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Abstract

Many automated refactoring tools only work with one pro-
gramming language. However, most complex programs rely
on polyglot programming — entailing the use of different
programming languages, libraries and frameworks. While
finding a general solution for extending refactoring across
multiple languages is hard, it is simple and possible to sup-
port automated refactorings for some common cases that
programmers already encounter in their programs today.
Supporting those common cases is essential in encourag-
ing programmers to make changes that would increase the
understandability and maintainability of their programs.

This paper is a step toward encouraging tool developers
to think about supporting multi-language refactorings. We
present our tool for supporting multi-language refactorings
from studying the interactions between Java and XML con-
figuration files. Our tool extends Rename Refactoring sup-
port across three different popular Java frameworks: Struts,
Hibernate and Spring.

1. Introduction

Refactorings are behavior-preserving program transforma-
tions that make a program more understandable and main-
tainable [4]. While complex refactorings require program-
mers to perform them by hand, many less-complex refactor-
ings can be automated using some tool.

The first tool to support automated refactorings was the
Refactoring Browser for Smalltalk [8]. In Smalltalk, every-
thing is written in Smalltalk itself. Essentially, the Refactor-
ing Browser needs to work only in a single language.

Contrast this to current programs written in languages
such as Java. Such programs rely on various libraries and
frameworks. Each library or framework might employ its
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own domain-specific language. While the majority of the
program is in Java, non-trivial components that are not writ-
ten in Java exist as well. Currently, executing an automated
refactoring such as Rename Refactoring on a Java class
would preserve the behavior in the Java components but
would break the non-Java components, requiring the pro-
grammer to manually perform the remaining changes by
hand — a task that is both tedious and error-prone.

Ideally, an automated refactoring tool should also extend
refactoring support to those non-Java components. Though
it is well-known that refactoring a Java component could re-
quire changes in other non-Java components, little has been
done to study how to support such multi-language refactor-
ings. Many programs today already rely on polyglot pro-
gramming. Without proper support for automated refactor-
ing across multiple-languages, maintaining such programs
would be onerous.

Presently, most frameworks use XML as their domain-
specific language for configuration. Like other programming
languages, valid XML requires proper syntax (as specified
by the XML standards) and semantics (as specified by the
schema of the XML document). Moreover, XML is the most
common domain-specific language for Java frameworks.

The similarities of XML with other languages and its
ubiquity make it a suitable model language for studying the
feasibility of multi-language refactoring support. Its similar-
ities with other languages imply that the technique we de-
velop would be applicable for other languages. And its ubig-
uity implies that our tool can be used for many different sys-
tems already out there.

In this paper, we present our tool for extending refactor-
ing support from Java to XML configuration files under the
Eclipse IDE [2]. In Section 2, we present an example of how
our tool works for refactoring a Java project that uses the
Struts framework. And in Section 3, we describe the general
principle behind our tool. The current version of our tool
extends Rename Refactoring across Java and XML config-
uration files and we are adding support for refactorings that
require moving or deleting Java components.
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2. Example — Supporting Struts Refactoring

We have implemented our tool for three popular Java frame-
works: Struts, Hibernate and Spring. In fact, our general
technique was distilled from those three examples [9] as we
implemented and refined our implementations of them. In
this paper, we focus on the Struts framework and detail the
steps that were taken to extend refactoring support for Struts
in the Eclipse IDE.

Struts [1] is one of the most popular open-source Java
frameworks for creating Java web applications. It follows
the Model-View-Controller architecture and decouples each
component to promote maintainability. It relies on XML
configuration files to “wire” those different components to-
gether.

Struts is a mature and robust framework with many dif-
ferent features. In this section, we focus on how we ex-
tended refactoring support to its Model component. Below
is a walkthrough of our implementation for this component:

Trigger The programmer decides to rename the Java class
SearchForm to MySearchForm. He invokes the Rename
Refactoring operation from Eclipse. This operation renames
the Java class and triggers our Struts refactoring partici-
pant to perform necessary changes to the XML configura-
tion files.

Filter relevant XML files Once triggered, our participant
goes through and locates all the XML files in the current
working directory. The participant goes through all the files
and checks the DOCTYPE declaration to see if any file
matches the declaration for the Struts framework. Listing 1
shows an example of a valid declaration for Struts.

<?xml version="1.0" encoding="UTF-8"7>
<!DOCTYPE struts —config PUBLIC

” —//DTD Struts Configuration 1.3//EN”
“http: //apache.org/struts —config_1_.3.dtd”>

Listing 1. Struts DOCTYPE (actual declaration has been
truncated to fit)

Analyze relation in XML files The participant analyzes
the list of files from the previous step to check if any file
references the newly refactored file i.e. SearchForm. To
do so, it must first resolve the fully-qualified name of the
class to edu.uiuc.nchen.SearchForm. It then searches
each XML file for such a reference. In this case, this
search can be expressed in the form of an XPath[10] query:

//form-bean[@type="edu.uiuc.nchen.SearchForm"].

Executing this query matches the XML node on lines 4-5 in
Listing 2.

<struts —config>
<form—beans>
<form—bean name="searchForm”
type="edu. uiuc .nchen.SearchForm” />
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</form—beans>
<action—mappings>
<action path="/search”
type="edu.uiuc.nchen.SearchAction”
name="searchForm”
scope="request” validate="true”
input="/search.jsp”>
</action>
</action—mappings>

16 </struts —config>

Listing 2. Partial listing of struts XML configuration file
before refactoring

Create refactorings The participant now creates a change
that modifies the term edu.uiuc.nchen.SearchForm to
edu.uiuc.nchen.MySearchForm on line 5 of Listing 2.

Trigger additional refactorings However, our participant
is not done yet. On line 4 of Listing 2, the programmer has
given a reference name — searchForm — to the class. This
reference name is no longer up-to-date. While leaving it as
such is valid and will continue to work, it is better to refac-
tor its name to improve understandability. Our participant
presents the programmer with a user interface for renaming
searchForm. Assuming that the programmer renames the
reference to mySearchForm, our participant now has to cre-
ate new internal and external refactorings:

e nternal refactoring
Line 10 of Listing 2 (the current XML configuration
file) holds a reference to the old searchForm name.
Therefore, our participant needs to create a change that
modifies the term searchForm to mySearchForm on that
line.

e External refactoring

In addition, the old name might be referenced in other
files as well. In our example, the old searchForm name
is referenced from one of the JSP files (we use the same
technique of Section 3 to locate such references'). This
is shown on line 8 of Listing 3. Our participant needs to
create a change that modifies the term searchForm to
mySearchForm on that line too.

<9%@ taglib
uri="http: //apache.org/tags—logic”
prefix="logic %>

<htmI>
<body>

<logic:present name="searchForm”
property="queries”>

</logic:present>

</body>

1 JSP files are very similar to XML files. In fact, we convert the JSP file to
XML [3] so that we can use the same XML tools to perform the analysis.
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</html>

Listing 3. Partial listing of JSP file before refactoring

Perform refactorings Finally our participant presents the
changes that it will perform to the programmer. Upon ac-
cepting those changes, the XML configuration file will be
refactored to its final version as shown in Listing 4. In addi-
tion, the JSP file will also be refactored to its final version as
shown in Listing 5.

<struts —config>
<form—beans>
<form—bean name="mySearchForm”
type="edu.uiuc.nchen.MySearchForm” />
</form—beans>
<action—mappings>
<action path="/search”
type="edu.uiuc.nchen. SearchAction”
name="mySearchForm”
scope="request” validate="true”
input="/search.jsp”>
</action>
</action—mappings>

</struts —config>

Listing 4. Partial listing of struts XML configuration file
after refactoring

<%@ taglib
uri="http: //apache.org/tags—logic”
prefix="logic %>

<htmI>
<body>

<logic:present name="mySearchForm”
property="queries”>

</logic:present>

</body>
</html>

Listing 5. Partial listing of JSP file after refactoring

This example illustrates how our tool works in the context
of the Struts framework. While the general idea of our tech-
nique is applicable for the different frameworks that we have
investigated, each framework has its own subtle features that
require special consideration to ensure that the program not
only works after the refactoring but also maintains its read-
ability and maintainability by conforming to standard con-
ventions. In the case of Struts, it entails refactoring any ref-
erence in both the current XML configuration file and any
referencing JSP files as well.

Our example show that even a simple rename refactoring
on a Java class requires changes in multiple files. Without
such a tool, the programmer would have to refactor the
XML configuration file and its related JSP files by hand —
a process that a tedious and error-prone.

Moreover, if the programmer makes a mistake while man-
ually refactoring the XML file, the error is only detectable
during runtime when the framework loads. So an error could
be in the system for an extended time between its insertion
and detection.

3. Technique

The main idea for multi-language refactorings relies on de-
tection and propagation. There has to be a way to detect
when an initial refactoring has been initiated by the user in
one component and subsequently a way to propagate a chain
of refactorings in other components.

Our implementation for extending refactorings across
XML files employs the Observer design pattern [S]. The
subject is the refactoring operation on Java files. And the
observers are refactoring operations to be performed on the
XML files. Once a refactoring on our subject is triggered, its
observers are notified. Active observers would then proceed
to refactor the related XML files.

The one-to-many dependency between a subject and its
observers is a important requirement for our technique. It
is possible — and very likely — that a Java program uses
multiple frameworks. Each framework would require the
use of its own XML configuration file. Thus, a refactoring
operation on a Java file could trigger changes in zero or more
XML files. So it is important that multiple observers can be
registered for each subject.

Currently, our implementation is uni-directional. It only
observes the refactoring of Java files and proceeds to refactor
the XML files as necessary; it does not observe refactorings
on XML files and thus cannot proceed to refactor the Java
files as necessary. This limitation stems from the absence of
support for refactoring operations on XML files in Eclipse.
Thus, it is, currently, not possible to observe when a refac-
toring has occurred in a XML file and take the appropriate
actions to extend that refactoring to Java files. Bi-directional
support can be added once a full-fledged XML editing envi-
ronment has been implemented in Eclipse.

Here are the general steps that each observer performs
upon receiving a notification from its subject.

1. Filter relevant XML files — The observer locates all the

XML files in the current working directory. It then goes
through this list of files and filters those that it can han-
dle. It determines the files that it can handle by parsing
the DOCTYPE or XML schema declaration in the header
of each of the XML files. All valid XML files must have
DOCTYPE or XML schema declarations so this is a rea-
sonable method for checking each file.
This step is important in promoting composability. A pro-
gram might use multiple frameworks and it is important
that each observer only handles a file that it is configured
for. By having this check, we enable multiple observers
to take part in the refactoring without interfering with one
another.



2. Analyze relation in XML files — The observer now goes
through each of the XML files from the filtered list and
checks to see if the file needs to be refactored. The analy-
sis is done by comparing the information inside the XML
file with the Java element that has just been refactored.
For instance, if a Java class has been renamed, then all
references to it from the XML file has to be refactored as
well. For simple analysis, it is sufficient to rely on XPath
queries to locate the relevant XML elements that might
be affected. XML files that are not affected by the refac-
tored Java element are ignored.

3. Create refactorings — After gathering the affected XML
files, the observer proceeds to create the refactoring
changes that need to be performed on the XML files.
No change is actually performed at this stage.

4. Trigger additional refactorings — It is possible that addi-
tional refactorings might need to be performed both inter-
nally and externally to keep our program consistent with
the new changes. Internal refactorings affect the current
XML file and involve refactoring some other XML node
that might be indirectly involved with the current refac-
toring. External refactorings affect other files that are in-
directly involved with the refactoring. These additional
refactorings are usually optional (since the behavior of
the program is still preserved even without performing
them) though they enhance the understandability of the
underlying program. Refer to Section 2 for examples.

5. Perform refactorings — Before actually performing the
refactorings, the observer presents a preview of the
changes to the programmer. The programmer may decide
to continue or abort the current refactoring operation.

Our implementation of this technique for extending
refactoring was done in Eclipse by leveraging its support
for Refactoring Participants [7] which were introduced in
Eclipse version 3.2. A refactoring participant plays the role
of the observer in our technique. In our current implemen-
tation, we create Rename Participants that take part in a Re-
name Refactoring on an existing Java class. Although refac-
toring participants have been available since Eclipse version
3.2, to the best of our knowledge, our implementation is the
first to use them to perform multi-language refactorings.

This same technique can be employed for different IDEs
either by starting from scratch or by using their existing
support for user-contributed refactorings.

We have successfully applied this technique to two other
frameworks — Hibernate and Spring — but because of space
constraints we are only describing our implementation for
the Struts framework.

4. Related Work

IntelliJ IDEA, a commercial IDE, first introduced the ability
to support refactoring across Java and the different frame-
works in version 7 of its product. However, because it is

a close-source commercial product, we do not know what
technique was used to support refactoring across Java and
XML configuration files.

5. Conclusion

Programs today no longer exist in a monolingual world. In-
stead, they are crafted under a polyglot environment, uti-
lizing many different languages. Naturally, our tools should
also extend to this new paradigm for programming. Just as
automated refactoring tools have lessen the burden of refac-
toring for programmers using a single language, new tools
should be created to do the same for programmers using
multiple languages.

We have presented a general technique that allows the ex-
tension of automated refactoring support across XML con-
figuration files. While we have implemented the technique
for XML configuration files, we believe that this technique is
simple and applicable for other domain-specific languages.
By providing support for the common cases of refactoring,
we have made the task of refactoring much easier for pro-
grammers and, therefore, they are more likely to perform
those refactorings since they are confident that their pro-
grams will continue to work after such operations.
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