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ABSTRACT

Refactoring is a kind of software modification process that improves system qualities intemally 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 framewark 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 applicability 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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‘DBConnection's] 41 1€ =9l 'filename' 349 S~
2l 'AccessConnection'#?t 'DBTest' &2 ~oll X AM&5 3 9l
t}. 'AccessConnection’ S| ~o]A &= 49l deg #Hx3s
= geolw, 'DBTest’ F#l 204 'AccessConnection'E
AxE A utol o] kg Fzdta QU ol & FH
AAHo R ‘filename'©l& = 'AccessConnection' &
2ol At ALgELtn B £ ok & A9ldlA g "=
7t 24 3t dg) F2AA AMEEHE S0tk o)

CE 7 0|U2|HES 2240 AF2E MaiZ=Z(pre-condition)

OCL 72|

4 7

context Project
def : hasSuperClass(cName :© String) @ Boolean
=self.getClass(cNamel.superclass Tvpe->notEmpty ()

WAg Fae AeEy 2t Ester

context Project
def : hasClass(cName : String) : Boolean
=self. getClassName( ) - »includes(cName)

wWAlE Fe 27} o)n] EaAEHET)?

context Project
def : hasFieldNamelcName @ String, fName © String) © Boolean
=self getFieldsName(cName)- >includes(fName)

g deolFol ofv] #4) =7

context Project
def: hasMethodsName(cName © StringmName © String) @ Boolean
=self getMethodsName(cName)- >includesimName)

s vasst o] EAlah=rl?

context Project

=self getParametersName(cName,mName,p Type - >includes(pName)

def : hasParameterName(cName © String, mName © String, pName:String, pType © String) : Boolean | 8% 5] 3= ¢12p2] o]o] o|v] £ &}i=7}?

context Project
def : getSuperClassNamelcName @ String) © String

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

=self getClass(cName).superclass Type->selectioclls TypeOf( Simple Type) Locl AsTypel Simple Type . full

A9 el 2o o]ES ol

context Project
def : getFieldsNamelcName @ String) ¢ Sequence(String)

ation).fragments.name.fullyQualifiedName- >asSequencel( )

=self getClasstcName ). body Declarations - >select loclls TypeOf(FieldDeclaration )).ocl As Typel FieldDeclar

YA g 2

o
=
b
lo

YEoE5d Yold

context Project
def @ getMethodsNameleName @ String) @ Sequence(String)

eclaration).fullname.fullyQualifiecdName

=self.getClass(cName).body Declarations- >select(oclls TypeOft MethodDeclaration)).oclAs Type( MethodD

WA g Fefao] MdE vase o] F S dolF

context Project

def : getParametersNamelcName © String,mName © String,pType @ String) @ Sequence(String)
=self.getClass(cName).getMethodimName) parameters - >select(type->selectloclls TypeOf(Simple Type))
oclAsTypelSimpleType ) .name.fullyQualificdName- >includes(pType)).name.fullyQualifiedName

YAE Wasel agte] ol g olg
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public void createClass(String className, bool
oclQuery = new IntergracionOCLQuery(xmiFile):

XMI Document R
OCL Def. Document

izhbstract, String modifier) |

oclQuery.zetOCLDefDocument (fd.getContent ("FrimitiveldCL/PraCondit ionbetbocument .ocl"™) ) ;

OCLInputData oclinput = new OCLInputDataf):
oclinput.add("className”, className):

OCLResult[] orList = oclQuery.getOCLResult ("Project”,fd.gecContent ("PrimiciveOCL/ hasClass.ocl®),

String check = orLisc(0] .getData("Boolean™):
if (check.equals ("true”) ) (

JASClass nevClass = new JASClassclasaName, isAbstract,modifier);

project.add (newClass) ;

oclinput) ;

nre—condition

(32 7) DjU2MEL20) OCLE NS NYZAE HBoP| 98t 443E

package Example;
import java.sql.Connection;
import javasql-Statement:
abstract class DBConnection |
protected Connection conn;
protected Statement stmit:
public String filename:
public DBConnection() {}
public abstract void opent) throws Exception:
public void close() throws Exception |
iftstmt!=null) stmt.close();
iftconn!=null) conn.close():
1
public Statement getStatement() throws Exception {
retum stmti
|
|

package Example:
import java.sgl.s

import sun,jdbe.odbe.*;

class AccessConnection  extends DBConnection {
private String url;

+MysgiConnection{server: String, port: ink, name: String id: String, passwd: String)

public AccessConnection(String filename) |
this filename = filename:

DfConnection
#conn: Connection
#stmt: Statement
+filenama: String
+DBConnection()
DBTest +apen()
: Statement
J /V
AccessC
“url: String =url: String
+hcoessConnextion{flename: String) :mud String
+open() -
+opend)
MSSQLConnection
-url: String
-user: Rring
~passwd: String

+M550LConnection{server: String, port: int, name: Strng, wser: String, passwd: Sring)

7h Fej & dholo 2y

(2% 8) CllolE{H|of~

2e AL A9 220 M9 Y=§ T &9 2Y2
2 &7]+=(Push Down Field) Z¥E%d& A Edr

o]#]3 Push Down Field Z=24 ®x ¢ glHEZ
B =g e WES ol gdte thed 2 HEAR
Ayt

@D A23EE JavaAST7|ue] XMIZAZ @@} (412)

@ A3 7+ F2olrie] XMIFAM ] ¥y AR F

url="jdbciodbe: ™ filename;

!
public void open() throws Exception {
DriverManager.registerDriverinew JdbeOdbeDriver( )1
conn=DriverManager.getConnection{url )
stmt=conn.createStatement():
1

)

package Example:
public class DBTest {
public static void mmni‘amng args(IN
AccessConnection access
= new -\cms(.onnccuont";dvaaocess i
System.out.println(access.filename
|

W) axz

Ir

AEAL oF ==

¥ JavaEAST7|Wke] XMIEAM &2 i ggic} (41%)
3 OCLE ©]€3<4 Push Down Field 2=24E HA
gk, (424)
@ OCL Interpreterg ©| 83t zAFog
A g}, (4.23)
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AFEE HEUT. 433) XMIEAE A8t (29 9°) ©F %8¢ 'DBConnection’
o AT 'flename B=S o ﬂanu of@ olasolA A}

4.1 JavaEASTZ| k2] XMIZA 4H& 250 w5 ojul JejE AMRE T QYEAE el gt

wiol Al FE e Java to AST Model Generator(XMI
Generator)% o]-§3le] JavaAST7]ure] XMIF-A & 4+&sla
XMI Integratorg ol &ste] &g A48 E3c) o7
anes A9dd ARl vlo]EFE(class HY)RFE
1Y ARE 7hAet HFHoR (2Y 99 o] e

42 OCLZ 0|28t Push Down Field 2EAH S| YA
Push Down Field Z=29& Hosl7] faide (29
1003 o] Fefxeh d=gte] BA7E AYsojo} gr)
(2" 10014 EHF WES 7I¥2 2 Push Down Field

<?xml version="10" encoding="ASCII"?>

<Project xmiversion="2.0" xminsixmi="http://www.omg.org/XMI" xminsixsi="http://www.w3.org/2001/XMLSchema-instance”
xmins="JavaEAbstractSyntax5” xsi'schemal.ocation="JavaEAbstractSyntax5 Javak AbstractSyntaxd.ecore” >
<compilationUnits>

<types xsittype="TypeDeclaration” packageMember TypeDeclaration="true" >

<bodyDeclarations xsi:type="FieldDeclaration” >
<modifiers xsi‘type="Modifier” public="true"/>
<fragments>
<name fullyQualifiecdName="filename" identifier="filename” declaration="true"/>
Cdt‘clarauonﬁlndl ;

DBConnection: filename)Ljava/lang/Stri

<ffragmenls>
<type xsityvpe="SimpleType">
<name xsi:type="SimpleName" fullyQualifiedName="String" identifier="String"/>
</type>
</bodyDeclarations >

<name fullyQualifiedName="DBConnection” identifier="DBConnection” declaration="true"/>

<fullname xsi:type="SimpleName" fullyQualifiedName="Example.DBConnection” identifier="Example. DBConnection”/>
</types>

</compilationUnits>

<compilationUnits>
<types xsiitype="TypeDeclaration” packageMember TypeDeclaration="true">

<leftHandSide xsi:tvpe="FieldAccess">
<expression xsi:type="ThisExpression”/>
<name fullyQualifiedName="filename" identifier="filename">
<ex| bl(‘)TlBll'ldl ="LExample/DBConnection:.filename)Ljav.

</name>
</leftHandSide>

<name fullyQualifiedName="AccessConnection” identifier="AccessConnection” declaration="true"/>

<fullname xsitype="SimpleName" fullyQualifi iedName="Example. AccessConnection” identifier="Example. AccessConnection”/>
</types>

</compilationUnits>

<compilationUnits>
<types xsittype="TypeDeclaration” packageMemberTypeDeclaration="true">
<arguments xsi:type="QualifiedName" fullyQualifiedName="access.fi ‘access.filename”>
<name fullyQualifiecdName="filename" identifier="filename”/>
<qualifier xsi:type="SimpleName" fullyQualifiedName="access" identifier="access">
<expressionBinding key="LExample/DBTest;. main([Ljava/lang/String;)VEaccess”
usedClass="LExample/DB Test," usedMethod="LExample/DBTest;. main([Ljava/lang/String; )V"/>
</qualifier>
<expressionBinding keyv="LExample/DBConnection;.filename)ljav:

usedClass="LExample/DBTest:” usedMethod="LExam IefDBTesl.mant] avalang/String; )'V"/>
<Jarguments>

<name fullyQualifiecdName="DBTest" identifier="DBTest” declaration="true"/>
<fullname xsi‘ty] pe*"%;mpleName fullyQualifiedName="DBTest" identifier="DBTest"/>
</types>
</compilationUnits>
</Project>

(T8 9) 22T} HIO|EISRRE] ASE JavaFAST7|HEe| XMISA
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t:TD f:FD
BD
super Type
rclassType
TD: Tvpe Declaration
FI¥ Field Declaration
BD: Body Declaration
t : subclassTypes®t FDE 7} S5 2
subclassTypes classTypes f ool &9 Bs xisel M AlEda ¢ U=
< : ts ¢t superclassType2 5l 7ha|i 244 @l 3 (8 Ab8she 892 4%
ts : set(TD) xts : set(TD) xts: t§ superclassType® 2 7A1E A4 §d2 F 18 4884 R 72 49

(3% 10) Push Down Field Z=2H HA|

context Project
deI getl‘uqh[hwmhddl)uetum(}
e els String, field @ String, subClass @ String))
=sell getSuperClasses()->collect(sType |
sType getFieldDeclarationKey()->collect( sFieldKey |
if self getUsedClassOfSimpleName(sFieldKey) - >includes(sTypeget TypeKey) then
null
else if self get TypeOfQualifiedName(sFieldKey)->includes(sType getTypeKey) then
null
else if
self getUsedClassOfSimpleName(sFieldKey )~ >includes All(self.getSubclass TypeKey(sType)) then
null
else
(self getUsedClassOfSimpleName( sFieldKey ) - >intersection(self.getSubclass TypeKey(s Type))
->union(self get TypeOfQualifiecdName(sFieldKey)) -
self getSubelass Types(sType)->iteratelace @ TypeDeclaration |
result : Set(String) = Set{} |
if acc.getFieldNames()->includes(self.getVariableName(sFieldKey)) then
acc.get TypeKey - >union(result)
else
result
endif
))->collect(target |
TuplelsuperClass = sTypegetClassName(), field = self.getVariableName(sFieldKey),
subClass = self getClassNameByKey(target)}
)
endif
endif
endif
)1-=excluding (null)->asSet( )~ >asSequencel)

(32! 11) OCL2 0|28t Push Down Field T=AY HA|

Fc~de 27 e O 2e 2 nEse £7re] BANAN % 7Hsd OCL #55eld, o 3+
g te} BE {5 o Zeo] %0 & Push Down Field =292 287 $3§
OCLE Aozt

@ AYFY2e Y=g e 9 292 18 e (2% 1)3 2o] A9¥ OCL ¥4¢ OCL ¥4718 AH
@ 7} 7HAE 8= F o 28€ WEE & AeT Ag d 2FE REI go] FHIFUL olF, B=0lE, &
7 toll A ALg8hA] @ FEolojof Fr 72 39 Fex o]BL FEEse AlfA EH} o2 2E w
W) xtsoll A AH3HA] ¢k P=olojof gt =r} mpebd HLoiadel dojeuo] A AAA} oA TR
th t5 3o ApfshA @ PEojojof gt S gjatow s ("ExampleDBConnection”, "filename”,

2} xtsE E8to A}83HA] §& Peolojof F}, "Example.AccessConnection")2H= 2 3Hgh& d=th

w}) tsoll A Al A 2l (overriding) 3HA eteF Feh
43 2|HES 9 AAIE ME
AzE XMIEME md23le olg} e 2=UE OCLE 42444 HAg OCLe] dAdnz A& Aaglos H4)
Agstd (28 1) 2ol Aeg 4 itk o7lelA Ag guEae Haeshy] 9sAE 34400 AHoE my]HE
¥ OCL 45L& B =59 32444 oju] FF 282 g 84s ZFste (27 12)¢F 22 PushDownField(String



Edoject £sot = JASUnil,getRoot (URL.createFilelRI("Example.xmi™] )
JASProject project = new JASProjectiroot):

JASClass superClass = project.getClass (superCisssame)
JASAtcribute field = superClass.getAttribute (fieldName) :

dizupecs lassiame, fieldName] i

na.:nh

“CLinputbata oclinput = new OCLInputDatal)r
BELIRPUT el (s Lanaiame®, clasaName)

Puhlic vald FushDownfield[SECIng SUpect iaS . Stcring fieidiame, Jtring & T

crn::!§::|-ubcn==ﬂ-=, field.getdceributeType(), field.getModifier(), fieldiese):

public void cresteField(Steing clasalame, String fioldTypr, Stringl] modifiers, String fieldimme) |
ocifuery. secOCLbefbocument (£d. gerContent [ "Prisit iveOClas Pretonditiondes Documnt .00 1™l | 2

OCLE 0i8% A&stzl BEAY X 2IWESY 8§35

check = oeList2[0).gecData|"Esolean™)
AF [cheok.equals ("Eaise™) ||

our : N)

OCLPesuic[] erlist = . geroCLiesult || o2 (“PEAmLE INILS
String check = orlist{0].gecDaca("Boolean™)s 1
Af (check.equals (“trae”)) [ oAt Srajiot
JASCiazs curClass = project.gettlass (classhene) : o) e 7:Sxxivm) ¢ neine]
LinputDate oolinput? = mew OCLInputdacaf): R SN TRE SiA pe Tptreaily 4
OFLiRpULE. add ("c lassiane™, Clnsshame)
oelinputd.add ("L lsname ", fieldiame) comtere Typebeciaratise
OdLbesult[] orlisel = oclOuecy.gueOCLRissule (“Project”, fd. "Frimit. ' TStEingl |

JAsatteibute atte = new JASAttribute (fieldV¥ame, fisldType):
Tor(Srring modifier @ medifiecel| atte.sddfodifiec (modifier, Lrue)s) def + gerCiasshems (] ! Sequesce Sicing] =

e beat [ Ewiiname. ful iyCuaiifiominne = miame)
Tontest Prajest

it i yen

public veid femovafisid(String curchiame, Srring fieldfame) |

OCLInputbata oclinput = new OCLInputbatails
selinput.edd ("o lasadiame =, curciame)

String check = orLisc(0].getbata(“Bsolean™):
Af(check.equale ("true™) i
JA8C1ass curClass = project.getsiess (curChame)
OCLinputData oclinputd = new OCLInputDaca(l;
i 2 “c Lannbame=, '

add {11 lename®,

check = orlistI(0].petDaca | loolean™]:
Af (eheck.equals (“rrie”) | | curCiess.cemoveAttribute (fieldiame) )

24 [=FrimitivestLe/ Frecondit tonlbetbocument .oe1®) | ¢

OCLResult[] selist = ociluety.getOCLRemult {*Frojeat, £, geccontent | "PrimitiveDCls  hast bn

raaluet tomb b oo lh

tolame ¢ SuEieg ¢ 9

N |

3
OCLFesult[] orLiscl = oclQuery.gerOCLEesule (“Project™, fd.getContent (“FrimitiveOCLs  nasfiel@isse ool , «Jmpuua‘

aelf. hasFieldiame | classiame®, " £1lename’ bI
pre-condition

(328 12) Push Down Field 2IHE2! TH(0|L2/YEL 240 AFRD} OCLE TAE MBZA ALR)
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(38 13) 2IHEYS HEF F2| JavabASTY|4te] XMIEA

superClassName, String fieldName, String subClassName)
WAEE Fdste] A4 e gEy QidE dw
Fel29t ZE7L oln] EAE=AE HAMHE OCL 32
Este] @z,

34746 How vyeNEdy Q4% JavaEAST7)4re
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o version==3.0" anseding=wir-a=
pachager
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o
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<rame fhdivguat adbe
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ful
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cqualifser ful
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wiiTypes-F
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“Trag—nLE
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“badys

Mo TullyOuAL L e e =Tt lename® 14ens 1fLeve"E L lnmannT
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S DETesam Il ¢ tudircunt £ inname xa1zeype:
- EamoisTest i il - ki
& Examgte Total i i A/ statementes
& MSTOLComecton jave || 4 b
& MISOL conecten e e e P .
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. P e A wi tulipdual tlent 1S iar T laname® walltypes T imp | abase /s
o PastOowniia sl b i ccbecmed oo
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(32! 14) XMI Separator& 0|23t HEE JavaAST7Z |8 XMI 2M

e L ™ - |
B R iiu Mok Seach Broec) Bun n-w S L3 :
Bwg: PPl o : gt | »
| P 5 Comimar e 5 !H'. 18 e esy Comerta i |1 - Soebaatiomsiain ]| 18, =)
2 T E 1 package A23ce: ol
:30& B it jeve.is.Fiier B
= g SElay 3
T T | L impert org.eclipse.ent.common.util.URI: 1
¥ (@ (detuct paciage) | ¢ impert srg.eciipse.emt,ecore.Eoblects |
= @ RICH |7 impert crg.eclipee.ent ecore.cessurce. Besosce:
;£ g | 3 impart IntegraticnEngine.FileContent:
o JASUS jave 8
& of) Mainians | i1 public class CodeGemerator |
private String f£ileName;
public Codedentrator (String file)(
this. fileName = file:
i
public void ceeatedava()l
Ayetem. cut.prineing) ¢ |
Systes. out.pristin("Creating Jave Source Code...")1
| e Tile £ = new File(this.ziieloms) N
¥ B 145 ExpreasicaType a0 Vit aabicectarylh) i d
& 8 JAS ExpressicnType2 s s - s
¥ ﬂmm"” String] files = fileContent.getFilelist (this.f1leName, “xmi®)
+ 18 JAG StawmantTyze? toriftring file 1 filesi( i
) JASAetacter this. coeateXNiToleva(fiie |
R : =
" ’ ‘ILm & Systes, cut.princini"bone. .. 7); 1
# it OCL Primise 3 hedani t
& @ Sepwwarkngine Ahie. crenteTRIToJave (Lhie. £ 1 Lol ) & I
& B SmingParsing a9 System. out.printin{“bone. .. "1 }
# 5 teintegraton -y ! : |
@ - ! |
. ’ s private void cresteXNiToldeva(Jtring £ilaase)|
”
::mww[ ot 34 Besource ¢+ XMIRescurceUtil.getResource|URL. creatarileURI (21 lalane] ] 5
® g Binding 3 Edbject eo_cunit = (E0bject)r.getContents().get (D) 1
1 1
::&Mmo 3% — :
W :W:mm teat.visit (eo_sunit)s =
3 Co PrimmwOCL 24 Byatam, 2t J5 b0 ARITRIE Getcutenta ()it
= g Purhly Fi £31lalane = FLlefame. fileNome . lasc ="
= s Rast Teat. “‘_{l_l_lﬂl_v' Jm'“ e -
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context Project

def : allTD @ Set(TypeDeclaration) =
self.compilationUnits.types->collect(ocl As Type( TypeDeclaration})
- select(body Declarations - >select(oclls TypeOf( FieldDeclaration 1)
=>notEmpty())->asSet()
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context Project

def : getVariableName(fKey : String) : String =
VariableDeclarationFragmentalllnstances() - >select(declarationBinding

= ZnotEmpty())

- >select(declarationBinding key - >includes(fKey )).name.fullyQualifiedName
= >asSequencel - >first()
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context Project
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~>notEmpty () LexpressionBinding key->asSet()
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context TypeDeclaration

def : getFieldDeclarationKey() @ Set{String) =
self.bodyDeclarations->select{oclls TypeOf (FieldDeclaration))
oclAsTypelFieldDeclaration ). fragments.declarationBinding key - >asSet()
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context TypeDeclaration
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context Project
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if self getUsedClassOfSimpleName()->includes(fkey) then
null
else TuplefclassName = tdgetClassNamel ) fieldName = self.getVariableName{fkey))
endif))- >excluding(null)- >asSequencel )
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