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public class Mvie {
public static final int CH LDRENS =
public static final int REGUAR = O;
public static final int NEWRELEASE
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private String _title; I
private int _priceCode; //°~ "~ 3N~
public Mvie(String title, int priceCode){
_title =title;
_priceCode = priceCode;
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public int getPriceCode(){
return _priceCode;

}

public void setPriceCode(int arg){
_priceCode = arg;
}

public String getTitle(){
return _title;
}
}

Rental class i 3 @~ I A

class Rental {
private Myvie _novie; /1
private int _daysRented; /1

public Rental (Mvie nmovie, int daysRented) {
_novie = novie;
_daysRent ed = daysRent ed;

}

public int getDaysRented() {
return _daysRent ed;

}

public Mvie getMvie() {
return _novi e;
}
}
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Customer class A et classes = ~ ¥
accessor™

class Custonmer ({
private String _naneg; I
private Vector _rentals = new Vector(); /1 B

public Custoner(String nane) {
_hame = nane;

}

public voi d addRental (Rental arg) {
_rental s. addEl enent (arg);

}

public String getNane() {
return _nane;

}
/1 ' ¥

Customer k@ 93 Jus8 " method™ ~ 12 3
Hh  ° interactions” A 3 LI \

12 statenment() H © interactions”

Refactoring — Improving the Design of Existing Code



public String statement() {

doubl e total Anbunt = 0; /1

int frequentRenterPoints = 0; /1

Enuneration rentals = _rentals.elenments();

String result = "Rental Record for " + getName() + "\n";

whi |l e(rental s. hasMor eEl ement s()) {
doubl e t hi sAnount = O;
Rental each = (Rental) rentals.nextElenment(); // 4 ~ B

// determ ne anobunts for each |ine :
switch(each. get Movie().getPriceCode()) { //

case Mvi e. REGULAR: I
t hi sAnount += 2;
i f (each. get DaysRent ed() >2)
t hi sAnount += (each. get DaysRented()-2)*1.5;

br eak;

case Movi e. NEW RELEASE: /1
t hi sAnount += each. get DaysRent ed() *3;
br eak;

case Mvi e. CHI LDRENS: /11

t hi sAmount += 1.5;
i f (each. get DaysRent ed() >3)

t hi sAnount += (each. get DaysRent ed()-3)*1.5;
br eak;

}

/'l add frequent renter points® g
frequent Rent er Poi nts ++;
/1 add bonus for a two day new rel ease rental
if ((each.getMyvie().getPriceCode() == Myvie. NEW RELEASE &&
each. get DaysRented() > 1)
frequent Rent er Poi nts ++;
/1 show figures for this rental” B -
result += "\t" + each. get Movie(). getTltIe() + "\t" o+
String. val ue (t hi sAnmount) + "\n";
t ot al Anount += t hi sAnount ;
}

/1 add footer |ines

result +="Amount owed is " + String.val ueX (total Amount) + "\ n";

result += "You earned " + String.val ued (frequent RenterPoints) +
" frequent renter points";

return result;
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- i ! r- 3
Y classt A 23 Ty G ~ _ HTML
~ ﬁ A
~ 3 3 ~ logical clump” Extract Method 110" A
R =3 switch 47 " extract” | )
) A
| if- - -3 - 4 nx A
a ~  d &) A 3m I O A
yim U @ yiie A J

refactoring catalog”™ * @ A

" 3 a J 7 local variables™ A
parameters” A T @ua' each  thisAmunt” m R
9 A" | a, 9 J 17U AW oy, 9
J A A “ad . 9 T JJu 2 h A
thisAmount 37 J ~ &h mo 3 switch
A1 3ma, - JU dJU h ¢ A
Ty mi 3 A m 3 ” FJ4 Ap
% U1 3R m 19 " A a I
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public String statement() {
doubl e total Amount = 0; I
int frequentRenterPoints = 0; /1
Enuneration rentals = _rentals.elenments();
String result = "Rental Record for " + getName() + "\n";

whi |l e(rental s. hasMor eEl ement s()) {
doubl e t hi sAnount = O;
Rental each = (Rental) rentals.nextElenment(); // 4 ~ B

[/ determne anobunts for each |line
switch(each. get Movi e().getPriceCode()) { //

case Movi e. REGULAR: 11
t hi sAmount += 2;
i f (each. get DaysRent ed() >2)
t hi sAnount += (each. get DaysRented()-2)*1.5;
br eak;

case Movi e. NEW RELEASE: /1
t hi sAnount += each. get DaysRent ed() *3;
br eak;

case Moyvi e. CH LDRENS: /11
t hi sAnount += 1.5;
i f (each. get DaysRent ed() >3)
t hi sAnount += (each. get DaysRented()-3)*1.5;
br eak;

}

/'l add frequent renter points” g
frequent Rent er Poi nts ++;
/1 add bonus for a two day new rel ease rental
if ((each.getMvie().getPriceCode() == Myvie. NEW RELEASE) &&
each. get DaysRented() > 1)
frequent Rent er Poi nt s ++;
/1 show figures for this rental” B -
result += "\t" + each.getMvie().getTitle() + "\t" +
String. val ued (t hi sAnount) + "\n";
t ot al Amount += t hi sAnount ;
}

// add footer |ines )

result +="Amount owed is " + String.val ueX (total Amount) + "\ n";

result += "You earned " + String.val ueX (frequent RenterPoints) +
" frequent renter points";

return result;
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public String statement () {
doubl e total Anrbunt = 0;
int frequentRenterPoints = 0;
Enuneration rentals = _rentals. el enents();
String result = "Rental Record for " + getName() + "\n";
while (rentals. hasMreEl ements()){
doubl e t hi sAmount = O;
Rental each = (Rental) rentals. nextEl ement();

t hi sAnobunt = anount For (each); /1 -

/1 add frequent renter points
frequent Rent er Poi nts ++;
/1 add bonus for a two day new rel ease rental
if ((each.getMvie().getPriceCode() == Myvie. NEW RELEASE) &&
each. get DaysRented() > 1)
frequent Rent er Poi nts ++;

/1 show figures for this rental
result += "\t" + each.getMwvie().getTitle() + "\t" +
String. val ue (t hi sAnount) + "\n";
t ot al Amount += t hi sAnount ;
}
// add footer l|ines
result += "Anount owed is " + String.valueX (total Amount) + "\ n";
result += "You earned " + String.val ueO (frequent Rent er Poi nts) +
' frequent renter points";
return result;

}
private int anmountFor (Rental each) { /1 -
int thi sAnmount = O;
swit ch(each. get Movi e(). get PriceCode()) {
case Movi e. REGULAR: I
t hi sAmount += 2;
i f (each. get DaysRented() > 2)
t hi sAnount += (each. get DaysRented()-2)*1.5;
br eak;
case Movi e. NEW RELEASE: /1
t hi sAnount += each. get DaysRented() * 3;
br eak;
case Mvi e. CHI LDRENS: IV
t hi sAmount += 1.5;
i f (each. get DaysRented() > 3)
t hi sAnount += (each. get DaysRented() - 3) * 1.5;
br eak;
}
return thisAnmount;
}
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m g 31 A - a
@’ oy h J A- 31 @ A
% anmount For () h i mint™ a doubl eA
private doubl e anpunt For (Rental each) { // -
doubl e t hi sAnount = O;
switch(each. get Movi e(). get PriceCode()) {
case Myvi e. REGULAR: /1
t hi sAmount += 2;
i f (each. get DaysRented() > 2)
t hi sAnount += (each. get DaysRented()-2)*1.5;
br eak;
case Movi e. NEW RELEASE: /1
t hi sAnount += each. get DaysRented() * 3;
br eak;
case Myvie. CH LDRENS: VA
t hi sAnount += 1.5;
i f (each. get DaysRented() > 3)
t hi sAnount += (each. get DaysRented() - 3) * 1.5;
br eak;
}
return thisAnmount;
}
4 v NI\  Java
%  double i moint P73 ®mev |fo [Java SpeclA
3 N L 3 A
3 : ' i 9 O Ju
! Jd Awa - o A
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i \ T my 7 JdJU i TA a amount For ()
a el I - 9 T AA

T \ 3

private doubl e anobunt For (Rental each) { // -
doubl e t hi sAmount = O;
switch(each. get Movi e(). get PriceCode()) {
case Movie. REGULAR: 11
t hi sAmount += 2;
i f (each. get DaysRented() > 2)
t hi sAnount += (each. get DaysRented()-2)*1.5;

br eak;

case Movi e. NEW RELEASE: /1
t hi sAnount += each. get DaysRented() * 3;
br eak;

case Mvie. CH LDRENS: /11

t hi sAmount += 1.5;
i f (each. get DaysRented() > 3)
t hi sAnount += (each. get DaysRented() - 3) * 1.5;
br eak;
}
return thisAmount;
}
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1.31 statement() 15

¥ VI
private doubl e anpbunt For(Rental aRental) {
doubl e result= 0;
switch (aRental . getMvie().getPriceCode()) {
case Mvi e. REGULAR: 11
result += 2;
if (aRental . get DaysRented() > 2)
result += (aRental.getDaysRented() - 2) * 1.5;

I -

br eak;

case Movi e. NEW RELEASE: /1
result += aRental.getDaysRented() * 3;
br eak;

case Mvi e. CHI LDRENS: VA

result += 1.5;
if (aRental .getDaysRented() > 3)
result += (aRental.getDaysRented() - 3) * 1.5;

br eak;
}
return result;
}
131 o d I n A
NI h noo h A 3 1
Jd o 3 0 A na 3 iy g en
1 Mmi A / € J a A
k " strong typing” JU4 e 8 1@ n A
8"
| “2 4 1 17U 3 A noA 3
° A
3 T A3 A’ A
i 7 ~ # a *® € w3 b
- a n A
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~

3 !
amount For () ~ N 3 G a Rental class g
G Customerclass g A

cl ass Custormer...
private doubl e anount For (Rental aRental) {
doubl e result = 0;
switch (aRental . get Movie().getPriceCode()) {
case Movi e. REGULAR:
result += 2;
if (aRental.getDaysRented() > 2)
result += (aRental . get DaysRented() - 2) * 1.5;
br eak;
case Movi e. NEW RELEASE:
result += aRental.getDaysRented() * 3;
break;
case Movi e. CH LDRENS:
result += 1.5;
if (aRental.getDaysRented() > 3)
result += (aRental . get DaysRented() - 3) * 1.5;
break;

}

return result;
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2 G 1 e & A a T G
objecf class @~  JU amount For () {  Rental class
VAnae &m Move Method 142" A "I 3 I Rental class
A RE R Aer

class Rental...
doubl e get Charge() {
doubl e result = 0;
switch (get Movie().getPriceCode()) {
case Movi e. REGULAR:
result += 2;
if (getDaysRented() > 2)
result += (getDaysRented() - 2) * 1.5;
br eak;
case Movi e. NEW RELEASE:
result += getDaysRented() * 3;
br eak;
case Movi e. CH LDRENS:
result += 1.5;
if (getDaysRented() > 3)
result += (getDaysRented() - 3) * 1.5;

br eak;
}
return result;
}
3 R " ) VoA AT A
I A
JJu i 2 AN ' Customer. anount For () a

© G " delegate” oA

cl ass Custormer...
private doubl e anpbunt For(Rental aRental) {
return aRental . get Charge();

}
17U v enxn A

Refactoring - Improving the Design of Existing Code



*

3 ooy © references 9 T
T AT \ ‘

class Custoner. ..
public String statement () {
doubl e total Anbunt = 0;
int frequentRenterPoints = 0;
Enuneration rentals = _rentals. el enments();
String result = "Rental Record for " + getName() + "\n";
while (rental s. hasMoreEl ements()) {
doubl e t hi sAmount = O;
Rental each = (Rental) rentals. nextEl enent();

t hi sAnount = anount For (each);

/1 add frequent renter points
frequent Rent er Poi nt s ++;
/1 add bonus for a two day new rel ease rental
if ((each.getMvie().getPriceCode() == Myvi e. NEW RELEASE) &&
each. get DaysRented() > 1)
frequent Rent er Poi nts ++;

/Ishow figures for this rental

result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val ue (t hi sAnount) + "\n";

tot al Amtount += t hi sAmount ;

}

/ladd footer l|ines

result += "Amount owed is " + String.valueO (total Anount) + "\ n";

result +="You earned " + String.val ueO (frequent RenterPoints) +
" frequent renter points";

return result;
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R3#~ 3 o ¢ oy T4 Ta® 6 @ A
aFa N classes ™ - A

=/

cl ass Custoner
public String statement () {
doubl e total Amount = O;
int frequentRenterPoints = 0;
Enuneration rentals = _rentals. el ements();
String result = "Rental Record for " + getName() + "\n";
while (rental s. hasMoreEl ements()) {
doubl e t hi sAmount = O;
Rental each = (Rental) rentals. nextEl enent();

t hi sAnbunt = each. get Charge();

/1 add frequent renter points
frequent Rent er Poi nt s ++;
/1 add bonus for a two day new rel ease rental
if ((each.get Movie().getPriceCode() == Myvi e. NEW RELEASE) &&
each. get DaysRented() > 1)
frequent Rent er Poi nts ++;

/Ishow figures for this rental

result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. valueX (thi sAnount) + "\n";

tot al Amtount += t hi sAmount ;

}

/ladd footer l|ines

result += "Amount owed is " + String.valueO (total Anount) + "\ n";

result += "You earned " + String.val ued (frequent RenterPoints) +
" frequent renter points";

return result;

1.3 1 | A° classes © state”
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m €9 31" 137" Ty \ A i
enxA 1 - n&n A
A . d v A ~ 3 public
“a 9 ¢ class L A
Rent al . get Charge()m€9 ~ a 1 n - v |
Cust oner. st atement ()°
public String statement() {
doubl e total Anobunt = 0;
int frequentRenterPoints = 0;
Enuneration rentals = _rentals.elenments();
String result = "Rental Record for " + getName() + "\n";

while (rental s. hasMoreEl ements()) {
doubl e t hi sAmount = O;

Rental each = (Rental) rentals. nextEl ement();
t hi sAnount = each. get Charge();

/1 add frequent renter points
frequent Rent er Poi nts ++;
/1 add bonus for a two day new rel ease rental
if ((each.getMvie().getPriceCode() == Myvie. NEW RELEASE) &&
each. get DaysRented() > 1)
frequent Rent er Poi nts ++;

/Ishow figures for this rental

result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val ue (t hi sAnount) + "\n";

tot al Amtount += t hi sAmount ;

}

//add footer l|ines

result += "Amount owed is " + String.val ue (total Anount) + "\ n";

result += "You earned " + String.val ueX (frequent RenterPoints) +
" frequent renter points";

return result;
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L Y ' thisAmunt 3 \ MeA J each. get Char ge()
Y4 aA 1 JA U AL Replace Temp with Query
~o1207 thi sAmount M A

public String statement() {
doubl e total Anbunt = 0;
int frequentRenterPoints = 0;
Enuneration rentals = _rentals. el enments();
String result = "Rental Record for " + getName() + "\n";
while (rental s. hasMoreEl ements()) {
Rental each = (Rental) rentals. nextEl ement();

/1 add frequent renter points

frequent Rent er Poi nt s ++;

/1 add bonus for a two day new rel ease rental

if ((each.getMvie().getPriceCode() == Movi e. NEW RELEASE) &&
each. get DaysRented() > 1) frequent RenterPoints ++;

/Ishow figures for this rental

result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val ue (each. get Charge()) + "\n";

tot al Ambunt += each. get Charge();

}
//add footer |ines
result += "Amount owed is " + String.val ue (total Anount) + "\ n";

result += "You earned " + String.val ueX (frequent Rent er Poi nt s)
+ " frequent renter points";
return result;

}
}
m g - 2 T rn A
VMoo o0 AT ¥ A
VR [4) A v oo Tt
3 A RmE f E 3" R R
ey An Rental class™ VA 3 3 /
Ty, A p.69 1 6 [ 3
A
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Extract Method 1107 it

public String statement () {

doubl e total Anbunt = 0;
int frequentRenterPoints = 0;
Enuneration rentals = _rentals.elenments();
String result = "Rental Record for " + getName() + "\n";
while (rentals. hasMoreEl ements()) {
Rental each = (Rental) rentals. nextEl enent();

/1 add frequent renter points

frequent Rent er Poi nts ++;

/1 add bonus for a two day new rel ease rental

if ((each.getMvie().getPriceCode() == Myvi e. NEW RELEASE)
&& each. get DaysRented() > 1) frequent RenterPoints ++;

//show figures for this rental

result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val uedr (each. get Charge()) + "\n";

tot al Ambunt += each. get Charge();

}

//add footer |ines

result += "Anmount owedis" +String.val ueO (total Amount) +"\' n";

result += "You earned " + String.val ueX (frequent Rent er Poi nt s)
+ " frequent renter points";

return result;
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A A J A A I @ each’ JU mA ®
AL frequent Renter Poi ntsA R # G 3
m 7 hYon d h” JU va )
TV I 1 h |Fo T~ appending assignment, oper at or +="
@A
@ v ' Am” A aA A
m - i} A

cl ass Custoner...
public String statement () {
doubl e total Anbunt = 0;
int frequentRenterPoints = 0;
Enuneration rentals = _rentals. el ements();
String result = "Rental Record for " + getName() + "\n";
while (rental s. hasMoreEl ements()) {
Rental each = (Rental) rentals. nextEl ement();
frequent Rent er Poi nts += each. get Fr equent Rent er Poi nts();

//show figures for this rental
result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val uer (each. get Charge()) + "\n";
tot al Ambunt += each. get Charge();
}

//add footer |ines

result += "Amount owed is " + String.val ue (total Anount) + "\ n";

result += "You earned " + String.val ueX (frequent RenterPoints) +
" frequent renter points";

return result;

}

class Rental...
i nt get Frequent Renter Points() {
if ((getMvie().getPriceCode() == Mvi e. NEW RELEASE)
&& get DaysRented() > 1)
return 2;
el se
return 1;
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cl ass Custoner...

public String statement () {
doubl e total Anbunt = 0O;
int frequentRenterPoints = 0;
Enuneration rentals = _rentals.elenments();
String result = "Rental Record for " + getName() + "\n";
while (rental s. hasMoreEl ements()) {
Rental each = (Rental) rentals. nextEl ement();
frequent Rent er Poi nts += each. get Frequent Rent er Poi nt s();

//show figures for this rental

result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val uer (each. get Charge()) + "\n";

tot al Ambunt += each. get Charge();

}

//add footer l|ines

result += "Amount owedis " + String.val ued (total Anbunt) +"\n";

result +="You earned " + String.val ueO (frequent RenterPoi nts) +
" frequent renter points";

return result;
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"I JU Customer class get Total Charge()v 3 total Anount’

cl ass Custoner...

public String statement () {
int frequentRenterPoints = 0;
Enuneration rentals = _rentals. el enments();
String result = "Rental Record for " + getName() + "\n";
while (rental s. hasMoreEl ements()) {
Rental each = (Rental) rentals. nextEl enent();
frequent Rent er Poi nts += each. get Frequent Rent er Poi nt s();

//show figures for this rental
result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val uer (each. get Charge()) + "\n";

}

/ladd footer l|ines
result += "Anount owed is " +
String. val ue (get Tot al Charge()) + "\n";
result += "You earned " +
String. val ue (frequent Rent er Poi nts) +
" frequent renter points";
return result;

}

/1 o query method
private doubl e get Total Charge() {
doubl e result = O;
Enuneration rentals = _rentals. el ements();
while (rental s. hasMoreEl ements()) {
Rental each = (Rental) rentals.nextEl ement();
result += each. get Charge();

}
return result;
}
a  Replace Temp with Query 1207 " a A y total Amount
& h~ a a 81 query method ¥ A

Refactoring — Improving the Design of Existing Code



28 1 , 3 R

31 T A Jud f requent Rent er Poi nt s'

cl ass Custormer...
public String statement() {
int frequentRenterPoints = 0;
Enuneration rentals = _rentals. el enments();
String result = "Rental Record for " + getName() + "\n";
while (rental s. hasMoreEl ements()) {
Rental each = (Rental) rentals. nextEl ement();
frequent Rent er Poi nt s += each. get Frequent Rent er Poi nt s() ;

/Ishow figures for this rental
result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val ue (each. get Charge()) + "\n";
}

//add footer |ines

result += "Anount owed is " +
String.val ued (get Total Charge()) + "\n";

result +="You earned " + String.val ueO (frequent RenterPoi nts) +
" frequent renter points";

return result;
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public String statement() {
Enuneration rentals = _rentals. el ements();
String result = "Rental Record for " + getName() + "\n";
while (rental s. hasMoreEl ements()) {
Rental each = (Rental) rentals. nextEl ement();

/Ishow figures for this rental
result += "\t" + each.getMwvie().getTitle()+ "\t" +
String. val uedr (each. get Charge()) + "\n";
}

/ladd footer l|ines

result += "Anount owed is " +
String.val ued (get Total Charge()) + "\n";

result += "You earned " +
String. val uedr (get Tot al Frequent RenterPoi nts()) +
" frequent renter points";

return result;

}

/1 o query method
private int
int result = 0;
Enuneration rentals = _rentals.elements();
while (rental s. hasMoreEl ements()) {
Rental each = (Rental) rentals. nextEl enent();
result += each. get Frequent Rent er Poi nts();

}

return result;
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1.8 1.11f { Ju UML class diagranm? - interaction diagrani H 14 2
stat enent () mi JVA

—_

18 1 m  classdiagram

<
! | |
19 1 ) m  sequencediagram
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statement() 31

1107 4 classdiagram

*[for al rentals]

" v

*[for dl rentag) 1

i}

1117 ) 4 sequence diagram

NN
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m ul “TA A ©n
7 @3 7 n Java ll 4" statements” )
summing” A I T R T A e
3 ¥ Q 3 A ¢ T ° R T nj
@A
173 - AV 3 A while -
= A whi | e vl @ A" n
@ a3V ° a <) o An ‘
i A ~ profile” © Tt T4
3 i G JU y E A oa e
VA o} TN A y ~ 93 Y -
41U VT p69 ~ A
Customer class @ ' 1 3 {4 Jud € query methods @ A
Bl €g ~#4Ju  *®  query methodsy @ Customer class A A
€ query methods ¢ @ Rental class
A -3 e ¢ 0 7 A
04 Ju " html St at enent () statement() aJd A N
LR S A 1Ter i
ht m St at enent ()~ 9 '
public String htm Statement () {
Enuneration rentals = _rentals. el ements();
String result = "<Hl>Rentals for <EM>" + get Name() +

"</ EMp</ HI><P>\ n";
while (rentals. hasMreEl ements()) {
Rental each = (Rental) rentals. nextEl ement();
/Ishow figures for each rental
result += each.getMyvie().getTitle()+ ": " +
String. val uer (each. get Charge()) + "<BR>\n";

}

//add footer |ines

result += "<P>You owe <EM-" +
String. val ue (get Tot al Charge()) +
"</ EM><P>\n";

result += "On this rental you earned <EM-" +
String. val ueO (get Tot al Frequent Renter Points()) +
"</ EM> frequent renter points<P>";

return result;
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N 1 JU ~ 3 htnl Statement()” " reuse” M
statenent () & A a %% )V td NI
A fmoo9 A g # 3 A
a Tog # et m Y~
! m A
m © y ASCl Y A ®
o U e 3 A 1n "~ header™ & " footer”
3 i A Form Template Method 345° R %~ o
J/ut o m €efoAn A @ BITRH 9 I
tA o BT sm N1y I " i
E J A63 a -
me - A @ o~
i 3 1 switch 4 & case 1 iy
" NI | A - i ) A
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3 - 1 switch 1A 41— 3 "~ attribute” E
switch 4~ a s y§ A a a6 =~ #

LG v a PA 6 A

class Rental...
doubl e get Charge() {
doubl e result = 0;
switch (getMvie().getPriceCode()) {
case Mvi e. REGULAR:
result += 2;
if (getDaysRented() > 2)
result += (getDaysRented() - 2) * 1.5;
br eak;
case Movi e. NEW RELEASE:
result += getDaysRented() * 3;
br eak;
case Movi e. CH LDRENS:
result += 1.5;
if (getDaysRented() > 3)
result += (getDaysRented() - 3) * 1.5;
br eak;

}

return result;
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get Char ge() ! Movie class '

class Muvie...
doubl e get Charge(int daysRented) {
double result = 0;
switch (getPriceCode())
{ case Moyvi e. REGULAR:
result += 2;
if (daysRented > 2)
result += (daysRented - 2) * 1.5;
br eak;
case Movi e. NEW RELEASE:
result += daysRented * 3;
br eak;
case Movi e. CH LDRENS:
result += 1.5;
if (daysRented > 3)
result += (daysRented - 3) * 1.5;

br eak;
}
return result;
}
na Ju 9~ 1 TonA - v A "
] Rental A y’ "I (Y T A
nimx T : Movie i a 1 : Rental
TS5 n NI Jy g v Jy a h
JA NIV T Ju Movie
& A
£ Movie class 7 49 Rental get Char ge()”
G 3 - 1.12 113

class Rental ...
doubl e get Charge() {
return _novi e. get Char ge(_daysRent ed) ;

}
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get Charge()3 4~ JU U A
Jy n -~ i @ class® A JUT m 3

class Rental ...
i nt get Frequent RenterPoints() {
if ((getMvie().getPriceCode() == Myvi e. NEW RELEASE) &&
get DaysRented() > 1)

return 2;
el se

return 1;

}
*
#
! 1
1

112 ua I Movieclassd 3 m class diagramA
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Tt

class Rental ...
i nt get Frequent RenterPoints() {
return _novi e. get Frequent Rent er Poi nt s(_daysRent ed) ;

}

class Mvie...
i nt getFrequent RenterPoints(int daysRented) ({
if ((getPriceCode() == Movi e. NEW RELEASE) && daysRented > 1)

return 2;
el se
return 1;
}
*
#
1 1
1
1
1.13 ua i Movieclassd 3 A class diagramA
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1 , ~9 R
Y T T - B
T * vflad A A 0 e subclasses
oA T L Movie = 3 subclasseS 3 - 1.14°A
getCharge
JZAN
|
$ %
1.14 Ju 8 ad
& 17U ~ polymorphism™ M 3 switch 41 @A
3 T a % A- A & o P
3 . a Go clas a 3 @ ' State
patterr’ ~ [Gangof Four]A 317 v classes e 115A
O 1 | getCharge
; I |
L $ %
1.15 State patternt - ad

Refactoring — Improving the Design of Existing Code



1.4 " polymorphism™ M 36 (o R 39

30 v dJU price & subclassing |0 " v
115"y £ 4 »9 A
a0 Gang of Four * A © paterns” T eod 1 -
9 State ~ 3 Strategy. O Jay Price class 3 "
1 m Pricer Pricingstrategy™ 3 3 " stateA
RV Star Trek X ~ I~ A 3 Ty SEE-2 <
® A D " state” A
Strategy # LA R I R ¥ StrategyA
me w State 7 G =23 itA "l Replace Type Code with
State/Strategy 2277 1 6 i n n 1~ type code behavior” State
8A 4 Move Method 142°  switch 4 | Price class A
A Replace Conditional with Polymorphismi 255" M switch 4 A
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" G Replace Type Code with State/Strategy 227" A 76
i w1 G Self Encapsulate Field 171"~ o 1 A getting
setting u 9 e nA vy 3 ¢ classes  JU
G getting An "~ constructor™ ¥ o3
' ® _priceCode” '

class Muvie...
public Movie(String name, int priceCode) {
_title = nane;
_priceCode = priceCode;
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JJU T 35 setting 3

cl ass Mvie
public Movie(String name, int priceCode) {
_title = naneg;

set Pri ceCode( pri ceCode) ; /1 ' ~ 9 set nethod
}
1 M | “1n A 5 & class Price
*okY6 i o0 ni Ane - Price 8 5 0~ 9
abstract method™ ~ £ subclasses * 1 £ €E " concrete

method™ *

abstract class Price {
abstract int getPriceCode(); I 3N
}
class ChildrensPrice extends Price {
int getPriceCode() {
return Movi e. CH LDRENS;

}
}
cl ass NewRel easePrice extends Price {
int getPriceCode() {
return Movi e. NEW RELEASE;

}
}
class Regul arPrice extends Price {
int getPriceCode() {
return Movie. REGULAR;

}

17U € classese A
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T 6

9  Movieclassd T 3N "~ get/set T T
classA T m '

public int getPriceCode() {
return _priceCode;

}
public setPriceCode (int arg) {
_priceCode = arg;

}

private int _priceCode;
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Movie class G d ~ 3 Price - aA d ~ o
_priceCoded A g - ‘. get/set v
class Muvie...
public int getPriceCode() { I 3N

}

public void setPriceCode(int arg) { /1

}

return _price.getPriceCode();

A
switch (arg) {

case REGULAR /1
_price = new Regul arPrice();
br eak;

case CHI LDRENS: 111
_price = new ChildrensPrice();
br eak;

case NEW RELEASE: /1
_price = new NewRel easePrice();
br eak;

defaul t:

throw new |11 egal Argurment Except i on(" Incorrect Price Code") ;

}

private Price _price;

41U N e a n Jae s
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class Muvie...
doubl e get Charge(int daysRented) {
doubl e result = 0;
switch (getPriceCode())
{ case Movie. REGULAR:
result += 2;
if (daysRented > 2)
result += (daysRented - 2) * 1.5;
br eak;
case Movi e. NEW RELEASE:
result += daysRented * 3;
br eak;
case Mvie. CH LDRENS:
result += 1.5;
if (daysRented > 3)
result += (daysRented - 3) * 1.5;
br eak;

}

return result;
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45

o " AT A3

class Muvie...
doubl e get Charge(int daysRented) {
return _price. get Charge(daysRent ed);

}

class Price...
doubl e get Charge(int daysRented) {
doubl e result = 0;
switch (getPriceCode())
{ case Movie. REGULAR:
result += 2;
if (daysRented > 2)
result += (daysRented - 2) * 1.5;
br eak;
case Movi e. NEW RELEASE:
result += daysRented * 3;
br eak;
case Movi e. CH LDRENS:
result += 1.5;
if (daysRented > 3)
result += (daysRented - 3) * 1.5;
br eak;

}

return result;

Refactoring - Improving the Design of Existing Code



46 1

31 NIV Replace Conditional with Polymorphisni 255" @ A

T m ’i t

class Price...
doubl e get Charge(int daysRented) {
doubl e result = 0;
switch (getPriceCode())
{ case Movie. REGULAR:
result += 2;
if (daysRented > 2)
result += (daysRented - 2) * 1.5;
br eak;
case Movi e. NEW RELEASE:
result += daysRented * 3;
br eak;
case Movi e. CH LDRENS:
result += 1.5;
if (daysRented > 3)
result += (daysRented - 3) * 1.5;
br eak;

}

return result;
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0 = M~ 23 casel ~ classd a3 1f " overiding
method™ A"l § RegularPrice '
class Regul arPrice...
doubl e get Charge(int daysRented) ({
doubl e result = 2;
if (daysRented > 2)
result += (daysRented - 2) * 1.5;
return result;
}
3 N~ overrides” @ #  case 4”7 A v ooa
|FA Y AvM T3 casel T A A" ned
subclass 3~ X723 Mo A '
A - a L e ~
class ChildrensPrice...
doubl e get Charge(int daysRented) ({
doubl e result = 1.5;
if (daysRented > 3)
result += (daysRented - 3) * 1.5;
return result;
}
cl ass NewRel easePrice. ..
doubl e get Charge(int daysRented) {
return daysRented * 3;
}
casef 31 Price. get Char ge() n abstract

class Price...
abstract doubl e get Charge(int daysRented);
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U A get Fr equent Rent er Poi nt s() A m ¥
SRR SR Y- TR N IR S S A T B

class Mvie...
i nt get Frequent RenterPoints(int daysRented) {
if ((getPriceCode() == Movi e. NEW RELEASE) && daysRented > 1)
return 2;
el se
return 1;
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" 3 i Price class

Class Mvie...
i nt get Frequent RenterPoi nts(int daysRented) {
return _price. get Frequent Rent er Poi nt s(daysRent ed) ;

}

Class Price...
i nt getFrequentRenterPoints(int daysRented) ({
if ((getPriceCode() == Movi e. NEW RELEASE) && daysRented > 1)

return 2;
el se
return 1;
}
- a  superclass m abstractA A4 n1l iy -
3 N overriding method™ ~ superclass @ T T 9 [0 TG
n- n A
11 ' o —a R ~ overriding method”

Cl ass NewRel easePri ce

i nt get Frequent RenterPoi nts(int daysRented) {
return (daysRented > 1) ? 2: 1,

}

/1 ' superclass a T 6 n- n
Class Price...

i nt getFrequent Rent er Poi nts(int daysRented){
return 1;

}
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*[for all rentals]

L L

*[for all rentals]

i

— T

1.16 State patterrt - interaction diagram
1
getCharge(days:int)
1
1
$ %
1
* #
#
. "
" !
117 5 & State patterri ~ 3 ) classdiagram
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T A y <€a ¢ classes9 h ~ Remove Setting
Method 300" A
A el vMh/ hi "~ getting and setting methods™ &  classes
® A JU Move Method 142 € m 1 DataClass A
3 - Extract Method 110" H ~ 3 4 A
a3l 47U Hide Method 303" e Jdh/ hi @A
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Data Class e Aom
A6 9 27 T - A

3.21 Refused Bequest -

subclasses superclass An Ta a oA
%39, U I oAy ® 0
v E Ao m 3 subclass “ 3
~ shlingclass” © A Push Down Method 328" Push Down Field 329"
afi ¥ T A - superclass A subclasses Q
M n A 20, 0 ' superclasses " abstract”™ A
7 [ R~ o JJ/U T Tva o &m
a 20 FmA U - subclassing —e n-
N NI VI v oA # -~  val °n
a AL v Refused Bequest }
" Ana IEY) FMA OC “ah A
subclass @ superclass n- T~ . Aa superclass
A~ Refused Bequest . A superclass -
vayY ' n superclass A" valun Aa  © wa
A” #a b9 E ~ & Replace Inheritance with
Delegatiori 352 i A
3.22 Comments -
: v a oa 0 Ay £ * Commentsa ’
Y £ 31 - SA v3 N I Comments n* v
2 s & A | "o T - R i
AT e 3 0L A n 3 A a I
3 A A A
Comments 4 JU T 1 W S A 1 17 v
" JuA v oA 31 o4 J
Me~ 113 @~ A
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T3 men® Extract Method 110~ method
E n’ Rename Method 273 '

20 - Introduce Assertioi 267 A
}\\\\\////4/
WS 0 - I - J M A
=
- A @
3 o W Awod U nr oM
n&m a /U |k 9 Tt €0 A
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C -
@ ~ refactoring” ~ m “ a4 A
® Tocaedn |} € @ A 3 & a
I T R VT B R d A
a D A 4 q. Y AU
. Ga $ - A AT #F A ° v
Ju T 3 A
T & 3 2 03 - n
° I TR R Hc SR -
- 1A € a F- n& A€ £
1 "~ debug” A C A £
- A 3 < | . ~ ~
A A | YAs “n _
A o9 ~ 2 iy I B 3 AU A
I A oA - Y A
£y 310 - y 1992 OOPSLA |, £ -~ A
A e Dave Thomas™ * 1 class I
3 AO J e Ny - A '
3 class ~ 3 U 3 classA
A y Jd 7 incremental development™ ~ L
Y9 das g A J R IV
- A \l ) mo€ A n
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3 8 4" consolé - v A 3
A T4 g 0 JUO 4 2 A P Oa
a i v 4 m " YA m
3 fT Amoa @Ay U
*fﬁ' 3 class N - T N Eod -3
"OK'A ~ ©classes 1 I aA
iy,
3 E q AR SV T A
AA @ - Ay 31
A J H A I n
\ A a w-ad I TR A
} A - A 17U Y
3 m- 4 Ay i -
a 3 m cen™ 3 Ay 3
v # MV i Ay m -
i - Ayt T eA3 JU
w FF a6 n @ self-testing classes TT#Fom
i v A
I eA aA v n
o 17 A 7€ 1 T A F T
A € v -1 JuE £ A
Wl
L E |- asuite of” 3 i [ w - i i
- ) A
- A¢d xm a A 1 - n 3 A
o [ E | YUt a RA
A 1 ) ; y N
3 # A IF v 3 A ) 1 JU
P8 R A
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o 3 ImA 1
A" 1R 3 AD At a A f 3 &
' I 97 men xA 0 3 G @ F "y
£ YT A 1R 3 #n 0 -
Co- 3 Y3 4 @A
1 i "~ eXtreme Programming XP~ [Beck, XP|
- Al [ A =] a
* hackers™ ~ £ 1 oX ABlTU J
dTT BuE 0 147 oo A g A
T 1. A a 3+ JdJuy 1 S RVERER
a it A v A @ @
n 3 A ol JU Java 0 301 A a ~ x
P27 JU a r An J ° U AT A
E a4 - ° Ju R Y A A - 0
S n 3 An b1 A v
AL 3m v e3 R i A
Java 3 # "testing main™ 3 class “3 y
mai n()A ~ a3/ . a &®h " nd a A
) 3 A1- o ‘ ~ 9 class
v v ) "~ framework™ * © G 2 A
1\ /1 ~ ~
)= .
‘ G " test-suite 7 atest-case R~ test-fixture
) " 41  JUnit o |y Junit A
Junit — 3  ErichGamma Kent Beck [JUnit]
A 3 SR ) Y A i
3 m~ €l0classes 3 A
"l ... ~ 3 FileReaderTester class T A1 To 3
i class k TestCase classA 3
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Composite [Gang of FourT i = 3 1 suiteS T 7w
41A € T Ao 5 test-cases R~ & testsuitS
A - e - test-suits A~
I v A

& % ( ‘
* «interface»
# "
- oo R R~
4.1 Composite

class Fil eReader Tester extends Test Case {
public Fil eReaderTester (String nane) {
super (nane) ;

}

}

3 class 3 A 31 U 3 3 eA
-7 2 test fixturé ~ Ty A

v - T | N -3 oo

Br adnan 99. 94 52 80 10 6996 334 29

Pol | ock 60. 97 23 41 4 2256 274 7

Headl ey 60. 83 22 40 4 2190 270* 10

Sutcliffe 60. 73 54 84 9 4555 194 16

- s T 3m 1R test fixturé ~ A Testcase class

kyas X - " setUp() H ko] A t ear Down()
TA  Testcase class ¥ 4 3 A A A @a

test fixture - o “ JU tearDown() Q

5y
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cl ass Fil eReader Tester. ..
protected void setUp() {
try {
_input = new Fil eReader ("data.txt");
} catch (Fil eNot FoundException e) {
t hrow new Runti meException ("unable to open test file");

}
}

protected void tearDown() {
try {
_input.close();
} catch (I OException e) {
t hrownewRunti neException ("error onclosingtest file");

}
}
@ test fixturé ~ 1T n 3 eA
read()” f-€e 7 4 1 v i ‘
public void testRead() throws | OException {
char ch ="' & ;
for (int i=0; i < 4; i++)
ch = (char) _input.read();
assert('d" == ch);
}
assert () I A assert() N hun trug —7 it
T i A 1 . @ % J h A
My ! A
- H ~ 9 testsuité T AWM v ~ 3 suite() T

cl ass Fil eReader Tester. ..
public static Test suite() { TestSuite suite= new
TestSuite(); suite.addTest (new
Fi | eReader Tester ("test Read"));
return suite;

}
3 A0~ 3 test-casé R~ N 3 FileReaderTester
EA. test-case R ~ 3 s~ J
A L -3 YU A » Java
8~ reflection” - Awd/U T JUnit - !
mA y A 2~ A
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3 3 TestRunner classA TestRunner Y
3 g%~ 3 A S GUINT 47 A 1
mai n W 1 [
cl ass Fil eReader Tester. ..

public static void main (String[] args) {
junit.textui.TestRunner.run (suite());

}
.. ~ 3 TestRunner Y FileReaderTester classA
. -
Tinme: 0.110
K (1 tests)
y 23 © JUnit | a4 o HJUu T
A T @ 3 @ A -
"OK™ o @ A I v - v
I 3 "OK'A y 3 Y3 o N
a e A a a3 ~ Tl - Y
Aa’ ° a, =~ 31°A A
s A # V| ® 3 - A
Y24 JuAd 0 7 Ty ¥ N
3 A T @A JuAd 0 7 I I
" e G i TVA b v -
1 1o~ F o3 A
TL.d ARY, nea a” ~ A '

public void testRead() throws | OException {
char ch ="' & ;
for (int i=0; i < 4; i++)
ch = (char) _input.read();

assert(’'2' == ch); /1 deliberate error
}
r o F '
.F
Time: 0.220
11 FAI LURES! !'!
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Test Results:

Run: 1 Failures: 1 Errors: 0O

There was 1 failure:

1) Fil eReaderTester.testRead

test. framewor k. Asserti onFai |l edError

~ ~

Junit  ~ - ¢ E N 3 £t Aa 3
a i A 1L 4~ assert’ <!

public void testRead() throws | OException {
char ch =" & ;
for (int i=0; i < 4; i++)
ch = (char) _input.read();
assert Equal s(’ m , ch);

}

aom asserts uah v v I * JU JUnit
mao k assertEquals()A 23 “ " JU equal s() -

JU o == h I wi TA 3 # ¢
% €

F

Time: 0.170

I'11 FAl LURES! ! !

Test Results:
Run: 1 Failures: 1 Errors: O
There was 1 failure:

1) Fil eReaderTester.testRead "expected: "nibut was:"d"" -

TR 3 - - " T A 3 a g
- -6 - a assertions
g h~ A3 U =m naeJ '
8 1 Ju N 3 Q@ n -~ nnmext v o
# g v A d eL - i~ n 3
n 9 n ~ @ N A
@ 1 1" failures # assertions 3 o “false"™ T JUnit 4 JU
1 I~ erors ~ A Q  input streami N
- I — 23 " exception” A dJU '

public void testRead() throws | OException {
char ch =& ;
_input.close();
for (int i=0; i < 4; i++)
ch = (char) _input.read(); I/ will throw exception
assert Equal s(’ m, ch);
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E
E ~ T t
. E
Time: 0.110
I''I'FAI LURES! !'!
Test Results:
Run: 1 Failures: 0 Errors: 1
There was 1 error:
1) Fil eReader Tester.testRead
java.io.| CException: Stream cl osed
2] failures” ~ erors’ - n o ad’
tadA
Junit "0 o ~Gur 42 A B
- AT progress bar™ e ' I — 93 -
o Aodux ™ a3 GUla -~ o I = 3 m
|9 links™ A ) £ A
:F‘d-ﬁ-r';“-' TEsl Sl
Enmr e nams ufihe TsiCane class
|I1EI'-!HIJE:THH| Safle(p  Fon I
Frogiase
Aun 1 0 Faluis 1
Ewmirs and Falhees
Faluna; FiioRoader Testar iosfFaad eaeac ad™ m bt was”
. | o
| Fnished0 55 seonis il |
4.2 JUnit
o 4 - - al ( -
JUnit 1 T i T 3 A
- g vod i~ p € n e n-
3 ° H Ay d - A1
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%y~ localized n ~ 9 test classd ~ ~ package 0o A
¢ packages A 3 I & package T A
T vadA T q oA TA J k
d ~ a7 ° HEA © ) 3 i
JA s G ¢ L J T A
- T d 3 273 A ~3 GUI v
T GUI 2 3 A i
4 ® JyA
- 1 L R mu’ YA
® g 3 - Ju "N 39 1 v
NN Ay £~ T bug report™ ~ TR 0
TG4 A v g K
* failures™ ~ ., had~oa A oc i s
d 1 a, ] Bl ba b} A
20 bug report™ ~ I -2 1 NI A
JUnit noi A JuE ¢ | R
e Gur ~ g ® N~ €6 o
0 g7 0 G GUI scripts ~ *fﬁ'
test case$ R~ Aot 4 JU JUnit 1 ) a
A Y a ¢ 4 0 A
v 1l
T 7 A ' cass m (A
L I a” A ady €
° C public T A B~ - |~ risk driven”
n- d A L oa,
€66 A~ ah ~ accessors’ T MU “e” a A
A
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- T oom o N v N a A
Q: 2| ‘ m & 27 3 = A
aa oM S 2 mAyYy £° A m
- T wF yrJd A ' S T A
o) ¥ 2% - A
1 v A
- 1 1 @ read()A men &, £ input stream
i “ read() -1 a 2 Y a
C 7 e T A T - T A b -
Q1413 Ty n 3 T

public void testReadAt End() throws | OException {
int ch = -1234;

for (int i =0; i < 141; i++)
ch = _input.read();
assert Equal s("read at end", -1, _input.read());
}
na 3 v 31 testsuif T
public static Test suite() { /1 Y p. 93

TestSuite suite= new TestSuite(); suite.addTest(new
Fi | eReader Tester("test Read")); suite.addTest(new
Fi | eReader Tester ("t est ReadAt End"));

return suite;

}
test suif T 7 a I # ua test
cases R~ | aA s R | setUp()” 3
N t ear Down()A set Up() tear Down() N
M q 3 A# vdJu T
a, T T A
B testcases 91 suite() Y A Erich Gamma
Kent Beck - T JuBIT ke~ o) A Testsuite
T test suite, class

class 3 N v~ 3 classn A
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& JU "test" o testcases’ O A -
JJu main() wn )
public static void main (String[] args) { /1 ! y p94
junit.textui.TestRunner.run (new Test Suite(Fil eReader Tester.class));
}
N -9 f F g1 testsiite™ A
- 1 "T A read()
) a /A~ a” =23 '

public void testReadBoundaries()throwsl OException
{ assertEqual s("read first char",’' B,
_input.read()); int ch;

for (int i =1; i <140; i++)
ch = _input.read();
assert Equal s("read last char",’ 6, _input.read());
assert Equal s("read at end",-1, input.read());
}
@4 JU  assertions® 5 @~ A v A
y\\\\///Z/
WS d N FoF T A
1 T#7 ad aA y
- 3 a T

public void testEnptyRead()throws | OException
{ File enpty = new File ("enpty.txt");
Fi | eQut put Stream out = new Fil eQut put Stream (enpty);
out. cl ose();
Fil eReader in = new Fil eReader (enpty);
assertEquals (-1, in.read());

n 23 H — € test fixturé A Jui
4L er setUp()” ¥ 1 Ty test fixtureA

protected void setUp(){
try {
_input = new Fil eReader ("data.txt");
_enpty = newknptyFil e();
} catch(I OException e){
t hrow new Runti meException(e.toString());
}
}
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private Fil eReader newkEnptyFile() throws | OException
{ File enpty = new File ("enpty.txt");
Fi | eQut put Stream out = new Fil eQut put Streamenpty);
out. cl ose();
return newFi | eReader (enpty);

}

public void testEmptyRead() throws | OException {
assertEquals (-1, _enpty.read());
}

d 30 & .4 amy_ d -1A A

public void testReadBoundaries() throws | OException

{ assert Equal s("read first char",’ B,
_input.read()); int ch;
for (int i = 1;i <140; i++)
ch = _input.read();
assert Equal s("read last char", "6, _input.read());
assert Equal s("read at end",-1, input.read());
assert Equal s ("readpast end", -1, _input.read());
}
- 1 Q 1 A ! 3 A
HE 3 A @ i 6 - 1A
v @ i A ® sream Q1A
i 7 ! — 3 IOException N # '
public void testReadAfterd ose() throws | CExcepti on{
_input.close();
try {
_input.read();
fail ("no exception for read past end");
} catch (I OException io) {}
}
IOException 3 T L~ -3 A
Y D “ @ i e A
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€ " a f o Ay € classes 1 @
- e & A° N # a0 Ju s AA 3
y « i FA A 4 A
n 3 179 A
tester classes “@dJUH 1~ 3 dass x OV & tester
classes ) test suite” A m> -3
It o¢ A @ JdJU ety 1" master” test class

cl ass MasterTester extends Test Case {
public static void main (String[] args) {
junit.textui.TestRunner.run (suite());

}

public static Test suite() {

TestSuite result

new TestSuite();

result.addTest (new Test Sui t e( Fi |l eReader Tester. cl ass));
result.addTest (new TestSuite(FileWiterTester.class));

/1 and so on...
return result;

}
}
nx A m* o0 Y a -
3 T A "N a, J A T A
- d & « "1 A
en h - ' n T @A P 34
. 7o * f Tt d
)  Anx na Aw ol w A
3 N ’ v et )
a - T n- T od U f‘ﬂ 3 Ty f
A | VA T test suite” “nm i
5o A
a ny i~ a n 37 m 17U
I A
K] ' inheritance™ polymorphism™ | \l
T oom A A o =3 Ao abstract
classes 9 abstract class = 3 subclasses x0 Q Ca Kk
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classes 27 A A a J AT N -
3 classes 1 JU T4 A A © classes 3
A v 1 a AA T 4 en & n
T ) 1 - T A
3 H 3 3 "3 awi oI ® a
3 A A a Ju 3k classes - & mA
"I TR T A3=7 0 mm T 77 AAV
ua L AA A "~ test fixture® £ f e
- ad test case R~ AU
I A n A
- o vyl 0 21 e AQy sy ~ J
u ¢ “n & m” yaeA 3 -3
" bug detector™ ’ I TN -3
£€° 3 m A
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2
5~12 @ J " initial catalog of refactorings A& *  ©
A " N 1ne
k =3 T @ Ju 2 A
» & ) i
y v - fi A o Tya
[ name” A ) v A sl #
g ® G I A
I 31 —a S osummary™ T Y - -
U4 m Y A 1 d/L e I e A
[~ motivation”~ n @y 1 nnx 3 I Tn® gFa
G 3 i A
2 " mechanics” ~ - -y ! - A
R~ examples" ™ JU" 3~ 1 ~ R I 2 A
1 I~ summary” ' =3 1" (1)~ 3 17y 3 L
e Y @ m oY (3 n -
mi R’ A 3 A - ~ UML” A -
o - G ~ UML
implementation perspective” [Fowler, UML]A ~ o/um -
R S o @ - a’ ®a 3
T 3 R~ I A
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T 9 1" mechanics A € " e - anm
34 FMA T# n v a i nns &
m x=mi A . 1 RIT" examples A =~ 1o 1
@ A @ G 3 "N a §¢E R VL T
[ %G v 7 & © 3 S N T |
® a "~ @ i RTA
nto 1 A~ 3 n A A
U T3 3 31 A 2
y P T e v - £ Ny
B A € o e a A
JU ©# "~ checklist® o € m Y A
T RT" examples™ e ’ st A6 e R nae |
N B9 ¢ N Ju 0 \ g \Y)
27 T a R ~Aa o~
o £ € QG vA € 1 R~ i
m vyt ~a Ra A
B 95 RI OO ne A €13
VAR “ng e T & A € aoTF 3
- v A 3 R ) i G A i
A "3 RdAdn-~ N xMm na -
"~ self-contained™ ~  n ] R ¢ A
€erR a. . @l | ~ 3 "employee" ~ 3 "order" I A
eRr A e v 3 AR o d ~
€R #  double A 3 N m 4 nae R
S > N I 1 V17 B4 Ty a A
T @oa JU double A v~ .6
Quantity [Fowler, AP|A
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A ::3 " w oy Javall Ju R # JU Java
117 -y ~ collections™ G i1/u A s
3 7 Java?z 4 An a 9 erR "
collections™ # An 3] ° R Encapsulate Collection
© 2087 Javal2® adA A Java2 JavallA
9 4 3 A 9 3 T U * Ju G E
" bl odf ace code” 9 3 An 9 3 G
E C n- 9 3 TR E4 a A
") ) -
o ] Yy 3 " methods™ @ s h ~ fields 3 dass
) “Am Y A~ FA @
[ a4 LT ) T 0 - 3 A A
3 m N v )
¢ A i @ ~ 3 - #
M) 8~ accesscontrol” |, T @ A
a L I Ao -3 v J o
n A @ N \ LV |
a A “@dJU ad classes® G A IR R VI
class
G AN 1" signaure” a A I V) ) A
~ strongly typed” 204 Ju ke 3 Aw
NI VR I ® ~ dangling” A
m ' T An # A
" 7 f E " hierarcchy™ * a - 7 * #
A ¢ @ ~»3 A~ overridden” Y a A
JU @ ~ 3 L R g i & class
@ & 3 A
=3 ' 4 Yy G 2 A -
"G g 17U o 9Ad @ 3
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T =) mA 0, I - a” A a
T A aT G " a a ~ A
=3 ' 1 N 8 ~ reflection” f A
# T G A v o3-A 6 @y T @ Ju
0 n -~ R 1 A € A | oA -
a oo P4 A G N reflection™ ~
=Y @” @ " A
€ Java ~ it h - IBM  VisudAge® J @ Smaltak
A e #oo G ’ menu options” -
a G EA n € | alu d 3 G
“ 3 d Ad 7~ @ € ° Y, N T
¢ A
LS o Nn_1
> < T "
I ) -3 ' I N oA oA
T a And A a - A N
a i 'e d a N d 'e T A
A
m 2a i 1 -
Smalltalk AU q ~ € 4 A
i i ¥ G A ) vAn 16
3 T 4 30 i wi A
€T AT e, e A
A nT € Loy o A UV ¢ A~
mnxA B e m ~- @ € il
t 0 a A o £~ 3 U h -
0 a & +*A
Qy € - B ‘ I 1~ single-process™
- m T y v A f Ay v o
concurrent”™ distributed” A )
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° R Replace Type Code with State/Strategy 227"  Form Template

Method 345~ 17 ) © ° patens T A GoF Gang of Four
= ~ n o 1 I n e noka T A
3 -6 ! Q A o - o
3 A :: k1 |keo J i ” GoF
233 ) [Gang of Four] A A #y av A
J a A - % 3 A
A~ B' 1OO ~ 2 A @ 4L 3
i A 3 N N T D a” T a N
A a T 0”9 © 14 Jua FA
T A
=) - T o J y @ A
n R J o F o~ 9 oo oy e A
v y A 0 @~ €
5 B A
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il - 1 G 3 wo T 3 AD Y
2" y Long Methods ~ A N T '
0 8 = €9 A T a PA§ “
- Extract Method 1107 ~ -3 ¥V i
v - ~ 9’ “ A Inline Method 117 it~ s
Fo @ EA 340 1 €
m | Yy ° VI - Inline Method
~ 1T A
Extract Method 110~ N [ IR A S
¥ A -3 - Replace Temp with Query 1207
\ Y iJ A £ G @ af A L
Split Temporary Variablé 128" J A
n Ai B~ JU A A G Replace Method
with Method Object 135~ A 1 U B 3t )
~ 3 classA
A i —eTm ®a @ nh v A
o] ma” G Remove Assignments to Parameters 131" A
i A /U ; 2 A+ Lo 4 JU
Yy 613 A G Substitute Algorithni 139" ®
A
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voi d print OM ng(doubl e amount) {
print Banner () ;

[lprint details
Systemout.println ("name:" + _nane);
Systemout.println ("amunt" + anount);

voi d print OsM ng(doubl e anount)
{ printBanner();
printDetail s(amunt);

}

void printDetails (double anount)
{ Systemout.println ("nane:" +
_nane) ;
Systemout.println ("amunt" + anount);

}
Extract Method 3-A 3 -
A 3 - 3 -3 A
3\l ] A 3
"~ findy grained” © ® 3 ¢ T, G
e — w ’ "A ~ - X ﬁ
override™ # | eA
- ol - - A 34
E='o) wo) T 2 7 Juo
T4 At R Y/ - a
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TRy J E3 R~ semanticdistance” A
o~ extracting” < JU v 3 - VoM J
3 # A
5 - ~
3 - 3 17 Ju T ma &l 1
a Ju 1l mi 1~ A
G @ extract™ R TR o4~ )
- ] T 3 © @#
An @ a 9 w4 i A
3 "~ source” 1 © target” A
[ 3 g* g el o © scope” Y i
NI J N7 A
i 176 y I i \ "~ temporary variables” A v
i T mi A
- [ J " local-scope variables” h
J A 31 J h 9 e [T m- 3
~ query” h ol A m” g
J a "3 @ a ©86 3 M oalx A &l
"l G Split Temporary Variablé 128~ 1A A+ JJue
Replace Temp with Query 120° i " T R #
~ A
o N J T mA A
J o3 A
e nl T A
<o) I \ T e v\
i A - o4 U e @A
- A
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R - - Jd 56 7 $ -
a ¥ Extract Method 110 i A T ‘
void printOn ng() {

Enuneration e = _orders. el enents();
doubl e out standing = 0.0;

/1 print banner

SyStemOUtprlnt|n ("**************************");
Systemout.println ("***** Custoner Oanes ***x***").
System Outprlntln ("**************************");

/1 cal cul ate outstandi ng

while (e.hasMreEl ements()) {
Order each = (Order) e.nextEl enment();
out st andi ng += each. get Anount () ;

}

/lprint details
Systemout.println ("nanme:" + _nane);
Systemout.println ("amunt" + outstanding);
}
v JU T banel 33 A A %0 A AaA w3
o

void printOns ng() {

Enuneration e = _orders. el enents();
doubl e outstanding = 0.0;

printBanner();

/1 cal cul ate outstandi ng

while (e.hasMreE ements()) {
Order each = (Order) e.nextEl enent();
out st andi ng += each. get Anount () ;

}

/lprint details
Systemout.println ("nanme:" + _nane);
Systemout.println ("amunt" + outstanding);

}
voi d printBanner() {
/1 print banner
SyStemOUtprlnt|n ("**************************")-
Systemout.println ("***** Custoner Oanes ***x***").
System Outprlntln ("**************************")-
}
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R~ - N P | 6 7 $ -
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J ’ a A d el h>~ av A
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void printOns ng() {
Enuneration e = _orders. el enents();
doubl e outstanding = 0.0;

print Banner () ;

/1 cal cul ate outstandi ng

whil e (e.hasMoreEl ements()) {
Order each = (Order) e.nextEl ement();
out st andi ng += each. get Anount () ;

}

/lprint details
Systemout.println ("name:" + _nane);
Systemout.println ("amunt" + outstanding);

U7 8 |~ 1 ni —aA |

void printOns ng() {
Enuneration e = _orders. el enents();
doubl e outstanding = 0.0;

print Banner () ;

/1 cal cul ate outstandi ng

whil e (e.hasMoreEl ements()) {
Order each = (Order) e.nextEl ement();
out st andi ng += each. get Anount () ;

}
printDetail s(outstanding);
}

void printDetails (double outstanding)
{ Systemout.println ("name:" + _nane);
Systemout.println ("amunt" + outstanding);

“ 2od Ju 3 J A
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A 3 N @ g T EATL
8 Aad A 3 amA {ANA
) J h at @ d g A
R ~ ~ 0t N A h -~ ~
N h~ N @ A T A [N
A = oN| A h~ £G Remove Assignments to

h i J #7Twu a A ’ a ' ad A v
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void printOns ng() {

Enuneration e = _orders. el enents();
doubl e outstanding = 0.0;

print Banner () ;

/1 cal cul ate outstandi ng

whil e (e. hashoreEl ements()) {
Order each = (Order) e.nextEl enent();
out st andi ng += each. get Anount () ;

}
print Detail s(outstanding);

\l‘ ’I‘ p_i t
void printOn ng() {
print Banner () ;

doubl e outstandi ng = get Qut st andi ng();
printDetail s(outstanding);

}
doubl e get Qut standi ng() {
Enuneration e = _orders. el enents();
doubl e outstanding = 0.0;
while (e.hasMoreEl ements()) {
Order each = (Order) e.nextEl enent();
out st andi ng += each. get Anount () ;
}
return outstanding;
}
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Enumeration e A N Ju {1 JU 3 1 A

double \ out st andi ng a T U
A A - h - - IVt

doubl e get Qut standi ng() {
Enuneration e = _orders. el enents();
doubl e result = 0.0;
whil e (e. hasMoreEl ements()) {
Order each = (Order) e.nextEl enent();
result = each. get Amount () ;

Eeturn resul t;
}
R outstanding \ A T yim—a 1 h> Ju {JU
d i 1 VA 3 aJd mea ¢ Ny
honA - Ay Jyr 13 4 '

voi d print Os ng(doubl e previ ousAnpunt)

{ Enuneration e = _orders.elenments();
doubl e outstandi ng = previ ousAmount * 1.2;

print Banner () ;

/1 cal cul ate outstandi ng

whil e (e.hasMoreEl ements()) {
Order each = (Order) e.nextEl ement();
out st andi ng += each. get Anount () ;

}
printDetail s(outstanding);

ro3d '

voi d print Os ng(doubl e previ ousAnpunt)
{ doubl e outstandi ng = previ ousAnount *
1.2; printBanner();
out st andi ng = get Qut st andi ng( out st andi ng) ;
printDetail s(outstanding);

}
doubl e get Qut st andi ng(doubl e initial Val ue) {
doubl e result = initialVal ue;
Enuneration e = _orders. el enents();
whil e (e. hasMoreEl ements()) {
Order each = (Order) e.nextEl ement();
result += each. get Amount () ;
}
return result;
}
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voi d print OM ng(doubl e previousAnount) {

print Banner () ;
doubl e outstandi ng = get Qut st andi ng(previ ousAmount * 1.2);

printDetail s(outstanding);

}
A" A "1 J oa Ta9T A %32, 0
S A ' 1= 3 A 3
d “ah” JU |, 3 NV ahA 206
1 A 1" output parameters” ~ e JUG T 3 - hA
n 4 e h A
i moo. . G 2w A at” o "
Replace Temp with Query 120 i (1 A G ®mmea n
v . | Replace Method with Method Object 135~ 3
a y3y = i 4 “#4a ye 16 vA
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/)

3 ¢ E” method body” 6¢J ~ methodname J A

int getRating() {
return (noreThanFi veLateDeliveries()) ? 2 : 1,

}
bool ean noreThanFi veLat eDel i veries() {
return _nunber O Lat eDel i veri es > 5;

}

int getRating() {
return (_nunmberCf LateDel iveries > 5) ? 2 : 1;

U o - ¢ 3 An Ao
e T Ea 3 I d A+ d @ @ -
G ¢ -3 BN B A @ \ 3 v G
g3 A . L n ra A
1~ G Inline Method 117" a "eo t ~ a /
A4 /U v inlinef ~ a3 Ay A A
Kent Beck J ~ Replace Method with Method Object 135" 3 m™l = m’
17U a Aod/L = - @ n -
& inlinef  method object “o A - =
A : “ 3 om’ = £ |
“ A
AG @ TG i 1 YA -
delegation”™ ~ e o3 DR 4
G Inline Method 117" A~ ¢ h”na "hA
G inlining < JU e T € VoA
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J
v aé ~ isnot polymorphic™ A
subclass @ 23 T oa inliney™ 1 subclass
N~ overide” ~ 3 a A
3 A
3 " E- 3 " A
v A
f A
“ N Inline Method 117" 1 “ANn « Ay
a a inlining 4 ~ 3 i k
accessors” | |~ ~ a Junt 0 A 3 Juap € a”
\ o o 1 a a° % a G 3 A
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doubl e basePrice = anOrder. basePrice();
return (basePrice > 1000)

return (anOrder. basePrice() > 1000)

- -

Inline Temp 119° o 0 Replace Temp with Query 1200 ~ | G -
U I 4 i A =" 6 Inline Temp 119 a
J ail ¢ 2 hA- - i J a
1T @A Ju ft" T An a3l W @&
R Extract Method 110"~ @ inliney A
3 - -
a1 n final” mfinal™ A
17U i i A h- A
(R Y - T my mi hi 3 4%
Ndv A
g A A
9 3477 [N h 1A
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6.4 ) 8( #
S JUUai J © temp d - A
3 1 ¥Yos - ‘ © query” & A 31
J 1 i nl i A 108 G A
doubl e basePrice = _quantity * _itenPrice;

if (basePrice > 1000)
return basePrice * 0.95;

el se
return basePrice * 0.98;

if (basePrice() > 1000)
return basePrice() * 0.95;
el se
return basePrice() * 0.98;

doubl e basePrice() {
return _quantity * _itenPrice;

i v' T Y34 86 A yi
A & 4 ° JuU v, S enf oA
@ 1 i Jd A i m-a ~ query
method™ >~ & Ad ~ 3 clas* iU g A S
- ee@ n 9 clas 0 3 A
Replace Temp with Query 1207 & Extract Method 1100 3 m a4
-3 A Jd ., 613 Ju * Jue 4 T M
A
3 i a A BN I h—- - hoi
aJ ¢ ’ At a “n¢ 4 4 Aol
"l Split Temporary Variablé 128" Separate Query from Modifief 279
G g\l e 4A i J A ® i
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doubl e getPrice() {
int basePrice = _quantity * _itenPrice;
doubl e di scount Fact or;
if (basePrice > 1000) discountFactor = 0.95;
el se di scount Factor = 0.98;
return basePrice * discountFactor;

A h-

doubl e getPrice() {
final int basePrice = _quantity * _itenPrice;
final doubl e di scountFactor;
if (basePrice > 1000) discountFactor = 0.95;
el se di scount Factor = 0.98;
return basePrice * discountFactor;

R T . A3 nimo T YT
J ad h- ~ a A T [
a A h~ assgnment” |fo JV '

doubl e getPrice() {
final int basePrice = basePrice();
final doubl e discountFactor;
if (basePrice > 1000) discountFactor = 0.95;
el se di scount Factor = 0.98;
return basePrice * discountFactor;
}
private int basePrice() {
return _quantity * _itenPrice;

}
v G nline Temp 119° A "Il i \  basePrice

3

doubl e getPrice() {
final int basePrice = basePrice();
final doubl e di scountFactor;
if (basePrice() > 1000) discountFactor = 0.95;
el se di scount Factor = 0.98;
return basePrice * di scount Factor;
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123

a AT -3" 0 e Ao T - A oyl
basePrice A~ 2 N v basePricei
doubl e getPrice() {
final doubl e discountFactor;
if (basePrice() > 1000) discountFactor = 0.95;
el se di scount Factor = 0.98;
return basePrice() * di scountFactor;
}
basePrice3 1~ AJU 2 3 ~ 3 discountFactor ()"
doubl e getPrice() {
final double discountFactor = discountFactor();
return basePrice() * di scountFactor;
}
private doubl e discountFactor() {
if (basePrice() > 1000) return 0.95;
el se return 0.98;
}
o - T \l basePrice n- 2 - b3

di scount Factor () _

getPrice()d @

doubl e getPrice() {
return basePrice() * discountFactor();

}
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O ~ 23 A
" cey 1”7 Yali N | VRN I
A
if ( (platformtoUpperCase().indexCOf("MAC') > -1) &&
(browser.toUpper Case().indexCh ("I E") > -1) &&
waslnitialized() & resize > 0 )
{
/1 do sonet hi ng
}

final boolean isMacCs = platformtoUpperCase().indexCF("MAC') > -1;
final bool ean islEBrowser = browser.toUpperCase().indexOh("IE") > -1;
final bool ean wasResi zed = resize > 0;

if (isvMacCs &% islEBrowser && waslnitialized() &% wasResized) {
/1 do sonething

d LA aF i d dn e
oo A
~ conditional logic™ # ~ /ntroduce Explaining Variablé 124~
h' a4 JU s 4 N Vil ) BN
T FRA G A= a Y
J IR BN - A
Introduce Explaining Variablé 124~  — 3 °n )
a A by G Extract Method 1107 - 3 A
T Jd A 3 i [0} ) F4dU
3 # o34 & G An A~ J G Extract
Method 1100 Ju N G Introduce Explaining Variablé 124" A
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doubl e price() {
/1 price is base price - quantity discount + shipping
return _quantity * _itenPrice -
Mat h. max(0, _quantity - 500) * _itenPrice * 0.05 +
Mat h. m n(_quantity * _itenPrice * 0.1, 100.0);

}

3 7 a iU J A 1 4 7" bae
price’ y "~ quantity™ © JU” © " item price” Ay -

i A A

doubl e price() {
/1 price is base price - quantity discount + shipping
final double basePrice = _quantity * _itenPrice;
return basePrice -
Mat h. max(0, _quantity - 500) * _itenPrice * 0.05 +
Mat h. m n(_quantity * _itenPrice * 0.1, 100.0);
}
1¥E Eal o "1 T Ju A n basePrice 1
Jd e

doubl e price() {
/1 price is base price - quantity discount + shipping
final double basePrice = _quantity * _itenPrice;
return basePrice -
Mat h. max(0, _quantity - 500) * _itenPrice * 0.05 +
Mat h. m n(basePrice * 0.1, 100.0);
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A” J " quantity discount™ ) ¢i1
quantityDi scount’

doubl e price() {
/1 price is base price - quantity discount + shipping
final double basePrice = _quantity * _itenPrice;
final double quantityD scount = Math. max(0, _quantity - 500) *
_itenPrice * 0.05;
return basePrice - quantityD scount +
Mat h. m n(basePrice * 0.1, 100.0);

}
A " shipping” v ¢i J  shippingA
A I R D R 17U R *

doubl e price() {
final double basePrice = _quantity * _itenPrice;
final double quantityD scount = Math. max(0, _quantity - 500) *
_itenPrice * 0.05;
final double shipping = Math. m n(basePrice * 0.1, 100.0);
return basePrice - quantityD scount + shi pping;

3 R

L S a, Jui ¢ |Fo v G Extract
Method 110° A v ‘

doubl e price() {
/1 price is base price - quantity discount + shipping
return _quantity * _itenPrice -
Mat h. max(0, _quantity - 500) * _itenPrice * 0.05 +
Mat h. m n(_quantity * _itenPrice * 0.1, 100.0);

— T43 ot

doubl e price() {
/1 price is base price - quantity discount + shipping
return basePrice() -
Mat h. max(0, _quantity - 500) * _itenPrice * 0.05 +
Mat h. m n(basePrice() * 0.1, 100.0);
}
private doubl e basePrice() {
return _quantity * _itenPrice;

}
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} ~ 9 A r 1 T3

doubl e price() {
return basePrice() - quantityDiscount() + shipping();
}
private doubl e quantityDi scount () {
return Math. max(0, _quantity - 500) * _itenPrice * 0.05;
}
private doubl e shipping() {
return Math. m n(basePrice() * 0.1, 100.0);
}
private doubl e basePrice() {
return _quantity * _itenPrice;

}
G Extract Method 110" ~ maAd- w1 JJu
VIRV e A- € m
privaté ¢ # T A e 8 A J
© Extract Method 1107 2 a  Introduce Explaining Variable 124~
A
b n% AG Introduce Explaining Variablé 124" 5 '
Extract Method 1107 2 A -3
J © &G Extract Method 110 Y A at G
Introduce Explaining Variablé 124~ |k 37 4A L
%3 A 3 e 47U Replace Temp with Query 1207
® € i Jd v Ags” G Replace Method with
Method Object 135"~ =& ) e i 4 # & hA
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/'/ 2 - #r $ ~F i NI
0 R h - a Jd T fa ~ 23
i\ " collectingtemporary variable” A

h> ... Y3 a i 4 A

double tenp = 2 * (_height + _wdth);
Systemout.println (tenp);

tenmp = _height * _width;
Systemout.println (tenp);

final double perimeter = 2 * (_height + _wdth);
Systemout.println (perineter);

final double area = _height * _width;
Systemout.println (area);

i A ad v e s i h A
1 J T [V yuan R J " loop variable™ [Beck]
J© R for (int i=0; i<10; i++) 4 # i~
T\~ collecting temporary variable™ [Beck] 1 3
i ah A
@ M a” (N vd — /4 3R T Jus
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T o @ ~ 9 Jut A i v
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A
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TN “91  F 9 |FA - 17 =3 Fo y
A g A S A TE

doubl e getDi stanceTravelled (int tinme) {

doubl e result;

doubl e acc = _primaryForce / _nmass; /1 ! - h
int primaryTime = Math. min(tine, _delay);

result = 0.5 * acc * primaryTine * primaryTine;

int secondaryTine = time - _del ay;
if (secondaryTine > 0) {
doubl e primaryVel = acc * _delay; [/ " JuT = h

acc = (_primaryForce + _secondaryForce) / _nmass;
result +=pri maryVel * secondaryTime +0.5* acc * secondaryTi ne
* secondar yTi ne;

}
return result;

A4 n A R acc ! huy Aacc
ys | “3 F 1 3 ’ = d us pQd
a A ¥ n A

g ai I | m finalA
= h3m acc Yo i Jd A
= h accd

doubl e getDi stanceTravelled (int tinme) {

doubl e result;

final double primaryAcc = _primaryForce / _mass;

int primaryTime = Math. min(tine, _del ay);

result = 0.5 * primaryAcc * primaryTine * primaryTi ne;
int secondaryTine = time - _del ay;
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if (secondaryTine > 0) {
doubl e primaryVel = primaryAcc * _del ay;
doubl e acc = (_primaryForce + _secondaryForce) / _nass;

result +=pri maryVel * secondaryTime +0.5* acc * secondaryTi ne
* secondar yTi ne;

ieturn resul t;
}
i J A V'l oace -3 A "

finah o A h- A 1 V"l acc \l = h
accA - T A

1 acc i = h A LV I BN o7

33/ 9 iod A ] v d V"l acc
= 3 t

doubl e getDi stanceTravelled (int time) {
doubl e result;
final double primaryAcc = _prinmaryForce / _nmass;
int primaryTime = Math. mn(tine, _del ay);
result = 0.5 * primaryAcc * primaryTine * primryTi ne;

int secondaryTine = time - _del ay;

if (secondaryTine > 0) {
doubl e primaryVel = primaryAcc * _del ay;
final doubl e secondaryAcc = (_pri maryForce + _secondar yFor ce)
/| _mass;

result += primaryVel * secondaryTine + 0.5 *
secondaryAcc * secondaryTi me * secondaryTi ne;

}
return result;
}
- 3 1L @ g A Md i A q °
A Q7 @ D BT e€n®n ~_*
A Q 7" haggis Q- & Ay
e ET Jue - ' R A3 )
FT-a> €~ 0 ~ Martin Fowler E*3-A
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/'0 9 -
o 3 a3 h|fo A

JLysi J M43 A £ A

int discount (int inputVal, int quantity, int yearToDate) {
if (inputVal > 50) inputVal -= 2;

int discount (int inputVal, int quantity, int yearToDate) {

int result = inputVal;
if (inputVal > 50) result -= 2;
k- -
"~ T A hi 9 A @ ~“23lmn foo
onmA - 3 TooxT A hi J foo © S
a a 4~ 179 A o I @ [ n&% 92
T4 A A 1 foo 47 ~ dad 4~
3 ) a '

voi d aMet hod( Obj ect foo) {
foo. modi fyl nSomeVay(); // that's K

foo = anot her Obj ect; /1 trouble and despair will follow you

3 Jua 2 7 M ®ae 3 T3 @ passbyvalue

" h~  passbyreference - "~ 4 A A Java pass by value
o R # y — A

pass by value o T~ A 19 Y a, T A
e passbyreference * 4 | - E A
A1-3 A+ e EGA A JUA T n 1~

3. Y oom i A HRA

Java™ a A h’ o 1 t 3 me~ © Remove

Assignments to Parameters 131" A

v €6 A T output parameters” * wa

TAa € e A A
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int discount (int inputVal, int quantity, int yearToDate) {
if (inputVal > 50) inputVval -= 2;
if (quantity > 100) inputVval -= 1;
if (yearToDate > 10000) inputVal -= 4;
return inputVal;
}
Ui d 43 A hffor 1 73
int discount (int inputVal, int quantity, int yearToDate) {
int result = inputVal;
if (inputvVal > 50) result -= 2;
if (quantity > 100) result -= 1;
if (yearToDate > 10000) result -= 4,
return result;
}
JunA gEQ  finalt § 8 Ta A hi - Rt
int discount (final int inputVal, final int quantity,
final int yearToDate) {
int result = inputVal;
if (inputval > 50) result -= 2;
if (quantity > 100) result -= 1;
if (yearToDate > 10000) result -= 4;
return result;
}
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a ) a G find 9 A n J4 7y
R IFA 6 - L
A i me9s A
pass by Value - h -~
JavaG  "passby valuel [ A A L
Java w passbyvalue  JuT " '
class Param {
public static void main(String[] args) {
int x =5;
triple(x);
Systemout.println ("x after triple: " + x);
}
private static void triple(int arg) {
arg = arg * 3;
Systemout.println ("arg in triple: " + arg);
}
}
H ‘
arg in triple: 15
x after triple: 5
3 a y * An N Tl A @ A
% JUDate T S '

class Param {

public static void main(String[] args)
new Date ("1 Apr 98");

{ Date dl1 =

next Dat eUpdat e(dl);

Systemout.println ("dl after nextDay:
new Date ("1 Apr 98");

Date d2 =

next Dat eRepl ace(d2);

Systemout.println ("d2 after nextDay:

}

"o+ dl);

"+ d2);

private static void nextDateUpdate (Date arg) {

arg.setDate(arg.getDate() + 1);
Systemout.println ("arg i n nextDay:

}

To+arg);

private static void nextDat eRepl ace (Date arg) {
arg =newDate (arg. get Year (), arg. get Month(), arg. getDate() +1);

Systemout.println ("arg i n nextDay:

"o+oarg);
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arg in nextDay: Thu Apr 02 00:00: 00 EST 1998
dl after nextDay: Thu Apr 02 00: 00: 00 EST 1998
arg in nextDay: Thu Apr 02 00:00: 00 EST 1998
d2 after nextDay: Wed Apr 01 00: 00: 00 EST 1998

¥ £~ object reference h- ~ pass by valug® A L9 A
a TnoA h~ A

Java 1.1 4 ¢ | T @ A m final™ y ) S| h A

G a9 n find™ @Y dJu9 J A A

m fina N v A " parameter list”™ * v A
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o ~3 g J G Y G gy Extract Method 1107 A
3 Ya’ e~ y N @ & h "~ fied A
Jaolu 1Y3s & 3 f n 3 A

class Order...
doubl e price() {
doubl e primaryBasePri ce;
doubl e secondaryBasePri ce;
doubl e terti aryBasePri ce;
/1 1ong conputation;

}
D
O 1
% &
sr¥a o FAAA CRRY
# A 3 4 A
n - J A A~ 3" J
M S 3 A Replace Temp with Query 1207 1 Ju
el - N Aw, ) A
aT" @ 9 e I o ~ method
object” [Beck] ° A
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Replace Method with Method Object 135~ . \ \
methodobject™ h ~ fild A Ae@ /U K] G Extract Method
~ 1107 ... Ty \ J A
9 - -
\ Yy Kent Beck [Beck] R @T™" 9o
~ 3 dass 1 3 ) i 9 cas I A
class *# ~a finAah -~ Jud M A v
3 h nl TAL - VR 3 3
N class* “33 h o 3A
class * -3 " constructor™ ~ 4\
A onA A
class* ~ 3 conpute() A
Mo gt T comput e() A
| T ih A
A
E n - AT L E class ~ 3
7 A £ % conpute() I A
i f eA vy J eh ~  Juaod JU
i 3 " a A A
R A ~
- a A R T A JU JL"3a
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cl ass Account. ..
int gamma (int inputVal, int quantity, int yearToDate)
{ int inmportantValuel = (inputVal * quantity) +
delta(); int inportantValue2 = (inputVal * yearToDate)
+ 100;
if ((yearToDate - inportantValuel) > 100)
i mport ant Val ue2 -= 20;
int inportantValue3 = inportantValue2 * 7;
/1 and so on.
return inportantValue3 - 2 * inportantVal uel,
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m e 3 NI "~ method object™ "l -3 classA
class* k =3 find h Jud Ml " Ty
“aA “a3i \J T #JU"aash -d A

class Gamm. . .
private final Account _account;
private int inputVal;
private int quantity;
private int yearToDate;
private int inportantVal uel;
private int inportantVal ue2;
private int inportantVal ue3;

R~ U, owmh m Annad m
1 d €h VA

T w79

Ganma (Account source, int inputVal Arg, int quantityArg,
int year ToDat eArg) {
_account = source;
i nput Val = inputVal Arg;
quantity = quantityArg;
year ToDate = year ToDat eArg;

JJU M I conpute()a A o Account class %

v G _account h '
int conpute () {
i mportantValuel = (inputVal * quantity) + _account.delta();
i mportantValue2 = (inputVal * yearToDate) + 100;
if ((yearToDate - inportantValuel) > 100)
i mportant Val ue2 -= 20;
int inportantValue3 = inportantValue2 * 7,
/1 and so on.
return inportantValue3 - 2 * inportantVal uel;

A 9 ' 2 7 © delegate” o 3
method object™ *

int gamma (int inputVal, int quantity, int yearToDate) {
return new Gamma(this, inputVval, quantity, year ToDate). conpute();
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ViA ' 4 U #  conput e()
M Extract Method 110"~ a J " agument” - A

int conpute () {
i mportantValuel = (inputVal * quantity) + _account.delta();
i mportant Value2 = (inputVval * yearToDate) + 100;
i mpor t ant Thi ng();
int inportantValue3 = inportantValue2 * 7
/1 and so on.
return inportantValue3 - 2 * inportantVal uel;
}
voi d inportant Thing() {
if ((yearToDate - inportantValuel) > 100)
i mportant Val ue2 -= 20;
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/'; 2($ ( 8] - Col -
S 3 ma -3 A
E" method body™ mAYas A

String foundPerson(String[] people){
for (int i =0; i < people.length; i++) {
if (people[i].equals ("Don")) {
return "Don";
}
if (people[i].equals ("John")) {
return "John";
}
if (people[i].equals ("Kent")) {
return "Kent";
}
}

return ""

String foundPerson(String[] people){
Li st candi dates = Arrays. asLi st(new String[]
{"Don", "John", "Kent"});
for (int i=0; i<people.length; i++)
i f (candi dates. contai ns(people[i]))
return people[i];

return "";
}
(. -
Q 7 a 0 0 - gm e 1
- A # A od m- T YdJU - U
Jd 3 Al T4/ —€ n f n iy
n 0 T i 3 331 A
@ ) 4 ° o Mo 3~ a -
® VT A o ook eq |/
6 2 3 Y % of J A
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A o, 9 M v Mm="6V" |fo Y A
A®# 4 U1V nm— 3 9 v 1 g
A
G 3m 11 eVl A ~ 3
Y I 1 n N Vo]
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i o 173" ~ - A
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6 2 C %

p.7 When you find you have to add a feature to a program, and the program's code is not
structured in a convenient way to add the feature, first refactor the program to make it easy to
add the feature, then add the feature. ol n 39 T3

G o £ xm

"l s "6 1 T 4A 7 A

self-checking. m” 7l [ 8 A €
FA

p.8 Before you start refactoring, check that you have a solid suite of tests. These tests must be

p.13 Refactoring changes the programsin small steps. If you make a mistake, it is easy to find the bug.

Ju g A o ¥ - PN A

p.15 Any fool can write code that a computer can understand. Good programmers write code that
humans can understand.” 1 ~ 3 & n 17U 3 A n

A 3 ) ° A

p.53 Refactoring (noun) : a change made to the internal structure of software to make it easier to
understand and cheaper to modify without changing its observable behavior of the software.

S T v a J1 7 34 ni
m T ¢ 4 T @t A

p.54 Refactor (verb) : to restructure software by applying a series of refactorings without
changing the observable behavior of the software. S i ¥
) T oa Ny T 34 ni m

L € A
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p.58 Three strikes and you refactor.

Ya =7 =% A

p.65 Don't publish interfaces prematurely. Modify your code ownership policies to smooth refactoring.
a N ANA 9 @ 1} v G A

p.88 When you feel the need to write a comment, first try to refactor the code so that any comment

becomes superfluous. a0 n "I i N
M A

p.90 Makesureall tests are fully automatic and that they check their own results.
q o v T A

p.90 A suite of testsis a powerful bug detector that decapitates the time it takes to find bugs.

— — 3 w ~ 5 A

p.94 Runyour tests frequently. Localize tests whenever you compile - every test at least every day.
* A # v = 3 - A

p.97 When you get a bug report, start by writing a unit test that exposes the bug.

E='o) i TR NI A

p.98 Itisbetter to write and run incomplete tests than not to run complete tests.

n N A
p.99 Think of the boundary conditions under which things might go wrong and concentrate your
teststhere.
4 T F¥ T A
p.100 Don't forget to test that exceptions are raised when things are expected to go wrong.
Y " i a i A

p.101 Don't let the fear that testing can’'t catchall bugs stop you from writing the tests that will
catch most bugs. a n3 i~ a n 37 m
4 Ju
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A
Account class, 296-98
Algorithm, substitute, 139-40
Amount calculation, moving, 16
amountFor, 12, 14-16
APIs, 65
Arrays
encapsulating, 215-16
replace with object, 186-88
example, 187-88
mechanics, 186-87
motivation, 186
ASCII (American Standard Code for
Information Interchange), 26, 33
Assertion, introduce, 267-70
example, 268-70
mechanics, 268
motivation, 267-68
Assignments, removing to parameters,
131-34
example, 132-33
mechanics, 132
motivation, 131
pass by value in Java, 133-34
Association
bidirectional, 200-203
unidirectional, 197-99
AWT (Abstract Windows Toolkit), 78

B

Back pointer defined, 197

Behavior, moving into class, 213-14
Beguest, refused, 87

Bidirectional association, change to
unidirectional, 200-203

example, 201-3
mechanics, 200-201
motivation, 200

Body, pull up constructor, 325-27
example, 326-27
mechanics, 326
motivation, 325

Boldface code, 105

boundary conditions, 99

BSD (Berkeley Software Distribution), 388

Bug detector and suite of tests, 90
Bugs
and fear of writing tests, 101
refactor when fixing, 58-59
refactoring helpsfind, 57
unit tests that expose, 97

C
C++ programs, refactoring, 384-87
closing comments, 387
language features complicating
refactoring, 386-87
programming styles complicating
refactoring, 386-87
Calculations
frequent renter point, 36
moving amount, 16
Calls, method, 271-318
Case statement, 47
Case statement, parent, 47
Chains, message, 84
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Change, divergent, 79
ChildrensPrice class, 47
Class; See aso Classes; Subclass;
Superclass
Account, 296-98
ChildrensPrice, 47
Customer, 4-5, 18-19, 23, 26-29, 263,
347
Customer implements Nullable, 263
data, 86-87
DateRange, 297
Department, 340
diagrams, 30-31
Employee, 257, 332, 337-38
EmployeeType, 258-59
Engineer, 259
Entry, 296
extract, 149-53
example, 150-53
mechanics, 149-50
motivation, 149
FileReaderTester, 92-94
GUI, 78, 170
Html Statement, 348-50
incomplete library, 86
inling, 154-56
example, 155-56
mechanics, 154
motivation, 154
IntervalWindow, 191, 195
Jobltem, 332-35
Laborltem, 333-34
large, 78
lazy, 83
MasterTester, 101
Movie, 2-3, 35, 37, 40-41, 43-45, 49
moving behavior into, 213-14
NewReleasePrice, 47, 49
NullCustomer, 263, 265
Party, 339
Price, 45-46, 49
RegularPrice, 47
Rental, 3, 23, 34-37, 48
replace record with data, 217
example, 220-22
mechanics, 219
motivation, 218-19

replace type code with, 218-22
Salesman, 259
Site, 262, 264
Statement, 351
TextStatement, 348-50
Classes
alternative, 85-86
do afind across all, 19
Clauses, replace nested conditional with
guard, 250-54
Clumps, data, 81
Code
before and after refactoring, 9-11
bad smellsin, 75-88
alternative classes with different
interfaces, 85-86
comments, 87-88
data class, 86-87 data
clumps, 81 divergent
change, 79
duplicated code, 76
feature envy, 80-81
inappropriate intimacy, 85
incomplete library class, 86
large class, 78
lazy class, 83
long method, 76-77
long parameter list, 78-79
message chains, 84
middle man, 85
parallel inheritance hierarchies, 83
primitive obsession, 81-82
refused beguest, 87 shotgun
surgery, 80 speculative
generdlity, 83-84 switch
statements, 82 temporary
field, 84
boldface, 105
duplicated, 76
refactoring and cleaning up, 54
refactorings reduce amount of, 32
renaming, 15
replacing conditiond logic on price,
34-51
self-testing, 89-91
Code review, refactor when doing, 59
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Code with exception, replace error, 310-14
Collection, encapsulate, 208-16
Comments, 87-88
Composing methods, 109-40
Conditiona
decompose, 238-39
example, 239
mechanics, 238-39
motivation, 238
nested, 250-54
replace with polymorphism, 255-59
example, 257-59
mechanics, 256-57
motivation, 255-56
Conditional expressions, 237-70
consolidate, 240-42
examples, Ands, 242
examples, Ors, 241
mechanics, 241
motivation, 240
simplifying, 237-70
consolidate conditional expressions,
240-42
consolidate duplicate conditional
fragments, 243-44
decompose conditional, 238-39
introduce assertion, 267-70
introduce null object, 260-66
remove control flag, 245-49
replace conditional with
polymorphism, 255-59
replace nested conditional with guard
clauses, 250-54
Conditional fragments, consolidate
duplicate, 243-44
example, 244
mechanics, 243-44
motivation, 243
Conditions
boundary, 99
reversing, 253-54
Constant, replace magic number with
symbolic, 204-5
mechanics, 205
motivation, 204-5

Constructor body, pull up, 325-27
example, 326-27
mechanics, 326
motivation, 325
Constructor, replace with factory method,
304-7
example, 305
example, creating subclasses with
explicit methods, 307
example, creating subclasses with string,
305-7
mechanics, 304-5
motivation, 304
Control flag, remove, 245-49
examples, control flag replaced with
break, 246-47
examples, using return with control flag
result, 248-49
mechanics, 245-46
motivation, 245
Creating nothing, 68-69
Customer class, 4-5, 18-19, 23, 26-29, 263,
347
Customer implements Nullable class, 263
Customer.statement, 20

D
Data
clumps, 81
duplicate observed, 189-96
example, 191-96
mechanics, 190
motivation, 189-90
organizing, 169-235
change bidirectional association to
unidirectional, 200-203
change reference to value, 183-85
change unidirectional association to
bidirectional, 197-99
change value to reference, 179-82
duplicate observed data, 189-96
encapsul ate collection, 208-16
encapsulate field, 206-7
replace array with object, 186-88
replace data value with object, 175-78
replace magic number with symbolic
constant, 204-5
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Data (continued)
organizing (continued)
replace record with data class, 217
replace subclass with fields, 232-35
replace type code with class, 218-22
replace type code with state/strategy,
227-31
replace type code with subclasses,
223-26
self encapsulate field, 171-74
using event listeners, 196
Data class, 86-87
Data class, replace record with, 217
mechanics, 217
motivation, 217
Data value, replace with object, 175-78
example, 176-78
mechanics, 175-76
motivation, 175
Databases
problems with, 63-64
programs, 403-4
DateRange class, 297
Delegate, hide, 157-59
example, 158-59
mechanics, 158
motivation, 157-58
Delegation
replace inheritance with, 352-54
example, 353-54
mechanics, 353
motivation, 352
replace with inheritance, 355-57
example, 356-57
mechanics, 356
motivation, 355
Department class, 340
Department.getTotal Annual Cost, 339
Design
changes difficult to refactor, 65-66
procedural, 368-69
and refactoring, 66-69
up front, 67
Developers reluctant to refactor own
programs, 381-93
how and where to refactor, 382-87
refactoring C++ programs, 384-87

Diagrams, Unified Modeling Language
(UML), 24-25
Divergent change, 79
Domain, separate from presentation, 370-74
example, 371-74
mechanics, 371
motivation, 370
double, 12
double getPrice, 122-23
Downcast, encapsulate, 308-9
Duplicated code, 76

E
each, 9
Employee class, 257, 332, 337-38
Employee.getAnnual Cost, 339
EmployeeType class, 258-59
Encapsulate, collection, 208-16
examples, 209-10
examples, encapsulating arrays, 215-16
examples, Java 1.1, 214-15
examples, Java 2, 210-12
mechanics, 208-9
motivation, 208
moving behavior into class, 213-14
Encapsulate, downcast, 308-9
example, 309
mechanics, 309
motivation, 308
Encapsulate, field, 206-7
mechanics, 207
motivation, 206
Encapsulate fidd, self, 171-74
Encapsulating arrays, 215-16
EndField_FocusLost, 192, 194
Engineer class, 259
Entry class, 296
Error code, replace with exception, 310-14
example, 311-12
example, checked exceptions, 313-14
example, unchecked exceptions, 312-13
mechanics, 311
motivation, 310
Event listeners, using, 196

Refactoring — Improving the Design of Existing Code



423

Exception, replace error code with, 310-14
example, 311-12, 316-18
checked exceptions, 313-14
unchecked exceptions, 312-13
mechanics, 311, 315-16
motivation, 310, 315
Exception, replace with test, 315-18
Exceptions checked,
313-14 and tests,
100 unchecked,
312-13
Explicit methods, creating subclasses with,
307
Explicit methods, replace parameter with,
285-87
Expressions, conditiond, 237-70
Extension, introduce local, 164-68
examples, 165-68
mechanics, 165
motivation, 164-65
using subclass, 166
using wrappers, 166-68
Extract
class, 149-53
example, 150-53
mechanics, 149-50
motivation, 149
interface, 341-43
example, 342-43
mechanics, 342
motivation, 341-42
method, 13, 22, 110-16, 126-27
subclass, 330-35
example, 332-35
mechanics, 331
motivation, 330
superclass, 336-40
example, 337-40
mechanics, 337
motivation, 336
Extreme programming, 71

F
Factory method, replace constructor with,
304-7
example, 305
example, creating subclasses with
explicit methods, 307

example, creating subclasses with string,
305-7
mechanics, 304-5
motivation, 304
Feature envy, 80-81
Features, moving between objects, 141-68
Field; Seeaso Fields
encapsulate, 206-7
mechanics, 207
motivation, 206
move, 146-48
example, 147-48
mechanics, 146-47
motivation, 146
using self-encapsulation, 148
pull up, 320-21
mechanics, 320-21
motivation, 320
push down, 329
mechanics, 329
motivation, 329
replacing price code field with price, 43
sdlf encapsulate, 171-74
temporary, 84
Fields
replace subclass with, 232-35
example, 233-35
mechanics, 232-33
motivation, 232
FileReaderTester class, 92-94
Flag, remove control, 245-49
Foreign method, introduce, 162-63
example, 163
mechanics, 163
motivation, 162-63
Form template method, 345-51
example, 346-51
mechanics, 346
motivation, 346
Frequent renter points
calculation, 36
extracting, 22-25
frequentRenterPoints, 23, 26-27,
Function and refactoring, adding, 54
Function, refactor when adding, 58
Functional tests, 96-97
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G

Gang of Four patterns, 39
Generality, speculative, 83-84
Generalization, 319-57
Generalization, dealing with, 319-57
collapse hierarchy, 344
extract interface, 341-43
extract subclass, 330-35
extract superclass, 336-40
form template method, 345-51
pull up constructor body, 325-27
pull up field, 320-21
pull up method, 322-24
push down field, 329
push down method, 328
replace delegation with inheritance,
355-57
replace inheritance with delegation,
352-54 getCharge, 34-36,
44-46 getFlowBetween, 297-99
getFrequentRenterPoints, 37, 48-49
getPriceCode, 42-43
Guard clauses, replace nested conditional
with, 250-54
example, 251-53
example, reversing conditions, 253-54
mechanics, 251
motivation, 250-51
GUI class, 78, 170
GUIs (graphical user interfaces), 189, 194,
370

H
Hide delegate, 157-59
example, 158-59
mechanics, 158
motivation, 157-58
Hierarchies, parallel inheritance, 83
Hierarchy
collapse, 344
mechanics, 344
motivation, 344
extract, 375-78
example, 377-78
mechanics, 376-77
motivation, 375-76

HTML, 6-7, 9, 26
html Statement, 32-33
Html Statement class, 348-50

|
Inappropriate intimacy, 85
Indirection and refactoring, 61-62
Inheritance, 38
replace delegation with, 355-57
example, 356-57
mechanics, 356
motivation, 355
replace with delegation, 352-54
example, 353-54
mechanics, 353
motivation, 352
tease apart, 362-67
examples, 364-67
mechanics, 363
motivation, 362-63
using on movie, 38
Inheritance hierarchies, parallel, 83
Inline
class, 154-56
example, 155-56
mechanics, 154
motivation, 154
method, 117-18
temp, 119
Interface, extract, 341-43
example, 342-43
mechanics, 342
motivation, 341-42
Interfaces
aternative classes with different, 85-86
changing, 64-65
published, 64
publishing, 65
IntervalWindow class, 191, 195
Intimacy, inappropriate, 85

J
Java

1.1, 214-15

2,210-12

pass by valuein, 133-34
Jobltem class, 332-35
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JUnit testing framework, 91-97
unit and functional tests, 96-97

L
Laborltem class, 333-34

Language features complicating refactoring,

386-87
Largeclass, 78
Lazy class, 83
LengthField_FocusLost, 192
Library class, incomplete, 86
List, long parameter, 78-79
Listeners, using event, 196
Local extension, introduce, 164-68
examples, 165-68
mechanics, 165
motivation, 164-65
using subclass, 166
using wrappers, 166-68
Local variables, 13
no, 112
reassigning, 114-16
using, 113-14
Localized tests, 94
Long method, 76-77
Long parameter list, 78-79

M
Magic number, replace with symbolic
constant, 204-5

mechanics, 205

motivation, 204-5

Managers, telling about refactoring to,

60-62

MasterTester class, 101

Message chains, 84

Method and objects, 17

Method calls, making simpler, 271-318
add parameter, 275-76
encapsulate downcast, 308-9
hide method, 303
introduce parameter object, 295-99
parameterize method, 283-84
preserve whole object, 288-91
remove parameter, 277-78
remove setting method, 300-302
rename method, 273-74

replace constructor with factory method,
304-7
replace error code with exception,
310-14
replace exception with test, 315-18
replace parameter with explicit methods,
285-87
replace parameter with method, 292-94
separate query from modifier, 279-82
Method object, replace method with,
135-38
example, 136-38
mechanics, 136
motivation, 135-36
Method; See also Methods
creating overriding, 47
example with Extract, 126-27
extract, 110-16
mechanics, 111
motivation, 110-11
no local variables, 112
reassigning local variables, 114-16
using local variables, 113-14
finding every referenceto old, 18
form template, 345-51
example, 346-51
mechanics, 346
motivation, 346
hide, 303
mechanics, 303
motivation, 303
inling, 117-18
long, 76-77
move, 142-45
example, 144-45
mechanics, 143-44
motivation, 142
parameterize, 283-84
example, 284
mechanics, 283
motivation, 283
pull up, 322-24
example, 323-24
mechanics, 323
motivation, 322-23
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Method (continued)
push down, 328
mechanics, 328
motivation, 328
remove setting, 300-302
example, 301-2
mechanics, 300
motivation, 300
rename, 273-74
example, 274
mechanics, 273-74
motivation, 273
replace constructor with factory, 304-7
example, 305
example, creating subclasses with
explicit methods, 307
example, creating subclasses with
string, 305-7
mechanics, 304-5
motivation, 304
replace parameter with, 292-94
Methods
composing, 109-40
extract method, 110-16
inline method, 117-18
inlinetemp, 119
introduce explaining variables, 124-27
removing assignments to parameters,
131-34
replace method with method object,
135-38
replace temp with query, 120-23
split temporary variables, 128-30
substitute algorithm, 139-40
creating subclasses with explicit, 307
replace parameter with explicit, 285-87
Middle man, 85
Middle man, remove, 160-61
example, 161
mechanics, 160
motivation, 160
Mode, 370
Modifier, separate query from, 279-82
Move, field, 146-48
Move, method, 142-45
example, 144-45
mechanics, 143-44
motivation, 142

Movie
class, 2-3, 35, 37, 40-41, 43-45, 49
subclasses of, 38
using inheritance on, 38

MV C (model-view-controller), 189, 370

N
Nested conditional, replace with guard
clauses, 250-54
example, 251-53
example, reversing conditions,
253-54 mechanics,
251 motivation,
250-51
NewReleasePrice class, 47, 49
Nothing, creating, 68-69
Null object, introduce, 260-66
example, 262-66
example, testing interface, 266
mechanics, 261-62
miscellaneous special cases, 266
motivation, 260-61
NullCustomer class, 263, 265
Numbers, magic, 204-5

O
Object; See aso Objects
introduce null, 260-66
introduce parameter, 295-99
preserve whole, 288-91
example, 290-91
mechanics, 289
motivation, 288-89
replace array with, 186-88
example, 187-88
mechanics, 186-87
motivation, 186
replace data value with, 175-78
replace method with method, 135-38
example, 176-78
mechanics, 175-76
motivation, 175
Objects
convert procedura design to, 368-69
example, 369
mechanics, 369
motivation, 368-69
and method, 17
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moving features between, 141-68

extract class, 149-53

hide delegate, 157-59

inline class, 154-56

introduce foreign method, 162-63

introduce local extension, 164-68

move field, 146-48

move method, 142-45

remove middle man, 160-61
Obsession, primitive, 81-82

P
Parallel inheritance hierarchies, 83
Parameter list, long, 78-79
Parameter object, introduce, 295-99
example, 296-99
mechanics, 295-96
motivation, 295
Parameterize method, 283-84
Parameters
add, 275-76
mechanics, 276
motivation, 275
remove, 277-78
mechanics, 278
motivation, 277
removing assignmentsto, 131-34
example, 132-33
mechanics, 132
motivation, 131
pass by valuein Java, 133-34
replace with explicit methods, 285-87
example, 286-87
mechanics, 286
motivation, 285-86
replace with method, 292-94
example, 293-94
mechanics, 293
motivation, 292-93
Parent case statement, 47
Parse trees, 404
Party class, 339
Pass by value in Java, 133-34
Payroll system, optimizing, 72-73
Performance and refactoring, 69-70

Polymorphism
replace conditional with, 46, 255-59
example, 257-59
mechanics, 256-57
motivation, 255-56
replacing conditiond logic on price code
with, 34-51
Presentation
defined, 370
separate domain from, 370-74
example, 371-74
mechanics, 371
motivation, 370
Price class, 45-46, 49
Price code
change movi€e's accessors for, 42
replacing conditiona logic on, 34-51
Price code object, subclassing from, 39
Price fidld, replacing price code field with,
43
Price, moving method over to, 49
Price.getCharge method, 47
Primitive obsession, 81-82
Procedural design, convert to objects,
368-69
example, 369
mechanics, 369
motivation, 368-69
Programming
extreme, 71
faster, 57
styles complicating refactoring, 386-87
Programs
comments on starting, 6-7
database, 403-4
developers reluctant to refactor own,
381-93
refactoring C++, 384-87
Published interface, 64
Pull up
constructor body, 325-27
field, 320-21
mechanics, 320-21
motivation, 320
method, 322-24
example, 323-24
mechanics, 323
motivation, 322-23
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Push down
field, 329
mechanics, 329
motivation, 329
method, 328
mechanics, 328
motivation, 328

Q
Query
Replace Temp with, 21 replace
temp with, 120-23 separate
from modifier, 279-82
concurrency issues, 282
example, 280-82
mechanics, 280
motivation, 279

R
Reality check, 380-81, 394
Record, replace with data class, 217
mechanics, 217
motivation, 217
Refactor; See also Refactoring;
Refactorings
design changes difficult to, 65-66
how and where to, 382-87
when adding function, 58
when doing code review, 59
when fixing bugs, 58-59
when not to, 66
when to, 57-60
refactor when adding function, 58
refactor when doing code review, 59
refactor when fixing bugs, 58-59
rule of three, 58
Refactoring and function, adding, 54
Refactoring Browser, 401-2
Refactoring; See also Refactor;
Refactorings, 1-52
to achieve near-term benefits, 387-89
and adding function, 54
C++ programs, 384-87
and cleaning up code, 54 code
before and after, 9-11 comments on
starting program, 6-7

decomposing and redistributing
statement method, 8-33
defined, 53-55
and design, 66-69
creating nothing, 68-69
does not change observable behavior of
software, 54
first example, 1-52
final thoughts, 51-52
first stepin, 7-8
helps find bugs, 57
helps program faster, 57
improves design of software, 55-56
and indirection, 61-62
language features complicating, 386-87
learning, 409-12
backtrack, 410-11
duets, 411
get used to picking goals, 410
stop when unsure, 410
makes software easier to understand,
56-57
noun form, 53
origin of, 71-73
optimizing payroll system, 72-73
and performance, 69-70
principlesin, 53-73
problems with, 62-66
changing interfaces, 64-65
databases, problems with, 63-64
design changes difficult to refactor,
65-66
when not to refactor, 66
programming styles complicating,
386-87
putting it all together, 409-12
reason for using, 55-57
reducing overhead of, 389-90
resources and references for, 394-95
reuse, and reality, 379-99
developers reluctant to refactor own
programs, 381-93
implications regarding software reuse,
395-96
reality check, 380-81, 394
resources and references for
refactoring, 394-95
technology transfer, 395-96
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safely, 390-93
starting point, 1-7
with tools, 401-3
verb form, 54
why it works, 60
Refactoring tools, 401-7
practical criteriafor, 405-6
integrated with tools, 406
speed, 405-6
undo, 406
technical criteriafor, 403-5
tools, technical criteriafor
accuracy, 404-5
parse trees, 404
program database, 403-4
wrap up, 407
Refactorings; See also Refactor;
Refactoring
big, 359-78
convert procedura design to objects,
368-69
extract hierarchy, 375-78
four, 361
importance of, 360
nature of game, 359-60
separate domain from presentation,
370-74
tease apart inheritance, 362-67
catalog of, 103-7
finding references, 105-6
maturity of refactorings, 106-7
format of, 103-5
meaturity of, 106-7
reduce amount of code, 32
Reference
change to value, 183-85
example, 184-85
mechanics, 184
motivation, 183
change value to, 179-82
example, 180-82
mechanics, 179-80
motivation, 179
References, finding, 105-6
RegularPrice class, 47
Removing temps, 26-33
Rename method, 273-74

Renaming code, 15

Rental class, 3, 23, 34-37, 48
Rental.getCharge, 20

Renter points, extracting frequent, 22-25
Replacing total Amount, 27

Rule of three, 58

S
Salesman class, 259
Scoped variables, locally, 23
Self encapsulate field, 171-74
example, 172-74 mechanics,
172
motivation, 171-72
Self-encapsulation, using, 148
Self-testing code, 89-91
Setting method, remove, 300-302
example, 301-2
mechanics, 300
motivation, 300
Shotgun surgery, 80
Site class, 262, 264
Software
and refactoring, 56-57 refactoring,
does not change, 54 refactoring
improves design of, 55-56 reuse, 395-
96
Speculative generality, 83-84
StartField_FocusLost, 192
State/strategy, replace type code with,
227-31
example, 228-31
mechanics, 227-28
motivation, 227
Statement
case, 47
class, 351
Statement method, decomposing and
redistributing, 8-33
Statements
parent case, 47
switch, 82
Subclass; See also Subclasses
extract, 330-35
example, 332-35
mechanics, 331
motivation, 330
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Subclass (continued)
replace with fields, 232-35
example, 233-35
mechanics, 232-33
motivation, 232
using, 166
Subclasses
creating with explicit methods, 307
replace type code with, 223-26
example, 224-26
mechanics, 224
motivation, 223-24
Superclass, extract, 336-40
example, 337-40
mechanics, 337
motivation, 336
Surgery, shotgun, 80
Switch statements, 82
Symbolic constant, replace magic number
with, 204-5

T
Technology transfer, 395-96
Temp
inline, 119
replace with query, 120-23
example, 122-23
mechanics, 121
motivation, 120-21
Template method, form, 345-51
example, 346-51
mechanics, 346
motivation, 346
Temporary field, 84
Temporary variables, 21, 128-30
Temps, See adso Temporary variables
removing, 26-33
Test
replace exception with, 315-18
example, 316-18
mechanics, 315-16
motivation, 315
suite, 98
TestEmptyRead, 99
testRead, 95

testReadAtENd, 98
testReadB oundari es()throwsl OException,
99-100
Tests
adding more, 97-102
and boundary conditions, 99
bugs and fear of writing, 101
building, 89-102
adding more tests, 97-102
JUnit testing framework, 91-97
self-testing code, 89-91
and exceptions, 100
frequently run, 94
fully automatic, 90
localized, 94
unit and functional, 96-97
writing and running incomplete, 98
TextStatement class, 348-50
thisAmount, 9, 21
Tools, refactoring, 401-7
total Amount, 26
replacing, 27
Trees, parse, 404
Type code
replace with class, 218-22
example, 220-22
mechanics, 219
motivation, 218-19
replace with state/strategy, 227-31
example, 228-31
mechanics, 227-28
motivation, 227
replace with subclasses, 223-26
example, 224-26
mechanics, 224
motivation, 223-24

U
UML (Unified Modeling Language), 104
diagrams, 24-25
Unidirectional association, change to
bidirectional, 197-99
example, 198-99
mechanics, 197-98
motivation, 197
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Unit and functional tests, 96-97
Up front design, 67

V

Vdue, change reference to, 183-85
example, 184-85
mechanics, 184
motivation, 183

Value, change to reference, 179-82
example, 180-82
mechanics, 179-80
motivation, 179

Variables
introduce explaining, 124-27
example, 125-26

example with Extract Method, 126-27

mechanics, 125

motivation, 124

locdl, 13

locally scoped, 23

no local, 112

reassigning local, 114-16

split temporary, 128-30
example, 129-30
mechanics, 128-29
motivation, 128

temporary, 21

using local, 113-14

View, 370

W
Wrappers, using, 166-68
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Common Refactoring”

Alternative Classes with
Different Interfaces,
p85

Rename Method (273), Move Method (142)

Comments, p87

Extract Method (110), Introduce Assertion (267)

Data Class, p86

Move Method (142), Encapsulate Field (206),

Fncapsulate Collection (208)

Data Clumps, p81

Extract Class (149), Introduce Parameter Object (295),
Preserve Whole Obiect (288)

Divergent Change, p79

Extract Class (149)

Duplicated Code, p76

Extract Method (110), Extract Class (149),
Pull Up Method (322). Form Template Method (345)

Feature Envy, p80

Move Method (142), Move Field (146), Extract Method

Inappropriate Intimacy,
p85

Move Method (142), Move Field (146), Change Bidirectiona

Association to Unidirectional (200), Replace Inheritance

Incomplete Library
Class, p86

Introduce Foreign Method (162),

[ntroduce [ocal Extension (164)

Large Class, p78

Extract Class (149), Extract Subclass (330), Extract
[nterface (341). Replace Data Value with Obiect (175)

Lazy Class, p.83

Inline Class (154), Collapse Hierarchy (344)

Long Method, p76

Extract Method (110), Replace Temp With Query (120),
Replace Method with Method Object (135),
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Common Refactoring”

Long Parameter List,
p78

Replace Parameter with Method (292), Introduce
Parameter Object (295). Preserve Whole Obiect (288)

Message Chains, p84

Hide Delegate (157)

Middle Man, p85

Remove Middle Man (160), /nline Method (117),

Replace Deleaation with [nheritance (355)

Parallel Inheritance
Hierarchies, p83

Move Method (142), Move Field (146)

Primitive Obsession, p81

Replace Data Value with Object (175), Extract Class (149),
Introduce Parameter Object (295), Replace Array with
Object (186), Replace Type Code with Class (218),
Replace Type Code with Subclasses (223),

Refused Bequest, p87

Replace Inheritance with Delegation (352)

Shotgun Surgery, p80

Move Method (142), Move Field (146), Inline Class (154)

Speculative Generality,
p83

Collapse Hierarchy (344), Inline Class (154),

Remove Parameter (277). Rename Method (273)

Switch Statements, p82

Replace Conditional with Polymorphism (255), Replace
Type Code with Subclasses (223), Replace Type Code

with State/Strategy (227), Replace Parameter with Explicit

Temporary Field, p84

Extract Class (149), Introduce Null Object (260)
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