E. Weitz, “Chapter 16: Developing and
debugging," in Common Lisp Recipes:
A Problem-Solution Approach, E.
Weitz, Ed., Apress, 2016, pp. 469-502.

[98]S. Dobson, P. Nixon, V. Wade, S.
Terzis, and J. Fuller, “Vanilla: An open
language framework,” in Int. Symp.
Gen. Comp-Based Software Eng.,
1999, pp. 91-104.

[99]B. Wing, B. Lewis, D. LaL.iberte, and
R. Stallman, Xemacs Lisp Reference
Manual. GNU Manual Group, 1999.

[100]J. Carroll, Beyond spreadsheets with
R: A beginner's guide to R and
RStudio. Simon and Schuster, 2018.

[L01]A. Kumar and V. Verma, “An easy
console-based text editor for nano
linux commander's built-in editor for
complex security systems,” in Int.
Interdiscipl. Humanit. Conf. Sustain.,

School of Systems and Technology
Volume 4 Issue 2, Fall 2024

Nov. 18-19, 2022.

[102]O. Pelz, Fundamentals of Linux:
Explore the Essentials of The Linux
Command Line. Packt Publishing Ltd,
2018.

[103]M. M. Minenko and G. M.
Alieksieieva, Free Software as An
Alternative to Propriety in An
Education Institution. Baltija
Publishing, 2023.

[104]K. J. Satao, “Design and development
of a new and efficient approach for line
text editing in free pascal for Linux
0S,” Int. J. Comput. Sci. Appl., vol. 1,
no. 3, pp. 39-60, 2012.

[L05]M. Wenzel, “Isabelle/jedit-a prover
ide within the pide framework,” in
International Conference on
Intelligent Computer Mathematics. J.
Jeuring, Eds., Springer, 2012, pp. 468—
471.

[L06]C. Apers and D. Paterson,
“Development tools,” in Beginning
iPhone and iPad Web Apps. C. Apers,
D. Paterson, Eds., Springer, 2010, pp.
3-11.

[107]J. Hurst, Professional SlickEdit. John
Wiley & Sons, 2007.

[108]Z. Chen, “Research and
implementation of online project
management system,” Master thesis,
Kemi-Tornio Univ. Appl. Sci., 2012.

[109]P. Wainwright, “Introducing Perl,” in
Pro Perl. Apress, 2005, pp. 1-29.

[110]C. Flynt, Tcl/Tk: A Developer’s
Guide. Elsevier, 2012.

[111]L. Torvalds, “The linux edge,”
Commun. ACM vol. 42, no. 4, pp. 38—
39, 1999.

[112]N. A. Naeem and L. Hendren,

UMT— 51

s
-7



Survey of Linux-Based Free Software Tools...

“Programmer-friendly ~ decompiled
java,” in 14th IEEE Int. Conf. Program
Comprehen., 2006, pp. 327-336.

[113]E. Dumbill, E. Wilder-James, and N.
M. Bornstein, Mono: A Developer’s
Notebook. O’Reilly Media, Inc., 2004.

[114]S. P. Dandamudi, “Overview of
assembly language,” in Fundamentals
of Computer Organization and Design,
S. P. Dandamudi, Ed., John Wiley &
Sons, Inc. 2003, pp. 321-385.

[115]H. Zhang, P. Meltzer, and S. Davis,
“Recircos: an r package for circos 2d
track plots,” BMC Bioinfo., vol. 14, no.
1, Art. no. 244, Aug. 2013, doi: https://
doi.org/10.1186/1471-2105-14-244.

[116]D. Thomas, A. Hunt, and C. Fowler,
Programming Ruby 1.9 & 2.0: The
Pragmatic ~ Programmers’  Guide.
Pragmatic Bookshelf, 2013.

[117]A. Khaire and P. B. Mali, “A web
based approach towards the automated
generation of er-diagram,” Int. J. Sci.
Res., vol. 4, no. 11, pp. 1964-1966,
Nov. 2015.

[118]N. M. Noor, N. M. Din, E. Ahmed,
and A. N. A. Kadir, “Omnet++ based
cognitive radio simulation network,”
in 7th IEEE Cont. Syst. Graduate Res.
Collog., 2016, pp. 28-33.

[119]H. Maulana, “Analyze and designing
low-cost network monitoring system
using Icinga and Raspberry Pi,” IOP
Conf. Ser.: Earth Environ. Sci., vol.
704. Art. no. 012038, 2021, doi:
https://doi.org/10.1088/1755-
1315/704/1/012038

[120]F. Hamzan, “Network monitoring
application using Nagios a Linux
based software,” Master thesis, Univ.
Teknol. Malay., 2006.

[121]M. Badger, Zenoss Core 3. x Network
and System  Monitoring.  Packt
Publishing Ltd, 2011.

[122]R. D. Murtagh, J. T. Caracciolo, and
G. Fernandez, “Ct findings associated
with eagle syndrome,” Am. J. Neur.,
vol. 22, no. 7, pp. 1401-1402, Aug.
2001.

[123]P. Mittal and J. Singh, “Use of open
source software in engineering,” Int. J.
Adv. Res. Comput. Eng. Technol., vol.
2, no. 3, pp. 97-107, 2013.

[124]S. Busbridge and D. Gill,
“Experiences in using open source
software for teaching electronic
engineering CAD,” in Eur. Conf.
Technol. Classroom 2015 Official
Conf. Proc., 2015.

[125]M. N. Muchuka, J. A. Delport, and C.
J. Fourie, "Superconducting digital
circuit design with an open source and
freeware tool chain," IEEE Transac.
Appl. Superconduct., vol. 26, no. 8,
Art. no. 1302008, 2016, doi: https://
doi.org/10.1109/TASC.2016.2622623.

[126]1. Petrescu, |. B. Pavaloiu, M.
Réducanu, G. Dragoi, C. V. Marian,
and 1. A. Bratosin, “Distance learning
for practical digital electronics,”
presented at 15th Int. Technol. Educ.
Develop. Conf., Online, Mar. 8-9,
2021.

[127]M. A. A. Echanove, J. N. Tombs, A.
J. T. Silgado, and L. G. Franquelo,
“HADES-1: A rapid prototyping
environment based on advanced
FPGASs,” in 15th Proc. Des. Circuits
Integ. Syst. Porto, Portugal, 2001.

[128]Y.-S. Kung, V. Q. Nguyen, C.-C.
Huang, and L.-C. Huang,
“Simulink/modelsim co-simulation of
sensorless pmsm speed controller,”

Innovative Computing Review

«—ICR-

Volume 4 Issue 2, Fall 2024


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://doi.org/10.1088/1755-1315/704/1/012038
https://doi.org/10.1088/1755-1315/704/1/012038

Wajid et al.

presented at IEEE Symp. Indust. Elect.
Appl., Langkawi, Malaysia, Sep. 25—
28, 2011, pp. 24-29.

[129]N. A. Graf and J. McCormick,
“LCSIM: A detector response
simulation toolkit,” presented at 2012
IEEE Nuclear Sci. Symp. Med. Imag.
Conf. Record, Anaheim, CA, USA,
Oct. 27— Nov. 3, 2012.

[130]M. A. Turi, “Scripts for Easier Use of
Spice (SEUS): A Perl script package
for simulating and creating batches of
circuit netlists for Monte Carlo
simulations when using Ngspice or
Ngspice-based simulators,” J. Open
Sour. Software, vol. 5, no. 53, Art. no.
2183, 2020, doi:
https://doi.org/10.21105/j0ss.02183.

[131]C. J. Arthurs and C. A. Figueroa,
“Integration of an
electrophysiologically driven heart
model into three-dimensional
haemodynamics simulation using the
crimson control systems framework,”
in Comput. Biomech. Med.: Imag.
Mod. Comput. C. J. Arthurs and C. A.
Figueroa, Eds., 2016, pp. 155-166.

[132]F. Gontier, R. Serizel, and C.
Cerisara, “Spicet: Evaluation of
automatic audio captioning systems
with pre-trained language models,”
presented at ICASSP 2023-2023 IEEE
Int. Conf. Acoust. Speech Signal
Process., Rhodes Island, Greece, June
4-10, 2023.

[133] A. Nasiakou, M. Alamaniotis, and L.
H. Tsoukalas, “MatGridGUI—A
toolbox for GridLAB-D simulation
platform,” presented at 2016 7th Int.
Conf. Info. Intell. Syst. Appl,
Chalkidiki, Greece, July 13-15, 2016.

[134]T. Brown, J. Horsch, and D.
Schlachtberger, “Pypsa: Python for

School of Systems and Technology
Volume 4 Issue 2, Fall 2024

power system analysis,” arXiv, Art. no.
arXiv:1707.09913, 2017.

[135]A. Sulistio, U. Cibej, S. Venugopal,
B. Robic, and R. Buyya, “A toolkit for
modelling and simulating data grids:
An extension to GridSim,” Concurr.
Comput.: Pract. Exp., vol. 20, no. 13,
pp. 1591-1609, Mar. 2008, doi:
https://doi.org/10.1002/cpe.1307.

[136]S. Pernice, Penthode.
Sourceforge.net.
sourceforge.net/projects/penthode/
(Updated June 25, 2018).

[137]M. Pochacker, T. Khatib, and W.
Elmenreich, “The microgrid
simulation tool RAPSim: Description
and case study,” presented at IEEE
Innov. Smart Grid Technologies-Asia.
Kuala Lumpur, Malaysia, May 20-23,
2014,

[138]S. Colwell, R. Warren, and R.
Warren, “Increasing student interest
through hardware ownership,”
presented at Capst./Des. Projects:
Info./Comput. ET. Portland, Oregon,
June 12-15, 2005.

[139]S. Aslam, S. Hannan, U. Sajjad, and
W. Zafar, “Implementation of pid on
pic24f series microcontroller for speed
control of a dc motor using mplab and
proteus,” Adv. Sci. Technol. Res. J.,
vol. 10, Art. no. 31, pp. 40-50, 2016.

[140]A. Abbasi, A. Abbasi, S.
Shamshirband, A. T. Chronopoulos, V.
Persico, and A. Pescape, “Software-
defined cloud computing: A systematic
review on latest trends and
developments,” IEEE Access, vol. 7,
pp. 93294-93314, July 2009.

[141]G. Farah, Optimizing modems using
code composer studio and TI
resources. Embedded Edge, 2001.

UMT— 53

s
-7


https://doi.org/10.21105/joss.02183
https://doi.org/10.1002/cpe.1307
https://sourceforge.net/projects/penthode/

Survey of Linux-Based Free Software Tools...

[142]N. Litayem, M. Ghrissi, A. K. B.
Salem, and S. B. Saoud, “Designing
and building embedded environment
for robotic control application,”
presented at 35th Annual Conf. IEEE
Indust. Elect., Porto, Portugal, Nov. 3—
5, 20009.

[143]D. K. Halim, T. C. Ming, N. M. Song,
and D. Hartono, “Arduino-based IDE
for embedded multi-processor system-
on-chip,” presented at 5th Int. Conf.
New Media Stud., Bali, Indonesia, Oct.
9-11, 2019.

[144]J. Noble, Programming Interactivity:
A Designer’s Guide to Processing,
Arduino, And  Openframeworks.
O’Reilly Media, Inc., 2009.

[145]J. Boxall, AVR Workshop: A Hands-
On Introduction with 60 Projects. No
Starch Press, 2022.

[146]M. I. T. Puertas, A. Lopez Riera, P.
Pal “a Schonwalder, and S. Vila Marta,
“An interdisciplinary approach to
motivate students to learn digital
systems and computing engineering,”
Int. J. Eng. Edu., vol. 35, no. 2, pp.
510-518, 2019.

[147]1V. Y. Zverev and A. V. Kalachev,
“On a question of application
efficiency of open source soft
processor in  FPGA-projects for
various purposes,” Altai State Univ.,
Barnaul, Russia, vol. 4, no. 2, pp. 16—
23, 2020.

[148]A. Akram, Ayaz, and L. Sawalha, “A
survey of computer architecture
simulation techniques and tools,”
IEEE Access, vol. 7, pp. 7812078145,
May 2019, doi: https://doi.org/
10.1109/ACCESS.2019.2917698.

[149]C. V. Zabala-Oseguera, A. Ramos-
Paz, and C. R. Fuerte-Esquivel,

“Parallelization of the two-stage state
estimation method using GPU-based
parallel computing,” presented at IEEE
Int. Autumn Meeting Power Elect.
Comput., Ixtapa, Mexico, Nov. 4-6,
2020.

[150]V. Herdt and R. Drechsler,
“Advanced virtual prototyping for
cyber-physical systems using RISC-V:
implementation,  verification and
challenges,” Sci. China Info. Sci., vol.
65, no. 1, Art. no. 110201, 2022, doi:
https://doi.org/10.1007/s11432-020-
3308-4.

Innovative Computing Review

«ICR

Volume 4 Issue 2, Fall 2024


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://doi.org/%2010.1109/ACCESS.2019.2917698
https://doi.org/%2010.1109/ACCESS.2019.2917698
https://doi.org/10.1007/s11432-020-3308-4
https://doi.org/10.1007/s11432-020-3308-4

