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Automated Code Smell Detection and Refactoring using OCL
Kim Tae Woong' - Kim Tae Gong"™

ABSTRACT

Refactoring is a kind of software modification process that improves system qualities internally but maintains system functions
externally. What should be improved on the existing source codes should take precedence over the others in such a modification process
using this refactoring. Martin Fowler and Kent Beck proposed a method that identifies code smells for this purpose. Also, some studies on
determining  what refactoring will be applied to which targets through detecting code smells in codes were presented. However, these
studies have a lot of disadvantages that show a lack of precise description for such code smells and detect limited code smells only. In
addition, these studies showed other disadvantages that generate ambiguity in behavior preservation due to the fact that a description
method of pre-conditions for the behavior preservation is included in a refactoring process or unformalized. Thus, our study represents a
precise specification of code smells using OCL and proposes a framework that performs a refactoring process through the automatic
detection of code smells using an OCL interpreter. Furthermore, we perform the automatic detection in which the code smells are be
specified by using OCL to the java program and verify its applicahility and effectivity through applying a refactoring process.

Keywords : Refactoring, Code Smells, OCL(Object Constraint Language), AST(Abstract Syntax Tree), EMF(Eclipse Modeling
Framework), Java
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context Project
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=self.compilationUnits.types—>collect(oclAs Type(TypeDeclaration))->select(subclass Types—>notEmp
ty())->select(bodyDeclarations—>select(oclls TypeOf(FieldDeclaration))->notEmpty () —>asSet()

context Project
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=sType.subclassTypes—>collect(oclAs Type(SimpleType)).name. fullyQualifiedName—>collect(subType | A&t}
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context Project
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QualifiedName.allinstances()—>select(expressionBinding—>notEmpty())
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Jasobject

#object: EObject

+addModifier(modifier: String, bool: boolean): void
+getharnel): String
+setMameiname: String): void
+isStatic{select: int): boolean
+isabstract(): boolean
+isPrivate(): boolean
+isProtected(): boolean

+isFinal(): boolean

f

R JaSAttribute

JASParameter

JASOperation

JAstlass -fieldDeclaration: EObject

-parameter: ECbject

-parametersize: int
+getVariableDeclaration(): EObject -aperatain: EChject

+getParameter Type(): String

+add{para; JASParameter): void

-1 -+getMethodDeclaration(): EObject
+getBody(): EObject
~getReturntype(): String
+getParameter(name: String): JASParameter
+getParameters): EList
~getParameterSize(): int
+setBody(): void

+setBody(body: EObject): void
+setReturnTypeitype: String): void
“rremoveBody]): void
+removeiname: String): void

+setParameterMame(name: String): void <=
+setParameter Typeftype: String): void -

"1 +getattributes’): EList

- 1+getPackagel): ECbject

[ +getsuperClassiamel): String

JASImport les--7" JasPackage

-importDeclaration: EObject -packageDeclaration: EObject

+getPackageDeclaration): ECbject
+getPackageMame(): String
+setPackageMameiname: String): ¢ void

+getImportDeclarationt): EObject
+getImporthame(): String
+setImportiarmelname: String): void

-superClass: JASClass
-typeDeclaration: ECbject
-attributesize: int
-operationsize: int

+add{attr: JASAttribute): void
+add{oper: JASOperation): void
+getTypeDeclaration(): EObject
+gethame(): String

+getattribute{name: String): JASAttribute

+getFieldDeclaration(): EObject
+getAttributeame(): String
+getattributeType(): String
+setattributeTypeiname: String): void
+setattributeMameiname; String): void
7] +reattributeMamelname: String): void

+getattributeSize(): int
+getOperation{name: String): JASOperation
+getOperationsy): EList
+getOperationSizel): int

+getImports(): EList
+getImportSize): int =

JASProject

+setSuperClass{superClass: JASClass)
+setPackage(pack: JASPackage): void
+setImport{impo: JASImpart): void
+isSuperClassi): boolean
+removedttribute{name: String): void
+removeCperationiname: String): void
+removesuperClass): void

-project: EObject

+addijasclass: JASClass): void
+getProject{): EObject
+getClass(): EList
+getClass{name: String): JASClass
+getClassSize(): int
+removelname: String): void
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package jas.refactor;

import org.eclipse.emf.common.util. EList;

import org.eclipse.emf.ecore. EObject;

import org.eclipse.emf.ecore.util. EcoreUtil;

import jas.metamodel.xmilntegrator. XMIChangeUtil;

public class JASClass extends JASObject{
private EObject compilation;
private EObject typeDeclaration;
private int attrsize;
private int opersize;

public JASClass(String name,boolean isAbstract,String modifier){
super(JASUtil.create TypeDeclaration());
this.compilation = JASUtil.createCompilationUnit();
this.typeDeclaration = super.object;
super.addModifier("abstract”, isAbstract);
super.addModifier(modifier, true);
this.setName(name);
JASUtil.eListGet(compilation, "types”).add(this.typeDeclaration);

}

public JASClass(EObject type) {
super(type);
this.typeDeclaration = type;

}

H|1

(32! 6) JAS APIE JASClasse| 1815
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b =
createClass(name,isAbstract,modifier)

Class renameClass(oldName,newName)
removeClass(name)
createMethod(className,name,return Type,isAbstract,modifier)
renameMethod(className,oldName,newName)

Method
removeMethod(className,name)
extractMethod(className,name)
createField(className,type modifier,name)

Field renameField(className,oldName,newName)
removeField(className,name);
addParameter(className,methodName,name, type)

Parameter
removeParameter(className,methodName,name)
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context Project
def : hasSuperClass(cName : String) : Boolean
=self.getClass(cName).superclass Type->notEmpty ()

context Project
def : hasClass(cName : String) : Boolean
=self.getClassName()—>includes(cName)

WAE F 27 ol 2
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context Project
def : hasFieldName(cName : String, fName : String) : Boolean
=self.getFieldsName(cName)—>includes(fName)

SEEEEERER B

=4 s=712

context Project
def: hasMethodsName(cName : String,;mName : String) : Boolean
=self.getMethodsName(cName)->includes(mName)

AP = Harsst oln EASHEIF?

context Project

def : hasParameterName(cName : String, mName : String, pName:String, pType : String) : Boolean | 3]G ¥]= 12}2] o]&©] o]]

=self. getParametersName(cName,mName,pType) - >includes(pName)

EAH=?

context Project
def : getSuperClassName(cName : String) : String

=self.getClass(cName).superclass Type->select(oclls TypeOf(Simple Type)).oclAs Type(Simple Type).full

name.fullyQualifiedName->asSequence()—>first()

context Project
def : getFieldsName(cName : String) @ Sequence(String)

=self.getClass(cName).bodyDeclarations—>select(oclIs TypeOf(FieldDeclaration)).oclAs Type(FieldDeclar

ation).fragments.name.fullyQualifiedName—->asSequence()

context Project
def : getMethodsName(cName : String) : Sequence(String)

FAE Zzd Aol Mas oEg dols
=self getClass(cName).bodyDeclarations—>select(oclls TypeOf(MethodDeclaration)).oclAs Type(MethodD | © 14 Ze 2ol i 1% s
eclaration).fullname.fullyQualifiedName
context Project
def : getParametersName(cName : String;mName : String,pType : String) : Sequence(String) WAE are olxze] o]2e o]

=self.getClass(cName).getMethod(mName). parameters—>select(type—>select(oclls TypeOf(Simple Type))
.oclAsType(Simple Type).name.fullyQualifiecdName->includes(pType)).name.fullyQualifiedName
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*MI Document

OCL Def. Document
public void createClass (3tring className, hoole islbstract, 3tring modifier) {

oclouery = new Intergration0CLQuery (xmiFile) ;

oclQuery, setOCLDefDocument (fd.getContent ("PrimitivedCL/ PreConditionbefhocument , oz1™) ) 2

OCLInputData oclinput = mew OCLInputDataf):

oclinput.add("className™, className);

OCLEesult[] orlist = oglQuery.getOCLResult ("Project”™, fd.getContent ("PrimitiveOCL/hasClass.ozl™), oclinput);

String check = orList[0] .getData("Boolean™);

if {check.eguals ("crue™)){

JASClass newClass = new JASClass (className, isibstract, modifier);

project.add(nevClass) [agl.!: -hast lass [ e lasatlame ' \]

pre—condition

(3% 7) D|UE|HEZ A0 OCLE 2YE MAlZHE MEsh| 95t AT

package Example;
import java.sql.Connection;
import java.sgl.Statement;
abstract class DBConnection {
protected Connection conn;
protected Statement stmt;
public String filename;
public DBConnection() {}
public abstract void open() throws Exception;
public void close() throws Exception {

BB onnection if(stmt!=null) stmt.close();
#conn: Connection if(conn!=null) conn.close();
#stmk: Stakement }

+filename: String

public Statement getStatement() throws Exception {

+DEConnection()

DBTest B return stmt;
+close() }
s p—, +getStatement(): Statement )
package Example;
. import java.sgl.#;
AccessConnection MysqlConnection import %unjdbc odbe.#;
-url: String -Udﬂissttﬂng class AccessConnection extends DBConnection {
: Strirm . - .
+AccessConnection(filename: String) ,Dasswd?gt,ing private String url;
+open() . ‘ . . .
+MysalConnection(server: String, port: int, name: String id: String, passwd: String) DUth {\cccssL()nqcctl()n(§tr1ng filename) {
+apen(} this filename = filename;
url="jdhc:odbc:" +filename;
)
MSSQLConnection . . .
- public void open() throws Exception {
:ﬂglérstg';?ng DriverManager.registerDriver(new JdbcOdbcDriver());
-passwd: String conn=DriverManager.getConnection(url);
+MSSQLConnection(server: String, port: ink, name: String, user: String, passwd: String) stmt=conn.createStatement();
+open() }

}

package Example;
public class DBTest {
public static void main(String args[]){
AccessConnection access
= new AccessConnection("javaaccess”);
System.out.println(access.filename);

}

}
7h) ez velof sl RS
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< “H EEH*OH A= ﬂzg g ofg S 3 JavaEAST7]¥HS] XMIEA 2 W3ketet (4.14)
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2 =RoA F&E3 Java to AST Model Generator(XMI
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<?xml version="1.0" encoding="ASCII"?>

<types xsi‘type="TypeDeclaration” packageMemberTypeDeclaration="true”>
<bodyDeclarations xsi:type="FieldDeclaration”>
<modifiers xsi:type="Modifier” public="true"/>
<fragments>
<name fullyQualifiedName="filename” identifier="filename” declaration="true"/>
<declarationBinding key="LExample/DBConnection;.filename)ljava/lang/String;”
type="Ljava/lang/String;," declarationClass="LExample/DBConnection;"/>
</fragments>
<type xsi‘type="SimpleType”>
<name xsi:type="SimpleName” fullyQualifiedName="String” identifier="String"/>
</type>
</bodyDeclarations>

<name fullyQualifiedName="DBConnection” identifier="DBConnection” declaration="true”/>
<fullname xsi:type="SimpleName” fullyQualifiecdName="Example.DBConnection” identifier="Example.DBConnection”/>
</types>
</compilationUnits>

<compilationUnits>
<types xsi‘type="TypeDeclaration” packageMemberTypeDeclaration="true”>
<leftHandSide xsi:type="FieldAccess">
<expression xsi:type="ThisExpression”/>
<name fullyQualifiedName="filename” identifier="filename">
<expressionBinding key="L.Example/DBConnection;.filename)Ljava/lang/String;”
usedClass="LExample/AccessConnection;” usedMethod="LExample/AccessConnection;.OV"/>

</name>
</leftHandSide>

<name fullyQualifiedName="AccessConnection” identifier="AccessConnection” declaration="true”"/>
<fullname xsi:type="SimpleName” fullyQualifiedName="Example.AccessConnection” identifier="Example.AccessConnection”/>
</types>
</compilationUnits>

<compilationUnits>
<types xsi‘type="TypeDeclaration” packageMemberTypeDeclaration="true">
<arguments xsi‘type="QualifiedName” fullyQualifiecdName="access.filename”>
<name fullyQualifiedName="filename” identifier="filename”/>
<qualifier xsi‘type="SimpleName” fullyQualifiedName="access” identifier="access">
<expressionBinding key="LExample/DBTest;. main([Ljava/lang/String;) V#access”

usedClass="LExample/DBTest;” usedMethod="LExample/DBTest;. main([Ljava/lang/String;)V"/>

</qualifier>

<expressionBinding key="L.Example/DBConnection;.filename)ljava/lang/String;”
usedClass="LExample/DBTest;” usedMethod="LExample/DBTest;.main([Ijava/lang/String;)V"/>

</arguments>

<name fullyQualifiedName="DBTest" identifier="DBTest” declaration="true"/>
<fullname xsi:type="SimpleName” fullyQualifiecdName="DBTest" identifier="DBTest"/>
</types>
</compilationUnits>
</Project>

<Project xmi:version="2.0" xmlns:xmi="http://www.omg.org/XMI" xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xmins="JavaEAbstractSyntax5” xsi:schemal.ocation="]JavaEAbstractSyntax5 JavaEAbstractSyntaxb.ecore”>
<compilationUnits>

(08 9) AAFEQ} HIO|EREZRE LHEE JavaEASTZ|EHe| XMIEM
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t: TD f:FD
BD

superclassTvpe
uperclassType

subclassTypes ubclassTypes

ts : set{TD) xts : set{TD)

(222! 10) Push Down Field 2

Z superclassTypel. 2 7} &=

TD: Type Declaration
FD: Field Declaration
BD: Body Declaration
: subclassTypes¢t FDE 744 &

58 W=, xislA AHgaA ¢

superclassType . & 7}A] &= }53 ﬂ"ﬂ’\
}

£ AR et
f

g AHSA B

TEAD O4A

context Project

def : getPushDownFieldDetection()

:Sequence(Tuple(superClass : String, field : String, subClass : String))
=self.getSuperClasses()—>collect(sType |

sType.getFieldDeclarationKey ()—>collect( sFieldKey |

null

null
else if

null
else

~>union(self.get TypeOfQualifiedName(sFieldKey)) -
self.getSubclass Types(sType)—>iterate(acc : TypeDeclaration ;
result : Set(String) = Set{} |

acc.getTypeKey—>union(result)
else
result
endif
))—>collect(target |

subClass = self.getClassNameByKey(target)}
)
endif
endif
endif
))—>excluding(null)->asSet()—>asSequence()

if self.getUsedClassOfSimpleName(sFieldKey)->includes(sType.get TypeKey) then

else if self.getTypeOfQualifiedName(sFieldKey)->includes(sType.get TypeKey) then

self. getUsedClassOfSimpleName(sFieldKey)->includesAll(self.getSubclass TypeKey (s Type)) then

(self.getUsedClassOfSimpleName(sFieldKey) - >intersection(self. getSubclass TypeKey (s Type))

if acc.getFieldNames()—>includes(self.getVariableName(sFieldKey)) then

Tuple{superClass = sType.getClassName(), field = self.getVariableName(sFieldKey),

(3 11) ocLe ol
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EObject root = JASUtil.getRoot [URI.createFilelURT("Example.xmi) ] ;
JASProject project = new JASProject (root];

Ji3Class superClass = project.getClass(superclassiame);
Jisittribute field = supercClass.gethttribute(fieldName):

removeFidld (superClassiame, fieldNeme);

Public void PushDOWNField(SLring SuperclassNeme, String fieldieme, String Subclasshame)

crEaceF)j\ld(s\mClassNa}nE, field.getittributeType (), Iield.getlodifier(), fieldisme);

OCLInputPata oslinput = new OCLInputhata();
oclinput.add(elassNawe”, classlane);

String check = orlist[0].getbata("Bonlean”);
if (check.equals ("rrue) ) {

OCLInputData oclinput2 = new OCLInputData():
oclinpucz.add|"classians”, classiame);
oelinpucZ.add("filenane”, fieldiame);

check = orListz[0] .getData(”Boolean”) ;
if (eheck.equals ("false”) ) {

curCless.addiattr): i35

public void creavefisld(String classNewe, String fieldType, Stringl] medifiers, String fieldieme)
oelQuery. setOCLDefDocweent (£d. yetContent (7PY imit1veoCLs/ Precondit ionbefDosument .oe1r) ) 2

OCLResult[] orlist = oclQuery.gecOCLResult{*Froject”,fd.getContent ("FrimitivaQCLs/ ha:Fackege Javak

JASClass curclass = project.getClass (classlanme) ;

OCLResult[] orListZ = oclQuery.getOCLResult ["Projectt,fd.getContent ("PrimitivecCljdef : getMechod (uNeme : String) : Methodbec

JASAttribute sttr = new JASAttribute (fieldNawe, fieldType):
for (String modifier : wodifiers){ avtr.addModifier (wodifier, truel;) set : sesciasaane ) : Sequence Sering) -

context Project
det : getClass(cName : String) : TypeDeclar
self.compilationinits. types->select (oo1TsTy|
select (fullname . fullyQualifiediane = clame)

context TypebDeclaration

=e £ .hodyDec larat ions->select (oc LIsTypeOs (X
select (fullname . fullyQualifiediame = misme)

context Project

self.

public void removeFicld(String cwrClame, String fieldNawe)(

OCLInputbaca oslinput = new OCLInputhata();
oelinput.add|elassheawe”, curchame) :

String check = orlist[0].getData("Boclean”];
if (check.equals ("trus”)){
Jk¥Class curclass = project.getClass (curclame) ;
OCLInpucData oclinput2 = mew OCLImputData(]:

check = orList2[0].getData|"Boolean”);
if (check.equals ("trus") ) { curClass.removeittribute (fieldName) ;)

oclQuery. secOCLDefDocument (£d. getContent ("PrimitiveoCls/PreconditionbefDocunent . ocl ] ) ;

OCLResult[] orList = oslQuery.getOCLResult{*Project”,fd.getContent ("FrimitiveOCLs/hasClass.ocl”], oclinpuc); — |->Select (oclIsTypeOf (SimpleTypel | .oclisType

—>select LchIsTvpeoi Crenebeslazasion)) .ools

context Project
det : getSuperclassheme (cleme : String) : S
=elf.getClass (cName) . superclassType

OCL Def. Document

self.hasClass | classHame' )

0clinputZ.asdd("classiame”, curCHame); pre—condition
oelinpuez.add("filenane”, fisldisme):
OCLResult[] orListz = oclouery.getoCLResult ("Project”,fd.getContent ("PrinitivecCLs/hasFieldiame.osl™), oclinputz) |

q

|sElf. hasFieldName (' clagsName' , 'filensme'] ‘
pre-condition

(32! 12) Push Down Field 2|HHEZI F&(OLZ|HEZ 249 AFSH OCLE A= MAZH AL)

= Java - i i - Eclipse SDK BEX]
Eile Edit Navigate Search Project Fun Window Help
- % 0 - Q%  BHEGE @5 &-4l-® e (& Java >
2 Package Expl 3¢ _fe Hierarchy| = 0| ()] IntergrationOCLQwery | ExampleTotalxmi | [ ExampleTotalxmi | & ExampleResutt umi | [ ExampleResultumi 53 - s =g
- 1<l version=r1.0" encoding="ASCII"2> -
% 8 OCLPrimitve ™ 2<Prajest smi:version="2.0" wnlns:xui="http://wsv.omg.org/XNI" xmlns:xsi="REtp://wsw.u3.org/2001/XHLSChema-instand
% 18 SeparatorEngine 5 <compilationUnits>
@ StingParsing 4 <package>
5§ twlntegration s <nawe xsi:type="SinpleName” fullyQualifiedName="Exanple” identifier="Exsnple”/s
6 </package>
g M
w0 XMLSub 7 <imports onDemsmd=rtrue"s
% JRE Systern Library [k 6 001 8 <nawe wsirtype=rQualifieclawe” fullyOualifiedNawesriava.sgl'>
% =) Reforenced Libraries s <name fullyQualifiedName="sql" identifier=rsgle/>
% & Binding 10 <aualifier xsi:type="SimpleName® fullyQualifiedName="java’ identifier=riavar/>
@ (= ExampleSource 1y </ name>
@ (> Integration 12 </imports>
% (= IntegrationTest 15 <imports onDemsmd=rrtrue">
@ (= PrimitiveExample 14 “name xsiitypes 1 fullyQual: +jdbe - odbe>
% G Primitive0CL 15 <name fullyQualifiedName="odbc” identifier="odbe"/>
= = PushDownField 19 Lifier xsiitype= £ullyQual L adke>
o 17 <neme fullyOualifiedName="idhc” identifier=ridac’/>
AccessConnection java 19 lifier xsi:type="SimpleNeme" fullyQual >
AccessConnection, <mi 19 </qualifier>
DBConnection java 20 </ >
DBConnection,xmi 21 </inpores>
DBTestjava 22 <types xsiitype="TypeDeclaration” packagelemberTypeDeclaration="crue">
DBTestxmi 23 <bodyDeclarations ¥siitype="FieldDeclaracion”s
Examplefesult java 24 <wodifiers xsi:type="Nodifier” privatesrtrue’/>
ExampleRes ult xmi 25 <Eragments>
MSSQLConnection.java 28 <name fullyQual 11 1r d >
MSSQLConnection, xmi 27 </ fraguents>
MysglConnectonjava 28 <type xsiitypesrSimpleType">
MysglCannection, xmi 29 <name xsiitype="SimpleNane” fullyQual >
& & Source 30 </ type>
hocessConnecton java a1 </bodybeclarations>
AccossConnection xmi a2 <hodybeclarations xsi: laration”
DBConnection java a3 i fire xoi:typesliodifior" puslio—terua />
DBConnection,xrmi 4 <kady>
DBTestjava a5 *si:ityps "~
DBTest xmi 39 P
& ExampleTestxmi 37 <leftHandSide xsi:type="Fieldhccess™>
Exarnple Total.xmi 38 " >
MSSOLConnection java 3s <neme fullyQualifiedName="filename identifier=rfilename’/>
MSSOLConnection,xmi 49 </ lefrHandSides
MysglConnsction,java 41 <rightRandSide xsi:types"SimpleName” fullyQualifiedName="filenanme” identifier="filename”/>
MysgiCannection. smi 42 </expression>
&) JavasbstractSyntax, ecore 43 </statements>
&) JavaEAbstractSyntaxs, ecore 49 #siityp ">
PushDownField, ocl b #31:eyp: P ™
PushDownFieldDetectionDoc <
g eouce 517 [ Problems [ Cansole 3 X %
4 Witable Insert 11

1o

(23 13) 2 HEd

superClassName, String fieldName, String subClassName)
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= Java - i i - Eclipse SDK =X
Fle Edit Nvigate Search Project Bun Window Help
C-H& i % 0@  BHE IOF 8 3 -Ber (&7 Java | >
[& Package Expl 53 s Hierarchy) = O[5 ExampleTotalxmi & m (2 mi (@ ot Conmeston s 5. e = =5
5% 1k2xml version=r1.0" ITF-82><Comp l. xulns: p://www. ong.org/ 3 A
@ B OCL Primitive B 2<package>
@ [#§ SeparatorEngine <name fullyQual ple” identi: ple” xsiztyp pLelamen/>
@ & StingParsing 4 </package><imports omDemand="true">
& 4B twintegration 5 <name fullyQualifiedName="java.sql” x5i:type="Qualifieddame"s
o 6 <name fullyQualifiedName="sgl” identifier=rsgle/>
XMI.Sub ki fullys 1 Javal javal xsi:type LeName"/ >
® EMJHE System Lmvavy Tjdk1,6.0-01 a </nane> _—
% =), Referenced Libra 5 </imports><imports omDemand="true">
% & Binding 10 e £l Ly el . U ST 71T GusL s cane >
® (= ExampleSource 1y <name fullyOual
% (= Integrafion 1z Cmalitier fullyousl it iediones aun, J9hE" xo1:t nee QUALLEiedione>
® (= IntegrationTest 13 <name fullyQualifiedName="jdbc" identifier="jdoc"/>
#® (= PrimitiveExample 14 <qualifier fullyQual xsi:typ leName"/5>
® (= Primitive OCL 15 </oqualifier>
= (= PushDownField 16| </name>
= Result v TypeDeclaration=rtrue® xsi:type=rTypeDeclaration”>
‘accessConnecton java 18 <boagDeclarations xsi:type=rFieldbeclaration”s
G Gt vl 139 <modifiers private="trus" xsiitype="Hodifier"/>
DBConnectian java 20 <fragments>
DBConnection, smi 21 <name declarat fullyoualifi 1n s
DBTestjava 22 </fraguents>
DBTest smi 23 <type xsi:itype="SimpleTyper>
Examplefesultjava 24 <neme fullyQualit o xS1iEyD LeMane"/>
ExampleResult, xmi 25 </type>
MSS0LConnection java 26 </bedyDeclarations>
MSS0LCannection.xmi 27 <hodyDecl
MysglConnection java 28 <modifiers publie="true™ xsi:type="Nodifier"/>
MysqlConnection. xmi 29 <body>
= = Source 30 xsiitype
AccessCannection.java 2 v x = >
AcessConnection mi a2 <leftiands ide xoi: type-"Fisldiccess”s
DBConnsction java ) xaiitype="Tl >
DBConnection.xmi 34 <nawe fullyQualifiedName="filename” identifier="filename"/>
DBTest java 35 </ leftHandSide>
DBTestxmi 36 fullyoual 3 lenanen Lenawer xsiityp LeNamet/>
ExampleTest xmi 37 </expression>
ExampleTotal xmi 38 </statements>
MSS0LConnection java 39 xsiityp
MSSQLConnection, xmi o P xsiityp s > o .
MysalConnection.java a1 < fully 1" ia —ruEln xsiityp 1 Letame"/>
MysqlConnection, xmi 42 <rightHandSide operator="+" xsi:type="InfixExpression”>
&) JavarbstiactSymtan ocore 43 <lefroperand escapedvalue="squot; jdb Seuot; ™ literalValue=ridbe:odhc:” xsi:typesrStringlite
&) JavaEdbstractSyntax5.ecore 44 #£ullyQual lename” xsi:typ Lelame”/>
[} PushDownField,oc 5 </rightHandside> =
5 PushDownfFieldDetectionDoc. < 5
£ v —
& Eeaue 517 Problems | B Console 52 % GaeE D5 -0
o® Writable Insert 11

(a3

14) XMI SeparatorE O|23t0] H2tEl JavaAST7[EHe| XMI 2AM

< Java - SElab/src/A2ICG/CodeGenerator.java - Eclipse SDK - Jo&d
File Edt Source Fefactor Navigate Search Project Run Window Help
03~ FrO - Qr EHG @ T R @ Java | >
& Package Expl 53 % Hierarchy) = | [J] Codeienerator java 13 AccessConnection.jav AccessConnectionjav | & AccessConnectionxmi | ™1z =8
= % - 1 package A2JCG: |
# = EMF2KM3 s 2
e 0L 3-import java.is.File:
& &2 SElab N
. 5 import org.zclipse.ent.comwen.uril.URI:
4 13 (defaut packags) & import org.eclipse.enf.ecors.EObject:
5@ AICE 7 import org.eclipse.emf.ecore.reseurce.Resource;
w0 [1) [CodeGen sratar,java | e
4 [1) Codsenerator2 java o import IntegrationEngine.FileCamtent;
w11 JAS Ut java 10
5 4] Main.jova 11 public class CodeSenerator
% [1] VieHtorTestjava 12 private String £ileName;
o ) xoPecourcstiljavs 155 public CodeGemerator (String Tile)(
b g AST 14 this.fileName = Tile:
% fi# astexplorer 15 )
ot Example 16 public veid createlava(){
% @ IntegrationEngine 17 systen.out.princin(l:
+ [5 J2AMG 18 System.out.printin("Creating Java Source Code..."):
w4 JAS 19 File £ = new File(this.fileNawe);
4 13 165, ExprassionTyps 20 if (£.isDirectory()){
418 165, ExprassionTups? 21 FileContent fileContent = new FileContent():
% [ JAS StatementType 2z string[] files = fileContent.getFileList (this.EileName, "xwi”);
% [ JAS StetementTyps2 23 for (String file : files)(
4 g JShefacor 21 this.cresteXNITolava (file) ;
- A 25 )
% i OCL Binding 26 System. out.princln("bone...") ;
@ £ OCL,Primitive 27 )elset
% [ SeparstorEngine 28 tnis.createXNiITojava (this. fileNare) ;
8 SringParsing 23 System.out.println("done.
= [ twlnteration 20 }
w5 XMl L )
%08 WM.Sub 3z private void createXNIToJava(String £ileName){
w-&h JRE Systern Library [jdk1,6.001 23
4 = Reforenced Libraries s Resource r = XMIResourceltil.getResource({URL. cresteFilelRE[£ileNane) ]
% G Binding as EObject eo_eunit = [EChject]r.getContents|).get(0):
# > ExampleSource 6
(= Integration 37 CodeGenerator2 test = new CodeGeneratorzi);
® (= IntegrationTest ¢
% G PrimitveExample as test.visit(=o_cunit)
-G PrimitiveOCL 40 //System.out.println(test.getContents(});
== PushDownField 41 fileNamwe = fileMame.substring(0, £ileName.lastIndexQf("."));
= & Resut 4z test . save [Filelianet Java <
AccessConnection.java e -
& AocessConnection.smi [w) — —— —
< 51 |[[EL Problems |1 Console 52 X %|Gei[EE 2 B-r9--0
o* #4216, CodeGenerator, java - SElaby/sro
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File Edit Source FRefactor Navigae Search Project Run Window Help
- B-O-QU I EFCG @Y P AR IR R &) Java | i
Refactor.) o java |10 java | 1) C ava | =g

[# Package Expl 23

s Hierarchy| = O [1] IntergrationOCLOuery2 java 53 1] J
B% 7N
i OCL.Primitive [ A

public static void main(String args(])(

i SeparatorEngine

as ("PushDownField/Sourcer) ;

H StingParsing

178 @ a8 new

5 XMLSub
=, JRE System Library [jdk1.5.0.01

5 twintegration 179 astgenerator.createXNI();
M a0
181 XMIIntegrator integration = new XNIIntegrator():

integration.xmiIntegrate |"PushDovnField/Source”)
integration.createXHI ("PushDownField/Source/ ExampleTest xmi”)

M3SQLConnectionjava

=) Peferenced Libraries o2
184
195 gy [ mceruravionociouery snterock = new ntergrationoclouerye (TFushDOwT sela/ Sousce SusmI=Tatal M) 5
186 FileContent fron = new FileContent():
187 String document feon. getContent ("PushDownFie ld/PushDownFie ldDetectionDosument . oel™) ¢
188 interOCL.setOCLDefDocument (document) ;
189 L 1 " { ield/PushDownField.ocl"));
=G PushDownField o0
= & Fesult 151 ¢y | JaSReractor refactor = mew TASRefastor |"PushDovRFisld/Source/TxampleToral il
ocessConnection java 152 refactor.PushbovnField( L lassNane (), L.getFieldiane (), interOCL.getSunClassiame |
ooeetommection st 153 refactor.createXN ("PushDounfield/Result/ Examp leResult. xmi®) ;
DEConnection java 194
DEConnection, xmi 195 @ IMISeparator separator = new XMISeparator ("PushDownField/Result/ExampleResult.xmi'):
DBTestjava 196 separator .setSeparator ("PushDownField/Result/");
DBTest, xmi o7
pre R e
EvampleResatiami 159 generator .createdava() ;
200 )

M3SQLConnection, xmi

MysalConnection java . Problems (B Console 3

% % | EubEE[E|#B-35-=0

MysalConnection, xmi

Detecting Code-Smel
Tuple(superclass =
Detecting Complete.
Push-Down Field Refactoring Start

ource
AccessConnection java
AccessConnection,xmi

' Example.DBConnection® ,

<terminated> IntergrationOCLQuery2 (1) [Java Application] D:##dk1. 6,0_01 (2008, 8, 29, 2= 3:18:25)0
i 5

field = 'filename', sunClass = 'Example.iccessConnection'}

ExampleTest, xmi Separation Complete...
Example Total i
MSSOLComnection java
MSS0LConnection, xmi
MysglConnection java
MysalConnection, xmi
&) JavabbstraciSynta, ecore
&) JavaEAbstractSyntassecore
= PushDownField,ocl
= PushDownFieldDetectionDoc
= resource

Creating Java Source Code...
PushDownField) Result) kecessConnection. java
PushDownField) Result) DEConnect ion. Java
PushDownField) Result) DBTest. java
PushDownField) Result) ExampleResult . java
PushDownField) Result) HS3QLConnect ion. java
PushDownField) Result) HysqlConnection. java
Dome. ..

DBConnection, xrmi filename : Example. > Example.
DBTest java Push-Down Field Refactoring Complete. ..
DBTest, xmi

(32! 16) Push Down Field =A%

'S Java - SElab/PushDownField/Source/DBConnection java - Eclipse SOK

mEx|

[€1

& Source 25 return stac;
i) fccessComecionjava | || 20 )
o)

File Edit Source Refactor Navigate Search Project Aun Window Help
- $-0- Q- BEGC &I T B (& J e
LRCRs 4> Plugein Dev...
4 Package Expl 2 fs Hierarchy| = O] AccessConnectionjas | () DBComnection ava 51 e =5
55 7|1 + vackase Examie:
" R System Lbrany (60 0a)| Z
o = Refrenced Lisrarss :
o iy 5 tmort. Java.sql. Comection]
& BampleSource ¢
O * abstract class DBComection (
e meonTest 6 protected Commection conss
O Pratals o protected Starexent stuc;
gy 10 _puwise String rilenane;
& & PushDownField "
e hen 12 public DBcomsction() (
@ pecessComectonjaa | 1)
) AccessConnection, xmi i
s 15 public ahstract void open() throws Exception;
DBConnection, xmi "
Doren 17 public veid close(] throws Exception (
et 1 i (tme 1o nady)
Examploosuljava 1 stt.close():
 ExampleResult xmi 20 if (conn ‘= null)
 MSSoLComectinma | | S0 conn.close():

1§ MSSOLConnecton xmi
18 MysalConnecton,ava i

) MysgConnecton,smi | = public Statensnt getStatement() throws Exception (

ecion

1 Accesst
|1 DBComecton e

MISSOLConnzein java
3 MSSQLConnzctionami

) JavadbstracSunts score
&) JavaE AbstaciSynas score

e e[ o

DBConnection fava - SElsb/PushDownFeld/Saurce.
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= 24 JFE System Lbrary [00150.0]a)
& =i Retorencad Librarios

& &> Binding

& (> ExampleSource

* > Integtaion

BEX]

s Hierarchy| = 0|3 AccessConection jav 5% (1] DBComectonjava ™ =0

© package Exmple;

Aeamport sava.sql. 7]

7 class doceasConnection extends DBComnection (
5 private Sering urls

107 public AccessConnect fon (String

4155 public void open() throws Dxseption |
1 D ivertlanager . registerDriver inew JAbcodbeDEiver ()5
1 comn = DriverNansger . getConnection(url) ;

e soxt = conn. createstatermnc ()

MysalConnecton.java

®
©

) JavatbstactSyma ecor
8

) 2 Provoms @ console 5

BecassConnecton ava - SElab/PushDownFild/Soutce

7h YA EY 4849
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- ction.java - Eclipse SDK
Ele Edi Souce fefactor Nevigale Search Broject Hun Window Help
[rE@ i3 -0 BHFG- @ P4 5§ Java
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{2 Package Expl 52 Js Hirarchy| = 0| AccessComnectionjav [ (5] DBCamnectioniava &2 ™1s
2% T Package Example;
24 JAE Syster Lirary (jdk1 6.0.01a] | 2
=4 Referenced Libraries :
= Bncing 4% import 3ava.sql.Connect ion;
& ExampleSource S import Java.sal.Statement
& Inegration ‘
& IneqrationTost anstract class DBComnection (
& PrimilveExampla Drotected Connection conn;
= & primiinOCL 9 protected Statement stuc;
= & PushDownfield o
= & Result 11 public DBCommection() (
@ AccessComectonjava || 2
& AccessConnecton.xmi i
5 bBComnacton fava 14 public abstract void open() throws Exception;
4 DBConneciion.xmi =
& ogTectims 155 puplic void close() throws Excepcion (
-

& DBTestmi
14 ExampleResult java
& Examplefiesul i
) MSSOLConnection java

conn.close ()
)

& MysalComectonxmi ||| % public Stacement getstavement () throws Exception (
= & Source . [ip—

) AecessConnecton java

4] DBTestjava
8 DBTestmi

& ExampleTestxmi

& Example Total xmi

1) MSSQLConnection.java

&) JavabbstractSyntar ecore
&) JavaEAbstiactSyntass ecore,

1 Package Expl &4 s Hierarchy| = O[] AccessConnection.jav 5 (i) DBConnection java

2% | package Exemple:
& = JRE System Library (k1 5.0.07a] | 7

&l . 5] [[2. Problems B Console 3 #8-r3
o Witable Smansst | 1
S dava- Java - Eclipse SDK BEX)
Flo Edi Souce Reiecior Navigate Search Broject Fum Window Holp
05 $-0- Q- BHC- @ (& Java
=G < Plugen Dov,

© = Reteranced Lirares s
- amport save. =T
S import mun.3ebo.odbe. ¥
c
7 lolass dscesaConnection extends DBComnestion ¢
o 7 private Sering uls
° pwiic scring rilename
11° punlic Accessconnection (String filenane) (
i, i lanane;
i el - Pinesodser” + £ilenames
o
DBComection xmi 15
DnComnects Hicc  punlic void open() throws Exception ¢
DBTest xmi w
DT e Comn = Disveranager - getConnessson (e 1)1
i cuseie ctnt. = conn.creatastatement 15
MSSQALConnection java 20 J
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@ MysalConneciion java
 MysalConnection xni

) AccessConnsction java
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o PP Lt 512 Problems [ @ Consale &2 X % | G GH[E[&] 2 B -
00 AccassConnacion,ava - SElsb/PushDawnFisld/Result
Wb AHEY 459 prms
Ho| aARC s



838 IEMelEsl=2X D M15-DT X6=(2008.12)

OCLZ AA¥ z=rd gAS (18 16-0)Hd J430
ZH Jpssitt o)k QRS ;o i@% gx37] S8 Z= €
a3 ggA glo] OCLRHS: o] &-3te] WA stgto =i &x 2

7V

sthe AdE 7RI

<E 8> Remove Fieldd] tj3t Z=~"2S OCLZ A9
stgon, olgld WA o] &8l o FAAM = FHFs}
A e B2E AsEA T 5 Qth

X 8) Remove Field

2 =
Ao 71&9 AFET vlaste] <E 9>, <X 10>
o

FoAU A

Fol A A Ze Y art JixE

2ol

OCL 3A

context Project

def : allTD : Set(TypeDeclaration) =

self.compilationUnits.types—>collect(oclAs Type(TypeDeclaration))

—>select(bodyDeclarations—>select(oclIs TypeOf(FieldDeclaration))
>notEmpty())->asSet()

context Project
def : getVariableName(fKey @ String) @ String =
VariableDeclarationFragment.alllnstances()—>select(declarationBinding
—>notEmpty())

>select(declarationBinding key->includes(fKey)).name.fullyQualifiedName
~>asSequence()—>first()

Fezo] A8 Bu oFe AL

context Project

def: getUsedClassOfSimpleName() : Set(String) =

SimpleName.allInstances()—>select(expressionBinding
>notEmpty()).expressionBinding key->asSet()

RE expressionBiding#tS 7H4 -t}

context TypeDeclaration

def : getFieldDeclarationKey() : Set(String) =

self bodyDeclarations—>select(oclIs TypeOf(FieldDeclaration))
.oclAsType(FieldDeclaration).fragments.declarationBinding key—>asSet()

Fezo) Aol® Be) Agke ALt

context TypeDeclaration
def @ getClassName() @ String =self.fullname.fullyQualifiedName

229 full-names 714>t}

context Project
def : getRemoveFieldDection() :
Sequence(Tuple(className : String,fieldName : String)) =
self.allTD->collect(td | td.getFieldDeclarationKey()—>collect( fkey |
if self.getUsedClassOfSimpleName()->includes(fkey) then
null
else Tuple{className = td.getClassName(),fieldName = self.getVariableName(fkey)}
endif))->excluding (null) - >asSequence()
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