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ABSTRACT

Object-oriented programming with encapsulation, inheritance, and polymorphism has potentia for
improving software reusability and maintainability, but designing reusable and understandable
object-oriented software is hard. Even if software is well designed initidly, maintenance and
extension will tend to cause its design to deteriorate. Refactoring is the essential and useful process
since it improves the internal structure of existing source-code without changing its external behavior.
However, it is complex to do by hand. Moreover, the manual refactoring requires programmers to
make many checks. For example, does the target source-code satisfy the preconditions for
transformation that the programmer wants? Which fragments of source-code will be affected by the
fragments that he/she modifies in refactoring? The refactoring with such checks is not easy in
generd; it is error-prone and time-consuming.

The tool we have developed automates the transformation in refactoring by usng data- and
control-flow analysis (and dependency anaysis) for object-oriented software. With this todl,
programmers do not have to test the changed source-code since the tool guarantees the target
source-code to preserve its behavior. This paper describes a method that automates the tests and
transformations in refactoring and the tool implementing the method, and gives the examples and
experimental results of refactoring usng the tool. The tool was designed to easly execute
refactorings that programmers want in course of editing the source-code. In addition, the tool records
the history of refactoring in the past, which is a sequence of refactoring names, and aggressively
uses the history to propose the next refactoring to be done. Experimenta results show that the
automated refactoring and the guidance using refactoring history are effective in object-oriented
software development. A large number of experiments with various source-codes for assessing the
utility of the tool will be tackled.
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(CFG: Control Flow Graph)[8]
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CFG

statement statement CFG CFG T
F CFG (
sequence) ( : dternation) ( iiteration) 3

o start

class Customer {

[1]  public String statement() {
[2] totalAmount = 0;
[3] renterPoints = 0;

[4] rentals = _rentals.iterator();

[5] while (rentals.hasNext()) {

[6] each = rentals.next(); F 12
[7] thisAmount = each.getCherge();

[8] if (each.getMovie().getPriceCode() == ... ) T

9] renterPoints = renterPoints + 2;
else

5
[10] renterPoints++; a @ sto
[11] totalAmount = totalAmount + thisAmount; P

[12]  result="Amount: “ + String.valueOf(totalAmount)
+ “Points: “ + String.valueOf(renterPoints);
[13] return result;

(CFG)
(PDG: Program Dependence Graph)[9]
PDG M  PDG
G = (N, E, entry)

@ N

entry PDG N entry CFG

start stop
(b) E p q p q
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[11] totalAmount = totalAmount + thisAmount;

class Customer {

public String statement() {
totalAmount = 0;
rentals = _rentals.iterator();
while (rentals.hasNext()) {
each = rentals.next();
thisAmount = each.getCherge();

}
}
}

[15]

[17]

(Method Extraction)

Customer

[16]
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VGA 256

OS  Windows2000/98/Me, Solaris8
Sun Microsystems Java2 SDK Standard Edition, 1.3
Borland JBuilder4 Foundation

Java

JRB

aring o ] 34

File Edit Refcatoring Options Help

EECRERREEREE
[ Chjrinyritestcases W

& [ chart
® Clfower import java.util.*;
w1 ’ .
e w2
GPSVS class Customer {
v private String _name;
& Hva private Yector _rentals = new Yector();
e lva
%Custumerjava public Customer (String name) {
[ Movie java 1AME = nane;

[y Rental java }

© ] RefactoringTest

public void addRental (Rental arg) |

e Temp .
o [ tetris } _rentals.addE lement (arg);
public String getName() {
return _name;
1
public String statement () {
double totalfmount = 0O
Customer#Customer{String) int freguentRenterPoints = 0;
Customer#addRental{Rental) Enumerat ion rentals = _rentals.elements();
Custamersgethame) String result = "Rental Record for ™ + getName() + "¥n";
Customergstatement()

while (rentals.hasMoreE|ement]
Rental each = (Rentallre
double thisfinount = each

Ll

if (each.zetMoviel). i {1 == Movie.NEY RELEASE)
(46,1} C:\jrinjrtitestcasesowlerCLstomer java

JRB
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Root.Dir Java

java

Eg—-_:", Java Refactoring Br
File Edit Refcatoring Options Help

NEERERAEEREIR

3 Chyjrinyrivtestcases\Refactor Rental.java |
% [ ClassesTest
Customer java
D o . class Rental {
[y Mavie java o ..
[y Rental java Cut X
: [y ted;
[y Stare java Copy
@

IjE.I’I’DI’TESt B LS o ie. int daveRentadl
®-|jF?e|dsTest Class | Rename Class
&gHmtuwTest Method b |  Move Class
@- -

oo m?thTSTESt Test ! Field | Merge Class
iscellaneousTes -
o 09 Variables Test Variable P | Delete Class
ariaplesles .
py Miscellaneous » | Extract Subclass
History... Extract Superclass
h Guide » Extract Super Interface
Undo Extract Interface
public Movie getMoviell 1
return _mowie;
1
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E\g:,%-_l-a'-.-'-a Retactoring Browser
File Edit Refcatoring Options

Help

D=E 3 &= -«

1 Chjriyritestcases\Refactor
& ] ClassesTest
® [ ErrorTest
@ ] Fields Test
@ [ HistoryTest
§ [ MethodsTest
[ Address java
[y Customer java
[y wovie java
[y Rental java
[y SpecialCustomer java
[y store java
& ] MiscellaneousTest
& 7 variablesTest

ﬁ Customer.java |

public void addRental (Rental arg) |
_rentals Cut
| Copy
Paste
public Strin
Class k
return _|
! Method *|  Rename Method
Field ¥ | Move Method
public Strin| Xariable | Delete Method
double t Miscellaneous Pull Up Method
int freg| History. Push Down Method
[terator| Guide Pls.iterator();
String r|  Undo cord for ¥ + zetHame() -

Eg{i' Java Refactoring B

File Edit Refcatoring Options

Help

NERENBEEREE

3 Cojribyrttestcases\Refactar
& [ ClassesTest
& [ ErrorTest
® CIFieldsTest
[y Creator java
[y customer java
[ Movie java
[y Rental java
@ [ HistoryTest
@ [ Methods Test
& 9 MiscellaneousTest
& [ variablesTest

HULTTL LALTL T TITaT T WET_N™CCEAYD = T
public String _title;
public int _pr cut
private String Copy
private int id Paste
Class 4
public Movie(s| = riceCode, int id) {
\ _ Method ]
title = tL = ;
_priceCode E'El'_j Rename Field
this.id = | Yariable * | Move Field
] Miscellaneous » Delete Field
History... Pull Up Field
public int get| Guide » Push Down Field
return _pr|  Undo Encapsulate Field
1 Self Encapsulate Field
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E&f’g Java Refactoring Browser

File Edit Refcatoring Options

Help

§ [ ClassesTest
[y Customer java
[y Movie java
[y Rental java
[y store java
@ [ ErrorTest
@ CIFieldsTest
[y Creator java
[y Customer java
[y Movie java
[y Rental java
@ [ HistoryTest
& ] MethodsTest
@ [ MiscellaneousTest
§ CJvariahlesTest
[y Customer java
[y Movie java
[y Rental java

Deld (g #m@ oo

3 Coyjriyritestoases\Refactor] ||

Customer.java

public String zetMamei) |
return _name:

public String statement () 1
double totalfmount = 0;

int frel o = 0;
[teratno ED;W Is.iterato’r’();
String Paste ecord for 7+ zetNamef
Cl [
while ( .;.fod )
Ren| —oho Trentals.next ();

Field ’

fro  Mariable " b|  RenameVariable |je

Miscellaneous » | pelete Variable

reg|  Histony.. Slice on Variable |z ()
Guide P hch.getCharze () + "¥n”
tot| Undo etCharze();

Customer#Custamer() |
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Eg’,g Java Refactorineg Browser

File Edit Refcatoring Options Help

EEERERAEEREIE

& 3 ClassesTest

& [ ErrorTest

© [ FieldsTest

@ [ HistaryTest

& ] MethodsTest

 CIMiscellaneousTest
[} Customer java
[y Movie java
[y RegularRental java
[} Rental java

& J*ariablesTest

JRB
RefactingRecord

[ CyjrinexamplessRefactoring

fCustumer.ja\ra rﬂemal.ia'-.ra |

private double getChargzeResult (double result) |

switch (_movie.getPriceCode()) {
case Movie BEGILAR:
Cut P
Copy sRented() > 7)
Paste t= (getDaysRented() - 21 * 1.5;
Class pults
Method ¥ _HELEHSE
Field y lzetDaysRented () * 3;
Variable 3 ”li:n
Miscellaneous * |  Switch to Polymorphism
ng_tnry... , sHented () > 3)
Guide #= (gotDaysRented() - 3 J x 1.5;

return result;
Java

public class RefactoringRecord inplenments Serializable {
private String conmmand; /1
private String fil eNang; /1
private Tinestanp tinestanp; //
private String userNang; /1
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polymorphism (switch )

(Class Refactoring)

(Rename Class)

@ Java
(b)
(c)

(Move Class)

@ Java

(b)
(Merge Class)

@
(b)
(c)
(Délete Class)
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@

(Extract Subclass)

€)] Java
(b)
(Extract Superclass)

€)] Java

(b)

(Extract Super Interface)

€)] Java

(b)

(Extract Interface)

€)] Java

(b)

(Method Refactoring)
(Rename Method)
@ Java
(b)
(Move Method)

@

(b)

(c)

(d)

(€

()
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(Delete Method)

€)] private

(b) private
(Pull Up Method)
@

(b)
(c)
(d)

(Push Down Method)

@
(b) private
(© private
(d)
©
()
(Field Refactoring)
(Rename Fidd)
@ Java
(b)
(Move Field)

@
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(b)
(c)
(d)
()
()
(9)

private
(getter  setter)

(Delete Field)

@
(b)

@
(b)
(c)

@
(b)
(c)
(d)

@
(b)

@
(b)

private
private

(Pull Up Field)

(Push Down Field)

private

(Encapsulate Field)
(public) (private)

private
private
(Self Encapsulate Field)

private
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(Variable Refactoring)

(Rename Variable)

) Java
(b)
(c)

(Ddete Vaiable)

@

(Slice on Variable)

Java
(Miscellaneous)
polymorphism (switch ) (Switch to Polymorphism)
switch
(& switch switch
switch
(b) switch
(Undo)
JRB
Undo
@) (i) (Move
Method)
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(Undo) (Undo)

(i) RenameMethod:src -~ MoveMethod:src (i) RenameMethod:src
(ii) MoveMethod:dst (if) Empty
(Move Method) (i) (Move Field)

(i) RenameMethod:src -— MoveMethod:src

(i) MoveMethod:dst — MoveField:src » DeleteVariable:src - ...

JRB

JRB

JRB

JRB
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(Rename Method)
Method)
JRB 2

JRB Java

CPU: Intel Pentium 111 1 GHz

. 256MB
OS: Windows2000 professional
Java2 SDK Standard Edition, 1.3.1

Java
JRB

(Move

examples/RefactoringTest/ClassesT est/

examples/RefactoringTest/M ethodsT est/

examples/RefactoringTest/FieldsTest/

examples/RefactoringTest/V ariablesTest/

examples/RefactoringTest/Miscel lanerousT est/

JRB
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X
Confirm matdle to the texts:
Customer.java Iﬁ
Before After
this#mount = amountFor(each)s — th{zimount = amnuntFnr(eachD
frequentRenterPointstt; frequentRenterFaTn
if ({each.zetMovie().zetPriceCode() == Movie.MEW_RELEASE if {({gach.gethiovie
) ik Tk
each.zetDaysRented(} > 1) each. zet DavsRer
frequentRenterPoint s++; frequent Rent erf
result += “¥t" + each.zetMovie().zetTitle() + "9t" + result += "¥t" + each.gethovie().getTitle() + "$t° +
String.valueQf (thishnount) + “¥n"; String.valusOf (thisdmount} + “¥n";
totaldmount += thisdmount; totaldmount += thisAnount;
i }
result += “dmount owed is " + Strinz.valuedf (totalémount) + result += “fmount owed is ¥ + String.valueOf (totalémount) +
“¥n”: “¥n;
result += "You sarned “ + String.valuef (frequentRenterPoint result += "You erfoint
s+ s) +
" frequent renter points”; /”J-ﬁeqe%
return result; return result;
H }
public double amountFor(Rental aRental) {
Private double amountFor{Renta| aRentall { return aRental.amourtFar(aRental):
double result = 03
switch (aRental.zetMovie(). zetPriceCodel)) [
case Movie.REGULAR: protecte BEE;
result 4= 2;
if {aRental.getDaysRented() > 2} public String zethddress() {
result += (aRental.zetDaysRented() - 2) # 1.5; return address.zetZirCode() + * * + address.zetCountry():
break: }
case Movie.MNEW RELEASE:
result 4= aRental.getDaysRented() # 3; public String gethddress2i) {
onfirm changes made to the following texts:

Before

After

public class Rental {
private Mowie _movies
private int _dawsRented;

public Rental(Movie movie, int days
_movie = movie;
_davsRented = davsRented;

1

public int getDaysRented() {
return _daysRented;

1

public Movie zetMovis() {
return _movie;

Public Rental(Movie movie, int dayshented) {
_movie = movies
_daysRented = davsRented:

public int zetDavsRented() {
return _daysRented:

public Hovie gethovie() {
return _movie;

1

public double smountFor(Rental aRental) {
double result = 0;
switch (this.getMoviel).zetPriceCode()) {
case Movie. REGULAR:
result += 23
if (this.zetDavsRented() > 2)
result 4= (this.getDaysRented() - 2) # 1.5;
break;
caze Movie.NEW_RELEASE:
result 4= this.zetDaysRented() # 3;
break;
case Movie.CHILDRENS:
result += 1.5
if (this.zetDaysRented() > 3)
result 4= (this.getDaysRented() - 3 ) * 1.5
breaks

1

return results

Cyroyritestcases\Refactoning TestiWethodsTestRental java
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Confirm made to the texts:
Rental java
Before After
class Renfan { = stract class Rental
i ovie _movies rotected Movi
private int _dal = private int _d
protected Rental() { protected Rent
t }
public Rental(lovie mavie, int daysRented) { public Rental(lovie movie, int daysRented) {

_movie = movie;
_daysRented = davsRented:

B QA

Switch

public double getCharge() {
double init = 03
return getChargeResult (init);

! =

lass MOVIE. CHILDRENS extends
private double zetCharzeR

class DEFAULT extends Rental {

_movie = mowie;
_davsRented = daysRented:

i }
public int getDaysRented() { public int gellaysRented(}
return _daysRented: return _da
i
abstract private double getCharzeResult(double result);
private double getChargeResult (double result) {
aulich ( movie.getPricefods pUbTT : dhicuis L
caze Movie.REGULAR: return _movie;
result += 2; }
if (zetDaysRented() > 2}
result += (zetDavsRented() - 2) # 1.5; public double zetCharze() {
return result; double init = 03
caze Movie.MEW_RELEASE: return getbhargeResult(init);
result += gzetDaysRented() # 3; 1
return results }
case Movie.CHILDRENS:
result += 1.5; classz MOVIE.MEW RELEASE extends Rereerr
if (zetDawsRented() > 3} private double zetCharzeResult(dauble result) {
result += (getDaysRented() - 3 ) # 1.5; result += getDaysRented() # 3;
default: return result;
return result; }
i

result += 1.5;
if (getDaysRented(] > 3)
result += {getDaysRented(} - 3 ) * 1.5;

matde to the

_ RegularRental.java

Before

After

class RezularRental extends Rental { |

public String getTitlel] {
return zethoviel).getTitlel) + * [Rezular]l”;

-

class RezularRental extends Rental {

public String getTitle() {
return gethovie().getTitle() + * [Rezular]l”;

private double zetChargeResult(double result) {
result += 2;
if {zetDaysRented() > 23
result += {getDaysRentedi) - 2} # 1.5;
return result;

Chriyrivestcases\Refactoring TestiWiscellaneous TestiRegularRental java

polymorphism
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Renameiethod:sre -= MoveMethod: src -= DeleteMethod:src
MoveMethod:dst

RenameVvariable:sre -= MaoveMethod sre -= DeleteMethod: sro -= RenameMethod:dst
MoveMethod:dst-= DeleteVariable:src -= RenameMethod src -= DeleteMethod:sre

Renametethod:sre

Y ) Command (' File ) User (! Time Close

[ ]

(Move Method)
(Delete Method)

(Delete Method)

(Move Method) ? (Déelete Method)

(Rename Method)

30
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Eg_a Java Refactoring Browser

File Edit Refcatoring Options Help

EECRERBERIRE

3 Coyjriyritestcases\Refactar
& 9 ClassesTest
& 3 ErrorTest
& I FieldsTest
@ [ HistoryTest
@ orig
[ Custormer java
[ Mavie java
[ Rental java
[y Store java
& ] Methods Test
& [ Miscellaneous Test
& J*ariablesTest

va Fefactoring Bro

Customer java

import java.util.®;
C Cllt
Copy g _name;
Paste _rentals = new Yector();
Class 4
7 mer () {
Method 3
Field 3
: . .
Vofimle (String name) {
Miscellaneous » |
L
History...
Guide ¥ oy —
Undo DeleteMethoid:src
_rentals™addlare]s
1

File Edit Refcatoring Options

Help

NEEREREEREE

3 Covrbyritestcases\Refactar
@ [ ClassesTest
& I ErrorTest
@ [ FieldsTest
% ] HistoryTest
& [ arig
[y customer java
[y Movie java
[y Rental java
[y stare java
& 9 MethodsTest
& [ MiscellaneousTest
@ [ variablesTest

Customer java

impart jawa.ubil.¥;

31

cl Cut

G rantale = new Voctar(

Paste rentals = new Vectorl);

Class 4

= erl) 1

Method b

Field b

Mariahle Y(String name) |

Miscellaneous  |..

History...

Guide Q RenameMethod:dst

uﬂdﬂ \m_/
_rentals.addtarzr;

1
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