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Chapter 1. Introduction

1.1. Motivation

Transformation frameworks enable transformatiomd analyses of source code.
Transformations and analyses created by these tawismake the source code more
(refactoring) or less (obfuscator) transparent.yTd¢em also help to find potential errors in
the program and make the source code more effedtra@sformation frameworks should

have these features:

* Most of transformations need multiple iterationsteere must exist an in-memory
representation of the program.

* The representation should understand the progragfailguage of sources to enable
developing of effective transformations and anadyze

» Transformation framework must be able to createn@mory model on the basis of
given input and export the model back to the outpuimat (after performing
transformations).

e Framework can also contain means for cooperatioth vather tools during

transformations.

There are several existing tools for transfornratiand analyses of programs (see
the Chapter 2). All of them work directly with tiseurce code or bytecode and use their
own internal representation of program.

XML is well established technology and there arangnuseful tools that make
working with the XML easier. Using these toolssitalso possible to automatically
generate classes for memory representation of Mk Xee — these classes are generated
on the basis of the schema of the XML file. It'st pppssible to create invalid XML
document while using these classes.

Transformation framework based on the XML techgglocan use these
advantages of the XML. Parsing the XML file (andlthing source tree in the memory) is
faster than parsing of the Java sources. Javagsopan be stored in the XML format

until they must be compiled.



Chapter 2. Existing frameworks

Let's summarize some existing tools for transfarares and analyses of programs.

Recoder [4]

Recoder framework parses Java sources and craaggsct syntax tree (AST) —
there is a Java class for each type of program eelenWhile parsing the sources it
analyzes references between program elements. péidorming transformations Java
sources are generated on the basis of transforr8&d A

In-memory program metamodel is able to infer typésexpressions, evaluate
compile-time constants, resolve all kinds of refiees and maintain cross reference
information. Recoder analyzes change impacts ataratically updates the model.

Recoder stores full information about the syntdxsource codes including
comments and formatting information so it's possitd reconstruct the original source
code.

It also contains small set of simple transformai@and analyses. Probably the
most useful transformation is Java 5 backportihgniables to convert Java 5 (Java 6)
source code to Java 4 compatible code.

Recoder is open source project but it's not pdsdi compile sources using the

standard javac compiler (Eclipse SDK is necessappimpile it).

JDT [7]

JDT is a large tool that is part of the Eclips¢ fpatform. In fact, it is set of
plugins — including user interface and debuggirastoJava program model and means for
transformations and analyses are part of the JO°€.Co

The Java program model is based on Java programeal tree. It also contains
indexed based search infrastructure that enablestiee transformations (like refactoring
that is also part of the JDT).

JDT parses Java sources to create program modehsnmodel can be exported
back to Java sources.

Core part of IDT can cooperate with other part3f like graphic user interface

or debugging tools.



Retouche [8]

Retouche is Java language infrastructure of thi8&sns platform IDE [10]. It
wraps an instance of the JDK Java compiler and isedstract syntax tree. The classes
that are used for representing program elementgpareof the JDK 6. In addition, it
enables quick access of the tree nodes and refeganithin the AST.

Retouche works with Java sources — they are pdcsetkate the model and the
model can be exported back to the Java sources.

This framework can also cooperate with the grapkgr interface of the NetBeans

platform.

Soot [11]

Soot is another type of tool — it doesn’t work lwigource code. It's tool for
transformations and analyses of Java bytecode.

It can be used either as a stand alone tool i@ class files or as a framework.
Developing transformations is not so easy becaus® tis no abstract syntax tree and no

information about the source code. However, Soahigleal tool for optimizing bytecode.

CIL [12]

CIL (C Intermediate Language) is a front-end fog C programming language. It
parses a C program and compiles it into simplifigdset of the C programming language
so it's much easier to perform transformations andlyses over CIL program than over
the original C program.

Many modules that use CIL for program analysesteartsformations are also part

of this project (e. g. liveness analyses, inlimentrol-flow graphs).

GIMPLE [13]

GIMPLE is a simplified subset of GENERIC that rsiatermediate representation
language used by the GNU Compiler collection (GGG) the “middle-end” when
compiling source code. This form is common forpaigramming languages supported by
the GCC.

GIMPLE is a three-address representation — altesgion must have at most three
operands. The GIMPLE tree is analyzed and optimiagdhe GCC to create more

effective binary code.



Summary

These tools have many advantages and disadvantdges XMLJT should
combine as many advantages as possible.

It should have understandable in-memory AST #ineclike Recoder or JDT.
Means for developing effective transformations andlyses (quick searching within the
AST, references between tree nodes) must also thefpthe framework (all of recently
mentioned tools have such information).

Only JDT and Retouche have graphic user interflcavever, both of them are
very closely connected with it. The XMLJT shouldvearaphic user interface but it also
must be independent on the GUI (GUI should be lowdtr the framework, not reversely).

Soot and CIL tools contain also many program asey(e .g. control-flow graphs,
point-to analyze) — the XMLJT should be also ablgérform these analyses. It can use
external tools to manage it. The XMLJT tool shoalslo contain sample transformations

like many recently mentioned tools do (JDT, RecpBetouche etc.).



Chapter 3. XML Technology

XML (eXtensible Markup Language) defines set ofesufor encoding semi-
structured documents. The language is defined ley W3C organization in the
Specification of XML 1.0. XML is a textual data foat using the Unicode encoding.
Many languages have been developed on the battie 8L (XHTML, RSS etc.).

XML documents have tree structure where the noafeshe tree are called
elements. Each element can have any number obwtds and child elements. See the
XML specification to get more information about thatax and semantic of the language.

There are many tools and technologies connecttddtixe XML. Let’'s summarize

some tools and technologies that can be used by-Kd#led transformation framework:

XML schema

XML-based transformation framework can use oneXbfL schema definition
languages to define valid XML representation ofalsource code.

There are two common languages that define seile$ that the XML document
must satisfy to be considered as valid. DTD (DoeanType Definition) is the older one.
It enables to define structure of XML documents [ilg not possible to define any
additional constraints (like number of child elersn

XML Schema (sometimes also called XSD - XML Schebedinition) is much
more powerful than DTD. User types and many tydesoastraints can be defined using
XML Schema. It also supports references betweerL)diéments. XML Schema uses
XML to describe the schema and it is now the magiutar XML schema definition

language.

In-memory representation

Transformation framework needs a tool to creatm@mory representation of the
XML tree.

The Document Object Model (DOM) is a platform alatiguage independent
object-oriented representation of a XML (or (X)HTMtdocument. The DOM enables to
access the XML document using the correspondingobljee.

Java Architecture for XML Binding (JAXBgnables mapping of Java classes to
XML document. Java objects can be created by urimalirsy (deserialization) of the

XML representation. XML representation can be cosely generated by marshalling

10



these objects. Java classes can be automaticaklyaged on the basis of XML Schema by

thexjc tool.

Transformations

There are also existing tools that enable transftions of XML documents.

XSL Transformations (XSLT)s a declarative language based on the XML. It
enables to transform XML documents. It doesn’t ¢geathe original document but creates
a new transformed document. This document doesve ho be a XML document (can
have any format like HTML or plain text). The XSlprocessor is necessary to perform

the transformations.

11



Chapter 4. Goal of the thesis

Goal of the thesis is to implement framework f@nsformations and analyses of
the Java 1.5 source code. This framework is nanddJX (XML Java Transformations).
The framework will be based on well established XHxtensible Markup Language)
technologies. Several example transformations kel part of the thesis to proof the
usability of the framework. The thesis will alsontain instructions and tutorials for the
user who would like to implement any transformation analysis using the XMLJT
framework. The graphic user interface extensiorthef XMLJT framework will make
performing and testing of the transformations namafortable.

The other part of the goal is to inspect capaeditof the XML technology for
developing transformation frameworks. Advantagesd disadvantages of this approach

should be summarized.

12



Chapter 5. XMLJT Framework

5.1. Structure

The framework works with three representationgaifa programs. Two of them
are stored in file(s) (Java source code and XMId ane is stored in the memory (JAXB
classes). The structure of both, XML and in-menregresentation is precisely defined by
XMLSchema. For details see the Chapter 5.2. TigarBi 1 shows the structure of the
XMLJT.

In-memory representation

It was possible to create own structure for reprtisg the Java program in the
memory. However, it would be quite difficult. Th&XB tool is able to generate Java
classes on the basis of the XML Schema. Usingttlukit's easy to create the in-memory
source tree from the XML file (reverse transforroatis also ensured by the JAXB tool).
It's not possible to generate invalid XML documaevttile using the JAXB classes. For
details see the Chapter 5.5.1.

Means for transformation and analysis
Means for transformation and analysis are buidrahe JAXB classes. There are
also several global objects that hold informatibow the JAXB tree to enable developing

effective transformations. For further informatieee the Chapter 5.5.

Input and output

The framework doesn’t work directly with the Jas@urces but it must be able to
transform them to the XML format and back to thealarhe Java sources are parsed
using the Recoder [4] tool. For further informatiahout parsing see the Chapter 5.3.
After performing transformations and analyses thRILIT can export the memory
representation of the program back to the Javacesysee the Chapter 5.4). It would be
also possible to create XSLT transformation thati@enerate the Java sources directly
from the XML file but this transformation doesniist yet. In fact, there are two parallel
transformation frameworks. The first one is basedX&LT and the other one on the in-
memory representation. We will focus on the in-mgmmased transformation framework

that is more powerful.

13



Export to Java

Unmarshall

XMLIT

Visitor

29p

Marshall

Transformations

Figure 1: Structure of XMLJT framework

5.2. XML-based model of Java sources
5.2.1.JavaML

It was necessary to define format of XML files negenting the Java sources.
There are many possibilities how to manage it. DCIdcument Type Definition) and
XML Schema are the most common ways to define sah&XML documents.

XML Schema has got many features that can makevirk easier. Referencing
(that enables defining relations between node#} ibiggest advantage over DTD. XML
Schema can also cover much more Java semanticthale<DTD can. Considering these
facts XML Schema is used to describe the structir&XML documents. In-memory
representation classes can be also generated badlseof XML Schema (see the Chapter
5.5.1).

The schema didn’'t have to be created from thetdtrahere was already one
existing as the part of JavaML [1] project. Thisesma must have been modified.

5.2.2.Modifications of JavaML XML Schema

Schema of JavaML covers most of basic charadterisf the Java programming
language. However, new elements had to be addachieve full support of Java 1.5 and

make the framework aware of classpath declarations:

14



Support of Java 1.5
JavaML schema doesn’'t support some Java 1.5 ésafi@venassertkeyword
added in Java 1.4) so some new elements had tdeel 40 the schema:
Annotations:
declaration — elememinnotation— contains list of properties’ declarations
declaration of property — elemeatnotation-property-dedcontaining
modifiers, name of property and its default value)
annotations usage — elemannotation-use- all declarations that can be

annotated in Java can contain this element

@interface MyAnnotation {
int myProperty = 0O;

@i\./l.)};é.\nnotation

» interface Annotatedinterface {

)

XML:

1 <annotation id="93" idkind="type" name="MyAnnotatio n">

1 <annotation-property-decl id="99" idkind="property " name="myProperty">
<type dimensions="0" id="-65" idref="-14" name=" int"/>
<literal-number id="-66" kind="integer" value="0" />

i </annotation-property-decl>

i </annotation>

| .<.i.ri;c.e.r.f.ace id="91" idkind="type" name="AnnotatedInt erface">

. <annotation-use id="-58" idref="93" name="MyAnnota tion"/>

Enumerations:

declaration — elememinumcontaining declarations of enum constants and
other declarations allowed by the Java 1.5

declaration of constants — elemenum-const-deaontains name of
a constant and parameters of its constructordoal)

using constants in expressions — enum constantsecased as an expression

anywhere in the source

15



 JAVA:

: enum MyEnum {
! MY_CONST;
)

| MyEnum e = MyEnum.MY_CONST;
L XML:
i <enum id="102" idkind="type" name="MyEnum">
i <enum-const-decl id="107" idref="-69" name="MY_CON ST"/>
| </enum>
| <var-initializer id="-102">
. <field-ref id="-103" idkind="field" idref="111" na me="MY_CONST"/>
' </var-initializer>
Enhanced for.
elementoop can have attributkind declared as “enhanced for”
Assert:

elementassertcontaining arexpressiorelement

+ assert false;

1 XML:

| <assert id="-54">

i <literal-boolean id="-72" value="false"/>
| </assert>

References

Transformation needs to know references withinstierce code tree. For example
it has to be able to find declaration of a locatialsle where a new value should be
assignedThere can be many local variables having the saamgerand it's not simple to
find the right declaration. Once this declaratisrfaund the reference is stored to XML
and it can be reused in the future.

XML Schema supports referencing within the XML ugid andidref attributes of
XML elements. Types of all ids were changed to xs:int insteadxsfstring so the
searching can be more effective. All elements aribw schema must have id to enable
direct accessing to the nodes of the in-memory. tieethe JavaML schema only

declarations must have id.

16



References to classpath declarations

There can be several references to a type (mdiglddithat is not declared in the
current XML (types declared in classpath). Howewwements referring to them must
have a valid value of thielref attribute (for example transformation needs tovkribat
declared method overrides it's implementation cowtz in the classpath). There were two
possible ways how to solve it. All references téeodypes (methods/fields) may have the
sameidref (defined by constant) so it can be easily decifi¢he reference points to an
existing element. But it would not be possible égide if two references point at the same
outer type. The first one can refer to a type, dtieer one to a method and they’ll have
both the same value of tidref attribute. To avoid this problem special tag naroetér-
declaration was defined. It has only two attributes: id andmea(full name of
type/method/field; name of method includes its atgre). Negative ids are used for these
tags so the user can easily see whether referamiots po one of these outer declarations
or to a real declaration within the document. Nbe tiser can be sure all references with
the same value of thdref attribute point at the same element.

 JAVA:

| String s = “abc”;

L XML:

i <outer-declaration id="-22" name="java.lang.String" />
.<.t.)./io.é“id:"-21" idref="-22" name="String" primitive= true"/>

Renamingsend element

Elementsendof JavaML schema has been renamethé&hod-call This element
represents invocation of a method so the new nameore predicative than the original
one. This modification wasn’t necessary but it magle the schema more understandable.

5.3. Model creation

There are two ways to create the program modekalt be created either
programmatically (using factory methods — see thepler 5.5.2) or by parsing Java
sources. The next two subchapters describe howntheel is being created from Java

sources.

17



5.3.1. Parsers
It's necessary to parse the Java source code ébleeto transform it to the XML
format. There are plenty of available parsers $@# no sense to implement the new one.

Let's summarize some parsers that might have bsed and clarify our choice.

ANTLR v3 [5]

ANTLR (ANother Tool for Language Recognition) islanguage independent
parser and offers grammars for many programminguages including Java. Although
the Java sources can be parsed easily, the gethg@atser does not provide resolving of
references. The resolution must be implemented ailgnwith respect to Java semantics
and visibility rules. It's quite comfortable to wowith this parser but its universality is
not an advantage for us. If we wanted just simpleaio XML conversion, it would be no
problem. But we would like to support transformaticso we will need some additional
information that is specific for the Java (for exaenfor refactoring needs). We can find

this information out ourselves but it would be stipeus work.

Javacc [6]

Javacc (Java Compiler Compiler) is the most poaaser generator for the Java.
The Javacc also supports tree building via JJToekthat is part of the Javacc. It would
be probably the easiest way to use this parsewbudecided to use more power tool that

would afford more information about the source c(elpecially resolving of references).

JDT [7] and Retouche [8]

JDT and Retouche are powerful (supporting alsolvasp of references) tools
working with Java source codes in well known platfe — JDT is part of the Eclipse
platform [9] and Retouche is provided by the Netealatform [10]. Both tools are
closely connected to their parent platforms anérofiany capabilities to cooperate with
them (e.g. cooperating with GUI) — dependence esdlplatforms is not an advantage for

us.
Recoder [4]

Recoder is a framework having quite large fundliy. It's not only the parser

but it also delivers the whole infrastructure favd sources analysis and transformation:

18



» Parsing and unparsing of Java sources
* Name and type analysis for Java programs
* Transformation of Java sources
Even we will use only the first of these featunesdecided to use this framework.
The main reason was quite detailed information alioel Java source code we get from

this parser (will be described later in detail).

Our choice

Recoder tool was chosen to be used to parse tfzesdarrces. The main reason
was the support of references’ resolving. Recaslanialternative tool to the XMLJT (see
the Chapter 2) but we use only its parser and dsdoot influence the rest of the

framework.

5.3.2.Integration of Recoder into XMLJT

To convert Java to XML two parameters have to bendd: Java file(s) to be
parsed and output XML file. There is also one amigparameter — classpath containing
external libraries used by the sources to be pafd&d classpath is passed to the Recoder
— wrong classpath can cause parse error. All idpua files are passed to the Recoder to
be parsed.

Once the source code has been parsed the viseeigrd pattern (class
xmljt.java2xml.XMLTransformers used to go through the Recoder’'s source tneeta
generate XML file. DOM is used to create XML filall references between XML
elements (defined in XML Schema) are generatedhenbisis of references within the
Recoder’'s source tree. The visitor implementatidso agenerates ids for all XML

elements. Declaration elements have positive igythér have negative id.

5.4. Model export to Java
Generating Java source files is necessary for gimgpghe transformed program.
This simple transformation just goes through thers® tree using the visitor pattern and

generates Java files. See the User manual (App&)dor instructions how to use it.

19



5.5. Model in-memory representation

The source code parse tree is the base of the ipaeyresentation of the Java
program. The tree corresponds to the elementsofrtee XML file. It would be possible
to perform transformations and analyses using tjustinformation from the tree but it
would be uncomfortable and ineffective. For examplihe user knows th#ethodCall
node (representing an invocation of a method) aetis to find the method that will be
called he must go through the whole tree to fireright node.

The Treelnfo class keeps information about the structure ofsierce tree and
makes working with the tree much more effectivee (e Chapter 5.5.2) — there is a
reference table that maps ids of elements to nefeeto the correspondent tree nodes. It
also contains reference to an instance ofPittegyramElementFactorglass that can create
new program elements.

There are some useful methods independent onutient Treelnfo instance so
they can be declared as static. These methodsectoubd in thelreeUtilsclass and you
can find their detailed description in the Javadidte Figure 2 shows structure of the in-

memory program model representation.

—

Program Element :
Factory Tree Utils

Tree Info

ID |NODE

Source Tree

Figure 2: In-memory source code representation

20



5.5.1.Tree nodes representation
This chapter describes an implementation of tee hodes classes’ functionality.
For information about using these classes seeawaddc of the classes contained in the

xmljt.xmltree.nodepackage.

JAXB binding

In-memory representation of the source tree shoatcespond to the structure of
the XML Schema. There must be a class for eachttygtds defined in the XML Schema.
The JAXB technology is used for marshalling and arshalling of XML files. The JAXB
needs the classes to have specifically annotagdfiblds and methods.

It is possible to write the JAXB classes manudlly it's much better to let them
be generated automatically. The JAXB creates theasses following given XML
Schema. Unfortunately generated code is not asfusedly as it should be. For example
all child elements are mostly stored in one lists-possible to get the list of all children
of the class declaration element but there is nibegdor the list of the methods’
declarations, fields’ declarations etc.

There are two ways how to solve it:

* Generated classes can be used as they are. lnagesit would be necessary to
create many utilities outside the generated clagsssng functionality out of the
classes would violate principles of the object mieel programming. Not
modifying generated classes is the only advantagi@sooption.

* Generated classes can be extended so every chatige XML schema must be
reflected in the source code of the framework. Tdisadvantage isn't big
complication because the schema of Java programfaimguage won’t change

frequently.

The second option has been chosen — the genetaiesks are extended. These

extensions are placed in theljt.xmltree.nodepackage.
Renaming generated classes

By default JAXB constructs classes’ names from nlaenes of XML Schema

elements. For examplélassDeclaratiorclass is generated from tkelass-declaration>
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element. However these names are straightaway,oitldvbe better to name their
extensions using this template. So the JAXB musegse classes with different names.
The JAXB offers two possibilities how to set bimgioptions. The user can either
add special tags to the XML Schema or pass thengetin a separate binding file. It's
better to use external binding file because we tdeant to change XML Schema any
more. In this file (which is having XML format) JAXis told to add “Element” suffix to
all generated classes that correspond to some XMherSa element. It means
ClassDeclarationElementlass is now generated from tkelass-declaration>element

and its extension can be nant@dssDeclaration

Parent references in the JAXB tree

The tree of generated classes must be alwaysheehfiom the top to the bottom
because the nodes have no references to theirtparBms feature can make many
transformations ineffective so it must be changétk can quite easily generate field
(including getter and setter) and method that ileddy the JAXB after marshalling and
sets the actual reference to the parent (see th¥B'Jplug-in” subchapter). However,
there is no way to automatically update these eefm@s after any change within the tree.
Reference to the parent must be actualized by rdsthmat modify the tree. All setters,
adders and removers in the framework classes d@thiomatically.

JAXB plug-in

References to the parent have to be added tmailte tree classes. The source
code can be added manually to the extended claSsesidering this code is identical in
all classes it would be better to let the JAXB gateit. It's necessary to write JAXB
plug-in to manage it.

Using this plug-inparentfield is added to all classes that correspondioXaviL
Schema element. Getter and setter are also gethdratehis field. The last step is to
generatafterUnmarshaimethod that is called by the JAXB after unmarsh@lhas been

finished. The JAXB passes reference to the pareté as an argument of this method.
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5.5.2.Tree info

The Treelnfo class keeps information about the structure ofsinerce tree and
makes the transformations more effective. For rriinformation about using concrete
methods see the Javadoc.

Direct access to the tree nodes is provided bydference table. It contains two
maps. The first one maps id to the node havingithi$he other one maps id to the list of
nodes that refers to the node with this id (forregke id of method’s declaration points to
the list of all invocations of the method).

TheTreelnfoclass contains list of used ids and methods géngrmaew unique ids
(either positive for declarations or negative fthey nodes). That's the reason why the
element factory (clasBrogramElementFacto)ycan’t be static — it must use tfieeelnfo
instance to get new id®rogramElementFactoris created automatically while creating
new instance of théreelnfa

5.6. Model transformation

This subchapter describes basic means for tranatans and analyses that are
part of the XMLJT framework.

The user needs to analyze (transform) the ASThewisitor design pattern will be
the most common approach. There are two visitossels The first one is named
SourceVisitorand can be found in themljt.xmltree.nodepackage. It contains visitor
methods for all types of tree nodes. These methasle empty bodies. The other one is
VisitAllElementsVisitor (in  the xmljt.xmltree.treeinfo package) — it extends the
SourceVisitorand enables to visit the whole tree — default em@ntation of each visitor
method visits all children of visited element. Thisitor can be extended to go through
the whole tree and transform some nodes (whos®wvisiethod will be overridden).

The wuser also wusually needs to create new AST elsn The
xmljt.xmltree.treeinfo.ProgramElementFactorglass ensures it. It contains factory

methods for creating all types of AST nodes.

5.7. Graphic user interface

The XMLJT GUI makes implementing, testing and gsif some transformations

more comfortable. The user can see the Java soadeeand perform transformations.
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It's an alternative to the command line use of XEILJT. While running
transformation from the command line the user needspecify XML elements by their
ids. In the GUI he can easily select element(soafrce code (by selecting text in editor)
and run the transformation (some additional pararsedf transformation can be set in
displayed dialogs).

It's not possible to edit source code manuallyy@ransformations can change it)
so it cannot be used for developing Java programs.

5.7.1.Implementation

The graphic user interface is based on the Swaengniology [14]. Jsyntaxpane
[15] library is used for displaying the source codlkis extension of standard editor pane
supports syntax highlighting, searching within fike, displaying line numbers and some
more useful features.

There must be a mapping between tree structur@lanmdsource text. This map is
being created while exporting program model to Jauaces. It maps id of element to the
corresponding segment of the Java source codenalbhles to select tree elements by
selecting text within the source code editor.

The extensibility of the GUI is ensured by the coom interface for all GUI
transformations. The extensions are loaded fromjdhdiles using the Java reflection

(name of extensions’ classes are stored in aitext f
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Chapter 6. Proof of the concept — transformations

Several transformations based on the XMLJT transition framework have been
implemented to proof the usability of the framework

Refactoring (the Chapter 6.1) is set of transfdioma — it contains some simple
transformations like renaming and also few compédactoring operations like inlining or
method extracting. Predicate abstraction transfoomathe Chapter 6.2) demonstrates

possibility of cooperation with external tools (tinem prover).

6.1. Refactoring

The XMLJT framework contains some basic refactotmagsformations. They can
be used either separately or as the part of momgplex transformations. See the User

manual (Appendix B.6) for information about usihgse transformations.

6.1.1.Method extracting

This refactoring feature replaces block of stateimidy calling a separate method.

Let’'s have a simple example:

1
12 a=Db*y;
13 intc=a+b;
i 4 System.out.printin(“result is " + c):

| int ¢ = extractedMethod(a, b);
| System.out.printin(“result is ” + ¢);

| public int extractedMethod(int a, int b) {
a = b*a;

intc=a+b;

return c;

The statements have been replaced by callingeivyrcreated method. The result
of the program must not change. Method can’t beaeteéd from any sequence of

statements because Java methods can return atom®stalue. Of course it would be
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possible to return array or structure but it wouwldmplicate source code and be

counterproductive to the refactoring.

Implementation

The user must enter statements that should bgforamed and the name of method
that should be created. At first it has to be vedithat all selected statements follow each
other within one block. Let’s call this sequencestaétementblock All variables that are
read inside the block and have been initializedbteethe block must be passed to the
extracted method (using its parameters). At most\a@riable that is set within the block
can be read after the block (method can return onéyvalue).

The result of calling method (if there is any) dsnused to initialize local variable
(like in the example) or be assigned to an alresadsting variable.

Body of the extracted method can't be the exapyaf the block. It is necessary
to add declarations of variables that have beeta®t before the block, are never read
within the block and are at least once set withim block (they don’t have to be passed
through the parameter but they have to be usdteimithod’s body). Return statement (if
there is some return value) must also be added.lagtestep is to change all references
from the original variables to the newly createdapaeters.

If the block is part of a static method, extraateekhod must be also static.

6.1.2.Renaming
Renaming is a simple refactoring transformaticat thanges name of a program
element (including all connected elements — fomgxXa renaming of a class will cause

renaming of its constructors). Renaming of thesgaglations has been implemented:

* class
* interface
e enum

e enum constant
» field

* method

e parameter

* type parameter

* local variable
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e annotation

e annotation property

Implementation
The only parameter is a new name of the declaralioplementation hasn’'t been
so difficult because of the support within the ximde — program elements refer to the
connected elements (for example the variable aquaisss to its declaration). Sometimes
the name of the declaration cannot be changed r(aggarations can’'t be renamed —
access to the source code of the declaration sssacy).
Renaming of methods is a little bit more compkckatAll connected methods have
to be renamed too — by “connected” we mean:
* sub methods
* super methods

« all methods that have same ascendant as renambddnet

6.1.3.Change method parameters
The user can remove method’'s parameter, add newrochange order of existing
parameters. If new parameter is being added, feutteralue must be defined - this value
will be used as an argument everywhere the methdeking called. Permutation of the
parameters’ order will cause the same permutati@mguments everywhere the method is

being called.

Implementation

It is necessary to change the parameters of thlkati@leclaration and change the
appropriate arguments everywhere the method iggbeatied. The same transformation
must be performed on all connected methods (sulhadst super methods... - see the

renaming implementation).

6.1.4.Variable to field
This simple transformation just replaces localatale by a newly created field so

it can be accessed from other methods of the class.
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Implementation
New field is created, local variable declaratisnremoved and all references to
this variable are replaced by the references toéhdy created field. If the variable is part

of a static method, the field is also declaredtatcs

6.1.5.Extract interface

Extracting an interface A from a class B meansatang new interface that
contains declarations of some (or all) methods #natimplemented in the class B. If the

user has got:

CpublicclassB{
public void methodA() {

System.out.print("A");
}

public int methodB(String s) {

System.out.print(s);
return O;

' public class B implements A {

public void methodA() {
System.out.print("A");

}

public int methodB(String s) {

System.out.print(s);
return O;

| public interface A {
public int methodB(String s);

Implementation

The user must enter three parameters: name aftarface that should be created
(including package), class that is the source efekiracting and all methods that should
be declared in a new interface. All methods musthexrked to have correct modifiers —
Java allows only public (or having the default ascenodifier) non-static methods to be

declared in an interface.
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After creating the method headers in the interf@lteecessary imports have to be
added to the newly created file (using metlgetiNeededimportef the Treelnfoclass —
see the Javadoc). The last step is to change tblardgon of the source class to

implement the new interface.

6.1.6.Extract super class
If the user wants to extract whole methods (ndy tmeir headers) from a class, he
will use this refactoring transformation. Some noelt can be extracted including their
bodies and some methods can be extracted as dlffteacbodies will stay at the original

positions). Let's have:

private class B {

public void methodA() {
System.out.print("A");

}

public int methodB(String s) {
System.out.print(s);
return O;

}

public void methodC() {
System.out.print("C");

The user would like to extract thmethodA(as abstract) and thmethodBto a

super class A — he will get:

public class B extends A {

public void methodA() {
System.out.print("A");

}

public void methodC() {
System.out.print("C");

| public abstract class A {
public abstract void methodA();

public int methodB(String s) {

System.out.print(s);
return O;



Implementation

The user must enter four parameters: name of ss dlaat should be created
(including package), the class that is the soufaxtracting and all methods that should
be declared in the new class. These methods ataiged in two lists — the first one is the
list of methods that should be moved including rthieidy and the other one is the list of
methods that should be declared as abstract isuper class (their body will stay at the
original position).

The implementation is quite similar to the implentaion of an interface
extracting (see the previous subchapter). Statithodecan be moved to super class but

cannot be declared as abstract. Private method®tha moved to the super class at all.

6.1.7.Anonymous class to nested class
Transforming anonymous class to the nested ondearseful if the user decides
to have more instances of this class. Let’'s haeeStiperClassclass and an anonymous

class extending it:

public abstract static class SuperClass {
public SuperClass(inti) {

}

public abstract String method();

i public static void main( String[] args) {
final String s = "string";
SuperClass var = new SuperClass(9){
@Override
public String method() {
return s;

Now the user wants to transform anonymous clasa teested one — the final
variables will be passed through the constructor:

i public static void main( String[] args) {
final String s = "string";
SuperClass var = new NewClass(9, s);
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© private static class NewClass extends SuperClass {
1 @Override
public String method() {

return s;

}
private String s;
public NewClass( int parl, String s) {

super(parl);
this.s = s;

Implementation

A new nested class declaration is created in tbpgy parent class. The class must
be declared as static if the anonymous class hes part of a static method. If the
anonymous class is an implementation of an inteffde nested class must implement it
too (similar for extending an existing class). Wavé to be able to determine if the
anonymous class implements an interface or extandsiss — this information we get
from appropriate attributes of te@onymous-classlement.

A new field is created for each final variablettihas been accessed within the
anonymous class (and declared outside). The metued their bodies can be just moved
— we only need to replace references to the reméwedivariables by references to the
newly created fields.

Constructor has two groups of parameters — tisé dgiroup is passed to the super
constructor and the other one is used to initialiee fields. The body of the constructor
consists of calling the super constructor andah#ing all fields that have replaced final

variables.

6.1.8.Inline method

A method call is replaced by the body of the chlleethod. Parameters of the
method are replaced by local variables. Unfortugatet all methods can be inlined.

Inlining is available only for simple methods (swsting of a single return
statement) that are used in assignment, simple ittmmdor argument. Methods’
invocations that are parts of more complicated esgions can’t be inlined — for example:

inta=3;

int b = ++a + foo(a);
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In this case the invocation of the methfod cannot be inlined because it would
change the result of the expression.

Obviously it's not possible to inline a method mayvno body (abstract method or
method declared in an interface). The method thdieing inlined must contain at most
one return statement.

All fields, types and methods that are accesseth fthe body of the inlined
method must be accessible from the position ofrthecation that is being transformed.

Example:

Let the user has clagdassBand it's invocation from another class:

i public class ClassB {
protected int protectedint = 5;
public void methodA(int a) {
System.out.print(a);
}
public String methodB( String s) {
System.out.print(s + protectedint);

methodA(7);
return null;

: public class TestClass {
' public static void main( String[] args) {

ints =0
new ClassB().methodB("string");

Inlining of the methodBwill be successful only if both classes are in saene

package (fielgprotectedinimust be accessible). After the transformation ter gets:
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i public class TestClass {

public static void main( String[] args) {
ints=0
ClassB r = new ClassB();
String _s = "string";
System.out.print(s + r.protectedint);
r.methodA(7);

The parametes has been changed to the local variabtebecause the local
variables had already existed.

Sometimes the user doesn’t know what method sHmuidlined:

public interface Interface {
public void methodA( int A);

Let's have classes A, B and C — all implementimglhterface Now let the user

have this part of method:

! Interface var;
' ......... Il initialize var
i var.methodA(8);

i public class A implements Interface {

public int field = 3;

public void methodA(int i) {
System.out.print(field + i);
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The user wants to inline themethodAinvocation but he doesn’t know what
implementation of this method will be called in tame. He can use the inline
transformation without specifying what implemengati should be used. This
transformation will inline all possible implementats and uses thmstanceoftest to

determine which one will be used. The transfornmatibthe example will look like this:

» Interface var;

Do Il initialize var

i Interface r = var;

1 if (r instanceof A) {

i System.out.print( ((A) r).field +1);

i } else if (r instanceof B) {

i /I body of methodA implemented in class B
: }else {

// body of methodA implemented in class C

Implementation

The user can enter one or two parameters. Theofiessis a method invocation that
should be inlined. The second one (optional) isethwd implementation that should be
used for the inlining — if the user doesn’t entes fparameter, all implementations will be
inlined and the right one will be chosen in runtiosng thanstanceotest.

At first all conditions that we have mentionedeeity must be checked. The most
complicated is to check the accessibility of alds, types and methods referenced within
the method’s body — for this purpose we have ththawscanAccesn the Treelnfoclass
(see Javadoc).

The visitor pattern is used to go through alldgltypes and methods referenced
within the method. It focuses on the members ofcthes that contains the method that is
being inlined ClassBin our example). All references to these memberstrhea replaced
by the references to the members of the newly ed€ziassBinstance (in our example the
variabler).

The same instance has to be used to access fsenvdanbers —

! new ClassB().methodA(7);
' new ClassB().protectedint;

can’'t be used because it can change the resuhiev local variable must be
declared:
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' ClassBr=new ClassB);
+ r.methodA(7);
. r.protectedint;
If there is at most one member accessed, thiaMardoesn’'t have to be created.
The next step is to replace method’s argumentodsl variables and change all
references to the arguments by the reference®se thariables. No variable with the same

name can be already declared (if it is, is atldefront of the new variable’s name).

If the method invocation has been part of an esgom, it will be replaced by the
return value of the method. The last step is toirfports using theyetNeededimports
method of thélreelnfoinstance.

The transformation that inlines all possible inmpéatations must also generate
switch (using if — else statements withstanceof conditions) to choose the right

implementation in runtime.

6.1.9.Introduce variable
Sometimes the user would like to replace a corait expression by a reference

to a local variable that contains this expresdi@t’'s have this example:

It would be useful to replacea™ d + i” by a single variable reference — it can

make the source code more transparent. The udegeuil

double newVar=a*d + I;
©int b = newVar - 5;

The introduced variable can be optionally declaasdinal. It is also possible to

replace all occurrences of the same expression.

Implementation

Introducing a single occurrence of an expresssort idifficult — new variable’s
declaration must be added and initialized by theression that is being transformed. The
old expression is replaced by a reference to thimble. The type of the variable is found

by calling thegetTypemethod of th& reeUtilsclass (see the Javadoc).
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If all occurrences of the expression should béacsul, it is necessary to find the
right place where the new variable should be dedlafhis place can be easily found by
calling thegetNearestCommonAncestoethod of th&reeUtilsclass (see the Javadoc).

6.2. Predicate abstraction

The predicate abstraction transformation is amotbeample demonstrating
capabilities of the XMLJT framework. The goal ofisttransformation is to convert a
common Java program to a Boolean program (programmg just boolean variables).
The Boolean programs have smaller state space pexuelti-thread programs and
programs with recursion) so it's possible to use Boolean program model checker to
ensure the program is safe (there is no reachalde sate). You can find information
how to run the transformation in the User manugpgé@ndix B.6.11).

Prerequisites and requirements

This implementation of the predicate abstracti@mdformation should be just a
demonstration of possibility to create such a dlfi transformation using the XMLJT
framework. That's why several prerequisites havieesatisfied.

* Predicates — It's very hard problem to find thehtigredicates automatically so the
transformation has to get these predicates imggsti

* Single method program - Calling of methods is ndvansformed — result of calling
the method is replaced by calling the user defirseiom function. All programs to be
transformed should have only one method (we casfgahis condition using the inlining
transformation).

« No for andswitch-casestatements — These statements are not supportaddeethey
are meaningless in Boolean programs. All other robrftow statements can be used
without any restrictions.

» Integer variables — All variables should be intelgecause the theorem prover accepts
only integers. Variables of other types will be sad and will have no effect on the

Boolean program.
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Implementation
Predicate abstraction transformation has threet ipgrameters:
* method to be transformed
* list of predicates
» initial values of these predicates (mostly it would possible to get this
information from the source code using the theopeaver but there are some
situations when it's difficult — for example if thateger variable is declared
later in the method’s body — like: inti = 0; i =+ 3; int kK =i + 9; having
predicate k > 10)

The user also must define (configuration):
» path to the theorem prover
» format of the theorem prover arguments

* name of the random function (returning random bamhalue)

Let's have this input example to demonstrate imgletation of the predicate
abstraction transformation:

Method to be transformed:

\ public static void main(String[] args) {
Lointi=0;
intx=1;
intk =0;
X =k +3;
while (i < 100) {
X +=1i;
i++;
assert (x > 0);

Predicates:
p0: i < O (initial value is false)

pl: x > 0 (initial value is true)

Now let’s go through the steps of the implementatio
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1. Create boolean variables

Local variable of boolean type must be declaredefxh predicate. Initial value of
these variables is set on the basis of the inpatnpeters of the transformation. Let's see

how our example has changed (bold typed staterhentsbeen already transformed):

. public static void main(String[] args) {
bool ean p0 = fal se;

bool ean pl = true;

inti=0;

intx=1;

intk =0;

X =k +3;

while (i < 100) {
X +=1i;

i++;

assert (x > 0);

2. Replace the predicates’ occurrences

A simple visitor is used to remove all conditidhat are equal to some predicate

and replace it by the reference to the variableasmting this predicate.

» public static void main(String[] args) {
bool ean p0 = fal se;

bool ean p1 true;

inti=0;

intx =1,

intk =0;

X =Kk +3;

while (i < 100) {
X +=1;
i++;

}

assert (pl);

3. Transform all statements to the Boolean program

The visitor pattern is used to go through allestagnts and transform them to the
Boolean program statements — let’'s describe tlaisstormation in three steps (see the

Figure 3):
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Figure 3: schema of the Boolean program creation
a. Remove declarations of non-boolean variables

All declarations of local variables must be rensbveexcept local variables of the
boolean type. However, references to these vasgadnle still remaining in the method’s

body — at this moment the source code is not valid.

© public static void main(String[] args) {
bool ean p0 = fal se;
bool ean pl = true;

X =Kk +3;

while (i < 100) {
X +=1i;
i++;

assert (pl);

b. Replace other conditions

Conditions that aren’t equal to any of predicatesst be replaced by calling the

user defined random function (in our example thisction is callednyRandom

! public static void main(String[] args) {
bool ean p0 = fal se;
bool ean pl = true;

X =Kk +3;

whi l e (myRandom()) {
X+=1
i++;

assert (pl);
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c. Transform assignment expressions

There are three kinds of assignment expressiorae: Nunary expressions
(like i++) are treated like assignmenits=({ + 1).
» All assignments with non-predicate variable (vaeabn’t contained in any predicate)
on their left side can be ignored because they hdlle no effect on the result of the
Boolean program. There is no such statement inegample — “k =i * 2” would be
assignment of this type.
* Now we have only statements that can change vdlatleast one predicate. The next
step is to transform all assignments that are iedéent on the predicates’ values. It
means their right side doesn’t contain only premiceariables and constants (in our
example “x = k + 3" — k isn’t part of any predicatén these cases it is not possible to
calculate the result of the expression on the rgitie. In our example the variabtes
contained only in one predicate so only one assagtiwill be generated (in general one
assignment must be generated for each predicataicmy variable that is on the right
side of the origin assignment).

' public static void main(String[] args) {
boolean p0 = false;
bool ean pl = true;

pl = nyRandom();
whil e (myRandom()) {
X +=1
i++;
assert (pl);

e The last step is to transform assignments thatfgdhese conditions:
a) the variable on the left side is part of at least predicate
b) the right side contains nothing but constants afdrences to the variables

contained in at least one predicate

It's necessary to call the theorem prover to ti@mns these statements. For each
assignment new values of predicates must be sendam on their old value. However,
not all predicates have to be changed and new valfiehanged predicates don’'t have to
depend on all predicates. Let's hawe=* i;” statement from our example (with the same

predicates). Here are all possible predicates’esahefore and after statement:
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Before Assignment After SAT
x>0 (pl) 1 <0 (p0) XxL==x+Ii x1>0 (pl1 i1<®0)

true true true true true ?
true true true true false ?
true true true false true ?
true true true false false ?
true false true true true ?
true false true true false ?
true false true false true ?
true false true false false ?
false true true true true ?
false true true true false ?
false true true false true ?
false true true false false ?
false false true true true ?
false false true true false ?
false false true false true ?
false false true false false ?

Table 1: the predicates table before reducing

This table can be very large if we have many imretlicates — exact size of the
table will be2”(2*p) wherep is the number of predicates. Usually it's possibleapidly
reduce the size of this table. In the “before” mdrthe table there will be only predicates
that contain at least one variable referenced enrityht side of the assignment. In the
example no predicate can be removed. In the “afpert of table there will be only

predicates that contain variable from the left sifi¢he assignment. In the example only

“x1>0" will stay. The table after reducing:

Before Assignment After SAT
x>0 (pl) i <0 (p0) X1==X+Ii x1 >0 (pl)

true true true true ?
true true true false ?
true false true true ?
true false true false ?
false true true true ?
false true true false ?
false false true true ?
false false true false ?

Table 2: the predicates table after reducing

Now the theorem prover must be called to determiheh rows of the table can
be satisfied. There are many theorem provers usieg own native input format.
Fortunately most of them accept also $i&[16] input format that is used for benchmark

in some theorem provers’ competitions. The smtigilgenerated for each row of the table
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and it is passed to the theorem prover. The thegewer returns “sat” (row can be
satisfied) or “unsat” (row can never be satisfiedlue. After calling the theorem prover
for all rows of the table we get:

Before Assignment After SAT
x>0 (pl) 1 <0 (p0) xL==x+Ii x1>0 (pl)

true true true true SAT
true true true false SAT
true false true true SAT
true false true false UNSAT
false true true true UNSAT
false true true false SAT
false false true true SAT
false false true false SAT

Table 3:output of the theorem prover

On the basis of this table new switch statemefithei generated (using if - else
condition). Number of branches in this switch isi&qgto 2*b whereb is the number of

predicates in the “before” part of the table (im ewampleb=2).

1 if (p1 && pO) {

1 pl=myRandom(); // we don’t know new value of p1
+ }else if (Ipl && p0) {

v pl = false;

i }else if (p1 && !p0) {

1 pl=true;

1 Yelseif (Ipl && p0) {

pl = myRandom(); / we don’t know new value of

This switch will work but it can be simplified twe user friendly. The last branch
doesn’t have to contain condition. Some branchee llae same content so they can be

represented by a single branch. Statement aftgligying:

L if (Ip1 && pO) {

| pl = false;

| }else if (p1 && !'p0) {
1 pl = true;

' Yelse {

' pl=myRandom();

After going through all assignments the predicabstraction transformation is

finished. The final state of the example (compacethe origin):
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BEFORE AFTER

public static void main(String[] args) { | public static void main( String[] args) {

inti=0; boolean p0 = false;
intx =1; boolean pl = true;
intk =0;
pl = myRandom();
X =Kk +3; while (myRandom()) {
while (i < 100) { if (Ipl && pO)
X +=1; pl = false;
i++; } else {
} if (p1 && 'pO)Y
assert (x > 0); pl = true;
} } else{
pl = myRandom();
}
}
if (POX{
p0 = myRandom();
}else {
p0 = false;
}
}
assert (pl);

Table 4:changes in the source code
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Chapter 7. Evaluation

After implementing several transformations the hilgg of the XMLJT
framework can be evaluated.

There was no significant complication while impksmting transformations from
the Chapter 6 but the XML-based transformation &amark has got some disadvantages,
too.

Auto-generated JAXB classes of tree nodes areobiiee biggest benefits of the
XML technology. It wasn’t necessary to write ourrotvee nodes classes so we avoided
possible errors while implementing them. Howevieg, JAXB isn’t as powerful tool as we
expected. It was necessary to create extensioralfgenerated classes so the framework
will have to be changed every time the Java scheithahange.

While using JAXB classes it's not possible to tegavalid XML document so it's
not necessary to validate XML output of transforiorad. Of course, it is possible to create
a valid XML document that represents an invalidalasurce code (having compilation
errors).

XML technology also enabled to define referenoesveen tree elements. These
references help to implement effective transfororesti There is a reference table that
enables fast searching of tree nodes by their ids.

The XSLT technology is a parallel transformatioanfework that we have got for
free (just for using the XML for representing theevd source code). This technology can
be used for performing some simple transformations.

Implementation of the predicate abstraction tramsétion (the Chapter 6.2)
showed that it's quite easy to cooperate with ewetools (integration of the theorem
prover).

XML-based approach to transformation frameworkanse to be useful also for

other programming languages, especially for thelairones (like C#).
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Chapter 8. Conclusions

8.1. Conclusion

The XMLJT transformation framework has been cortgaleand it is now ready to
be used.

XML Schema suitable for representation of Javarcesi has been defined by
modification of an existing schema (JavaML). Pagsiri Java sources is ensured by the
Recoder tool. The JAXB technology is used to pa(8&. files (creating in-memory
representation) and generate XML files on the bakibe in-memory source tree. It also
automatically (according to the XML Schema) geresaftclasses for in-memory
representation of the source tree. Transformatamts analyses are able to easily obtain
information about references within the source.ts¥® nodes within the tree can be
accessed directly using the reference table.

Several transformations have been implementedrdéofpthe usability of the
XMLJT framework. Especially non-trivial transforn@ts (like inlining and predicate
abstraction) show how simple is to implement tramsftions and analyses using the
XMLJIT framework and also demonstrate possibilitobperation with external tools.

It has been proved that the XML-based approacHeteloping transformation
frameworks does work. Of course, there are somarddyges and also some disadvantages

of this approach (see the Chapter 7).

8.2. Future work

The core of the framework won’t need any discardirs innovations until the
new version of the Java programming language (in@n&va 1.5 is supported).

In the future the framework may reflect also comtseand formatting of the
source code. Now if the user converts Java fileheoXML and back to the Java he will
lose all comments and information about source clmtmatting. This fact can be
uncomfortable if the user is going to work with teeurce code after performing the
transformation.

To reflect formatting of the source code the XMEd have to contain information
about formatting and comments. However, it must napidly increase the size of the
XML files and also the size of the in-memory regmsation of the source tree.

Some sample transformations that are part of rdm@dwork can be improved in

the future. Especially the predicate abstractiangformation can be more sophisticated.
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Cooperation with external tools can bring someitadthl information to the
XMLJT framework. For example it's possible to coogie with the Soot framework to get
control-flow graph or points-to analysis informatio

Similar transformation frameworks for other pragraing languages (e.g. C# or

C++) can be also developed on the basis of the XMh.ihe future.
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Appendix A. CD-ROM content

Included CD-ROM contains these directories andfile
[0 documents — text documents describing the project
(0 javadoc — Javadoc generated documentation of ainesfivork classes

= thesis.pdf — text of this thesis in pdf format

(3 install — ready to run the framework and proofta toncept transformations
1= XMJT.jar — core of the framework — this library site be used by the user
to write his own transformations and analyses
l% refactoring.jar — implementation of refactoringiséormations
l% predicate-abstraction.jar — implementation of pratd abstraction
transformation
(0 XMLJTgui
1= XMJTgui.jar — executable jar of the XMLJT GUI
(3 lib — libraries that the GUI needs

[0 sources — source files of the project
[0 XMLJT — sources of the main project (XMLJT framewjor
[ jaxbplugin — sources of a simple JAXB plugin
(3 lib — libraries used by the framework
[ src — Java source files of the framework
(3 test — unit tests and test data
(3 xml-resources — XML Schema and JAXB binding file
java.xsd — XML Schema of the Java 1.5
bind.xjb.xml — JAXB binding file
build.xml — Ant build script
[ XMLJTgui — source of the XMJTgui
(3 lib — libraries used by the GUI
(3 src — Java source files of the GUI
build.xml — Ant build script
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Appendix B. User Manual

B.1. Requirements

The XMLJT framework is platform independent. IsHzeen successfully tested in
Windows and Linux operation systems (including XMLGUI). Memory requirements
depend on the size of transformed project. 1 GB amgrshould be enough even for very

large projects.

B.2. Installation

Install compiled jar files

1) download compiled files from the websh#p://xmljt.sourceforge.nedr from the
install directory of the CD-ROM

2) decompress the files (only when downloading fromiebsite)

3) now you can use the framework as a jar libraryfgoer the transformations from

the command line or launch the graphic user interfa

Compiling and testing sources
If you want to build jar files from the sourcesuymust have the Ant tool installed

— you can download it frorittp://ant.apache.orgr free.

1) download source files from the webshép://xmljt.sourceforge.nebr from the
sourcedirectory of the CD-ROM

2) decompress files (only when downloading from thésite)

3) to build the XMLJT framework go to théMLJT directory and run Ant (use “ant”
command) — jar files will be created in ttlist subdirectory

4) to build the XMLJT GUI go to th&XMLJTgui directory and run Ant (use “ant”
command) — jar file will be created in thest subdirectory

5) if you want to test the framework (for example afteodifying its sources) you
can use unit tests that are part of the sourcesrdrt the tests go to theMLIT
directory and type “ant test” (predicate abstractiest needs a theorem prover —
see the Appendix B.6.11 for information how to abig then you have to set the
theorem prover path in the test source file)

Note: if you want to compile the sources using s@DK (like NetBeans or Eclipse) you

must also add automatically generated files (tfikseare generated using the JAXB tool)
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— these files can be found in thaild/generated/jaxbCache/jaxdirectory (you must run

Ant in theXMLJT directory to generate these files)

B.3. Conversion from Java to XML

There are three ways how to convert Java soueetb a single XML file:

» from the command line
Executable clasgmljt.java2xml.JavaToXmtan be used to convert Java files to
XML from the command line. If you need to pass soauglitional classpath that is

necessary for parsing the Java files you can p&asshe JVM (using —cp option).

Parameters:
if you want to transform all Java files in a di@y (including its subdirectories):
<input directory> <output file>
if you want to transform separate Java files:

<input file> ... <input file> <output file>

Example:

java -cp XMLJT .jar xmljt.java2xml.JavaToXml inputDirectogutput.xml

* conversion in your own source code
There are two static methods callednvertin the xmljt.java2xml.JavaToXml
class. The only difference is the format of inpaval files. The first one converts set of
single files. The other one converts all files imeq directory (and its subdirectories).
The second parameter of both methods is the ndroatput XML file. The last
parameter is optional and defines the classpaltle tessed while parsing the Java files.

+ String error = JavaToXml.convert(sourceDir, xmlFile );
v if (error 1= null) {
System.err.print("Error while parsing java files: " + error);
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» transform the files using XMLJT GUI
It's also possible to use the XMLJT graphic useerface to convert Java files to a
single XML file. Use the “Import Java files (direcy)” item of the main menu (for further
information see the Appendix B.5).

Note: OutOfMemoryError exception can be thrown while parsing large pisjee
increasing of the JVM memory (using Java commarntbog "-Xms" and "-Xmx") will

fix it.

B.4. Output to Java

There are three ways how to generate Java soiese ffom the in-memory

representation of the program.

» from the command line
Executable classmljt.transformations.tojava.ToJavaan be used to convert Java

files to XML from the command line.

Parameters:
The transformation has two parameters: name of Xi\dLto be transformed and

name of directory where the Java sources shouggeberated.

Example:

java -cp XMLJT .jar xmljt.transformations.tojava.ToJava input.xml outputDir

* in your own source code
There is a static method called transform in the
xmljt.transformations.tojava.ToJavelass. This method has two parameters: root of the
source tree to be exported and name of the dineetbere the Java sources should be
generated.
If you need to export just one file you can usegbtJavaFileSourcenethod in the

same class.
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* Using the XMLJT GUI
It's also possible to use the XMLJT graphic usgeiface to generate Java files.
Use the “Export to Java Files..item of the main menu (for further informationesthe
Appendix B.5).

B.5. XMLJT GUI

Here is a short description of the XMLJT graphgewuinterface. To launch the
XMLJT GUI go to the XMLJTqgui directory and run tb&iLJTgui.jarfile (use “java -jar
XMLJTgui.jar’ command). Java Runtime Environm&hRE) 1.6 must be installed to run

the GUI (you can download it frorhttp://java.sun.com/javase/downloads/indexfsp

free).

Main window

The main window of the XMLJT GUI has two partsggbe Figure 4). On the left
side there is a tree of the project — Java filespaced in the directory defined by their
package. The user can open a directory or a Jevading a mouse double-click. When

the user opens a Java file he can see its comtéime iright part of the main window.

XMLJT GUI

File Tramsformations Help

ui‘lxmﬁt 1 package xmljt.test.tranformastions.inline;
=) test Z public class TestClass {
=) tranformastions 3 public static woid wain| Strizg[] args) |
=i infine 4 int 1 = 0;
ﬁi estClass, java > alE e S
; & int k = 0;
7 ®x =k + 3;
5 while {i < 10000} |
E X += i:
10 i++;
11 1
12 assert (x >= 0);
13 1
14
15 1
16

Figure 4: XMLJT GUI main window
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Working with files and projects

There are two basic ways how to open a projeceé U$er can either open an
existing XML project file (using the “Open XML...” ecomand of the main menu or
Ctrl+O shortcut) or create a new XML project by onjing Java sources.

Ctrl+Alt+I shortcut or the “Import Java Files...” gomand of the main menu can
be used to import separate Java source files.ofishported files is set using the modal
dialog (Figure 5). The user must also define nam&ML file where the XML project
should be stored. If the imported sources use ddraies not included in the current
classpath the user must also define them in tHeglia

It's also possible to import whole directorieslHJava files in the directory and its
subdirectories will be imported. The user can hse“import Java Directory...” command
of the main menu or Ctrl+| shortcut. Displayed d@(Figure 6) is similar to the previous
one (importing separate Java files). The only diifiee is the user can choose only one

directory instead of the list of files.

Import Java Files

Files ko be imported:

Ly Classz? java
CrdJavaToXml. java

Remove

External jar libraries (not included in the current classpath):

Crhice.jar

Femove

®ML project File:
CDocuments and Settingst JirkaPlochalpokus, <l | Seled...

[ ] 4 ] [ Cancel

Figure 5: importing separate Java files
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[ £} Import directory

Directary ko be imported:
C\diplombka Select. ..

External jar libraries {not included in the current classpath):

Remove

IEm .

#ML project File: T Sdlect, .
C\Documents and Settings! JirkaPlochalpokus, il

(0.4 ] [ Cancel

Figure 6: importing whole directory

Once the user has finished the transformationsahesave the XML project using
the “Save XML” command of the main menu or Ctrl4®cut. If he clicks on the “Save
XML as...” item of the main menu he can save new aoipiye project using different file
name.

For compiling the program it's necessary to expbé project back to the Java
sources. The user can use either Ctrl+E shortcthieofExport to Java Files...” item of
the main menu. Then he must choose the directogrevtihe sources should be exported.
The directory tree corresponding to the structdrpackages will be created in the target

directory.

Running the transformations

There are two ways how to perform transformatiartse first one is to use the
main menu (“Transformations”) and click on the nashéransformation to be performed.
The second way is to use the pop-up menu (rightsenalick anywhere in the source
code) and its “Transformations” submenu.

Some transformations can be used only if someifgppart of the source code is
selected — for details see the description of gezific transformation (B.6). It's possible
to add new transformations to the GUI dynamicalge the tutorial in the Appendix C.3

for details.
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B.6. Performing transformations

B.6.1 Refactoring in general

There are three ways how to run refactoring transidions.

» from the command line
To run the transformations from the command limetg the folder containing
refactoring.jarfile and run‘java -jar refactoring.jar” having these parameters:

-help print help information

-Xi xml input file (required) — if you want to createnl project file from
Java sources, see the Appendix B.3

-X0 xml output file (optional)

-t name of transformation to be performed ang#sameters — you can
find detailed information about parameters in thesaliption of the

corresponding transformation

* invoke the transformation from your own source code
You will need XMLJT.jar and refactoring.jar libraries to run the refactoring
transformations. At first you have to create new stance of the
transformations.refactoring.Refactatass. Treelnfo object is the only parameter of the
constructor.
Now you can call methods of thRefactor class to perform transformations
(information about these methods can be found endéscription of the corresponding

transformation).

* run transformation using the XMLJT GUI
It's also possible to use the graphic user interfao run all refactoring

transformations. See the description of the comedmg transformation for details.

B.6.2Method extracting

e from the command line
Name of transformation:

extractMethod
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Parameters:

-name name of the method to be created (required)
-stmts ids of the statements to be extracted (regi
-mod access modifier of the method to be creébptional — if there is no

such argument the default access modifier will fed)

Example:
java -jar refactoring.jar -xi input.xml-xo output.xml-t extractMethodmod public

-stmts-35 -42-name newMethod

* invoke the transformation from your own source code
The extractMethodmethod has three parameters: name of method twdaged,
access modifier of this method and list of idstateaments to be extracted.

! Refactor r = new Refactor(treelnfo);
| r.extractMethod("newMethod", ModifierType.PUBLIC, - 35, -42);

* run transformation using the XMLJT GUI
Select statements to be extracted and choose“lteroduce Method” from the
main menu or the pop-up menu. Then you have tongnee of the method and choose its

modifier in a simple dialog.

B.6.3.Renaming

e from the command line
Name of transformation:

rename

Parameters:

There are only two parameters: id of element toeebamed and new name.

Example:

java -jar refactoring.jar -xi input.xml-xo output.xml-t rename 116 newName
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* invoke the transformation from your own source code
There are many rename methods — one for each diygement that can be

renamed. All of them have two parameters: eleneebetrenamed and its new name.

' Refactor r = new Refactor(treelnfo);
' r.rename(element, “newName”);

* run transformation using the XMLJT GUI
Select statement to be renamed and choose itematf’ from the main menu or

the pop-up menu. Then you have to type new namesimple dialog.

B.6.4Change method parameters

* invoke the transformation from your own source code

There are three methods for manipulating with @t parameters. New
parameter can be added by callagdParametemethod. It has got three parameters:
method whose declaration should be changed, neavnader to be added (instance of the
FomalArgumentlass) and default value of the new parameter (@pjementation of the
Expressioninterface, will be used every time the transformesthod is being called).

The methodemoveParametes used to remove parameter. It has two parameters
method to be changed and name of the parameterrentoved.

The wuser can also change order of method's paessneusing the
permuteParametemnethod. It has got two parameters: method to begdd and array of
integer that defines the permutation of the paramet-or example let's have a method
with parameters (a, b, ¢) and transform it with 13,2} permutation of parameters. The
transformed method will have parameters (c, a, lmrder of parameters will be also

changed everywhere the method is being called.

i Refactor r = new Refactor(treelnfo);
i Type type = factory.createType(TreeUtils.INT_TYPE_N AME, TreeUtils.INT_TYPE_ID);
' FormalArgument newParam = factory.createFormalArgum ent(type, "newParam", false);

/I add int parameter having default value 0

' r.addParameter(method, newParam, factory.createLite ralNumber(0));
© // remove just added parameter
' r.removeParameter(method, " newParam"));

i/l switch two parameters of method
1 r.permuteParameters(method, new int[[{2,1}));

* run transformation using the XMLJT GUI
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Select the method (or any of its invocations) éochanged and choose the item
“Change Method Parameters” from the main menu erpibp-up menu. You can easily
change parameters using displayed dialog.

B.6.5Variable to field

+ from the command line

Name of transformation:

localToField
Parameters:
-name name of the field to be created (required)
-var id of the local variable to be transfornfeztjuired)
-mod modifiers of the field to be created (opal — if there is no such

argument, the default modifier will be used)

Example:
java -jar refactoring.jar -xi input.xml-xo output.xml-t localToField-namenewField

-var 116-mod public

* invoke the transformation from your own source code
The variableToField method of theRefactor class has three parameters: local
variable to be transformed, name of the field tet@ated and its modifiers.

i Refactor r = new Refactor(treelnfo);
' r.variableToField(localVariable, "newField", modifi ers));

* run transformation using the XMLJT GUI
Select local variable to be changed and choos&dhe“Variable to Field” from
the main menu or the pop-up menu. Then you havwgpw name of the field and choose

its modifiers in a simple dialog.
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B.6.6. Extract interface

+ from the command line
Name of transformation:

interface

Parameters:
-package name of a package where the new interface shautidated (required)
-name name of the interface to be created (required)
-class id of the class to be transformed (required

-methods  ids of methods that should be declared in thefate (required)

Example:
java -jar refactoring.jar -xi input.xml-xo output.xml-t interface-packagemy.package

-nameNewInterfaceclass30-methods175 200

* invoke the transformation from your own source code
Theextractinterfacanethod of thdRefactorclass has four parameters: name of the
interface, its package, the class to be transforamedlist of the methods to be declared in

the interface (vararg).

i Refactor r = new Refactor(treelnfo);
! r.extractinterface(* my.package ”, “Newinterface”, testClass, methodA, methodB));

* run transformation using the XMLJT GUI
Select the class to be changed and choose the'Hetract Interface” from the
main menu or the pop-up menu. Then you use disglaye@og to choose methods that

should be declared in the interface.
B.6.7 Extract super class

+ from the command line
Name of transformation:

super
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Parameters:
-package name of a package where a new super class sheulekated (required)
-name name of the super class to be created (required)
-class id of the class to be transformed (reqyired
-methods  ids of the methods that should be declared antemmgnted in the super
class (optional)
-abstract ids of the methods that should be declared asaaibsir the super class

(optional)

Example:
java -jar refactoring.jar -xi input.xml-xo output.xml-t super-packagemy.package
-nameNewClassclass30-methods175 200-abstract 244

* invoke the transformation from your own source code
The extractSuperClasmethod of theRefactorclass has five parameters: name of
the super class, its package, the class to befdramsd, list of the methods to be moved to
the super class (including their body) and listhed methods that should be declared as

abstract in the super class.

i Refactor r = new Refactor(treelnfo);
| r.extractSuperClass( “my.package ", “NewClass” , testClass,
' new Method[]{methodMain}, new Method[0]));

* run transformation using the XMLJT GUI
Select the class to be changed and choose the'ligimact Superclass” from the
main menu or the pop-up menu. Then you use théagesg dialog to choose the methods
that should be moved to the super class (or detEseabstract).

B.6.8 Anonymous class to nested class

+ from the command line
Name of transformation:

anonToNested
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Parameters:
-name name of the nested class to be created (required)
-anonymous id of the anonymous class to be transformed (redui
-mod modifiers of the class to be created (optionalf thére is no such

argument, the default modifier will be used)

Example:
java -jar refactoring.jar -xi input.xml-xo output.xml-t anonToNestedanonymous441

-nameNewNestedClassnod protected

* invoke the transformation from your own source code
You can use thanonymousToNestadethod of theRefactorclass that has three
parameters: an anonymous class to be transforinedyame of a new nested class to be

created and its modifiers.

Refactor r = new Refactor(treelnfo);
i r.anonymousToNested(anonymousClass, "NewNestedClass ", modifiers));

* run transformation using the XMLJT GUI
Select the anonymous class to be transformed lhodse the item “Anonymous
Class to Nested” from the main menu or the pop-igmum You must define name of

nested class and its modifiers in the dialog thth& displayed.
B.6.9Inline method

+ from the command line
Name of transformation:

inline

Parameters:

There is only one parameter: id of method’s inwoca(xml elementmethod-call
that should be inlined. All possible implementaiamill be inlined and switch (using if —
else statements witlinstanceof conditions) will be generated to choose the right

implementation in runtime.
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Example:

java -jar refactoring.jar -xi input.xml-xo output.xml-t inline -42

* invoke the transformation from your own source code

There are two methodsline in the Refactor class. The first one has two
parameters: method’s invocation that should be nédi (instance of the
xmljt.xmltree.nodes.MethodCallass) and the method whose body should be usetdo
inlining (the user is sure what implementationref tnethod will be used in runtime).

The other one has only one parameter — instance thé
xmljt.xmltree.nodes.MethodCatlass. In this case all possible implementatiorilt lve
inlined and switch (using if — else statements witanceofconditions) will be generated

to choose the right implementation in runtime.

i Refactor r = new Refactor(treelnfo);
i r.inline(methodCallToBelnlined);
» r.inline(otherMethodCall, methodToBeUsed);

* run transformation using the XMLJT GUI
Select the method’s invocation to be inlined ahdose the item “Inline” from the
main menu or the pop-up menu. In displayed dialog smmust choose which of possible

implementations would you like to use.
B.6.10.Introduce variable

+ from the command line

Name of transformation:

extractVar
Parameters:
-name name of the variable to be created (required)
-expr id of the expression to be transformed (required)
-final the variable will be declared as final (optional)
-all all occurrences of the expression will be repla@gdional)
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Example:
java -jar refactoring.jar -xi input.xml-xo output.xml-t extractVar-expr -143

-namenewVar-final

* invoke the transformation from your own source code

There are two similar methods. The first one isned extractVariable and
replaces only the specified expression by the leealable (not all occurrences of the
expression). It has three parameters: name ofahable to be created, boolean parameter
specifying if the variable should be declared aalf{true if we want it to be final) and the
expression to be transformed (any implementatiothefkmljt.xmltree.nodes.Expression
interface).

The second method is namedtractVariableAllOccurencesand has the same
parameters as the previous one. The only differendeat it replaces all occurrences of

given expression.

Refactor r = new Refactor(treelnfo);
| r.extractVariable(*newVarl”, true, expressionl));
i r.extractVariableAllOccurences(“newVar2”, false, ex pression2));

* run transformation using the XMLJT GUI
At first you have to select the expression you twi@nbe stored in the local
variable. Then choose the item “Introduce Varialdlem the main menu or the pop-up
menu and fill out the name of the newly createdaixe.

B.6.11.Predicate abstraction

You will need a theorem prover to run the predicabstraction transformation.
You can use any theorem prover that suppsmisformat. The transformation has been
tested using two theorem provers: yices (you camwnttad it for free from

http://yices.csl.sri.com/ ) and z3 (you can download it for free from

http://research.microsoft.com/en-us/um/redmondéutsjz3)).

* from the command line
To run the transformation from the command linetgathe folder containing

predicate-abstraction.jafile and type the followingava -jar predicate-abstraction.jar
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List of parameters:

-help print help information

-ji java input file (optional)

-jo java output directory (optional)

-Xi xml input file (required) - this file wilbe generated if you use -ji
parameter

-X0 xml output file (optional)

-pred list of predicates and its default valuesj(rired)

-tppath path to the theorem prover executable filguned)

-tpargs format of the theorem prover's arguments ¢oati - default value is

"<file>"), “<file>" will be replaced by the name @&mt input file
-random name of static random function to be called

(must return boolean; required)

Here are some examples:

java -jar predicate-abstraction.jar -ji TestClass.javaxi TestClass.xmixo output.xml
-jo output-pred "x>0" true "i<Q" false-tppath D:\yices\bin\ yices.exe
-tpargs "-smt <file>"-random myRandom

java -jar predicate-abstraction.jar -xi TestClass.xnmijo output-pred "x>0" true
-tppath D:\z3\bin\z3.exerandom myRandom

* invoke the transformation from your own source code
You will need XMLJT.jar and predicate-abstraction.jarlibraries to run the
predicate abstraction transformation. At first ybave to create new instance of the
xmljt.transformations.pa.PredicateAbstractiolass. Treelnfo object is the only parameter
of the constructor.
Now you can call the methachnsformhaving three parameters:
* method to be transformed (program should have améymethod)
» list of predicates (instances of thxenljt.xmltree.nodes.Expressijor if you
have just string representation of the predicatess ycan use the
xmljt.transformations.pa.PredicatesParsgass to parse them (see the Javadoc

for further information)
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» list of initial values of the predicates (size bétlist must be equal to the size
of the list of predicates)
Thetransformmethod returns true if the transformation has mecessful, false
otherwise. Here is an example of a source codemieat invoking the predicate

abstraction transformation:

1 PredicateAbstraction predicateAbstraction = new Pre dicateAbstraction(treelnfo);
boolean result = predicateAbstraction
.transform(method, parsedPredicates, initValue S);

* run transformation using the XMLJT GUI

It's also possible to use the graphic user interfio run the predicate abstraction
transformation. At first you have to open (impaxthl project (see the Appendix B.5).
Now you must select the method to be transformgds@tting the cursor position to its
name). You can use either the pop-up menu (Tramsfitons— Predicate Abstraction) or
the main menu (Transformations Predicate Abstraction) to open the setting dialog
(Figure 7).

The most important is to define the set of pregisdo be used — you must type an
attribute to the field (1) and define its initiadlue (2). You can also see the list of already
added predicates (3). It's also necessary to defatle to the executable file of the theorem
prover (4) and the format of the theorem provebsmmand line parameters (5). After
typing the name of static random function (6) yam press the OK button to process the

transformation.

65



Predicate abstraction

Predicates:
x <0 Q - -0~
i = 0 {initial value = ktrue) 9

Theorem prover path;

|D:'l,dipll:umka'l,prl:uvers'l,yices-l.I:I.22'I,I:uin'l,yil:es.exe o:l[ ]

Thearem prover arguments (" <file=" wil be replaced by the name of sme File):

|-sml: <file= @]

F.andom function name: |m3-'Ranu:h:|m 0]

[ oK H Cancel ]

Figure 7: the predicate abstraction setting dialog

66



Appendix C. Tutorials

In the next chapter you can find three tutoridlst tshould help the user to learn
how to work with the XMLJT framework. All classeachmethods used in these tutorials
are described in the Javadoc, so they won't beritbestin full detail within the tutorials.
Source code of the first two tutorials can be foumdhe xmljt.transformations.tutorial
package.

C.1. Tutorial 1 — creating the program elements

This tutorial describes how to create a simplelftHg/orld” program using just
the XMLJT framework. The framework is not the besty how to create Java programs
but this tutorial wants to demonstrate how new mogelements can be created — that’s
what the user will need to implement transformation

The goal of the tutorial is to create program likis one:

. package hello.world;

public class Main {
public static void main( String[] args) {
System.out.printin("Hello World !!'");

Program tree

The first step is to create a new tree represgrihe Java program. Most of the
users will never use this procedure because thibgetithe tree by parsing a XML file or
Java files.

An empty tree is created by calling the static hodtcreateEmptyTree(df the
Treelnfo class (1). It returns new instance of fheeelnfo class — this class holds all
information about the tree. Its methgdtRoot()is used to get the root element of the tree
(instance of theJavaSourceProgranclass) (2). The factory class (instance of the
ProgramElementFactoryclass) is needed to create new program elements -
getProgramElementFactorytethod of théreelnfoclass is used to get it (3).
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1 Treelnfo treelnfo = TreeUtils.createEmptyTree();
2 JavaSourceProgram root = treelnfo.getRoot();
3 ProgramElementFactory factory = treelnfo.getProgram ElementFactory();
Main class and its file

Now it's necessary to create the main class ofpitogram. This class must be
contained in its own Java file. At first the classhodifiers must be created (having just
the public modifier) using the factory (4). After that we careate new class’s declaration
(named “HelloWorld”) using these modifiers (5). N@vgtance of thdavaClassFileclass
must be created — again using the correspondirtgriamethod (name of package and
main class must be specified in its parameters)T{&@ Java file must be added to the root

of the program tree (7).

4 Modifiers classModifiers = Factory

. .createModifiers(factory.createModifier(Modifier Type.PUBLIC));
i 5 ClassDeclaration mainClass =
! factory.createClassDeclaration(classModifiers, " Main™);

i 6 JavaClassFile file = factory
E .createJavaClassFile("hello.world", mainClass);
' 7 root.addJavaClassFile(file);

Main method

The main method has only one argumeatgs (one dimensional array of String).
At first type of the argument must be defined. Targuments must be passed to the
factory method — name of the type (as we can see the source code — including
brackets) and id of the type (in this case id @& $tandard String type) (8). In this case
dimensionsandprimitive arguments must be also set because we are rdfegehe array
type (9, 10). Finally it's possible to create arjeab representing the parameters of the

main method (11).

1 8 Type argsType = factory.createType("String[]", Tree Utils.STRING_TYPE_ID);

1 9 argsType.setDimensions("1");

1 10 argsType.setPrimitive("false");

i 11 FormalArguments arguments = factory.createForma IArguments(
factory.createFormalArgument(argsType, "args”, f alse));

The return type and modifiers of the main methodte defined (12, 13). Now
the method can be created (14) and a new blockeaset to the method (15, 16). The

method must be added to the main class (17).
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12 Type returnType = factory.createType(TreeUtils.V OID_TYPE_NAME,
5 TreeUtils.VOID_TYPE_ID);
1 13 Modifiers methodModifiers =

factory.createModifiers(factory.createModifier(Modi fierType.PUBLIC),
! factory.createModifier(ModifierType.STATIC));
1 14 Method mainMethod = factory.createMethod("main", returnType,

; methodModifiers, arguments);
+ 15 Block block = factory.createBlock();

1 16 mainMethod.setBlock(block);

1 17 mainClass.addMethod(mainMethod);

Printin statement

There are several prerequisites to callghetln method — target of this method is
the static field declared in thava.lang.Systerolass. However, this type is declared out of
the source code tree (in the jar library). MethgetOuterDeclaration(String)f the
Treelnfoclass is used to get id’s of outer declaratior (9, 20). Once ids of outer
declarations are known, target of the method camrbated in three steps: create type
referencing to thgava.lang.Systemlass (21), create reference to the statitfield (22,
23) and finally create target of the method cadl)(2

18 int printinDecl = treelnfo.getOuterDeclaration

. ("java.io.PrintStream.printin(java.lang.String)" );

1 19 int systemDecl = treelnfo.getOuterDeclaration(" java.lang.System");
120 int systemOutDecl = treelnfo.getOuterDeclaration("j ava.lang.System.out");
1 21 Type targetType = factory.createType("System"”, systemDecl);

1 22 FieldRef targetField = factory.createFieldRef(" out",

E systemOutDecl);

1 23 targetField.setType(targetType);

1 24 Target callTarget = factory.createTarget(target Field);

The only argument of therintin method call is the string literal having the “Hell
World!"!” value (25). Now the call statement can éasily created (26) and add to the
main method’s block (27).

25 Arguments printinArgs = factory.createArguments

| (factory.createLiteralString("Hello World!!!"));

1 26 MethodCall printinCall = factory.createMethodCal I(callTarget,
| printlnArgs, "printin”, printinDecl);

1 27  block.addStatement(printinCall);

The last step is to export the program — it's fmdesto export it into the single
XML file that can be later used to easily load gnegram to the XMLJT framework. The
second possibility is to create the Java soures.fiNote: the directory “c:\HelloWorld”

must exist!
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i 28 Marshal.marshall(root, "c:\\HelloWorld\\source. xml™);
1 29 ToJava.transform(root, "c:\\HelloWorld");

Undefined ids

You can see that some statements must work wamesits’ ids. However, it's
possible to ignore this requirement. Element’s ads used to keep references between
program elements. They are necessary to perforntrangformation. But if you want just
to export the program tree into Java files, thewndksnever be used.

Whenever the Java files are converted to an XMabjeot, ids’ structure is
generated automatically. So it's possible to sifgptiur example by ignoring the ids’
structure (and also some arguments). But we musperform any transformation before
we convert the tree into Java files and back toxli. project! Simplified version of our

example:
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.1 Treelnfo treelnfo = TreeUtils.createEmptyTree() :
) JavaSourceProgram root = treelnfo.getRoot();
' 3 ProgramElementFactory factory = treelnfo.getPro gramElementFactory(); ;
! 4 Modifiers classModifiers = !
factory.createModifiers(factory.createModifier(Mo difierType.PUBLIC));
. 5 ClassDeclaration mainClass = :
factory.createClassDeclaration(classModifiers, "Main");
6 JavaClassFile file = factory ;
: .createJavaClassFile("hello.world", mainClass); :
' 7 root.addJavaClassFile(file); !
8 Type argsType = factory.createType("String[]", TreeUtils.STRING_TYPE_ID);
P11 FormalArguments arguments = factory.createForma IArguments :
(factory.createFormalArgument(argsType, "args"”, false));
L 12 Type returnType = factory.createType(TreeUltils. VOID_TYPE_NAME,
; TreeUtils.VOID_TYPE_ID); i
1 13 Modifiers methodModifiers =
: factory.createModifiers(factory.createModifier(M odifierType.PUBLIC), :
factory.createModifier(ModifierType.STATIC));
i 14 Method mainMethod = factory.createMethod("main” , returnType, 5
X methodModifiers, arguments); X
15 Block block = factory.createBlock(); E
1 16 mainMethod.setBlock(block);
i 17 mainClass.addMethod(mainMethod); |

Type targetType = factory.createType("System", 0);
22 FieldRef targetField = factory.createFieldRef(" out", 0);
! 23 targetField.setType(targetType);
24 Target callTarget = factory.createTarget(target Field);

| 26

Arguments printlnArgs = factory
.createArguments(factory.createLiteralString("He
MethodCall printinCall = factory.createMethodCa
(callTarget, printnArgs, "printin", 0);
block.addStatement(printinCall);

llo World !''"));

| 27

29 ToJava.t.ransform(rO(’Jt, ;‘c:\\HeIIoWorId");

C.2. Tutorial 2 — simple transformation

This tutorial shows how to implement a simple tfanmsation using the XMLJT
framework. Goal of this transformation is to primformation about the change of
watched variables into standard output. It mears dt@tements must be added for each
statement that changes value of the watched var{gbinting value before the change and

after the change). Let’s have this program, we wamtatch the variable

71



Original:

| public class Main {
| public static void main(String[] args) {
inti=0;
intj=3;
i=j+09;
while (i < 14)
i++;
j=i-1;
i+=3;

public class Main {
public static void main( String[] args) {

inti=0;

| intj=3;

| System.out.printin("Old value of variable i " +);

E i :j +9;

| System.out.printin("New value of variable ii " +);

5 while (i < 14) {

5 System.out.printin("Old value of var iable i: " +i);
' i++;

: System.out.printin("New value of var iable i: " +i);
-

: j=i-1

E System.out.printin("Old value of variable i " +);

i i+=3;

i System.out.printin("New value of variable i " +);

L}

The transformation has three parameters — soureetary (containing Java
source files), target directory (transformed sodiles will be generated there) and names
of the variables to be watched (all local variabigh given name will be watched). You
can find the source code of this transformation inthe

xmljt.transformations.tutorial.variablelogger.Vab&Loggerclass.

Import, transform, export

At first the Java source files must be convertegd XML project (1-7). The file
“project.xml” is created in the target directorfift directory must exist). All Java files in
the source directory (including subdirectories) @aesed and added to XML file (3).

The user can get the root of the project tree toyparshalling this XML file (8).
This root is used to create an instance ofTiteeInfoclass that holds all information about



the structure of the tree (12). Instance of RnegramElementFactoris stored to field to
simplify the source code (13).

The visitor pattern is used to perform the tramsftion (14) - the
VariableLoggerVisitorclass will be described later. After performingydransformation
refreshTreelnfo(method must be called (15). This method goes tiiradhe whole tree
and refreshes information about relations betweegram elements.

When the source code has been transformed, thevilsprobably want to export
it. It can be either exported to the XML projedef{(17) or the Java source files can be

generated in the given directory (16).

private Treelnfo treelnfo;
private ProgramElementFactory factory;

public void transform(String sourceDir, String dis tDir,String ... variables){
1 String xmlFile = distDir + "\\project.xml";
1 2 String error;
3 error = JavaToXml.convert(sourceDir, xmlFile);
v 4 if (error = null) {
15 System.err.print("Error while parsing java fil es: " + error);
1 6 return,
L7}
8 JavaSourceProgram root = Unmarshal.unmarshall(x miFile);
1 9 if (root == null) {
10 System.err.print("Error while reading xml file M);
L 11 return;
}

1 12 treelnfo = new Treelnfo(root);
1 13 factory = treelnfo.getProgramElementFactory();
' 14 root.accept(new VariableLoggerVisitor(treelnfo, variables));

15 treelnfo.refreshTreelnfo();
1 16 ToJdava.transform(root, distDir);
+ 17 Marshal.marshall(root, xmlFile + ".new");

Visitor implementation

The visitor pattern is used to go through the whotée and to find the elements
that should be transformed. The visitor class aldaheVisitAllElementsVisitoclass that
automatically visits all elements of the tree. lo$twatched variables’ names is passed to
the constructor (21) and stored in the field (18).

To simplify this transformation let's say the \abie can be changed only by an
assignment or by a single unary expression (mugt b® nested within another

expression).
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Every time the visitor is visiting an assignmerp@ssion (27) it must ensure the
target of the assignment is a local variable (Z§, 2f the name of the local variable is
contained in the set of variables to be watched, (8ie method generatingrintin
statements is called (this method will be descrilagel) (32).

The body of thevisitUnaryExprmethodis quite similar — if one of the watched

local variables is being changed, tfenerateLoggerStatemetsethod is called (34-38).

public static class VariableLoggerVisitor extends VisitAllElementsVisitor {

18 Set<String> varsToBelLogged;
i 19 private Treelnfo treelnfo;
1 20 private ProgramElementFactory factory;

1 21 public VariableLoggerVisitor(Treelnfo treelnfo, Str ing ... variables) {
P22 varsToBelLogged = new HashSet<String>(variables length);
1 23 for (String v : variables)
1 24 varsToBelLogged.add(v);
1 25 this.treelnfo = treelnfo;
| 26 factory = treelnfo.getProgramElementFactory();
}
! @Override
1 27 public void visitAssignmentExpr(AssignmentExpr x) {
1 28 if (!(x.getLvalue().getTarget() instanceof Var Set))
1 29 return;
1 30 VarSet varSet = (VarSet) x.getLvalue().getTarg et();
131 if (varsToBelLogged.contains(varSet.getName()))
1 32 generateLoggerStatemets(x, varSet.getName(), varSet .getldref());
' }
; @Override
i 33 public void visitUnaryExpr(UnaryExpr x) {
1 34 if (!(x.getExpression() instanceof VarRef))
1 35 return;,
1 36 VarRef varRef = (VarRef) x.getExpression();
P 37 if (varsToBeLogged.contains(varRef.getName()))
38 generateLoggerStatemets(x, varRef.getName(), varRef .getldref());
}
}

Create println statements

The methodgenerateLoggerStatemetsis got three parameters — statements that
should be surrounded by thentln statements, name of the variable to be printecandt
the variable’s id. The first step is to ensure #tatement is the “real” statement (for
example unary expression can be just the partathan expression — in that case we don’t
want to transform it) (40-41).
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It's necessary to know where the new statementks bei added. The method
getStatementContainerForAddingf the classTreelnfo returns the right statement
container (42) — this method will create new cargai(block) if it's necessary (if the
parent of the statement is an instancearfp, DoLoop TrueCaseor FalseCaselass).

Now it's easy to add two statements to surround #ssignment (unary)

expression. These statements are created lyeh&ePrintinmethod (44-45).

private void generateLoggerStatemets
(Statement statement, String varName, int varld ) {

39 Object parent = statement.getParent();

1 40 if (/(parent instanceof Loop || parent instance of DoLoop ||

' parent instanceof TrueCase || parent instanceof F alseCase ||
, parent instanceof StatementContainer))

P41 return;

42 StatementContainer stmtContainer =
: treelnfo.getStatementContainerForAdding(statement ;
1 43 int stmtPos = stmtContainer.getStatements().ind exOf(statement);

1 44 stmtContainer.insertStatement(stmtPos,

: createPrintin("Old value of variable " + varName +" : ",varName,varld));

| 45 stmtContainer.insertStatement(stmtPos+2,

i createPrintin("New value of variable " + varName +": ",varName,varld));
}

Creating theprintin method’s call is similar to the first tutorial éating program
elements). At first ids of the outer declarationgsinbe loaded (46-48) and target of the
method’s call must be created (49-52). The arguneérthe printin must be a binary
expression having the plus operator and two opsrarstring literal and reference to the

watched variable (53, 54). Finally the newly cred#ethodCallstatement is returned.
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private MethodCall createPrintln(String message, String varName,
int varld) {

1 46 int printinDecl = treelnfo.getOuterDeclaration

| ("java.io.PrintStream.printin(java.lang.String)") ;

1 47 int systemDecl = treelnfo.getOuterDeclaration(" java.lang.System");

; 48 int systemOutDecl = treeInfo.getOuterDeclaration("] ava.lang.System.out");
49 Type targetType = factory.createType("System", systemDecl);

50 FieldRef targetField = factory.createFieldRef("out" , SystemOutDecl);

1 51 targetField.setType(targetType);

52 Target callTarget = factory.createTarget(target Field);

' 53 BinaryExpr arg = factory.createBinaryExpr("+",

| factory.createLiteralString(message),

! factory.createVarRef(varName, varld));

' 54 Arguments printlnArgs = factory.createArguments (arg);

' 55 return factory.createMethodCall(callTarget, pri ntinArgs,
' "printin”, printinDecl);

C.3. Tutorial 3 — adding a transformation to the XMLJT G Ul

This tutorial shows how to add new transformatidosthe XMLJT GUI — it
contains some built-in transformations but it'silyasxtensible.

The first step is to implement themljtgui.transformations.ITransformation
interface (it can be found iIXMLJTgui.jar file). Let’'s add the transformation from the
previous tutorial to the GUI.

The user has to implement six methods. Meths®t3reelnfoand setFrameare
called by the XMLJT GUI every time the current tiaé or frame is being changed. In
our example this information is just stored to fiedds (16, 17). The user also gets
information about the current selection within source code (4) — the start and the end
position of the current selection and position lbEeements (of the current file) within the
source code. In the example this information isus#d — you can use the source code of
the ITransformationimplementations in thexmljtgui.transformationspackageto learn
how to use it.

The getNamemethod returns the name that will be displayethenmenus of the
graphic user interface (3). This menu item willgnayed if thecanExecutenethod returns
false. In the example the transformation is enaldedry time there is some project
opened (5).

The most important method to be implemented is athexecute It's invoked

when the user clicks on the corresponding menu.ifEne error message is displayed
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using theDialogOutputclass if there is no opened project (7 -10). &hath Swing input
dialog is used to get the name of the variable & lbgged (11-13). Now the
transformation can be finally performed using tlister from the previous tutorial (14).
The methodexecutereturns true if the transformation has been peréorrauccessfully
(15).

public class LogVariables implements ITransformati on {

1 private Treelnfo treelnfo;
1 2 private JFrame frame;

3 public String getName() {
| return "Log Variables";
}

4 public void setSelection(int start, int end, Lis t<ElementPosition>
elementsPositions) {
/l do nothing

}

' 5 public boolean canExecute() {
return treelnfo != null;

}
6 public boolean execute() {
+ 7 DialogOutput output = new DialogOutput(fram e);
8 if (lcanExecute()) {
P9 output.error("No source code");
110 return false;

}

11  String name = JOptionPane.showlnputDialog(" Name of variable to

| be watched:");
112 if (name == null)
1 13 return false;

14  treelnfo.getRoot().accept(new VariableLogge rVisitor(treelnfo,
new String[[{name}));

115 return true;

}

16 public void setTreelnfo(Treelnfo treelnfo) {
this.treelnfo = treelnfo;
}

17 public void setFrame(JFrame frame) {
this.frame = frame;

This implementation of thEransformationinterface must be build into a jar file.

Let's name this file “varlogger.jar’. All extensisnmust be stored in the directory
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“transformations” that must be in the same dirgcts the executablMLJITgui.jarfile.
If there is no such directory it must be createtle Jar file containing the extension
(varlogger.jan must be copied to this directory.

Information about extensions is stored in the tégxthamed “transformations.cfg”.
If the user wants to add the first extension hetbageate this file (using any text editor).
This file contains full names (separated by a nawe)lof classes that implement the
ITransformationinterface and should be added to the user interf@onfiguration file

(transformations.cfgof the example will have this content:

[ XMLIT gui]

=" [transformations]
[ '] transformations.cfg
| £ varlogger_jar

[ £ XMLJT gui_jar
Figure 8: XMLJT GUI extensions hierarchy

Now it's possible to run our transformation fronetGUI (using pop-up menu or

main menu).
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