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Abstract Refactoring isthe process of changing a software sys-
tem in such a way that is does not alter the external be-
Up to 75% of the costs associated with the developmenthaviour of the code yetimproves its internal structiiré].
of software systems occur post-deployment during main-Refactoring tasks range in complexity from the introduc-
tenance and evolution. Software refactoring is a processtion of a symbolic constant to replace a magic number,
which can significantly reduce the costs associated with to the major re-design of a system to introduce a design
software evolution. Refactoring is defined as internal mod- pattern [12, 14, 5]. As described by Fowler [11], refac-
ification of source code to improve system quality, without toring is a manual process consisting of multiple stages:
change to observable behaviour. Tool support for software identification of code smells, proposing a refactoring, and
refactoring attempts to further reduce evolution costs by applying the selected refactoring. ddde smells a struc-
automating manual, error-prone and tedious tasks. Al- ture present in source code that suggests the possibility of
though the process of refactoring is well-defined, tools sup-refactoring [2]. Manual refactoring, like evolution, is a
porting refactoring do not support the full process. Exist- time-consuming, tedious and error-prone process.
ing tools suffer from issues associated with the level of au-  Automated software refactoring assists developers by
tomation, the stages of the refactoring process supportedsupporting the time-consuming and error-prone tasks of
or automated, the subset of refactorings that can be ap-manual refactoring, including propagating changes to
plied, and complexity of the supported refactorings. This method names, etc. Although automated software refac-
paper presents a framework for evaluating software refac- toring provides benefits to users, problems can be intro-
toring tool support based on the DESMET method. For the duced since these tools currently have either an inappro-
DESMET application, a functional analysis of the require- priate level of automation (no user interaction or customi-
ments for supporting software refactoring is used in con- sation available), are incomplete (covering only part of the
junction with a case study. This evaluation was completedrefactoring process) or are too simple (the transformations
to assess the support provided by six Java refactoring toolsand detected issues are not sufficiently complex or sophis-
and to evaluate the efficacy of using DESMET method forticated). Furthermore, tools categorisechasomatic(im-
evaluating refactoring tools. plying the whole process of refactoring is automated) ex-
hibit varying levels of automatic support for the refactoring
process. The current levels of support are characterised by
only a subset of the refactorings described in [11, 10] be-
Software evolution can be time-consuming and tedious, ing implemented or only the automating the application of
and often accounts for up to 75% of costs associatedrefactorings without automating the detection of the op-
with the development of software-intensive systems [23]. portunities for application.
Lehman’s laws of software evolution [16, 17] state that  In this paper, the DESMET method [15], for evaluat-
while the functionality of a system increases over time, ing software engineering methods and tools, is used to
there is a corresponding decrease in quality and increaseassess software refactoring tools. DESMET provides a
in internal complexity. Refactoring is a process that helps formalised evaluation framework for assessing the appro-
mitigate the problems of evolution by addressing the con- priateness of tools for use in supporting a selected soft-
cerns of internal complexity and quality. ware engineering task. We have used the DESMET Fea-
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ture Analysis method (incorporating a small case study) whilst automating the tedious, error-prone and complex
to evaluate Java refactoring support tools. The tools stud-sub-tasks.
ied are Eclipse [9], Borland JBuilder [6], IntelliJ IDEA Current support for semi-automated software refactor-
[13], RefactorIT [25], Condenser [20] and JCOSMO [28]. ing focuses on a single stage of the refactoring process,
The application of the Feature Analysis has highlighted the e.g., the implementation of refactorings such as ‘Extract
limitations of current refactoring tools. The evaluation has method’. This single-stage focus unnecessarily burdens
also demonstrated the framework’s ability to differentiate developers with tasks that could be completed automati-
software refactoring tools. cally, such as identifying where a refactoring may be ap-
Section 2 introduces software refactoring and issuesplied. Additionally, tools automating different stages of
with refactoring tool support. Section 3 presents exist- refactoring are not themselves integrated, making the link-
ing comparison frameworks and requirements definitions ing together of the stages (i.e., passing the output of one
for software development environments (including soft- stage into the next) the task of the user. Examples of semi-
ware refactoring support), highlighting shortcomings with automated refactoring are the refactoring transformation
approaches using these frameworks for evaluating refac-support in environments such as Eclipse [9], and the code
toring tools. An introduction to DESMET tool evaluations smell detection of JCOSMO [28].
and feature analyses is provided in Section 4, including the
definition of the feature set used in this study. Information
on the case study used in this project and the results of th

Feature AnalySiS of the selected Java I’efaCtOI‘ing tools is Evaluation of software engineering tools is a key pro-

e3 Existing evaluation frameworks

provided in Section 5. cess in selecting the correct environment to support soft-
ware development. As such, formalised frameworks
2 Software Refactoring for comparing these tools are also important. For pro-

cesses such as software refactoring, no specific compari-
Refactoring is the process of internal improvement son framework has been defined, instead frameworks for
of software without change to externally observable be- assessing software evolution or general development envi-
haviour [11, 22]. Toun& and Mens [27] identify three ronments can be used.
phases associated with the process of refactoring: The Taxonomy for Software Evolution by Mens et al.
L o [19] is a framework for evaluating software evolution sup-
1. Identification of when an application should be refac- port tools. The Taxonomy defines four dimensions along

tored. which the tools are assessed: Temporal properties (when),
2. Proposal of which refactorings could be applied Object of change (where), System properties (what), and

where. Change support (how). Criteria within these categories in-
3. Application of the selected refactorings. clude ‘Artifact’, ‘Granularity’, ‘impact’ and ‘Change prop-

agation’ for ‘Object of change’ as an example. Within
Fully-automatic tools [21, 7] complete the multi-stage [19], Mens et al. apply the Taxonomy to three tools, a ver-
refactoring process without user interaction, from initial sioning system, a refactoring tool and a dynamically evolv-
identification of where it is needed through the selection ing server, and successfully show that the Taxonomy can
and application of a specific refactoring. Static, fully- distinguish tools supporting different evolution sub-tasks.
automated software refactoring tools focus on detection In [24], Simmonds and Mens applied the Taxonomy to
and removal of duplicated code [21, 1]. In the Guru fully- four software refactoring tools . The tools studies were
automatic refactoring tool [21], restructuring of inheri- Eclipse 2.0, Together ControlCenter 6.0, Guru (for Self
tance hierarchies is also performed automatically for pro- 4.0) and SmallTalk VisualWorks 7.0, and were selected
grams written in the Self programming language (the Javabased upon their perceived differences. The application
equivalent is Condenser [20]). Although fully-automated of the Taxonomy identified only minor differences be-
tools assist software developers, the lack of user input intotween the tools. The differences that were identified were
the process causes the introduction of meaningless identibased upon the environments in which the refactoring sup-
fier names, lack of customisability, and negative impacts port was situated (e.g., the presence or absence of version
on a user’s current understanding of a system [4, 8]. Semi-management and undo/redo facilities), and the develop-
automated refactoring tools attempt to address the prob-ment language supported (e.g., Java, SmallTalk or Self).
lems raised by fully-automated or fully-manual processes The Taxonomy did not differentiate the tools based upon
by retaining user input to guide the refactoring process their support of the stages of refactoring (Guru fully auto-



mated the entire process, whereas the other tools supportethethod [15], for evaluating software engineering tools and
only the implementation stage), nor the different levels of methods, provides a formalised and proven method for
support provided within a stage (based on the complex-evaluating software engineering tools, whereas the Taxon-
ity and number of different refactorings available). The omy and STONEMAN do not provide a formal and rigor-
interaction styles of the selected tools was also not ad-ous process for application.
dressed by the Taxonomy, with the difference between Additionally, both the Taxonomy for software evolution
Guru’'s command-line, batch processing interface not com-and STONEMAN are incomplete, not accounting for user
pared to the interactive, Graphical User Interfaces (GUIs) interaction and usability requirements. In [26], Toleman
of the other tools. The inability to evaluate refactoring and Welsh emphasise that research into usability of soft-
tools based upon these differences provided a motivationware development tools and the application of usability
for the development of the framework presented in this pa- heuristics and guidelines during the development of such
per. To address the inadequacies highlighted by the appli-tools is not common practice. It follows from this lowered
cations in [24], the tools selected for the framework appli- importance placed on usability concerns, that frameworks
cation in this paper have included those used by Simmondsfor assessing software development tools currently do not
and Mens, although limited to using equivalent tools sup- account for these criteria.
porting Java refactoring. The restriction to Java refactor-  In the specific case of software refactoring tools, exist-
ing tools was made to eliminate language based differencesng evaluation frameworks are both too broad, evaluating
within refactoring support, and to better mirror processes the environments containing the refactoring support, and
that are undertaken in tool selection in an industrial set- too general, since the stages of refactoring, and in par-
ting. The tools used in this study corresponding to the Sim- ticular the levels of automation for the different stages,
monds and Mens study are Eclipse 3.1 [9] for Eclipse 2.0, are not considered. Due to this inability to consider the
Borland JBuilder [6] for Together ControlCenter 6.and stages of refactoring, a command-line, batch processing,
Condenser [20] which is the Java version of Guru. IntelliJ fully-automated, detection and transformation tool, such
IDEA, RefactorIT and [COSMO were added to the set of as Guru [21], is indistinguishable from the Graphical User
tools studied to provide a more diverse set of tool styles Interface (GUI) based, user-driven, automated refactoring
(IDE, Stand-alone and plugin). Additionally, JCOSMO transformation support integrated into Eclipse.
was added to provide an additional code smell detection  To overcome the issues with existing evaluation frame-
tool, and IDEA and RefactorlT were selected based uponworks, a DESMET Feature Analysis is used in this study.
their reputation as premiere Java refactoring tools [10].  The criteria selected for the Feature Analysis include spe-
Another source of criteria when comparing software cific criteria for refactoring, usability concerns, and rel-
engineering tools are requirements specifications such agvant criteria from the Taxonomy for software evolution
the STONEMAN Ada Programming Support Environment and the STONEMAN APSE requirements specification.
Specification (APSE) [3]. STONEMAN details require-
ments for Qevelopment environments _supportlng the Ada4 DESMET Evaluation
programming language, but these requirements are equally
applicable to software development environments in gen-  The DESMET method is a generic, formalised frame-
eral. Whilst useful for evaluating full development envi- \ork for evaluating software engineering methods and
ronments, STONEMAN does not provide an appropriate tools. Developed by Kitchenham et al. [15], DESMET
way to evaluate refactoring tools because it focused onprovides a set of nine evaluation methods based upon qual-
evaluating the completeness of an environment. Devel-jtative and quantitative measurement techniques. Applica-
opment environment requirements specifications, such asjons of the framework can use formal experiments, case
STONEMAN, may mandate the need for the inclusion of studies, user surveys, or a combination of these to formally
refactoring support, but specific requirements for support evaluate both methods and tools. In our evaluation, a Fea-
provided by the environment or any component tool are tyre Analysis incorporating a case study was carried out.
not included. The DESMET method is designed to be an industry-
In addition to their lack of specific criteria for soft- driven assessment of software tools and methods. The as-
ware refactoring, the Taxonomy for software evolution, sessments are conducted relative to a particular environ-
and STONEMAN do not provide a rigorous or formal pro- ment of software development processes, tools and pro-
cess for application. Techniques such as the DESMET cedures in place at a given company(s). Note that in this
paper, a full evaluation was not conducted, as a generic
1TogetherSoft was purchased by Borland in October, 2002. assessment of refactoring tools was the goal. As such,




some of the subjective suitability criteria, such as ‘Cost of 1
changes to software process’ have not been assessed. Al-
though a full evaluation has not been conducted, the fea-
ture set discussed in Section 4.2 has been defined in full
so that it can be applied by others for a specific industrial

environment. 2

4.1 Feature Analysis

Using a set of required and desired features, Feature
Analysis assesses the comparative applicability of a soft-
ware tool (or method) in a given context. Definition of
the process of Feature Analysis can be found in [15]. In
a traditional Feature Analysis, each feature is scored by a
boolean value for its presence or absence, or on an ordinal
scale for the degree of support provided. In the case of this
study, several sub-categories that have been defined con-
tain value judgements that are context-dependent, and as
such have not been assigned a numerical scale. For exam-
ple, a company with its own software development depart-
ment that desires customisable tools may prefer an open
source tool, whereas another company without a develop-
ment team may prefer a commercially supported product.
This criterion is part of the ‘Supplier assessment’ category,
and is an example of a criterion for which an enumerated
list has been defined, e.g., Style of supplier = (Commercial
|Open SourcéResearch), but ranking of this criteria has
been left for a company choosing to apply this framework.

Section 4.2 outlines the categories of evaluation crite- 5
ria for the feature set. Due to the importance and nov-
elty of the usability and refactoring categories, a detailed
breakdown of these criteria is provided. The remaining
categories have been elided for the sake of brevity, how-6
ever the full criteria set is available online as an appendix
to this papef. Section 5 introduces the refactoring tools
evaluated and outlines the refactoring case study that was
performed with each of the tools. The Feature Analysis is g
also presented in Section 5.

w

4.2 Evaluation Criteria

This feature set was built from the list of top-level cate-
gories suggested by Kitchenham et al [15]. This set was
further augmented with criteria from the Taxonomy for
Software evolution [19], the STONEMAN Ada Program-
ming Support Environments Specification (APSE) [3], and
criteria developed by the authors through experience with
techniques and tools for refactoring and general software
development.

The top-level categories for this feature set are:

2http://www.itee.uq.edu.au/ erica/papers/
GlynnStrooper05.pdf
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. Supplier assessmerithe style of the supplier (e.g.,
Commercial, Open Source or Research) and any li-
cense restrictions (e.g., for Commercial: Annual or
Perpetual, and for Open Source: the Gnu Public Li-
cense (GPL)).

. Maturity of tool The type and version number of the
current release of the software, the perceived extent
of use and the number of previous releases, used to
judge the stability and maturity of this release of the
tool.

. Economic issuesThe Total Cost of Ownership (TCO)
including the cost of the tool, any required software
and hardware, staff training and required changed to
software processes currently used.

4. Ease of introduction The ease with which the refactor-

ing tool can be introduced to the company. This in-
cludes time for installation, any required software or
hardware packages that are needed and the ease with
which these are sourced, the complexity of the in-
stallation process, and style of software processes the
tool supports, and the impact on existing processes.
Note that criteria within this category do overlap with
‘3. Economic issues’, however in this category the
focus is on evaluating ease with which the tool can be
introduced, whereas in Economic issues, tools with
a simple yet prolonged install process are compared
with tools with a short yet complex install process.

. Reliability Whether the tool performs without faults,
or the degree to which faults occurred or can be ex-
pected. Judged based on use of the tool in a case study
or example.

. Efficiency The evaluation of both the tool response and
processing times, and the user time required to oper-
ate the tool.

. Usability Discussed in Section 4.2.1.

. Compatibility How the tool fits within development en-
vironments and software processes. This includes the
style of tool integration, and the openness and com-
pleteness of the overall development environment(s)
the tool fits within. Note that the environments and
processes considered as part of Compatability are not
restricted to those already in place at a company,
whereas in ‘3. Economic issues’ and ‘4. Ease of in-
troduction’ difference to the existing environment is
considered.

. Refactoring SpecificDiscussed in Section 4.2.2.

.2.1 Usability criteria

Usability concerns for software development environ-
ments and tools are not often evaluated [26], yet consid-



eration of these concerns is important to any style of soft- appropriateness of the number of steps, in the user in-
ware tool [18]. As such, usability criteria form an impor- terface, required to complete actions is also included.
tant part of the feature set for this analysis. In developing

the Usability criteria, Lund’s [18] key usability maxims 7.2.4. Extent of user interaction required’he  reactive
were used in addition to criteria and categories suggested or proactive nature of the tool, the level of user guid-

by Kitchenham et al. [15]. The category of Usability is fur- ance required/allowed (modification and voiding of

ther divided into Learnability and User Interface. Learn- proposed actions), and the level of task automation.
ability refers to the ease with which the tool can be inte- These measures can give an idea of whether the
grated into the environment, including how long it takes to tool appropriately supports maintaining user under-

learn to use. The User Interaction category assesses the ef- standing of the program being refactored/developed.
ficacy of the tool's user interface. As a User Interface (Ul)

provides the means to communicate with the underlying

tool, and is particularly important to the selection of what 4-2.2 Refactoring specific criteria

tool is used in a given environment. The style of Ul that 1, g0 for appropriate evaluation and comparison of
is most appropriate for a task is dependent upon the taskyefactoring tools, criteria specific to the refactoring pro-

For instance, for tasks that are completed automatically ;eqq need to be considered. As discussed in Section 3, an
on a server, command-line interaction with batch process-jsg ;e with using existing comparison frameworks for eval-
ing facilities may be preferred, whereas for a developmentuating refactoring support is that they fail to adequately

workstation where all processing is done locally and the distinguish between tools that support the same (or even
user must maintain an understanding and a high awarenesgitterent) refactoring tasks.

of system state, a Graphical User Interface (GUI) may be
preferable.
The criteria within the_earnability sub-category are:
7.1.1. Quality of documentatioriThe quality of the avail-
able or supplied documentation including manuals, 9.1. Refactoring stages supportethe refactoring stages

The refactoring specific sub-categories for this feature
set are:

tutorials, examples and APIs. Also included are the (Detection, Proposal, Transformation) supported by
amount and accuracy of available training material, the tool, and the level to which they are supported (not
e.g., tutorials that are up-to-date with the latest fea- supported (0), supported manually (1) or supported
tures and user interface, and the availability of online automatically (2)). If multiple stages are supported
help, e.g., user and developer forums. the style of integration (i.e., at the file level, using
7.1.2. Learning curveHow much time and ongoing effort a wizard or through the user manually entering data

is required to become a master at using a tool. Note from one stage into the next) is also considered.
that the more complex and less intuitive the user in- g 2. Maturity/Complexity of refactorings supported

terface and the more disruptive the technology to ex-  As described by Fowler [10] in his ‘Refactoring
isting practices, the larger the learning curve. Rubicon’, refactorings vary in both complexity
7.1.3. Training effort The amount of effort required to and maturity. For example, the ‘Rename field’ (or
train staff to use the tool. Closely related to the in- method) refactoring is a simple search and replace
clusion or availability of tutorials and examples. action, whereas the ‘Extract method’ refactoring re-
The criteria within theJser Interface sub-category are: quires source code analysis. The maturity/complexity
7.2.1. Interaction styleThe way in which the program of the code smell or refactorings is judged according
physically interacts with the user, i.e., through a GUI to this definition. _
or via the command-line, and the style of interaction, 9.3. Language characteristicsWhether the tool is
i.e., interactive or batch. generic or specific to a given development language,
7.2.2. Responsiveneddow the interface responds to the and _what (if any)_ Ian_guagt_a-specific featur_es are
user, includes both the concerns from ‘6. Efficiency’ required (e.g., multiple inheritance). A generic tool

(processing time and necessary user time), and as-  may be preferred if different projects use different

sessment of the measures that are taken to ensure cor-  languages, and a language-specific tool when all

rect user expectations of these times, e.g., progress  development is conducted in a single language.

bars, changed cursors. 9.4. Behaviour preservatiorSince preservation of be-
7.2.3. Complexity of interfacéhether the user interface haviour is part of the definition of refactoring, a tool

is intuitive, understandable, busy or cluttered. The which does not assure preservation of behaviour, even



at the highest level (i.e., using compaosition of atomic catering for a variety of styles of items (at desk, references,
refactoring stages to ensure preservation), is not con-books, periodicals, etc.). Before commencing the tool
sidered a refactoring tool. This criterion forms part of evaluations, the Library program was studied and manu-
the required feature set for a refactoring tool. ally refactored to identify the applicable refactorings and

9.5. CustomisabilityWhether the tool is ‘Open’, allowing ~ ideal design. This measure was put in place to mitigate
definition of additional code smells/refactorings; and any effects that increasing familiarity with the case study
‘Customisable’, existing rules for detection, proposal program as the evaluation progressed could have on the re-
or transformation can be modified or voided. This sults. Details of the initial system and the characteristics
criterion assesses the ability to customise during de- of the system after (manual) refactoring appear in Table 1.
velopment and through saved preferences in the tool.

. . Initial | After refactorin
9.6. Artifacts supportedThe artifacts that are supported ’ ‘ n ‘ : g\

by the tool. The minimum requirement is support N_umber of classes 12 15
of code, however support for refactoring require- | Lines of Code (LOC)| 319 250
ments, design, build and testing artifacts may be de- | Duplicate LOC o1 0
sirable. Facilities for propagating changes across ar- Table 1. Library system: Before and After

tifact types are also considered if more than one stage
is supported, e.g., propagation of changes made dur-

The refactorings from Fowler [11] that could be ap-
ing code refactoring to the design plied to the program were: ‘Create superclass’, ‘Extract
, y method’, ‘Pull up method’ and ‘Pull up field’ refactorings,
9.7. Time of changeWhen the refactoring the tool SUp-  paqed on the presence of the ‘Duplicate code’ code smell.
port takes place. As refactoring tools can operate both ¢ process taken during the evaluation of the refactor-
statically (i.e., during development), or dynamically g to0ls, was to first locate, download and install the tools.
(i-., during program execution), this criterion is used 4, installation, any tutorials or introductory help man-
to categorise refactoring tools based on when changes 515 provided with the tool were used, followed by the ap-
occur. plication of the case study. Throughout these initial stages,
gquantified measurements, including installation time, and
5 Application time taken to complete the case study were recorded. Af-
ter the completion of the case study, the Feature Analysis
evaluation was completed for each tool. A final collation

ware refactoring tools. These tools vary on style of Sup- ¢ yhe results was completed once each tool was individu-
plier, stage(s) supported, number and complexity of codea"y evaluated.

smells/refactorings and whether they are stand-alone, an
integrated part of a development environment, or a plug- 51 Data
in for multiple IDEs. The selected tools are: Eclipse
[9], IntelliJ IDEA [13], Borland JBuilder [6], RefactorIT This section presents the results of the evaluation of the
[25], Condenser [20], JCOSMO [28]. Eclipse, IDEA and Six Java refactoring tools. For each of the categories out-
JBuilder are Java software development environments withline in Section 4.2, the scores have been converted to a 5
inbuilt refactoring transformation support. RefactorIT is a Point ordinal scale to allow for comparison. Due to their
refactoring plugin for the Eclipse, JBuilder, Oracle JDe- importance in diffentiating refactoring tools (discussed in
veloper, Sun ONE Studio and Netbeans development envi-Section 3), the Usability and Refactoring categories are
ronments. Condenser and JCOSMO are prototype, Stand_a.lso giVen an overall h|gher We|ght|ng than the other cat-
alone, code smell detectors. Of these tools, Condenser angdories. For Usability the weighting given is a multipli-
jCOSMO are research tools from academic institutions, cation factor of 1.5, for Refactoring the weighting is 3.
Edipse is an open source project, and IDEA, JBuilder and Within the Categories, the criteria are scored on Welghted
RefactorIT are commercially supported products. scales according to level of importance (the full defini-
During the Feature Analysis, a case study was used totion of the feature set with scales is available onlfje
provide a common foundation on which to base the eval- Note that the level of importance for a given criteria takes
uation. Any supplied documentation and tutorials were into account its status as a mandatory or desirable require-
also used prior to the application of the tool to the case ment as defined by the DESMET method. To compute the
study program to assess the training attributes of the tool.  spyn./mww.itee.uq.edu.aurerica/papers/
The case study program selected was a library applicationGlynnStrooper05.pdf

In this case study the feature set is applied to six soft-




normalised total for each category, the results for each ofdemonstrated by low scores for every tool in the ‘Refactor-
the weighted criteria are summed, and then converted to ang specific’ category, the highest being 2.5 out of a possi-
score out of 5. The calculation of the normalised scoresble 5. The slightly higher score for RefactorIT reflects the
for the Refactoring Category is provided in Table 2. To inclusion of ‘software audits’ which, whilst not including
calculate the scores, the totals for the weighted criteria arethe sophistication of the code smells identified by Fowler
summed, e.g., the ‘Stages supported’ criteria is a ten point[11], does score above the other tools due to its ability to
scale, with 3 points for each stage supported automatically,detect and propose remedies for potential stylistic errors
1.5 for semi-automatically, and O for a stage not explicitly in source code. An example of a stylistic error found by
supported, and one point for if support for mulitple stages RefactorIT is “Constant field’s name should be upper case”
is integrated. Complexity/Maturity of refactorings is a 15 [25]. Note that this can be identified in Eclipse using the
point scale, due to its ability to differentiate tools support- Code formatter, and is not considered a code smell, nor its
ing the same stage of refactoring. Of similar importance is remedy a refactoring.
Behaviour preservation, whose support is a mandatory re- The data collected also shows that the tools supporting
quirement. Finally, customisability, whilst desirable is not refactoring implementation (Eclipse, JBuilder, IDEA and
mandatory and is an overlapping critieria with the Usabil- RefactorIT) are mature, reliable and efficient to use. One
ity category, as such it is scored out of 1. The remaining means of differentiating these tools is on the complexity of
criteria are qualitative, and whilst useful for distinguishing the refactoring supported. In the case of IDEA and Refac-
refactoring tools have not been judged for this evaluation. tor|T, the higher scores for the refactoring specific crite-
From the total possible score of , the results for each toolria is partially based on supporting more and more com-
are then converted to a score out of 5. plex refactorings. Supplier assessment and economic is-
Tables 3 and 4 summarise the results by providing cu- sues are also means of distinguishing these tools as com-
mulative scores for each category (determined by addingmercial versus open source style of supplier is important
together the criteria scores within the category), with any in an industrial context.
comments or results from qualitative criteria also included.  Another conclusion that can be drawn from the data re-
The total possible score for each category is provided in|ates to the immaturity of support for detection of code

brackets. smells. Both the code smell detection tools, Condenser and
JCOSMO, are prototype tools that are not mature or reli-
5.2 Discussion able enough for use in an industrial setting. Additionally,

i ) . RefactorlIT, the only of the commercial tools to attempt

From the gvaluatlons and the data presented in S?Ct'orbletection, possesses the capability to detect and propose
51, COOCIUS'OHS can be_ drawn about b‘?th the quality of solutions for code smells less complex and sophisticated
ref_actorlng support provided by the studied tools and the than those defined by Fowler [11]. The data also shows
efficacy of the developed evaluation framework. Conclu- yho+ integration of stages, even if not supported by a single
sions that can be reached relating to the refactoring toolstool or environment, is an issue that needs to be addressed
are. by all the studied tools except for RefactorIT, whose in-
tegrated detection, proposal and transformation technique
for stylistic errors was sufficient.

From studying the results for the Usability criteria, we
have concluded that the refactoring tools that were part of
tinguishable on supplier, economic issues and refac_integrated development environments with Gr.a_phical User

toring specific criteria ' _Interches (GUIs) are t_he most usable. Additionally, the
o _ inclusion of both tutorials and manuals for documenta-
* The tools supporting the detection phase are not yetiion contributed to tools gaining higher usability scores.

e None of the tools selected fully support the refactor-
ing process as a whole.

e Refactoring implementation tools are comparable in
maturity, reliability, efficiency and usability, but dis-

industrial strength. To achieve a maximum score for usability, which none of
e Usability of refactoring tools requires further re- the studied tools did, an integrated approach to refactor-
search/consideration. ing support which balances automation and user interac-

It is clear from the results of the Feature Analysis that tion was needed.
refactoring tools currently available, such as those eval- From the data presented, it is clear that the developed
uated in this study, do not provide adequate support forfeature set achieved the goal of providing a mechanism
the refactoring process in its entirety, as defined by Fowlerto evaluate refactoring support. The use of a DESMET
[11] and Tourve and Mens [27]. This lack of support is Feature Analysis incorporating a case study, allowed both



| | Eclipse [ IDEA | JBuilder | Condenser| jCOSMO | RefactorIT |

9.1 Stage supported (10)
— Detection 0 0 0 3 3 3
— Proposal 0 0 0 0 0 3
— Implementation 3 3 3 0 0 3
— Integrated 0 0 0 0 0 1
9.2 Complexity (18)
— Detection 0 0 0 6 2 2
— Proposal 0 0 0 0 0 2
— Implementation 2 4 2 0 0 4
9.3 Language Java Java Java Java Java Java
9.4 Behaviour Preservation (3) 5 5 5 5 5 5
9.5 Customisability (1) 1 0 0 0 1 0
9.6 Artifact Supported Code | Code Code Code Code Code
9.7 Time of change Dev Dev Dev Dev Dev Dev
Total (34) 11 12 10 14 11 23
Normalised Total (5) 1.6 1.7 1.4 2.0 21.6 3.4
Table 2. Refactoring Data Summary
| | Eclipse | IDEA | JBuilder |
1. Supplier assessment Open Source Commercial Commercial
(perpetual) (perpetual)
[ 2. Maturity of tool (5) | 5 | 5 | 5 |
3. Economic issues (5) 5 4 2
US$99 - 499 US$499 - 3500
4. Ease of Introduction (5) 5 4 4
No inbuilt tutorial No inbuilt tutorial
Project setup issues Project setup issues
| 5. Reliability (5) \ 5 \ 5 \ 5 |
6. Efficiency (5) 3 3 3
Single refactoring stage Single refactoring stage Single refactoring stage
7. Usability (5) 4 4 4
Documentation (5) 5 4 4
Learning Curve (3) 2.5 25 25
Ul Style (5) GUI and Interactive (5) GUI and Interactive(5)| GUI and Interactive(5)
Level of User Interaction (5 Too high (3) Too high (3) Too high (3)
8. Compatibility (5) 4 4 4
Full-featured IDE Full-featured IDE Full-featured IDE
| 9. Refactoring Specific (5) | 1.6 \ 1.7 \ 1.4 |
| TOTAL (52.5) \ 37.8 \ 32.7 \ 30.4 \

Table 3. Evaluation Data Summary (1)

comparative evaluation of the studied tools and an assesshot previously possible using existing evaluation frame-
ment of refactoring tools in the general sense, especiallyworks. The definition of the criteria for Usability pro-
in regards to their completeness. The inclusion of the vided a means to differentiate refactoring support tools,
refactoring specific criteria provided a way to differentiate and demonstrated that more work is required on develop-
tools supporting the same stage of the refactoring processing the usability of software refactoring tools.



] \ Condenser \ jCOSMO \ RefactorIT \

1. Supplier assessment Academic Academic Commercial
(open source) (open source) (perpetual)
[ 2. Maturity of tool (5) \ 1 \ 1 \ 4 \
3. Economic issues (5) 4 4 4
Free Free US$43 - 378

Additional training costs | Additional training costs
Potential process change Potential process change

4. Ease of Introduction (5) 0 0* 4
Complex install Failed install(*) No inbuilt tutorial
Not all packages included Complex install
5. Reliability (5) 3 0* 5

Developer's comment
Case study successful

6. Efficiency (5) 4 0* 5
Single refactoring stage Integrated

7. Usability (5) * 1.5 1 0 45

Documentation (5) 1 0 4

Learning Curve (3) 1.5 0 2

Ul Style (5) Commandline and Batch(d) Commandline and Batch(0d) GUI and Interactive(5)

User Interaction (5) Too low (1) Too low (1) Appropriate (5)

8. Compatibility (5) 1 1 5

Stand-alone Stand-alone 5 IDES + Stand-alone

| 9. Refactoring Specific (5) * 3] 2 \ 1.6 \ 3.4 \
| TOTAL (52.5) \ 16.5 \ 7.6 \ 37.15 \

Table 4. Evaluation Data Summary (2)

6 Conclusion low on from this paper, a full usability study will be con-
ducted to determine exact user requirements for software
refactoring tools. From the identified requirements, and
using the results of this evaluation, an integrated approach
to software refactoring support will be developed. This
approach will build on the strengths identified within cur-
rent refactoring transformation support, and additionally
X 4 X incorporate detection of code smells (as defined by Fowler
uating software evo_Iutlon and development _env!ronments [11]) and refactoring proposal to provide a support mech-
to evaluate refactoring support, and have highlighted the s, for the entire refactoring process. Being careful to
importance of including refactoring specific criteria, and balance automation with user interactivity, the support will

criteria to assess usability. From the data g_air_led duringassist users by removing error-prone, time-consuming and
the evaluation, we have demonstrated that existing Supporte ios tasks, whilst assisting the user to maintain an accu-

for refactoring is inadequate due to its incompleteness, andrate mental model of the software that is being refactored.
in the case of code smell detection tools, their relative im-

maturity. Usability of refactoring tools was also raised as

an issue requiring future study. The data also shows thta'o‘Ckn()Wledgemerlt

effectiveness of the framework in being able to distinguish  The authors wish to thank Anthony MacDonald and

between tools supporting the same stage of refactoring. Michael Lawley for discussions during the early stages of
As has been demonstrated by the results of the eval-this project.

uations, current levels of refactoring support provided by  The work reported in this paper has been funded in part

software tools fall short of the desired level. In work to fol- by the Co-operative Research Centre for Enterprise Dis-

In this paper, we have presented a framework for
evaluating software refactoring support based upon the
DESMET Feature Analysis technique. This framework
was then used to evaluate six Java refactoring tools. In
defining the criteria for this framework we have outlined
deficiencies in using existing general frameworks for eval-
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Feature Set



1. Supplier assessment

1.1. Style of supplier: Commercial/Open Source (OSS) Community/Research
1.2. License restrictions

2. Maturity of tool

2.1. Number of versions released

2.2. Current Release number

2.3. Current Release type

2.4. Perceived extent of use

3. Economic issues (Total cost of ownership)

3.1. Cost of tool

3.2. Ancillary costs

3.2.1. Cost of packages/software/hardware required

3.2.2. Cost of changes to software process model in place at company

3.2.3. Cost of staff training

4. Ease of introduction

4.1. Installation time

4.2. Required packages

4.3. Complexity of installation process

4.4, Style of process supported

4.5. Changes to process required

5. Reliability

6. Efficiency

6.1. Tool response time (related to Responsiveness in 7.2)

6.2. Necessarily user time (related to Complexity in 7.2)

7. Usability

7.1. Learnability

7.1.1. Quality of Documentation: includes APIls, manuals and examples
7.1.1.1. Training quality: availability of work though examples and ease of use in case study
7.1.1.2. Online help: levels of help available (manuals, forums, FAQs, technical support)
7.1.2. Learning curve

7.1.3. Training effort

7.2. User Interface (modified from Kitchenham since not all are graphical)
7.2.1. Interaction style:

7.2.1.1. GUI(preferred) or command line

7.2.1.2. interactive (preferred) or batch processing

7.2.2. Responsiveness: includes both delay & processing time to complete actions & general time response time
7.2.3. Complexity of interface: relating to busyness of the interface,

number of steps required to complete an action, intuitiveness/understandability
(e.g., sensible naming of menu items, etc)

7.2.4. Extent of user interaction required

7.2.4.1. Activeness: Reactive, Proactive or mixture of both

7.2.4.2. Level of user guidance: voidable or proposed actions/transformations
(e.g., if a given refactoring is proposed but the user does not want it

to be performed can it be voided)

7.2.4.3. Level of automation (Fully automat&emi-automatet~ully manual)



8. Compatibility

8.1. With existing tools (enclosing environment characteristics)

8.1.1. Integration style

8.1.2. Openness

8.1.3. Completeness

8.1.3.1. Configuration/History/Change management

8.1.3.2. Artifacts supported

8.1.3.3. Distribution support

8.1.3.4. Runtime support

8.1.3.4.1. Execution facilities (i.e., inbuilt VM etc)

8.1.3.4.2. Debugging facilities: stop, step, replay etc.

8.1.3.4.3. Fault recording and reporting

8.1.3.4.4. Measurement

8.1.3.5. Security support

8.1.3.6. Process control

8.1.3.7. Design support

8.1.3.8. Requirements specification support

8.1.3.9. Development support

8.1.3.9.1. Editing

8.1.3.9.1. Undo/redo facilities

8.1.3.9.2. Syntax highlighting

8.1.3.9.3. Compilation support

8.1.3.9.4. Verification support

8.1.3.9.5. Build/Release support

8.1.4. Supplier assessment (as above)

8.1.5. Maturity of tool (as above)

8.1.6. Economic issues (as above)

8.2. With software processes

8.2.1. Software processess supported

8.2.2. Software processes incompatible

9. Refactoring specific

9.1. Refactoring stages supported

9.1.1. Stages automated

9.1.2. Integration of stages supported (mechanism (da¢sbaséfilesystem))
9.2. Maturity/Complexity of refactorings supported judged against Fowlers Refactoring Rubicon
9.3. Language supported, genericity & language specific features required (e.g., multiple inheritance)
9.4. Behaviour preservation (safety)

9.5. Customisability

9.5.1. Openness additional detections/proposals/refactorings can be added
9.5.2. Existing rules (i.e. for detection, proposal & refactorings) can be modified
(During developmeniThrough saved preferenci2oth)

9.5.3. Existing rules can be voided (StaticdDynamically|Both)

9.6. Artifacts supported

9.6.1. CodgDesign|Documentation

9.6.2. Propagation support for propagating changes to other artifacts

9.7. Time of change (refactoring style): static (compile-tifgghamic (load-timérun-time)



