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ABSTRACT
As opensourcesoftwareengineeringbecomesmorepreva-
lent, employing soundsoftware engineeringpracticesand
the tools usedto implementthesepracticesbecomesmore
important. This paperexaminesthe currentstatusof free
softwareengineeringtools. For eachsetof tools,we deter-
mined the importantattributesthat would bestassista de-
veloperin eachstageof thewaterfall model. We ratedeach
tool basedonpredeterminedattributes.Weusedthecreation
of a graphicaluser interfacebasedemail client in Java to
assistin evaluatingeachtool. Our findingsshow that there
is still a needfor free tools to extract UML diagrams,test
graphicaluser interfaces,make configuring Emacseasier,
andprofile Java applications. In other areasthereare free
tools thatprovide satisfactoryfunctionalitysuchasConcur-
rentVersionsSystem(CVS),GVim, JUnit,JRefactory, GNU
Make,JakartaAnt, Javadoc,andDoc++.
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1 INTRODUCTION
Currentprojectsdevelopedin the opensourcearenado not
necessarilyadhereto processmodelssuchasthewaterfall or
evolutionaryapproachesto creatingsoftware.In mostcases,
anopensourcesoftwareprojectis startedby a singledevel-
oper and then postedat a websitesuchas [23] for further
work by theopensourcecommunity.

Although many projectshave beensuccessful(Linux [13]
andApache[2] aretwo examples),thereis still a needfor
freetoolsto createdependablesoftware.We haveexamined
a varietyof freetoolsto assessthecurrentstateof freesoft-
ware developmentusing an Athlon classmachinerunning

RedHat7.0[19]. Thetoolshavebeencategorizedaccording
to thestagesof anabbreviatedwaterfall modelwhichinclude
thefollowing [21]:

� Requirementsdefinition/systemandsoftwaredesign

� Implementationandunit testing

� Integrationandsystemtesting

� Operationandmaintenance

Wetailoredourenvironmentto toolsfor Javaapplicationde-
velopmentsincethe languageis platformindependent[25].
We implementeda graphical user interface (GUI) based
email client with Java 2 StandardDevelopmentKit (SDK)
1.3 to providea meansto evaluateeachtool. In orderto rate
thesetools without contaminatingresults,we usedseveral
different tools during eachphaseof the project’s develop-
mentfor differenttasks(see[4] for detailedresults).

Weratedthetoolsaccordingto thefollowingscheme.Values
2,4, 6,and8 arenotdescribed—they provideameansto fine
tunescores(seeTables1 and2 for tool ratings).

� 0—theattributeis a failure

� 1—the attribute containsmany problemsand hasone
usefultrait

� 3—the attribute has many problemsand few useful
qualities

� 5—the attribute is usable,but containsa significant
numberof problems

� 7—the attribute is fairly usable,but containsminor
problems

� 9—theattributeis almostperfectexceptfor oneor two
minorcosmeticproblems

� 10—noproblemsencounteredwith this attribute



Section2 discussestoolsthatweredeemedthemostmature,
while Section3 considerstoolsthatneedto beimproved. In
Section4, weprovideconclusionsfor this work.

2 THE MOST REFINED
The tools we found most useful were Emacs[6], GVim
[7], Netbeans[16], GNU Make [22], JakartaAnt [1], JU-
nit [3], JPython[9], JRefactory[20], CVS [5], Doc++ [29]
andJavadoc[26].

Editors/Integrated DevelopmentEnvir onments
Ideally, a developer would use Emacsor GVim to write
andedit sourcecode,while usingNetbeansto createGUIs.
EmacswasmorecustomizablethanGVim, but configuring
Emacswasmoredifficult thanGVim.

Build Systems
We found that GNU Make [22] executedcommandsfaster
thanJakartaAnt [1] dueto Ant’susageof Javato issuerules.
SinceAnt utilizesJavacommands,its build filesareplatform
independent[1].

TestingTools
JUnit successfullyprovidedan interfaceto createa harness
to testJavaapplicationson theunit level, meaningthatit es-
tablishesa modelto compareanexpectedvalueto thevalue
returnedfrom amethod[3].

Sincetraditionalcapture/replaytoolsarelimited by compo-
nentlocation,we utilized JPythonto createreplayscriptsto
automatetheusageof a GUI [9]. JPythonhastheability to
utilize classesfrom Java’s API andprovidesa compiler to
turn JPythonscriptsinto Java bytecode.

Refactoring Tools
JRefactoryrestructuresJavacodeandperformedwell on the
limited refactoringsthat we tested. They includedmoving
a classandextractingan interfacefrom a pre–existing class
[20].

VersionControl Systems
We found that CVS supportsmultiple useraccessto a sin-
gle file very concisely[5]. It also containsprovisions for
accessinga repositorythroughthe Internet,therebymaking
developmenton asingleproject’ssourcecodepossiblefrom
anywherein theworld.

DocumentationExtraction Tools
WhileJavadocextractsdocumentationfrom only Javasource
code[26], Doc++ can extract documentationfrom C/C++
andJava code[29]. JavadocextractsHTML documentation
and joins an application’s documentationwith the Javadoc
from Java’s API. Doc++ gives the user the ability to cre-
ateHTML or LATEX documentation.We recommendusing
Javadocfor HTML documentationand Doc++ for printed
documentation.

3 THE LEAST USEFUL TOOLS
The least useful tools were Argo [27], Dia [11], Super-
Womble [8], and HProf [15]. Thesetools provide useful
options,but arenot up to the standardssetby tools in the
previouscategory.

Argo, a UML diagrammingtool, wasbuilt with Java [27].
Sincetheapplicationwasbuilt with Java,theinterfacecanbe
sluggish.This tool’s futureusefulnesswill lie in developers’
abilitiesto make theinterfacemoreresponsive.

Dia, a lightweight diagrammingtool, containsa toolkit for
creatingUML diagrams[11]. Unfortunatelythis tool does
not include provisions to ensurethat diagramsadhereto
UML standards.

SuperWomble is a tool that extractsUML diagramsfrom
Java bytecode[8]. This tool isn’t highly developedbecause
it is a researchprototype.Thereforeits useis limited.

HProf is a profiler for Java applicationsthat provides the
ability to track many differenttypesof informationsuchas
CPUandmemoryusage[15]. It is deficientin its ability to
displayinformationin a readableformat.

4 CONCLUSION
Thegreatestbenefitof this researchwastheidentificationof
theopensourcecommunity’sneedfor thefollowing.

� a capture/replaytool to testandautomateJava Swing
GUIs, which couldbecreatedwith aid from classesin
theJava API

� a diagrammingtool for UML that providesa morere-
sponsiveuserinterfacethanArgo

� thecreationof a GUI interfaceor a seriesof configura-
tion scriptsto configureEmacs—changingto XEmacs
is a possibility[28].

� a profiling tool for Java applicationsthat createsread-
able information (see [12] for a discussionof the
JVMPI)

This researchassessedthecurrentstateof freetoolsfor soft-
wareengineering.We concludethat thereis a distinctneed
for tools to betterassistdevelopersin the specifiedareasof
thesoftwareengineeringlifecycle. Furthermore,thereis an
ongoingneedfor the assessmentof free tools for software
developmentas languagesand processesevolve. This en-
suresthat developersareafforded the mostadvancedsuite
of toolsto assistin theefficient creationof dependablesoft-
ware.
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Easeof Installation 9 10 3 9 6 9 7 9
Documentation/Help 5 6 7 8 8 10 9 7
UML Support 6 7 — — — — — —
Diagram Portability 10 8 — — — — — —
Savable Properties 10 9 — — — — — —
Dependability 8 5 — — — — — —
SkeletonCodeGeneration n/a n/a — — — — — —
Formatting Readability — — 9 7 8 — — —
Ability to MakeChangesQuickly — — 7 9 4 — — —
Configurability/Customizability — — 9 6 9 — — —
Java Support — — 8 7 8 — — —
Easeof Use — — — — — 9 9 —
Ability to Createa TestHarness — — — — — — — 9
Ability to TestMany Different Methodswith OneHarness — — — — — — — 7
Viewability/Detail of Results — — — — — — — 9
Reuseof TestCases — — — — — — — 9

“n/a” – tool doesn’t containanattributethatcanbeassessed,but shouldcontainthisattribute
“—” – tool wasn’t ratedon theattributeandshouldn’t containtheattribute

Table1: Tool Ratings
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Easeof Installation 4 10 9 7 n/a 7 4 n/a
Documentation/Help 4 8 5 7 5 9 7 9
Ability to Extract Comments — — — — — — 4 10
CommentCompatibility — — — — — — 10 10
DocumentationFormatting — — — — — — 7 9
Formatting Options — — — — — — 8 9
Extractable Dependencies 4 — — — — — — —
Readability/Manipulation of Diagrams 3 — — — — — — —
Easein Creationof Diagrams 7 — — — — — — —
Portability of Diagrams 4 — — — — — — —
Iteration Options — 7 — — — — — —
User Interface — 8 — 9 — — — —
Ability to Manipulate a GUI — — 7 — — — — —
TestCaseLife — — 9 — — — — —
Options for Refactoring — — — 6 — — — —
Quality of Refactorings — — — 9 — — — —
Profiling Capabilities — — — — 9 — — —
Usability of Output — — — — 7 — — —
Easeof Configuration — — — — — 5 — —
Easeof CheckOut/In — — — — — 8 — —
AccessControl — — — — — 6 — —
Multiple Accesses — — — — — 9 — —
VersionControl — — — — — 9 — —

“n/a” – tool doesn’t containanattributethatcanbeassessed,but shouldcontainthisattribute
“—” – tool wasn’t ratedon theattributeandshouldn’t containtheattribute

Table2: Tool RatingsContinued
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