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-priceCode : int

+getPriceCode (): int

Movie Rental Customer

(
—¢tass Reptat {————————————————————
public static final int CH LDRENS .
public static final int REGUAR = private Mvie 1me e %
public static final int NEW RELEASI private int _daysRented;

private String _nane;

private Vector _rentals = new Vector();
q q q ublic Customer( String nane

private String _title; public Rental ( Mvie novie, int daysRented ) { P! - ( g )

private int _priceCode . JENED = Nz,

4 return _daysRent ed; c String getName() {
public int getPriceCode() { - ' return _nane;
return _priceCode; =

} public Mvie getMvie() {
public void setPriceCode( int arg ) { return _novie;
_priceCode = arg; }
}
2 N E————————————

return _title;




Customer::statement()

public String statement(
doubl e tot al Amou

Enureration rentals = _rentais. el ements();
String result = “Rental Record for “ + getName() + “\n7;

whil'e (rentals. hashbreEl enents()) {
doubl e thisAnmount = 0;
Rental each = (Rental)rentals.nextEl enent();

iT (each. get DaysRented() > 2)
Amount~ += (each. get DaysRented() - 2) * 1.5;
break;
case Mbvi e. NEW RELEASE:
thi sAmount += each. get DaysRented() * 3:
break;
e Mbvi e. CH LDRENS:
thi sAmount += 1.5;

thi sAmount += (each. get DaysRented() - 3) * 1.5;
break;

Refactoring

* Something is rotten in the state of
Denmark
—What is it?

Customer::statement()

/1 add frequent renter points

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

it ((each.getMvie().getPriceCode() == Mvie. NEW RELEASE) &
each. get DaysRented() > 1) frequent Renter Poi nts++;

/1 show figures for this rental
result += "\t~ + each.getMvie().getTitle() + ™t~ +

- —— - —
/1 add footer Iines
result += “Amount owed is “ + String.valued ( total Arount ) + “\n7
result += “You earned “ + String.val ueCf ( frequent RenterPoints ) +
~ frequent renter points”;
return result;

Refactoring

* ISsues:
— not object-oriented
— statement( ) routine does too much

—e.g., HTML output
—e.g., new charging rules

Refactoring

:Customer

statement()
* [forall rentals]

getMovie ()
getPriceCode ()

getDaysRented ()

Refactoring

ea:
— If the code is not structured conveniently to
add a feature, first refactor the program to
——makeliteasytoaddthe feature thenadd———




1 1 « class Customer {
Refactoring Refactoring
public String statement() {
doubl e total Amount = 0;
int frequentRenterPoints = 0,

* Firststep: * Decompose stat ement () method: SITTng resol( = wRental Record for m + gethams() + W
— Build self-checking tests. — Extract logical chunk of code as a new plliel(renzal=YesireaerenE R

doubl e thi

method Rental each = (Rental)

Refactoring Refactoring Refactoring
.+ class Customer O ompl € and test!
public String statement() {

doubl e total Arount = 0; Sl dodbl cRamount Bort — small steps

int frequentRenterPoints = 0; 0
. p switch (each. get Mbvi e(). get Pri ceCode())
Enumeration rentals = _rentals. el ements() Ty Y

String result = “Rental Record for ™ + getName() + “\n” thi sAmount_+

ount anount For ( br eak;
case Mbvi e. CH LDREN
thisAmount += 1.5;
if (each. get DaysRented() > 3)
thi sAmount += (each. get DaysRent ed()
break




Refactoring Refactoring Refactoring

s Customer { - class Customer {

private doubl e amunt For( Rental each ) private doubl e anountFor( Rental aRental ) {

* Rename variables im amount Fo
- doubl e t hi sAmount doubl e result = 0;
— Enhance readabmty. swi tch (each. get Movie(). get Pri ceCode()) { ent al . get Mbvi e() . get Pri ceCode()) {

case Movi e. REGULAR case Mbvie. REGULAR
thi sA 2

mount esult += 2;
if (aRental.getDaysRented() >

case Movi e. CH LDRENS: case Mbvi e. CHl LDRENS:
thi sAmount += 1.5; esul t 1.5;
get DaysRent ed() > 3) if (aRental .getDaysRented() > 3)
thisAmount += (each. get DaysRented() - 3) g esult += (aRental . get DaysRent ed()
break; break;

¥ }
}
return thi sAmount ; return result;

= Refactoring ~ Refactoring Refactoring

< Compile and test. s Vlove anmount For () 10 Rent al class
— Method uses rental information, but not P oubie regurt a0 oo el ) L

switch (aRental . get M get Pri ceCode()) {

< Whatdowedonext? customer information. case Mot e, FEGUAR

bre;
case Mbvie. CH

d() - 3) * L5

}
return result;




Refactoring ~ Refactoring ~ Refactoring

class Qustomer {
* ompl € and test.

private doubl e amunt For( Rental aRental )
eturn aRent al

do C
switch (get M get Pri ceCode()) {
case Mvie. REGULAR
ul't 2

nted() - 3) * 1.5

return result;

Refactoring Refactoring Refactoring

2w ; T
* Replace references to anount For () )

public String statement() { public String statement ()

i {
with get Char ge() : doubl e total Amount = 0; B S O

int frequentRenterPoints = 0; int frequentRenterPoints = 0
. Enuneration rentals = _rentals. el enents(); Enuneration rentals = _rentals. el ements()
— Adjust references to old method to use String result = “Rental Record for “ + getName() + “\n; String result = “Rental Record for » + getName() + "\ n;

thi sAmount = each. ge




= Refactoring ~ Refactoring Refactoring
class Customer {

+ Lompile and test. < Eliminate t hi SAmount temporary in PUBITC STy Starement ) |

doubl e total Amount = 0;
. int frequentRenterPoints = 0;
statenment (): Enuer atiion rentals = rentals. el ements()

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

— Replace redundant temporary variable with while (rentals. hashbreEl ements()) {
M

/1 add frequent renter points
f1equent Rent er Poi nt s++;
/1 add bonus for a two day new rel ease rental
((each. get Mbvi e() . get Pri ceCode() == Movi e. NEW RELEASE) &&
each. get DaysRented() > 1) frequentRenter Poi nts++;

/1 show figures for this rental
result += ™t~ + each.getMovie().getTitle() + "t~ +

total Avount += thi sAmount ;

Refactoring

. Refactoring Refactoring

class Customer { class Customer {

public String statement() { * Extract frequent renter points logic: publ i ¢ String statement() {

doubl e total Avount = 0; . doubl e total Amount = 0;

int frequentRenterPoints = 0; _ App||cab|e rules be|ong to the rentaL not int frequentRenterPoints = 0;

Enuneration rentals = rentais.elements(); ) Enumeration rentals = _rentals. el ements();

String result = “Rental Record for “ + getName() + “\n"; the customer. String result = “Rental Record for “ + getName() + “\n~;

e =3
/1 add bonus for a two day new rel ease rental
h. get Novi e() . get Pri ceCode() == Mbvi e. NEW RELEASE) 5
each. get DaysRented() > 1) frequent Rent er Poi nt s++; ( h. get M 2| ge C == Myv
frequent Rent
/1 show figures for this rental

result += "\t~ + each. getMvie().getTitle() + "\t~ + 11 show figures for this rental

result += "\t~ + each.getMvie().getTitle() + "\t~ +
o + W

tring
total Amount

&
total Amount += each. get Char ge(




Refactoring

+ class Qustomer {

public String statement() {
doubl e total Amount = 0;
int frequentRenterPoints = 0;
Enumeration rentals = _rentals. el ements();
String result = “Rental Record for ™ + getName() + ™\ n~

ach. ge

/1 show figures for this rental

result += "t~ + each. getMovie().getTitle() + "t~ +
String. val uedt ( each. getCharge() ) + “\n~

total Atount += each. get Char ge() ;

Refactoring

public String statenent ()

int frequentRenterPoints = 0
Enuneration rentals = rentais. el enents();
String result = “Rental Record for ™ + getName() + “\n;

while (rentals. hashbreEl ements()) {
ntal each = (Rental)rentals.nextEl ement():

VT e[

. gl
String. val uet ( each. get Cha
total Amount += each. get Char ge()

// add footer |ines

resul t “Amount owed is  + String.val ueCt ( total Atount ) + “\n7;

resul t “You earned “ + String.val uef ( frequentRenterPoints ) +
» frequent renter points”;

return result;

Refactoring

5 2 tal {

int get Frequent Rent er Poi nts() {
it ((getMovie().getPriceCode() == Mbvie. NEW RELEASE) &&
get DaysRented() > 1)
return 2;
el se

Refactoring

Class Customer {

public String statement() {
AT TTequent RenTerPoi nts =
Enuneration rentals = _rentais. el ements();
String result = “Rental Record for “ + getName() + “\n~;

while (rentals. hashbr el ements()) {
Rental each = (Rental)rental s.nextEl ement ();

[T = {7 % pach gef Novie() GerTIiTel)
String.val ueCf ( each.getCharge() ) + “in”;
}

/1 add footer |ines
resul t “Amount owed is “ + String.val ueCf ( get Total Charge() ) + “\n»;
resul t “You earned “ + String.val ued ( frequentRenterPoints ) +
“ frequent renter points”;
return result;

Refactoring

—+ Elfiminate tot al Amount temporary:
— Apply Replace Temp with Query.

Refactoring

doubl e get Tot
doubl e result = 0.
Enuneration rental's = _rentals. el ements()




~ Refactoring Refactoring Refactoring

. . public String statenent() { class Custoner {
Iminate tr equen ent er Fol nt s Enuneration rental rentals. el ements(); public String statement() {

t . String result = “Rental Record for “ + getName() + “\n7; Enumeration rentals = _rentals. el enents()
emporary: String result = “Rental Record for ™ + getName() + ™ n7
while (rentals. hashbr el ements())

q {
— Apply Replace Temp with Query. Rental each = (Rental)rentals. nextEl ement (); while (rentals. hashbr el ements())

{
{
Rental each = (Rental)rentals. nextEl ement ();

"\t” + each.getMvie().getTitle() + "\t +
String.val ueCt ( each. getCharge() ) + “\n”;
} add footer Iines
sult += “Amount owed is “ + String. val uedf ( get Total Char
/1 add footer |ines I't += “You earned ™ + String. val ueCt ( get Total Fr equent
ult += “Amount owed is  + String. val uesk ( get Tot al Char ge() 3 “ frequent renter points”;
ult += “You earned  + String. val ueCt( frequentRenter return result

return result;

Refactoring Refactoring Refactoring

o ileEE YA

Customer Rental
private int getTotal Frequent Rent er Poi nts() {

int result = 0;
Enunmeration rentals = _rentals. el ements();

-daysRented :int

+statement() +getDaysRented (): int

while (rentals. hashbr eEl ervEleS(Ji { -getTotalCharge (): double +getCharge (): double QGTOlE“Chafée 0

-getTotalFrequentRenterPoints  (): int +getFrequentRenterPoints  (): int
* [for all rentals]
getCharge ()

getPriceCode ()

1 "—\ :
getTotal FrequentRenterPoints ()

Movie

* [for all rentals]
-priceCode : int [ ;
P getFrequentRenterPoints : () getPriceCode ()

+getPriceCode (): int




. Refactoring Refactoring

Customer Rental

-daysRentedt < Issues:
+statement etDaysRen(@iint =
T Coseiouble et ible —more code T M el e e e
-getTotal FrequentRenter Bdimt] +getFrequentRenter PE) it

— slower performance?

omer {

ng result = » ental Record for  + getName() + “</HI>\n”;

*

1 esU
String. val uer

Movie

/1 add footer lines

i result += “<P>Anount owed is ™ +
-priceCodent String. val uedi ( get Total Charge() ) + “</P>\n;

result += “<P>You earned “ +
+getPriceCalént String. val ueCf ( get Total Fr’ ntRenter Points() ) +

return result;

Refactoring Refactoring Refactoring

* More needs: ] * ep ace conditiona OgIC on price code

— new classifications of movies e et hoviat with polymorphism:

case Movie

resul t ) — Rental logic should not depend on specific

case Mbvi e. CH LDRENS:
esul

it ; on an another object’s attribute.
. (resu\l 4= (
[ EUS
}
return result;




Refactoring

doubl e get Char ge(
doubl e resul t 0;
switch (get PriceCode()) {
ase Mvi e. REGULAR:
2;

—_———ftreab——————————————
case Mbvi e. CH LDRENS:
resul t 163
if (daysRented
result += (da
br eak;

}
return result;

Refactoring

a Movie {

nt get Frequent Rent er Points( int daysRented ) {
it ((getPriceCode() == Mbvie. NEWRELEASE) &&
daysR

Refactoring

doubl e get Char ge
return _mov

}
}

Refactoring

int getFrequent RenterPoints() {
return _movie. get Frequent R

Refactoring

get Fr equent Rent er Poi ni {
if ((getMvie().getPriceCode() == Movie. NEW RELEASE)
get DaysRented() > 1)
return 2;

————Refactoring————————

Get rid of the switch statemen

> 3)
(daysRented - 3) * 1.5
T returnresut;

}

10



Refactoring Refactoring Refactoring

L H

* We have two flaws. What are 1 ey. aw:

Movie

~priceCode :int

+getCharge ( days: int ): double

A

2

Regular Movie

Childrens Movie

New Release Movie

+getCharge (days int ): double

+getCharge ( days int ): double

+getCharge (days int ): double

— Use State design pattern.

Refactoring
« Solution:

e Hint:

— Is the movie classification static?

Movie

+getCharge( days int): double

+getCharge( days int): double

return N
pricegetCharge (days)

[

Regular Price

Childrens Price

New Release Price

+getCharge( days it ): double

+getCharge( days int ): double

+getCharge( days: int): double

— A movie may change its classification
during its lifetime.

Refactoring

* Replace price (fype) code:
— Apply Replace Type Code with State.
— Compile and test after each step.

11



Refactoring

* Note:
— Make sure uses of the price type code go
through accessor methods ...

Refactoring

— s Addnewstateclasses:

abstract class Price {
abstract int getPriceCode();

class RegularPrice extends Price {

int getPriceCodel
————————fetuwrrrMvie REGFAR —

t get PriceCode() {
return Myvie. NEW RELEASE;
}

}
class ChildrensPrice extends Price {
int getPriceCode() {
return Movi e. CHI LDRENS;

Refactoring

private int _priceCode;

public Mov String title, int priceCode ) {
_titl

Terar

Tc void setPriceCode( int arg ) {
_priceCode = arg;

Refactoring

~ * Replace price type codes with instances
of price state classes ...

Refactoring

- pwlicclassMwief{ 000000000000
private int _priceCode:
public Mbvie( String title, int priceCode ) {

_title
set Pri ceC

TC vor d setPriceCode( Tnt arg )
_priceCode = arg;

Refactoring

return _pric

12



private Pri

public int getPriceCod
return _pr getPri

}
publ i ¢ voi d set Pri ceCode

Chi | drensPri ce

egal Ar gurrent Except i on( ™I ncorrect pri ce

Refactoring

- classpriced 0000000000000

doubl e get Charge( int daysRented )
doubl e result = 0;
switch (get PriceCode()) {
case Mvie. REGULAR
result += 2;
if (daysRented > 2)
STl

B ———
case Mbvi e. CHl LDRENS:
result += 1.5
if (daysRented > 3)
resul t daysRented - 3) * 1.5
break;

}
return result;

Refactoring

* Move get Char ge O Price class
— Apply Move Method.

Refactoring

o allese Gl

doubl e getCharge( int daysRented ) {
return _price. get Char g Rented )

Refactoring

doubl e get Charge( int daysRented ) {
doubl e result =
switch (getPriceCode()) {
case Mbvi e. REGULAR
result += 2
if (daysRented > 2)
ay

case Mbvi e. CH LDRENS:
result += 1.5;
if (daysRented > 3)
esult += (daysRented - 3) * 1.5
break;

}
return result;

Refactoring

* Replace switch statement in
get Charge():
— For each case, add overriding method.

13



Refactoring

r
br eak

return result

Refactoring

C [0)Y/3] ge requen enter rPolnts (0]
Pri ce class:

— Apply Move Meth

Refactoring

}
class ChildrensPrice {
doubl e

Refactoring

int getFrequentRenterPoints( int daysRented ) {
i't ((getPriceCode() == Movie. NEWRELEASE) &&
daysRented > 1)
return 2;
el se

Refactoring

Refactoring

. class Price {

int getFrequentRenter Points( int daysRented ) {
if ((getPriceCode() Movi e. NEW RELEASE) &&
daysRented > 1)
return 2;
el se

I ——
e ——

14



Refactoring

int getFrequent Renter Points( int d
return _price. get Frequent Rent el

}

Refactoring

. class Price {

uent Rent er Poi nts( int daysRented ) {

Refactoring

* Replace if statement in
get Frequent Rent er Poi nt s() :

— Apply Replace Conditional with

Refactoring

* Result of state eS|gn paern:
— easy to change price behavior
—can add new price codes
———rest ol application-dees netknew-aboutthis——
———tuseofthestatepattern——

Refactoring

Refactoring

+ Benefits of second refactoring:
— easy to change movie classifications
— easy to change rules for charging and

15



Rend . Cutomes Refactoring Bad Smells in Code

~daysRented: int

+getDaysRented(): int
+getCharge(): double +html Statement()
+getFrequentRenterPoints(): int +getTotal Charge(): double

+getTotal FrequentRenterPoinis(): int ‘

e « Feature envy:
o — a method seems more interested in a class
getTotacha i

“price: Price b * ffor all rentals] ———otherthanthe-oneitisactuallyin———

getCharge
getCharge (days) aetChrge (days)

Statement

+getCharge( days int ): double “+getChargel days: int ): double
+getFrequentRenterPoints( days: int ): int +getFrequentRenterPoints( days: int ): int

gerT

* [for all rentals]

2% o — can use Move Method and Extract Method
\ ‘ ‘ ; ;

Regular Price Childrens Price New Release Price

+getCharge( days int ): double +getCharge( days: int): double +getChargel days: int ): double
+getFrequentRenterPoints( days: int ): int

Bad Smells in Code Bad Smells in Code Bad Smells in Code

— < Dataclumps: < Primitive obsession: * Switch statements:
— groups of data appearing together in the fields of — using the built-in types of the language too — consider using polymorphism instead

classes, parameters to methods, etc. i i
] ; 5 - e.g., conditionals on type codes defined in
———qotherclasses—————————————————————

— can use Extract Class and Introduce Parameter —e.g., Zip code string — can use Extract Method (on the switch),
Object Move Method, Replace Type Code, and

— Example: group (start: Date, end: Date) into (aRange: — use objects for individual data values Replace Conditional with Polymorphism

RangeDate)
— can use Replace Data Value with Object




Bad Smells in Code

* Speculative generality:
—“I think we might need this someday.”
—e.g., abstract classes without a real purpose

—————egunusedparameters—————————————

— can use Collapse Hierarchy and Remove
Parameter

Bad Smells in Code

* Don’t stand so close:

—two classes that depend too much on each
other, with lots of bidirectional

— separate the two classes

— can use Move Method, Move Field, and
Extract Class (factor out commonality)

Bad Smells in Code

* Message chains:
—long chains of navigation to get to an

object must also know about

— can use Hide Delegate

Bad Smells in Code

+ Alternative classes with different
interfaces:
— methods that do the same thing but have

———egputfversusadd}——————————

— can use Rename Method

Bad Smells in Code

* [ e man:

— a class that delegates many methods to
another class

— but could be a legitimate adapter

Bad Smells in Code

« Data ciass:
— classes that are all data (manipulated by other
classes)
%

— in early stages, it's all right to use public fields
— study usage and move behavior into data classes

— can use Encapsulate Field, Extract Method, Move
- Method

17



Bad Smells in Code

+ Refused eques:
— when a subclass inherits something that is not
needed
————=whenasuperclass does not contain truly common
—1 = {7013 8 = L 0 —

— can use Push Down Method and Push Down Field

— can use Replace Inheritance with Delegation
(e.g., Square versus Rectangle)

Bad Smells in Code

* Comments:
— often deodorant for bad smelling code

—— —refactorcode so thatthe comment——————
————becomesexiraneotls—————————————

rences

- ¢ Refactoring——
— M. Fowler et al. Rervencara
— Addison-Wesley, 1999

— M. Fowler
— Addison-Wesley, 2000
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