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ABSTRACT

We invedtigatethe role of open source software in computer science education. We
begin with a brief tutoria on open source software induding a description of four
popular open source licenses. Next we discuss the use of open source softwarein
education. Findly, we focus onthe useof opensource software in computer science
education.

INTRODUCTION

As computer science educators we congtantly seek new channds, methods, and
technologies to reach and intrigue our students. We hope to firg capture ther interest, then
maximize their understanding and retention of the materid, and finally encourage their own
independent creetive work. Throughout this process, we try to teach them skills that they can
apply in the real world. The breadth of our fidd and the variety of pedagogica approaches
make this process very difficult.

We bdieve that open source software (OSS) can serve as a channdl, method, and
technology to teachand learncomputer science. OSS has the potentia to expand group work
beyond the classroom to include much larger projects and more distributed teams. OSS can
aso0 be used to introduce our students to the larger computer science community and to the
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practice of peer-review. Fndly, OSS can often provide us with free or lower-cost technology
in the classroom, permitting us to use technology that we might otherwise be unable to afford.

In this paper, we discussthe role of open source software in computer science education.
Firg, we give a brief tutorial on open source software including a description of four popular
open source licenses. Next we discuss the use of open source software in education. FHndly,
we focus on the use of open source software in computer science educeation.

OPEN SOURCE SOFTWARE

The Open Source Initigtive sdefinitionof open source softwareis. “ software that must be
digtributed under alicense that guarantees the right to read, redistribute, modify, and use the
softwarefredy.”[14] Asmuchapart of the Open Source Software (OSS) development model
asthe opensource code is a globa network of devel opers. The software goes through atype
of natura evolutionn resultinginrapid devel opment, increased reliability, and decreased cost.

Open source software is dso referred to as “free software”. Although the two are
interchangeable under the OpenSourcelnitiative sdefinition, there are some differencesamong
popular undergtanding. When marketing the “ open source” approach we often rely on the
pragmatic properties of the open source code. For instance, we may cite the software’s
reliability and high quality due to the peer review and rapid evolution of the source code. [14]

The disparities lie in exactly who gets access to this source code and why they have
access to it. When explaining free software we use a mora argument; rather than basing our
argument on the benefits of the open source code, we purport the right everyone hasto the
source code. Whenwe speak of “free software” we are referring to the freedomof the user to
read, redistribute, modify, and use the source code rather than the lack of cost.

OPEN SOURCE LICENSING

Open source software can be released under a variety of different licenses. As of
February 2002, the Open Source Initiative has approved 30 open source software licenses.
[13] We will discuss four licenses common to educationd applications. the GNU Public
License, the Lesser GNU Public License, the Berkeley Software Didtribution License, and the
Mozilla Public License.

*  GNUGPL. The GNU (GNU’s Not Unix) Generd Public License (GPL) isavery
common open source license. This license assures any derived work of a GPL
program will remain GPL, thus assuring the freedom for future users/developers to
access, modify, and redistribute the source code. The software under this licenseis
copylefted, “copylefted software is free software whaose digtribution terms do not
let redistributors add any additiond redtrictions whenthey redistribute or modify the
software.”[10] The copyleft mechanism provides “incentive’” for developing and
improving free software. [8]
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Popular software: Linux Kernel, GNU Emacs, and GCC.
Percentage of software listed on freshmeat.net*; 65.15%

GNU LGPL. The Lesser GNU Generd Public License, as the nameimplies, isnot
asfreeasitsolder brother. The LGPL dlowsproprietary code to belinked withthe
LGPL code. For ingtance, if you were writing a library and were to release the
source under the LGPL, code under a different license would be permitted to link
with your library.? The software under this licensg, likethe GPL, isalso copyl efted,
but unlike the GPL, can be linked to proprietary code with its own license.

Popular software: GNU C Library, OpenOffice, and Fast Light Toolkit (FLTK)

Percentage of software listed on freshmeat.net: 5.31%

BSD. The Berkeley Software Didribution License is asmple non-copylefted
license. This license dlows derived works to be released under any license. This
dlowsBSD codeto be used inproprietary projects and has no copyleft mechanism
for keeping any of the modified code open. For this reason, the licenseis criticized
because it does not offer any “incentive’” for developers because there is no
guarantee the code will remain open.

Some popular software: Apache, FreeBSD, and PostgreSQL
Percentage of software listed on freshmest.net: 5.17%

MPL. The Mazlla Public License (MPL) permits the use of the code inproprietary
projectslikethe BSD License, but makes certain the core files stay under the MPL.
This dipulaion, that the core files stay under the MPL, provides incentive for
devel opersto improve and devel op aspects of the corefunctiondity. Thislicenseis
actudly GPL-incompatible; a GPL module cannot be legdly linked with a MPL
module. [9] “However, MPL 1.1 hasaprovison(section 13) that alowsaprogram
(or parts of it) to offer a choice of another license as well. If part of a program
alowsthe GNU GPL asandternate choice, or any other GPL-compatible license
asandyternate choice, that part of the program has a GPL-compatible license.” [9]

Popular software: MozillaWeb Browser and Bugzilla
Percentage of software listed on freshmeet.net: 0.49%

So how does one pick alicense for an educationa gpplication? David Baum, the creator
of Not Quite C (NQC), a programming dternative for the LEGO MindStorms Robotics
Invention System, chose the Mozilla Public License (MPL), but why?

1 Freshmeat maintains the Web' s largest index of Unix and cross-platform software.”[7]

2Infact, the ‘L’ initialy stood for “Library” but was later changed to stand for “L esser”.[6]
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“The biggest difference between MPL and GPL isthat the GPL is more stringent
about keeping things even partidly derived from GPL codeto dill be GPL, whereas
MPL dlows MPL code to be combined with proprietary code to result in a
proprietary project. From the standpoint of social engineering, the GPL does a
better job promoating free software. However, it dso means that in some cases GPL
code is not as widely accepted as other open software licenses. My primary
motivationfor releasng the NQC source was to alow as many people as possible
to useit, and | wasn’t concerned about the chancethat others could profit from my
work, so MPL seemed to fit better.” [1]

The GPL and LGPL assure the code will stay open, but they raise issues about
widespread acceptance, especidly among BSD-minded developers and the corporate
community. The BSD license permitsthe code to be used in closed projects, but does not have
the “incentive’ for devel opersto recontribute fixesor additions. Thisincentive has been pointed
to as the reason why GNU/Linux hasformed asironger community than the BSDs. The MPL
tries to maximize both widespread acceptance and GPL-like development, hoping to strike a
balance betweenthe “freg’ and the “ proprietary”. Regardless of your license, by releasing your
code under an open source licenseyoualow othersto find bugs, improve the agorithms, write
documentation, or port the software to other hardware and software configurations.

OPEN SOURCE SOFTWARE AND EDUCATION

Many groups have been established to develop and promote open source software asa
viable technol ogicd solutionfor educationd uses. By using open source software, schools can
free themsalves of licenaing costs and put their (often scarce) resources to other uses. As one
might expect, the focus is on Linux, and tools that work on Linux platforms.

Red Hat, a company best known for its commercid support of GNU/Linux, has
developed the Open Source Now project. [15] Open Source Now is an advocacy group
designed to advance the use of OSS in botheducation and public policy. For educators, they
provide an introduction to OSS in education, a discussion lig, and links to a wide variety of
other OSSin educetion Sites.

Smple End User Linux - Educationisadiscusson list about al aspects of educationa
uses of Linux. [16] The Ste also provides a database of case studies, and links to current
projects and awide variety of software from astronomy to socid studies.

TheK-12 Linux Project providesinformation to schools to enable them to make use of
OSS. [11] For example, their Linux Termind Server project has produced an open source
termind server Linux digtribution targeted at alab of low-powered diskless computers and a
high-powered server. This alows a schoal to take advantage of outdated hardware they may
aready own, as well as save money by reducing the software licenses the schools must
purchase. They claim to cut alab’s hardware and software costs by more than a third.

Open source softwareisnot limited to low-cost computer labs in primary and secondary
schools, but aso is being actively used and developed by higher education indtitutions. The
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OpenScienceproject isdedicated to devel oping scientific software that canbetakenadvantage
of freely by anyone. [12]

Rdying on the flexibility, low-cost, standards compliance, and stability of OSS to
srengthenitscredibility as an educationa solution, wemust a sorecognize thefactorsthat inhibit
itswidespread acceptance. Today’ sschools are very WinTel® reliant, possibly due to historical
vested interests, asteep learning curve, or maderful marketing. Another factor, which is sure
to surface as another inhibitor, is the current mucky situation of open source licenang. While
supplying a great amount of flexibility for developers, this plethora of licenses has a steep
learning curve of its own. It aso breeds confusion and uncertainty for users and neophyte
developers.

OPEN SOURCE SOFTWARE AND COMPUTER SCIENCE EDUCATION

Open source software offers tremendous benefits to the computer science education
community. By usng OSS, computer science educators and students can develop (or further
the development of exigting) software that can be used and improved upon by an internationd
community. This not only provides the student with aworld-size |aboratory and support staff,
but dso gives them experience in large-scde software collaboration and development.
Digtributed software collaboration has proven itsdf effective in the educationd setting through
the use of Internet-driven collaboration tools such as web pages and emall ligts. [3] These
| nternet-driven collaborationtools are the same as those that power open source devel opment.
Thus, we can look to the open source community to expose our students to large-scale
digtributed software development. By using and developing OSS, not only is the student
participating in alarge digtributed software community, but is dso interacting with large, real,
software code-bases.

GNUJ/Linux, an open source operating system, has al so been presented as an educationa
technology to teach networking, databases, and systemadministrationat the university leve. [5]
The use of OSS is particularly appropriate in a Senior Thesis or other capstone course.
Studentswho are encouraged to build projects on top of OSS bases canbuild moreinteresting
and exdtingsystemsthanthey might have devel oped fromscratch. Further, inorder to succeed,
they must work with a large code-base and associated documentation. If the code is well
written and well documented, students learn how much can be accomplished with careful
preparation. If it isnot, students may take more care withtheir ownwork in the future. The best
of these systemns can be contributed back to the open source community.

Findly, due tothe openand fredy available source code, ahigh degree of verifiahility can
be attained. [2] Just as we look to conferences and journas for peer-review of our ideas, we
canlook to the open source community for the same type of scrutiny concerning our software.
[4] By taking advantage of the open source development model we extend the methodology
by which we learn, apply, and teach computer science, to include peer-review. We may look
away from the pragmatic properties of the open source code to the more “mora” argument a

3Combination of Microsoft Windows and Intel Processors
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free software advocate may pose. Free software assures everyone will have access to your
code, which as a computer scientist, are your ideas. As a scientigt it is your duty to assure
everyone can understand, modify, and apply those idess.

CONCLUSIONS

The use of open source software, and GNU/Linuxinparticular,isgrowing indl directions.
Ranging in gpplication from the embedded world to corporate infrastructure, open source
software aso gives educators a type of flexibility and intellectud freedom often absent from
software. Open source software can serve as a channel, method, and technology to teachand
learn computer science. As a channd, OSS can expand teamwork past the classroom to
include much larger projects and more digtributed teams. As a method, OSS can be used to
introduce our studentsto the larger computer science community and to the practice of peer-
review. FHndly, acting as a technology, OSS can provide uswithfree or lower-cost technology
in the classroom that we might otherwise be unable to afford.
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