Okay, I get the
dependency part, but why
is it called dependency
inversion?

' [t

Where’s the “inversion” in Dependency Inversion Principle?

The “inversion” in the name Dependency Inversion Principle is there because
it inverts the way you typically might think about your OO design. Look at
the diagram on the previous page. Notice that the low-level components now
depend on a higher level abstraction. Likewise, the high-level component is
also tied to the same abstraction. So, the top-to-bottom dependency chart we
drew a couple of pages back has inverted itself, with both high-level and low-
level modules now depending on the abstraction.

Let’s also walk through the thinking behind the typical design process and
see how introducing the principle can invert the way we think about the
design...

Inverting your thinking...



Okay, so you need to implement a PizzaStore. What’s the first thought that pops into
your head?

Right, you start at the top and follow things down to the concrete classes. But, as
you’ve seen, you don’t want your store to know about the concrete pizza types,
because then it’ll be dependent on all those concrete classes!
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Now, let’s “invert” your thinking... instead of starting at the top, start at the Pizzas
and think about what you can abstract.

Right! You are thinking about the abstraction Pizza. So now, go back and think about
the design of the Pizza Store again.

Close. But to do that you’ll have to rely on a factory to get those concrete classes out
of your Pizza Store. Once you’ve done that, your different concrete pizza types
depend only on an abstraction and so does your store. We’ve taken a design where the
store depended on concrete classes and inverted those dependencies (along with your
thinking).

A few guidelines to help you follow the Principle...

The following guidelines can help you avoid OO designs that violate the
Dependency Inversion Principle:

m No variable should hold a reference to a concrete class.

NOTE

If you use new, you’ll be holding a reference to a concrete class. Use a factory to get
around that!

m No class should derive from a concrete class.

NOTE

If you derive from a concrete class, you’re depending on a concrete class. Derive
from an abstraction, like an interface or an abstract class.

= No method should override an implemented method of any of its base
classes.

NOTE

If you override an implemented method, then your base class wasn’t really an



abstraction to start with. Those methods implemented in the base class are meant to
be shared by all your subclasses.

You’re exactly right! Like many of our principles, this is a guideline you
should strive for, rather than a rule you should follow all the time. Clearly,
every single Java program ever written violates these guidelines!

But, if you internalize these guidelines and have them in the back of your
mind when you design, you’ll know when you are violating the principle and
you’ll have a good reason for doing so. For instance, if you have a class that
isn’t likely to change, and you know it, then it’s not the end of the world if
you instantiate a concrete class in your code. Think about it; we instantiate
String objects all the time without thinking twice. Does that violate the
principle? Yes. Is that okay? Yes. Why? Because String is very unlikely to
change.

If, on the other hand, a class you write is likely to change, you have some
good techniques like Factory Method to encapsulate that change.

But wait, aren't these
guidelines impossible to
follow? If I follow these, I'll never
be able to write a single program!

4 L



Meanwhile, back at the PizzaStore...

The design for the PizzaStore is really shaping up: it’s got a flexible
framework and it does a good job of adhering to design principles.

Now, the key to Objectville Pizza’s success has always been fresh, quality
ingredients, and what you’ve discovered is that with the new framework your
franchises have been following your procedures, but a few franchises have
been substituting inferior ingredients in their pies to lower costs and increase
their margins. You know you’ve got to do something, because in the long
term this is going to hurt the Objectville brand!
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Ensuring consistency in your ingredients

So how are you going to ensure each franchise is using quality ingredients?
You’re going to build a factory that produces them and ships them to your
franchises!

Now there is only one problem with this plan: the franchises are located in
different regions and what is red sauce in New York is not red sauce in
Chicago. So, you have one set of ingredients that needs to be shipped to New
York and a different set that needs to be shipped to Chicago. Let’s take a
closer look:



C)}Licago
Pizza Menu
Cheese Pizza

Plum Tomato Sauce, Mozzarella, Parmesan,
Oregano

Veggie Pizza
Plumi Tomato Sauce, Mozzarella, Parmesan,

Eggplant, Spinach, Black Mives

Clam Pizza
Plum Tomato Sauce, Mozzarella, Parmesan, Clams

Pepperoni Pizza
Plum Tomato Sauce, Mozzarelia, Parmesan,
Eggplant, Spinach, Black 0lives, Pepperoni

We've 5o+, the
same ?radun‘.{‘,
Lamilies (dough,
saute, theese,
vcggi:s, mcats?
but diffevent
implementations
based on vegion.

£ ™

Families of ingredients...

New York uses one set of ingredients and Chicago another. Given the
popularity of Objectville Pizza, it won’t be long before you also need to
ship another set of regional ingredients to California, and what’s next?

Seattle?

Vew York
PizzaMenu

Cheese Pizza
Marindra Sauce, Reggiano, Garlic

Veggie Pizza
Mqrfnam Sauce, Reggiano, Mushrooms,
Onions, Red Peppers

Clam Pizza
Marinara Sauce, Reggiano, Fresh Clams

Pepperoni Pizza
Marinara Sauce, Reggiano, Mushrooms,
Onions, Red Peppers, Fepperoni

For this to work, you are going to have to figure out how to handle

families of ingredients.



Chicago

FrozenClams '
PlumTomatoSauce I ThickCrustDough l

MozzarellaCheese

NGW YOI’k T\ ¢ from the same
ave wmad

etkville's Pizzas 3"
AN Objectles Po e

FreshClams Lom?ohch{'f'r_ hose Mm?ontn{'f--
l iw?1¢Mtn3(.3JCr‘°“ °$ tho

MarinaraSauce I ThinCrustDough Q
—'oc:' California
ReggianoCheese
I | Calamari

| BruschettaSauce l | VeryThinCrust l
GoatCheese
Each family consists of a type of dough,
a type of sauce, a type of theese, and a

seatood topping (along with a few move we
haven't shown, like veggies and spices). _,j

ienk Lamilies, with
of 'mgrcd'ucn{&

¢ vegions make up ingred

In total, these i ting 3 tomplete Lamily

eath region impl

Building the ingredient factories

Now we’re going to build a factory to create our ingredients; the factory
will be responsible for creating each ingredient in the ingredient family.
In other words, the factory will need to create dough, sauce, cheese, and
so on... You’ll see how we are going to handle the regional differences
shortly.



Let’s start by defining an interface for the factory that is going to create

all our ingredients:
public interface PizzalIngredientFactory {

L we dﬁf’.‘“t a

public Dough createDough() ; /—\ For eath ""‘5"’:&“ er@acc-

public Sauce createSauce(); L‘.‘-‘Cajf«c '“t'{'md e
public Cheese createCheese();

public Veggies[] createVeggies();

public Peppercni createPeppercni();

public Clams createClam() :

Lots of new tlasses heve,
one pev ingredient.

NOTE

If we’d had some common “machinery” to implement in each instance of factory, we
could have made this an abstract class instead...

Here’s what we’re going to do:

(@ Build a factory for each region. To do this, you’ll create a subclass of
PizzalngredientFactory that implements each create method.

(2 Implement a set of ingredient classes to be used with the factory, like
ReggianoCheese, RedPeppers, and ThickCrustDough. These classes can
be shared among regions where appropriate.

@ Then we still need to hook all this up by working our new ingredient
factories into our old PizzaStore code.

Building the New York ingredient factory

Okay, here’s the implementation for the New York ingredient factory.
This factory specializes in Marinara Sauce, Reggiano Cheese, Fresh
Clams...



The NY ingredient fLaetor
im';ﬁzmcn{? the interfate }cﬂr all

ingrcdich{: Faetories

o

public class NYPizzalngredientFactory implements PizzalngredientFactory {

public Dough createDough() {

return new ThinCrustDough () ;

} ;
R~ For eath 'mErcdlr,n{ mct::tc
{ ily, we &¥
lic Sauce createSauce() { -1,,5“(5“:“1:_ amH .“

the New York version

return new MarinaraSauce() ;

public Cheese createCheese() {

return new ReggianoCheese() ;

public Veggies|[] createVeggies() {

Veggies veggies[] = { new Garlic(), new Onion(), new Mushroom() , new RedPepper() };

return veggies;

For veagies, we veturn an array of
| K Veggies. teve we've havdtoded the
veggies. We tould make this more
public Pepperoni createPepperoni() { sc'f’his{.ic.aﬁtd, buk £hat doesnt “a“\!
maben.oaw Slicadieppszentiy.y add anything 4:::- lea\'n'ln.g Jc_h: factory
) pattern, so well keep it simple.

public Clams createClam() {

return new FreshClams() ;

The best slited pepperoni.

! This is shaved bebween New
; York and Chitago. Make sure
: Lt you use it on {-,he.neﬁt page
Ncw \(o‘rk s ‘U‘o: sl when You 36“; to lm?icr\ncnf
SCJCS -F\r:shgﬂ.!a?s. C'h'lf.ago " the C'n'nt.aga Fat‘.{m‘\f ‘;toursc!-@
1o settle for trozen

SHARPEN YOUR PENCIL

Write the ChicagoPizzalngredientFactory. You can reference the classes below in your
implementation:




BlackOlives

Spinach

EggPlant i

FrozenClam I

SlicedPepperoni I

ThickCrustDough

)

PlumTomatoSauce

MozzarellaCheese _h

Reworking the pizzas...

We’ve got our factories all fired up and ready to produce quality ingredients;

now we just need to rework our Pizzas so they only use factory-produced

ingredients. We’ll start with our abstract Pizza class:



public abstract class Pizza {
String name; Eath pizza holds a set of ihglrtdlm‘i:s

[__/— that ave used in its preparation.
Dough dough;

Sauce sauce;
Veggies veggies[];
Cheese cheese;
Pepperoni pepperoni;
Clams clam;

We've now made +the prepare method abstract.

This is where we ave going to ollect the
/—\ ihﬁ\'tdi!h{',-‘- needed for the Pizza, whith of
abstract void prepare () ; tourse will ome from the ingredient J:“a.‘.{'pry.

void bake () {
System.out.println("Bake for 25 minutes at 350");

void cut() {
System.out.println("Cutting the pizza into diagonal slices");

void box() {
System.ocut.println("Place pizza in official PizzaStore box");

void setName (String name) {
this.name = name;

' me, with
™~ Our obher methods remamn the sa{: :;dWI
S he exeeption of Lhe prepare methol

String getName () {
return name;

public String toString() ({
// code to print pizza here

}

Reworking the pizzas, continued...

Now that you’ve got an abstract Pizza to work from, it’s time to create the
New York and Chicago style Pizzas — only this time around they will get
their ingredients straight from the factory. The franchisees’ days of skimping



on ingredients are over!

When we wrote the Factory Method code, we had a NYCheesePizza and a
ChicagoCheesePizza class. If you look at the two classes, the only thing that
differs is the use of regional ingredients. The pizzas are made just the same
(dough + sauce + cheese). The same goes for the other pizzas: Veggie, Clam,

and so on. They all follow the same preparation steps; they just have different
ingredients.

So, what you’ll see is that we really don’t need two classes for each pizza; the

ingredient factory is going to handle the regional differences for us. Here’s
the Cheese Pizza:

izza now, W
public class CheesePizza extends Pizza { To ';akc;j'zw ko provide
a 1atte
PizzaIngredientFactory ingredientFactory; hic inaye di enks. Co eath
the w s "
Pizza tlass oets fattory

. : bruttor,
public CheesePizza (PizzaIngredientFactory ingredientFactory) {  passed inte its tonstru

Ve eboved in an
this.ingredientFactory = ingredientFactory; and ks s‘pr_'b.l
} instante vanabple:

void prepare() {

System.out.println("Preparing " + name) ;

dough = ingredientFactory.createDough() ; = Heve's wheve the magie Rappes.
sauce = ingredientFactory.createSauce() ;
cheese = ingredientFactory.createCheese() ;
}
i /L The prepare() method steps "&hlff”‘ﬁh eveating
3 theese pizz3, and eath time it needs an

'lngrcd'lcr\t ik asks the -’r‘ac‘lzoi'jr 1o ?rodutc it.

CODE UP CLOSE

The Pizza code uses the factory it has been composed with to produce the ingredients
used in the pizza. The ingredients produced depend on which factory we’re using. The
Pizza class doesn’t care; it knows how to make pizzas. Now, it’s decoupled from the
differences in regional ingredients and can be easily reused when there are factories for
the Rockies, the Pacific Northwest, and beyond.

sauce = ingredientFactory.createSauce() ;

Wg’rﬂ SE{:'{:ina .Eh:

, &
1223 instange This is our ingredient fattory. The ereateSauce() methed rrtu_m.g {:HNSM t
Variable 1o e fe, s The Pizza doesnt cave whith that is vsed in its vegion: £ Jc'hlus s 3 Y e
[ . - - % - L ol

the specific sauee fattory is used, as long as it ingredient fatkory, then we get mare:

used in £hie Pizza. is an ihgredicn{ '[:Bt'.{;o'r“f-
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Let’s check out the ClamPizza as well:

ClamPizza also stashes
public class ClamPizza extends Pizza { qif#JPAninytdmntgathwy

PizzalngredientFactory ingredientFactory;

public ClamPizza(PizzalngredientFactory ingredientFactory) {
this.ingredientFactory = ingredientFactory;

void prepare() {
System.out.println("Preparing " + name) ;
dough = ingredientFactory.createDough() ;
<_ To make a tlam pizz3, the prepave

i QQ\ method l'.GHCC-JC,S the r'lgh'[:,
cheese = ingredientFactory.createCheese() ; Sl - g edients From ks lotal $ac{;or~}l.
nar | ] -

clam = ingredientFactory.createClam() ;

}
} 7
|-’; s a New Y’a'rlk -FEE,*:.DV\IF;

the elams will be Presh; if it's
Chif.ago, {;'h:f“ be Lrozen.

sauce = ingredientFactory.createSaucel) ;

Revisiting our pizza stores

We’re almost there; we just need to make a quick trip to our franchise
stores to make sure they are using the correct Pizzas. We also need to
give them a reference to their local ingredient factories:



: . . bore 1S tomposcd "
public class NYPizzaStore extends PizzaStore { The N\J‘I < tﬁa‘-’i@r\f-
: : w s
protected Pizza createPizza(String item) { This will be use | N\{ (i‘jllﬂ pizz2
' =l
Pizza pizza = null; 'ma\r:dll'«“t o
PizzalngredientFactory ingredientFactory =
new NYPizzalngredientFactoryl() ;
i i ‘tht
if (item.equals("cheese")) | (—\ lnll’f now ?SSSlCaCh ?Iua {p
$3¢{9r1r' that should be used

pizza = new CheesePizza(ingredientFactory) ;
pizza.setName ("New York Style Cheese Pizza") ;

} else if (item.equals("veggie")) {

1

produte its \nla\"cdlf'nJC,S.

Look batk one page and make

pizza

pizza.

sure You und:""‘i*\l'.ahd how the
= new VeggiePizza(ingredientFactory) ; pizza and the F&E.Jm’r\f work
setName ("New York Style Veggie Pizza") ; {ge}gt'h:r!

} else if (item.equals("clam")) {

pizza = new ClamPizza (ingredientFactory) ; ;
pizza.setName ("New York Style Clam Pizza") ;

For eath {:‘?'FC of Pizza, we

} else if (item.equals("pepperoni'))} { instantiate :3 new Pizza and
1
give it the factory it needs to
pizza = new PepperoniPizza(ingredientFactory) ; get its ngredients.

pizza.setName ("New York Style Pepperoni Pizza");

1
return pizza;

BRAIN POWER

Compare this version of the createPizza() method to the one in the Factory Method

implementation earlier in the chapter.

What have we done?

That was quite a series of code changes; what exactly did we do?

We provided a means of creating a family of ingredients for pizzas by
introducing a new type of factory called an Abstract Factory.

An Abstract Factory gives us an interface for creating a family of
products. By writing code that uses this interface, we decouple our code



from the actual factory that creates the products. That allows us to
implement a variety of factories that produce products meant for
different contexts — such as different regions, different operating
systems, or different look and feels.

Because our code is decoupled from the actual products, we can
substitute different factories to get different behaviors (like getting
marinara instead of plum tomatoes).

An Abstract Factory provides an interface for a family of products. What’s a
family? In our case, it’s all the things we need to make a pizza: dough, sauce,
cheese, meats, and veggies.

From the abstract factory, we derive one or more concrete factories that
produce the same products, but with different implementations.

We then write our code so that it uses the factory to create products. By
passing in a variety of factories, we get a variety of implementations of those
products. But our client code stays the same.



New York (fago




More pizza for Ethan and Joel...

Ethan and Joel can’t get enough Objectville Pizza! What they don’t
know is that now their orders are making use of the new ingredient
factories. So now when they order...

Behind the Scenes

I'm stickin' with

I'm still lovin’ NY Style. Chicago.

The first part of the order process hasn’t changed at all. Let’s follow Ethan’s
order again:

(D First we need a NY PizzaStore:



PizzaStore nyPizzaStore = new NYPizzaStore() ;

\ Creates an instance

(Y
ot NYPizzaStore. —__ >

%'z;r_ﬂ 5““’&t

zzal"f—'h’aegen)

createPi

(2 Now that we have a store, we can take an order:

nyPizzaStore.orderPizza ("cheese") ;
\ The ovderPizza() method is called
on the n‘f?nzzaﬁ-towt instante.
3 The orderPizza() method first calls the createPizza() method:
Pizza pizza = createPizza("cheese");
From here things change, because we are using an
ingredient factory

Behind the Scenes

@ When the createPizza() method is called, that’s when our
ingredient factory gets involved:



[ nd
<ent Fattory is thosen 3
Ch'Jnch :ht F]\#z.zagjmrc and then

shruttor ok eath pizzd:

The ingred
.“Sﬁnklated
passed into the con

/

new CheesePizza (nyIngredientFactory) ;

k C'rca{',cs a ihf»{:ﬂnce

of Pizza that is
Composed with Lhe

Ew Y’lﬂ“k ihﬂeriCh‘&
attory.

nolds

Pizza pizza =

Prepare ()

(® Next we need to prepare the pizza. Once the prepare() method is
called, the factory is asked to prepare ingredients:

Thin t‘wﬁb{‘
void prepare() {
dough = factory.createDoughl) ; Mavrinava
sauce = factory.createSauce/() ;
cheese = factory.createCheesel() ; \

} /
For Ethan's pizza #‘ht New
'mg-rcd'tcn{ ﬁaa:{ow; is used,

we get the NY ingedients
® Finally, we have the prepared pizza in hand and the orderPizza()
method bakes, cuts, and boxes the pizza.

Rfﬂﬂiahﬂ

York
and so



Abstract Factory Pattern defined

We’re adding yet another factory pattern to our pattern family, one that lets

us create families of products. Let’s check out the official definition for this
pattern:

NOTE

The Abstract Factory Pattern provides an interface for creating families of related or
dependent objects without specifying their concrete classes.

We’ve certainly seen that Abstract Factory allows a client to use an abstract

interface to create a set of related products without knowing (or caring) about
the concrete products that are actually produced. In this way, the client is

decoupled from any of the specifics of the concrete products. Let’s look at
the class diagram to see how this all holds together:

The Client is written ag,a'ms{: the
abs{,raf.‘l'. fac{ovy and f\ncvx :.‘.om?oscd
at vuntime with an aetual ?acjoory-

The AbstractFactory defines the
inkerface that all Contvete fattovies

Client
must im?!:mtn{, whith tonsists o‘p a set
of methods for produting produtts. This is the product ———
family. Eath tontvete
‘Z -Fa:‘.{'pw tan produte an
<<interface>> ke entive set o P“'"d“"‘{s' <<interface>>
Abstractraciory AbstractProductA
CreateProductA() 7
CreateProducta()
.&\ > ks i
> ProductA2 ProductA1
—1  ConcreteFactoryt |\ | ConcreteFactory2
CreateProductA() CreateProducta()
CreateProductB() CreateProductB()
<<interface>>
AbstractProductB
C The tontrete Lactories imﬂtmcn{ \
the diffevent ?\‘oducf Lamilies. To ,;\] |7
tveate a product, the client uses " T o
one of these Lattories, so it never
has 4o instantiate a product object.




That’s a fairly complicated class diagram; let’s look at it all in terms of
our PizzaStore:



The abstract
Pizzal nﬁrcdican&C‘Eer is the
inkevfate that defines how to

The tlients of the Abstract

Fattory are the two
instantes of our PizzaStore,

NYPizzaStore and
ChicagoS{;ylcPizz.aS{:are.

make a family of velated produtts —
everything we need to make a pizza. 2

NYPizzaStore
createPizza()

<<interface>>
Dough

<<interface>>
PizzalngredientFactory

createDoughy)

createSaucef)
createChesse)
createVeggies()
createPepperon)
createClam()

ThickCrustDough |

ThinCrustDough r

<<interface>>
Sauce

NYPizzaingredientFactory

ChicagoPizzalngredientFactory

The job of the 7
toncrete pizza

Laetories is to make

E’nr_z.a ingredich{s- Eath

at: knows how

createSauce(} createSaucel)
createCheese() createCheese()
create\Veggies() createVeggies()
crsaiePaposronly createPepperoni()
createClam() ereateClam()

PlumTomatoSauce l MarinaraSauce r

Y

FrozenClams

FreshClams l-—

4o eveate the right
ab")ct'.'{:s for their veaion.

Each factory produtes a diffevent ‘S
implementation for the ?ami!y of products.



I noticed that each method in the
Abstract Factory actually looks like

a Factory Method (createDough(),
createSauce(), etc.). Each method is
declared abstract and the subclasses
override it to create some object. Isn't
that Factory Method?

Is that a Factory Method lurking inside the Abstract Factory?

Good catch! Yes, often the methods of an Abstract Factory are implemented
as factory methods. It makes sense, right? The job of an Abstract Factory is
to define an interface for creating a set of products. Each method in that

interface is responsible for creating a concrete product, and we implement a

subclass of the Abstract Factory to supply those implementations. So, factory

methods are a natural way to implement your product methods in your
abstract factories.

,

PATTERNS EXPOSED
This week’s interview: Factory Method and Abstract Factory, on each other
HeadFirst: Wow, an interview with two patterns at once! This is a first for us.

Factory Method: Yeah, I’'m not so sure I like being lumped in with Abstract Factory,
you know. Just because we’re both factory patterns doesn’t mean we shouldn’t get our
own interviews.




HeadFirst: Don’t be miffed, we wanted to interview you together so we could help
clear up any confusion about who’s who for the readers. You do have similarities, and
I’ve heard that people sometimes get you confused.

Abstract Factory: It is true, there have been times I’ve been mistaken for Factory
Method, and I know you’ve had similar issues, Factory Method. We’re both really good
at decoupling applications from specific implementations; we just do it in different
ways. So I can see why people might sometimes get us confused.

Factory Method: Well, it still ticks me off. After all, I use classes to create and you use
objects; that’s totally different!

HeadFirst: Can you explain more about that, Factory Method?

Factory Method: Sure. Both Abstract Factory and I create objects — that’s our jobs.
But I do it through inheritance...

Abstract Factory: ...and I do it through object composition.

Factory Method: Right. So that means, to create objects using Factory Method, you
need to extend a class and provide an implementation for a factory method.

HeadFirst: And that factory method does what?

Factory Method: It creates objects, of course! I mean, the whole point of the Factory
Method Pattern is that you’re using a subclass to do your creation for you. In that way,
clients only need to know the abstract type they are using, the subclass worries about the
concrete type. So, in other words, I keep clients decoupled from the concrete types.

Abstract Factory: And I do too, only I do it in a different way.
HeadFirst: Go on, Abstract Factory... you said something about object composition?

Abstract Factory: I provide an abstract type for creating a family of products.
Subclasses of this type define how those products are produced. To use the factory, you
instantiate one and pass it into some code that is written against the abstract type. So,
like Factory Method, my clients are decoupled from the actual concrete products they
use.

HeadFirst: Oh, I see, so another advantage is that you group together a set of related
products.

Abstract Factory: That’s right.

HeadFirst: What happens if you need to extend that set of related products to, say, add
another one? Doesn’t that require changing your interface?

Abstract Factory: That’s true; my interface has to change if new products are added,
which I know people don’t like to do....

Factory Method: <snicker>

Abstract Factory: What are you snickering at, Factory Method?




Factory Method: Oh, come on, that’s a big deal! Changing your interface means you
have to go in and change the interface of every subclass! That sounds like a lot of work.

Abstract Factory: Yeah, but I need a big interface because I am used to creating entire
families of products. You’re only creating one product, so you don’t really need a big
interface, you just need one method.

HeadFirst: Abstract Factory, I heard that you often use factory methods to implement
your concrete factories?

Abstract Factory: Yes, I’ll admit it, my concrete factories often implement a factory
method to create their products. In my case, they are used purely to create products...

Factory Method: ...while in my case I usually implement code in the abstract creator
that makes use of the concrete types the subclasses create.

HeadFirst: It sounds like you both are good at what you do. I'm sure people like having
a choice; after all, factories are so useful, they’ll want to use them in all kinds of
different situations. You both encapsulate object creation to keep applications loosely
coupled and less dependent on implementations, which is really great, whether you’re
using Factory Method or Abstract Factory. May I allow you each a parting word?

Abstract Factory: Thanks. Remember me, Abstract Factory, and use me whenever you
have families of products you need to create and you want to make sure your clients
create products that belong together.

Factory Method: And I’'m Factory Method; use me to decouple your client code from
the concrete classes you need to instantiate, or if you don’t know ahead of time all the
concrete classes you are going to need. To use me, just subclass me and implement my
factory method!

.

Factory Method and Abstract Factory compared



PizzaStovre is imylemcn{:ed as a Far.’co\"f
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in‘kcvlfau Porﬁaduc{: With the Factory Method, eath vegion
A e | 1 PizzaStore gets its own tontrete factory that
knows how to make pizzas that ave
Eath subelass detides whith e appropriate for the area.
th subl L ;

toneveke tlass to inch.anba{g.&_____}
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NYPizzaStore ChicagoPizzaStore E\
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NOTE

The product subclasses create parallel sets of product families. Here we have a New
York ingredient family and a Chicago family.

Tools for your Design Toolbox




In this chapter, we added two more tools to your toolbox: Factory Method
and Abstract Factory. Both patterns encapsulate object creation and allow
you to decouple your code from concrete types.
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BULLET POINTS

= All factories encapsulate object creation.

» Simple Factory, while not a bona fide design pattern, is a simple way to decouple
your clients from concrete classes.

» Factory Method relies on inheritance: object creation is delegated to subclasses,
which implement the factory method to create objects.

» Abstract Factory relies on object composition: object creation is implemented in
methods exposed in the factory interface.

» All factory patterns promote loose coupling by reducing the dependency of your
application on concrete classes.

» The intent of Factory Method is to allow a class to defer instantiation to its
subclasses.

» The intent of Abstract Factory is to create families of related objects without having
to depend on their concrete classes.

» The Dependency Inversion Principle guides us to avoid dependencies on concrete
types and to strive for abstractions.

m Factories are a powerful technique for coding to abstractions, not concrete classes.

DESIGN PATTERNS CROSSWORD

It’s been a long chapter. Grab a slice of Pizza and relax while doing this crossword; all
of the solution words are from this chapter.
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Across Down

1. In Factory Method, each franchise is a 2. We used in Simple Factory and
Abstract Factory, and inheritance in Factory

4. In Factory Method, who decides which Method.

class to instantiate? 3. Abstract Factory creates a of

6. Role of PizzaStore in Factory Method products.

Pattern. 5. Not a REAL factory pattern, but handy

7. All New York style pizzas use this kind of nonetheless.

cheese. 10. Ethan likes this kind of pizza.

8. In Abstract Factory, each ingredient factory
isa

9. When you use new, you are programming
to an

11. createPizza() is a (two
words).

12. Joel likes this kind of pizza.

13. In Factory Method, the PizzaStore and the
concrete Pizzas all depend on this abstraction.

14. When a class instantiates an object from a




concrete class, it’s on that
object.

15. All factory patterns allow us to
object creation.

SHARPEN YOUR PENCIL SOLUTION

We’ve knocked out the NYPizzaStore; just two more to go and we’ll be ready to
franchise! Write the Chicago and California PizzaStore implementations here:

+ly like the New
h of these stoves are almost exattly | .
C E:ui s{prc...c they ‘}U.S{', eveate diffevent kinds of pizzas.

public class ChicagoPizzaStore extends PizzaStore |
protected Pizza createPizza (String item) {
if (item.equals("cheese")) { For the Chitage pizzd
return new ChicagoStyleCheesePizzal() ; W kove, we \'}us{ have
} else if (item.equals("veggie')) { & .ake sure we Cre
return new ChicagoStyleVeggiePizzal) ; e Chitage S‘t\f!IC L
} else if (item.equals("eclam")) { /
return new ChicagoStyleClamPizza (} ;
} else if (item.equals("pepperoni'})) {
return new ChicagoStylePeppercniPizzal() ;

} else return null;

public class CaliforniaPizzaStore extends PizzaStore {
protected Pizza createPizza (String item) { _
if (item.egquals("cheese")) { il for the C&hfo""""a
return new CaliforniaStyleCheesePizzal(); ¥ pizza store, We t.u_'ca o
} else if (item.equals ("veggie")) { & Cal'l.»[:o‘rn\a Sjt\ﬂf- pizzas
return new CaliforniaStyleVeggiePizzal() ;
} else if {item.equals("clam")) { "/
return new CaliforniaStyleClamPizzal() ;
} else if (item.equals("pepperoni")) {
return new CaliforniaStylePeppercniPizzal() ;

} else return null;




DESIGN PUZZLE SOLUTION

We need another kind of pizza for those crazy Californians (crazy in a GOOD way, of
course). Draw another parallel set of classes that you’d need to add a new California
region to our PizzaStore.

PizzaStore
createPizza() m ntcd jc,c
orderPizzal) Heve's gucrE‘U"'“ﬁ ‘f;a stove,
add 3 Calikorma ¥ '
¢
the tontrete ?,Lz.ai:s va
tlass, and the Calixornt
/ : Yllc ?1 2235
NYPizzaStore ChicagoPizzaStore CaliforniaPizzaStore
createPizza() creaiePlzzaﬂ createPizza()
NYStyleCheesePiza | ChicagoStyleCheesePizza | | CaliforniaStyleCheesePizza |
| NYStylePepperoniPizza | |ChicagoStylePepperoniPizza | CalifomiaStylePepperoniPizza |
[ NYSterCIamPIzz;_ h [ ChicagoStyleClamPizz:; h | CalHornia$ty|eClamPlzza. )
i . — 8
- NYStyleVeggiePizza — ChicagoStyleVeggiePizza CaliforniaStyleVeggiePizza
T— _q —

Okay, now write the five silliest things you can think of to put on a pizza. Then, you’ll
be ready to go into business making pizza in California!

NOTE

Here are our suggestions...

Mashed Potatoes with Roasted Garlic
BBQ Sauce

Artichoke Hearts

M¢M’s

Peanuts

. J

A very dependent PizzaStore



SHARPEN YOUR PENCIL SOLUTION

Let’s pretend you’ve never heard of an OO factory. Here’s a version of the PizzaStore
that doesn’t use a factory; make a count of the number of concrete pizza objects this
class is dependent on. If you added California style pizzas to this PizzaStore, how many
objects would it be dependent on then?

public class DependentPizzaStore {

public Pizza createPizza (String style, String type) {
Pizza pizza = null;
if (style.equals("NY")) {
if (type.equals("cheese")) {
pizza = new NYStyleCheesePizzal() ;

} else if (type.equals ("veggie")}) { Handles all the
pizza = new NYStyleVeggiePizza() ; é?/f”“‘|ﬁf.ﬁﬁk pizzas
} else if (type.equals("clam")) {

pizza = new NYStyleClamPizzal();
} else if (type.equals ("pepperoni”)) {
pizza = new NYStylePepperoniPizzal() ;
}
} else if (style.equals("Chicago")) {
if (type.equals("cheese")) {

pizza = new ChicagoStyleCheesePizzal() ; Hamﬂtsﬁ‘fhf
} else if (type.equals("veggie")) { Chitage sbﬂt pizzas
pizza = new ChicagoStyleVeggiePizza() ; é{fﬂm

} else if (type.equals("clam")) {
pizza = new ChicagoStyleClamPizzal() ;
} else if (type.equals ("pepperoni")) {
pizza = new ChicagoStylePepperoniPizza () ;
}
} else {
System.out.println("Error: invalid type of pizza");
return null;
}
pizza.prepare() ;
pizza.bake () ;
pizza.cut();
pizza.box();
return pizza;

\fou tan write Your
answers heve: g8 number lz.. number

\ J

e 3

SHARPEN YOUR PENCIL SOLUTION

with Calic.o'rnia doo

Go ahead and write the ChicagoPizzalngredientFactory; you can reference the classes
below in your implementation:

public class ChicagoPizzaIngredientFactory



implements PizzaIngredientFactory

public Dough createDough() {
return new ThickCrustDough();
}

public Sauce createSauce() {
return new PlumTomatoSauce();
}

public Cheese createCheese() {
return new MozzarellaCheese();
}

public Veggies[] createVeggies() {
Veggies veggies[] = { new BlackOlives(),
new Spinach(),
new Eggplant() };
return veggies;

}

public Pepperoni createPepperoni() {
return new SlicedPepperoni();
}

public Clams createClam() {
return new FrozenClams();
}

EggPlant

Spinach h

ThickCrustDough

BlackOlives SlicedPepperoni

PlumTomatoSauce

FrozenClams

MozzarellaCheese

DESIGN PATTERNS CROSSWORD SOLUTION

It’s been a long chapter. Grab a slice of Pizza and relax while doing this crossword; all
of the solution words are from this chapter. Here’s the solution.
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Chapter 5. The Singleton Pattern:
One of a Kind Objects

You talkin' to me or the car?
Oh, and when can T get my oven
mitt back?

I tell ya she's ONE
OF A KIND. Look at the
lines, the curves, the body,
the headlights!

Our next stop is the Singleton Pattern, our ticket to creating one-of-a-
kind objects for which there is only one instance. You might be happy to
know that of all patterns, the Singleton is the simplest in terms of its class
diagram; in fact, the diagram holds just a single class! But don’t get too
comfortable; despite its simplicity from a class design perspective, we are
going to encounter quite a few bumps and potholes in its implementation. So
buckle up.



What is this? An
entire chapter about
how to instantiate just
ONE OBJECT!

That's one and OMLY
ONE object.

Developer: What use is that?

Guru: There are many objects we only need one of: thread pools, caches,
dialog boxes, objects that handle preferences and registry settings, objects
used for logging, and objects that act as device drivers to devices like printers
and graphics cards. In fact, for many of these types of objects, if we were to
instantiate more than one we’d run into all sorts of problems like incorrect
program behavior, overuse of resources, or inconsistent results.

Developer: Okay, so maybe there are classes that should only be instantiated
once, but do I need a whole chapter for this? Can’t I just do this by
convention or by global variables? You know, like in Java, I could do it with
a static variable.

Guru: In many ways, the Singleton Pattern is a convention for ensuring one
and only one object is instantiated for a given class. If you’ve got a better
one, the world would like to hear about it; but remember, like all patterns, the
Singleton Pattern is a time-tested method for ensuring only one object gets
created. The Singleton Pattern also gives us a global point of access, just like
a global variable, but without the downsides.

Developer: What downsides?



Guru: Well, here’s one example: if you assign an object to a global variable,
then that object might be created when your application begins. Right? What
if this object is resource intensive and your application never ends up using
it? As you will see, with the Singleton Pattern, we can create our objects only
when they are needed.

Developer: This still doesn’t seem like it should be so difficult.

Guru: If you’ve got a good handle on static class variables and methods as
well as access modifiers, it’s not. But, in either case, it is interesting to see
how a Singleton works, and, as simple as it sounds, Singleton code is hard to
get right. Just ask yourself: how do I prevent more than one object from being
instantiated? It’s not so obvious, is it?

The Little Singleton

A small Socratic exercise in the style of The Little
Lisper

How would you new MyObject();
create a single
object?

And, what if another | Yes, of course.
object wanted to

create a MyObject?

Could it call new on

MyObject again?

So as long as we Yes. Well, only if it’s a public class.
have a class, can we

always instantiate it

one or more times?

And if not? Well, if it’s not a public class, only classes in the same package can
instantiate it. But they can still instantiate it more than once.

Hmm, interesting. | No, I’d never thought of it, but I guess it makes sense because it is a

Did you know you legal definition.

could do this?

=



What does it mean?

Well, is there ANY
object that could use
the private
constructor?

Why not?

Okay. It was just a
thought.

What does this
mean?

Why did you use
MyClass, instead of
some object name?

Very interesting.
What if we put
things together.

Now can [
instantiate a
MyClass?

So, now can you
think of a second
way to instantiate an
object?

Can you finish the
code so that only
ONE instance of
MyClass is ever
created?

I suppose it is a class that can’t be instantiated because it has a
private constructor.

Hmm, I think the code in MyClass is the only code that could call
it. But that doesn’t make much sense.

Because I’d have to have an instance of the class to call it, but I
can’t have an instance because no other class can instantiate it. It’s
a chicken-and-egg problem: I can use the constructor from an
object of type MyClass, but I can never instantiate that object
because no other object can use “new MyClass()”.

MyClass is a class with a static method. We can call the static
method like this:

MyClass.getInstance();

Well, getlnstance() is a static method; in other words, it is a CLASS
method. You need to use the class name to reference a static
method.

Wow, you sure can.

MyClass.getInstance();

Yes, I think so...
(You’ll find the code on the next page.)



Dissecting the classic Singleton Pattern implementation

Let's rename 3 spatit
3 1 -bo'n 1...34!. dl gl
M\erﬁESS R uj;ﬁa‘o"tf- o h&;ﬂ. e
Le
e W kon
public class Singleton { 03355 E—}'mﬁ"“

private static Singleton uniqueInstance; t/

// other useful instance variables here .
Our ¢onsbruttor is

< wate; on

detlaved private; only
S;mlalﬂ‘l:ﬁh tan insb&n{:la{,:
his elass!

private Singleton() {}

pubblic static Singleton getInstance
if {(uniquelInstance == null) {
uniquelnstance = new Singleton() :

The aetinstante() method
5iarcs us 3 way to instantiate
the ¢lass and also to return
an instante of it.

// other useful methods here (—\
} O'F ﬁwksg; Sin ]f'{:ﬂh .
I5
dl'ﬂs:; 3 3 normg

it has other ‘F .
variables and mc{h-::::_ i nstance

}
return uniquelnstance;

WATCH IT!

If you’re just flipping through the book, don’t blindly type in this code; you’ll see it has
a few issues later in the chapter.

CODE UP CLOSE
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if (uniquelnstance == null) { instante, it never gets eveated;

uniqueInstance = new Singleton() : this is lazy instantiation.
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We ju‘:‘{ £all ‘Uﬂrough {o the
L_, By the time we hit this tode, we retuen statement.
have an instante and we veturn it |

PATTERNS EXPOSED
This week’s interview: Confessions of a Singleton

HeadFirst: Today we are pleased to bring you an interview with a Singleton object.
Why don’t you begin by telling us a bit about yourself.

Singleton: Well, I’m totally unique; there is just one of me!
HeadFirst: One?

Singleton: Yes, one. I'm based on the Singleton Pattern, which assures that at any time
there is only one instance of me.

HeadFirst: Isn’t that sort of a waste? Someone took the time to develop a full-blown
class and now all we can get is one object out of it?

Singleton: Not at all! There is power in ONE. Let’s say you have an object that contains
registry settings. You don’t want multiple copies of that object and its values running
around — that would lead to chaos. By using an object like me you can assure that every
object in your application is making use of the same global resource.

HeadFirst: Tell us more...

Singleton: Oh, I’'m good for all kinds of things. Being single sometimes has its
advantages you know. I’m often used to manage pools of resources, like connection or
thread pools.

HeadFirst: Still, only one of your kind? That sounds lonely.

Singleton: Because there’s only one of me, I do keep busy, but it would be nice if more
developers knew me — many developers run into bugs because they have multiple
copies of objects floating around they’re not even aware of.




HeadFirst: So, if we may ask, how do you know there is only one of you? Can’t anyone
with a new operator create a “new you”?

Singleton: Nope! I'm truly unique.
HeadFirst: Well, do developers swear an oath not to instantiate you more than once?

Singleton: Of course not. The truth be told... well, this is getting kind of personal but... I
have no public constructor.

HeadFirst: NO PUBLIC CONSTRUCTOR! Oh, sorry, no public constructor?
Singleton: That’s right. My constructor is declared private.
HeadFirst: How does that work? How do you EVER get instantiated?

Singleton: You see, to get a hold of a Singleton object, you don’t instantiate one, you
just ask for an instance. So my class has a static method called getInstance(). Call that,
and I’ll show up at once, ready to work. In fact, I may already be helping other objects
when you request me.

HeadFirst: Well, Mr. Singleton, there seems to be a lot under your covers to make all
this work. Thanks for revealing yourself and we hope to speak with you again soon!

-

The Chocolate Factory

Everyone knows that all modern chocolate factories have computer-
controlled chocolate boilers. The job of the boiler is to take in chocolate and
milk, bring them to a boil, and then pass them on to the next phase of making
chocolate bars.

Here’s the controller class for Choc-O-Holic, Inc.’s industrial strength
Chocolate Boiler. Check out the code; you’ll notice they’ve tried to be very
careful to ensure that bad things don’t happen, like draining 500 gallons of
unboiled mixture, or filling the boiler when it’s already full, or boiling an
empty boiler!






public class ChocolateBoiler {
private boclean empty;
private boolean boiled;

i i d
public ChocolateBoiler() { -rh5¢°ch5T”H,ﬂﬁr#;F
empty = true; 6-/‘ when the boiler is empty:

boilaed = falsea;

}
To Fill the bailer it must be

i i i + -tuu: wE
public void £ill() { emphy, and, onte it's _
if (isEmpty()) { 6/_\ RJE Jhc t.rn?‘li‘]' and boiled [laos.
empty = false;

boiled = false;
// £ill the beoiler with a milk/chocolate mixture

e ¥ N To desin the boiler, i must be ful
i

('isEmpty () && isBoiled()) { T
// drain the boiled milk and chocolate (non—empty) %nd also boiled. Onte it is
drained we set Crnl,?bf batk to true.

empty = true;

public void boil() {
if ('isEmpty () && 'isBoiled()) { ' .
// bring the contents to a boil To boil the mixture, the boiler
boiled = true; J has to be full and not already
} EOilCd- QI’\CE i‘E,JS bm!gd WE SC{:
} +he b:}ired ﬁ]aﬂ to true.

public boolean isEmpty() {
return empty;
1

public boolean isBoiled() {
return boiled;
}

BRAIN POWER

Choc-O-Holic has done a decent job of ensuring bad things don’t happen, don’t ya
think? Then again, you probably suspect that if two ChocolateBoiler instances get loose,
some very bad things can happen.

How might things go wrong if more than one instance of ChocolateBoiler is created in
an application?

SHARPEN YOUR PENCIL

Can you help Choc-O-Holic improve their ChocolateBoiler class by turning it into a




singleton?
public class ChocolateBoiler {

private boolean empty;

private boolean beoiled;

I:l ChocolateBoiler() {

empty = true;
boiled = false;

public wvoid £ill({) {
if (isEmpty()) {
empty = false;
boiled = false;
// £ill the boiler with a milk/chocolate mixture

}
// rest of ChocclateBoiler code...

Singleton Pattern defined

Now that you’ve got the classic implementation of Singleton in your
head, it’s time to sit back, enjoy a bar of chocolate, and check out the
finer points of the Singleton Pattern.

Let’s start with the concise definition of the pattern:

NOTE

The Singleton Pattern ensures a class has only one instance, and provides a global
point of access to it.



No big surprises there. But let’s break it down a bit more:

m What’s really going on here? We’re taking a class and letting it manage a
single instance of itself. We’re also preventing any other class from
creating a new instance on its own. To get an instance, you’ve got to go
through the class itself.

m We’re also providing a global access point to the instance: whenever you
need an instance, just query the class and it will hand you back the single
instance. As you’ve seen, we can implement this so that the Singleton is
created in a lazy manner, which is especially important for resource-
intensive objects.

Okay, let’s check out the class diagram:

Lhod 1S skatits The uniquelnstance
Hns{:anuo t ekhod, $° g tlass vaviable holds our
The oF Ve g tlass ™ wod il
b, means 5 < Hhis wetho one and on]‘]l' instante
w‘mtt senitn atees Lode SN of Singleton.
rhan oan\fwhcrs n ‘f"“}] That's :)u‘-r*- = Singleton
om cetd: i
; n@&pn.tﬁt“;ﬁ‘; %11 oJpal uavgc’t:a L_:on static uniquelnstance
easy 3% ;M'iz. Tk \azy 7 " i1 Other useful Singleton data...
t ben
we 9° N S \etor: static getinstance()
from Xhe S
I Other useful Singleton methods. ..

NI A elass 'nm?lcm:njtjng the S'mglc{:mtw .
Pa‘H:c\’n 1S movre than a Sinf}lc{;-om [
is a general purpose elass with its

£ of data and methods.

own SE€

Housten; Hershey, PA we have a problem...

It looks like the Chocolate Boiler has let us down; despite the fact we
improved the code using Classic Singleton, somehow the
ChocolateBoiler’s fill() method was able to start filling the boiler even
though a batch of milk and chocolate was already boiling! That’s 500
gallons of spilled milk (and chocolate)! What happened!?



We don't know what happened! The new Singleton
code was running fine. The only thing we can think
of is that we just added some optimizations to
the Chocolate Boiler Controller that makes use of
multiple threads.

Could the addition of threads have caused this? Isn’t it the case that once
we’ve set the uniquelnstance variable to the sole instance of
ChocolateBoiler, all calls to getInstance() should return the same
instance? Right?

BE THE JVM

We have two threads, each executing this code. Your job is to play the JVM and
determine whether there is a case in which two threads might get ahold of different
boiler objects. Hint: you really just need to look at the sequence of operations in the
getInstance() method and the value of uniquelnstance to see how they might




create two boiler objects.

boiler.£i11 () ;
boiler.boil () ;
boiler.drain() ;

public static ChocolateBoiler
getInstance() {

if (unigquelnstance == null) {

ChocolateBoiler boiler

ChocolateBoiler.getInstance () ;

overlap. Use the code magnets to help you study how the code might interleave to

Make sure you check your answer in BE the JVM Solution before continuing!

uniquelnstance =

Thread

new ChocolateBoiler() ; UIIE

| return unique]:nstance;'

Thread
Two

Value of

uniquelnstance

N

Dealing with multithreading

Our multithreading woes are almost trivially fixed by making

getInstance() a synchronized method:




public class Singleton {
private static Singleton uniquelnstance; 44
i 1o
it thronized keywor
By adding the syn Ehread to

(), we forte every

// other useful instance wvariables here Elgtl,mﬂ“tf Lor +he

wait ks +urn 'bc?on‘. . tan enter
:E‘nod. That is, no bwo Jc,h'mads.ma\j
T :h{:v- the method st the same Time.

public static synchronized Singleton getInstance() {
if (unigquelInstance == null) {
unigqueInstance = new Singleton()

}
return uniquelInstance;

// other useful methods here
}

Good point, and it’s actually a little worse than you make out: the only time
synchronization is relevant is the first time through this method. In other
words, once we’ve set the uniquelnstance variable to an instance of
Singleton, we have no further need to synchronize this method. After the first
time through, synchronization is totally unneeded overhead!



I agree this fixes the
problem. But synchronization
is expensive; is this an issue?

Can we improve multithreading?

For most Java applications, we obviously need to ensure that the Singleton
works in the presence of multiple threads. But, it is expensive to synchronize
the getInstance() method, so what do we do?

Well, we have a few options...

1. Do nothing if the performance of getInstance() isn’t
critical to your application.

That’s right; if calling the getInstance() method isn’t causing substantial
overhead for your application, forget about it. Synchronizing getInstance() is
straightforward and effective. Just keep in mind that synchronizing a method
can decrease performance by a factor of 100, so if a high-traffic part of your
code begins using getlnstance(), you may have to reconsider.

2. Move to an eagerly created instance rather than a
lazily created one.

If your application always creates and uses an instance of the Singleton or the



overhead of creation and runtime aspects of the Singleton are not onerous,
you may want to create your Singleton eagerly, like this:
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public class Singleton {

private static Singleteon unigquelnstance = new Singleton() ;

public static Singleton getInstance() {

return uniquelnstance; . R We'

} instante;

alvead got an
il 50 Tu&{ veturn it

}

Using this approach, we rely on the JVM to create the unique instance of the
Singleton when the class is loaded. The JVM guarantees that the instance will
be created before any thread accesses the static uniquelnstance variable.

3. Use “double-checked locking” to reduce the use of
synchronization in getInstance().

With double-checked locking, we first check to see if an instance is created,
and if not, THEN we synchronize. This way, we only synchronize the first
time through, just what we want.

Let’s check out the code:
public class Singleton {

private aPsl:ai:.‘i.t: Singleton uniquelnstance;
private Singleton() {}

public static Singleton getlInstance() { Chetk for an *'ﬁ‘lla"":'a(and'
: ol £y a
if (uniqueInstance == null) { B if theve isnt one, €0
B : o m:,h'.-oh'lztd blotk.
synchronized (Singleton.class) { sy

if (uniquelInstance == null) { (\
uniquelInstance = new Singleton() ; Note we anl\f skfln.chron.-.lu
} the Fiest time Through!
} K

Onte in the block, check a9ain and

} i still mull, eveate an instance.

return unigquelInstance;

* The volatile keyword ensures that multiple threads
} handle the uniquelnstante variable eorveetly when it
is being initialized to the Singleton instante.



If performance is an issue in your use of the getInstance() method then this
method of implementing the Singleton can drastically reduce the overhead.

WATCH IT!
Double-checked locking doesn’t work in Java 1.4 or earlier!

Unfortunately, in Java version 1.4 and earlier, many JVMs contain implementations of
the volatile keyword that allow improper synchronization for double-checked locking. If
you must use a JVM earlier than Java 5, consider other methods of implementing your
Singleton.

Meanwhile, back at the Chocolate Factory...

While we’ve been off diagnosing the multithreading problems, the chocolate
boiler has been cleaned up and is ready to go. But first, we have to fix the
multithreading problems. We have a few solutions at hand, each with
different tradeoffs, so which solution are we going to employ?

SHARPEN YOUR PENCIL

For each solution, describe its applicability to the problem of fixing the Chocolate Boiler
code:

Synchronize the getInstance() method:

Use eager instantiation:

Double-checked locking:




{

Congratulations!

At this point, the Chocolate Factory is a happy customer and Choc-O-Holic
was glad to have some expertise applied to their boiler code. No matter which
multithreading solution you applied, the boiler should be in good shape with
no more mishaps. Congratulations. You’ve not only managed to escape
5001bs of hot chocolate in this chapter, but you’ve been through all the
potential problems of the Singleton.

,

THERE ARE NO DUMB QUESTIONS

: Q: For such a simple pattern consisting of only one class, Singletons sure seem to have some problems.

¢ A: Well, we warned you up front! But don’t let the problems discourage you; while implementing Singletons

correctly can be tricky, after reading this chapter you are now well informed on the techniques for creating
Singletons and should use them wherever you need to control the number of instances you are creating.

: Q: Can’t I just create a class in which all methods and variables are defined as static? Wouldn’t that be the
same as a Singleton?

: A: Yes, if your class is self-contained and doesn’t depend on complex initialization. However, because of the way

static initializations are handled in Java, this can get very messy, especially if multiple classes are involved. Often
this scenario can result in subtle, hard-to-find bugs involving order of initialization. Unless there is a compelling
need to implement your “singleton” this way, it is far better to stay in the object world.

: Q: What about class loaders? I heard there is a chance that two class loaders could each end up with their
own instance of Singleton.

: A: Yes, that is true as each class loader defines a namespace. If you have two or more class loaders, you can load

the same class multiple times (once in each classloader). Now, if that class happens to be a Singleton, then since
we have more than one version of the class, we also have more than one instance of the Singleton. So, if you are
using multiple classloaders and Singletons, be careful. One way around this problem is to specify the classloader
yourself.

RELAX

Rumors of Singletons being eaten by the garbage collectors are greatly exaggerated

Prior to Java 1.2, a bug in the garbage collector allowed Singletons to be prematurely
collected if there was no global reference to them. In other words, you could create a
Singleton and if the only reference to the Singleton was in the Singleton itself, it would
be collected and destroyed by the garbage collector. This leads to confusing bugs
because after the Singleton is “collected,” the next call to getInstance() produces a
shiny new Singleton. In many applications, this can cause confusing behavior as state is
mysteriously reset to initial values or things like network connections are reset.




Since Java 1.2 this bug has been fixed and a global reference is no longer required. If
you are, for some reason, still using a pre-Java 1.2 JVM, then be aware of this issue;
otherwise, you can sleep well knowing your Singletons won’t be prematurely collected.

THERE ARE NO DUMB QUESTIONS

Q: Q: I’ve always been taught that a class should do one thing and one thing only. For a class to do two things
is considered bad OO design. Isn’t a Singleton violating this?

A: A: You would be referring to the “One Class, One Responsibility” principle, and yes, you are correct, the
Singleton is not only responsible for managing its one instance (and providing global access), it is also
responsible for whatever its main role is in your application. So, certainly you could argue it is taking on two
responsibilities. Nevertheless, it isn’t hard to see that there is utility in a class managing its own instance; it
certainly makes the overall design simpler. In addition, many developers are familiar with the Singleton pattern as
it is in wide use. That said, some developers do feel the need to abstract out the Singleton functionality.

Q: Q:Iwanted to subclass my Singleton code, but I ran into problems. Is it okay to subclass a Singleton?

A: A: One problem with subclassing a Singleton is that the constructor is private. You can’t extend a class with a
private constructor. So, the first thing you’ll have to do is change your constructor so that it’s public or protected.
But then, it’s not really a Singleton anymore, because other classes can instantiate it.

If you do change your constructor, there’s another issue. The implementation of Singleton is based on a static
variable, so if you do a straightforward subclass, all of your derived classes will share the same instance variable.
This is probably not what you had in mind. So, for subclassing to work, implementing a registry of sorts is
required in the base class.

Before implementing such a scheme, you should ask yourself what you are really gaining from subclassing a
Singleton. Like most patterns, the Singleton is not necessarily meant to be a solution that can fit into a library. In
addition, the Singleton code is trivial to add to any existing class. Last, if you are using a large number of
Singletons in your application, you should take a hard look at your design. Singletons are meant to be used
sparingly.

Q: Q: Istill don’t totally understand why global variables are worse than a Singleton.

A: A: In Java, global variables are basically static references to objects. There are a couple of disadvantages to using
global variables in this manner. We’ve already mentioned one: the issue of lazy versus eager instantiation. But we
need to keep in mind the intent of the pattern: to ensure only one instance of a class exists and to provide global
access. A global variable can provide the latter, but not the former. Global variables also tend to encourage
developers to pollute the namespace with lots of global references to small objects. Singletons don’t encourage
this in the same way, but can be abused nonetheless.

Tools for your Design Toolbox

You’ve now added another pattern to your toolbox. Singleton gives you
another method of creating objects — in this case, unique objects.
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NOTE

As you’ve seen, despite its apparent simplicity, there are a lot of details involved in the



Singleton’s implementation. After reading this chapter, though, you are ready to go out
and use Singleton in the wild.

BULLET POINTS

» The Singleton Pattern ensures you have at most one instance of a class in your
application.

= The Singleton Pattern also provides a global access point to that instance.

» Java’s implementation of the Singleton Pattern makes use of a private constructor, a
static method combined with a static variable.

» Examine your performance and resource constraints and carefully choose an
appropriate Singleton implementation for multithreaded applications (and we should
consider all applications multithreaded!).

» Beware of the double-checked locking implementation; it is not thread-safe in
versions before Java 2, version 5.

= Be careful if you are using multiple class loaders; this could defeat the Singleton
implementation and result in multiple instances.

» [f you are using a JVM earlier than 1.2, you’ll need to create a registry of Singletons
to defeat the garbage collector.

DESIGN PATTERNS CROSSWORD

Sit back, open that case of chocolate that you were sent for solving the multithreading
problem, and have some downtime working on this little crossword puzzle; all of the
solution words are from this chapter.
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Across

Down

1. It was “one of a kind.”
2. Added to chocolate in the boiler.

8. An incorrect implementation caused this to
overflow.

10. Singleton provides a single instance and
(three words).

12. Flawed multi-threading approach if not
using Java 5 or later.

13. Chocolate capital of the USA.

14. One advantage over global variables:
creation.

15. Company that produces boilers.

16. To totally defeat the new constructor, we
have to declare the constructor

1. Multiple can cause problems.

3. A Singleton is a class that manages an instance
of

4. If you don’t need to worry about lazy
instantiation, you can create your instance

5. Prior to Java 1.2, this can eat your Singletons
(two words).

6. The Singleton was embarrassed it had no public

7. The classic implementation doesn’t handle this.
9. Singleton ensures only one of these exists.

11. The Singleton Pattern has one.




BE THE JVM SOLUTION

Thead Thead Value of
One Two || uniqueInstance
public static ChocolateBoiler null
getInstance() {
public static ChocolateBoiler null
getInstance() {
if (uniquelInstance == null) {
. . __ null
if (uniquelnstance == null) {
unigquelnstance =
<objectl>

new ChocolateBoiler () ; 4;.-————————-‘

| return uniqualnstanca;. <objectl>

uniquelnstance = <object2>

new ChocolateBoiler() ;

<object2>

return uniquelnstance; '

Ih oh, this
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Boad’

-

Two diffevent
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returne (:!_JI

We have ‘Ewo
ChetolateBoiler
instante s.I f 1'

singleton?

SHARPEN YOUR PENCIL SOLUTION

Can you help Choc-O-Holic improve their ChocolateBoiler class by turning it into a




public class ChocolateBoiler {
private boolean empty;

private booclean boiled;

private static ChocolateBoiler uniquelnstance;

ChocolateBoiler () {

empty = true;

boiled = false;

public static ChocolateBoiler getInstance() {
if (uniquelnstance == null) {
uniquelnstance = new ChoceolateBoiler() ;
}

raeturn uniqualnstance;

public void £ill() {
if (isEmpty()) {
empty = false;
boiled = false;
// £ill the beoiler with a milk/chocolate mixture

}

// rest of ChocolateBoiler code...

SHARPEN YOUR PENCIL SOLUTION

For each solution, describe its applicability to the problem of fixing the Chocolate Boiler
code:

Synchronize the getInstance() method:

A straightforward technique that is guaranteed to work. We don’t seem to




have

any performance concerns with the chocolate boiler, so this would be a good
choice.

Use eager instantiation:

We are always going to instantiate the chocolate boiler in our code, so statically
initializing

the instance would cause no concerns. This solution would work as well as the
synchronized

method, although perhaps be less obvious to a developer familar with the standard
pattern.

Double-checked locking:

Given we have no performance concerns, double-checked locking seems like overkill. In

addition, we’d have to ensure that we are running at least Java
5.

DESIGN PATTERNS CROSSWORD SOLUTION
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Chapter 6. The Command Pattern:
Encapsulating Invocation

These top secret drop
boxes have revolutionized the spy
industry. I just drop in my request and

people disappear, governments change

overnight and my dry cleaning gets done. T
don't have to worry about when, where, or
how; it just happens!

In this chapter, we take encapsulation to a whole new level: we’re going
to encapsulate method invocation. That’s right; by encapsulating method
invocation, we can crystallize pieces of computation so that the object
invoking the computation doesn’t need to worry about how to do things, it
just uses our crystallized method to get it done. We can also do some
wickedly smart things with these encapsulated method invocations, like save
them away for logging or reuse them to implement undo in our code.

*

Home Automation or Bust, Inc.




1221 Industrial Avenue, Suite 2000
Future City, IL 62914

Greetings!

I recently received a demo and briefing from Johnny Hurricane, CEO of Weather-O-
Rama, on their new expandable weather station. I have to say, I was so impressed with the
software architecture that I’d like to ask you to design the API for our new Home
Automation Remote Control. In return for your services we’d be happy to handsomely
reward you with stock options in Home Automation or Bust, Inc.

I’'m enclosing a prototype of our ground-breaking remote control for your perusal. The
remote control features seven programmable slots (each can be assigned to a different
household device) along with corresponding on/off buttons for each. The remote also has
a global undo button.

I’'m also enclosing a set of Java classes on CD-R that were created by various vendors to
control home automation devices such as lights, fans, hot tubs, audio equipment, and
other similar controllable appliances.

We’d like you to create an API for programming the remote so that each slot can be
assigned to control a device or set of devices. Note that it is important that we be able to
control the current devices on the disc, and also any future devices that the vendors may

supply.

Given the work you did on the Weather-O-Rama weather station, we know you’ll do a
great job on our remote control! We look forward to seeing your design.

Sincerely,

%Thﬂrﬁ»

Bill “X-10” Thompson, CEO



Free hardware! Let’s check out the Remote Control...
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Taking a look at the vendor classes

Check out the vendor classes on the CD-R. These should give you some idea
of the interfaces of the objects we need to control from the remote.



ApplianceControl
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It looks like we have quite a set of classes here, and not a lot of industry
effort to come up with a set of common interfaces. Not only that, it sounds
like we can expect more of these classes in the future. Designing a remote
control API is going to be interesting. Let’s get on to the design.

Cubicle Conversation

Your teammates are already discussing how to design the remote control

APL...

Well, we've got another design to
do. My first observation is that we've
got a simple remote with on and of f
buttons but a set of vendor classes
that are quite diverse.

Mary: Yes, I thought we’d see a bunch of classes with on() and off()
methods, but here we’ve got methods like dim(), setTemperature(),
setVolume(), and setInputChannel().



Sue: Not only that, it sounds like we can expect more vendor classes in the
future with just as diverse methods.

Mary: I think it’s important we view this as a separation of concerns: the
remote should know how to interpret button presses and make requests, but it
shouldn’t know a lot about home automation or how to turn on a hot tub.

Sue: Sounds like good design. But if the remote is dumb and just knows how
to make generic requests, how do we design the remote so that it can invoke
an action that, say, turns on a light or opens a garage door?

Mary: I’m not sure, but we don’t want the remote to have to know the
specifics of the vendor classes.

Sue: What do you mean?

Mary: We don’t want the remote to consist of a set of if statements, like “if
slotl == Light, then light.on(), else if slot1 == Hottub then hottub.jetsOn()”.
We know that is a bad design.

Sue: I agree. Whenever a new vendor class comes out, we’d have to go in
and modify the code, potentially creating bugs and more work for ourselves!

Hey, I couldn't help
overhearing. Since Chapter 1
I've been boning up on Design

Patterns. There's a pattern
called "Command Pattern” I think
might help.

Mary: Yeah? Tell us more.

Joe: The Command Pattern allows you to decouple the requester of an action
from the object that actually performs the action. So, here the requester would



be the remote control and the object that performs the action would be an
instance of one of your vendor classes.

Sue: How is that possible? How can we decouple them? After all, when I
press a button, the remote has to turn on a light.

Joe: You can do that by introducing “command objects” into your design. A
command object encapsulates a request to do something (like turn on a light)
on a specific object (say, the living room light object). So, if we store a
command object for each button, when the button is pressed we ask the
command object to do some work. The remote doesn’t have any idea what
the work is, it just has a command object that knows how to talk to the right
object to get the work done. So, you see, the remote is decoupled from the
light object!

Sue: This certainly sounds like it’s going in the right direction.
Mary: Still, I'm having a hard time wrapping my head around the pattern.

Joe: Given that the objects are so decoupled, it’s a little difficult to picture
how the pattern actually works.

Mary: Let me see if I at least have the right idea: using this pattern, we could
create an API in which these command objects can be loaded into button
slots, allowing the remote code to stay very simple. And, the command
objects encapsulate how to do a home automation task along with the object
that needs to do it.

Joe: Yes, I think so. I also think this pattern can help you with that undo
button, but I haven’t studied that part yet.

Mary: This sounds really encouraging, but I think I have a bit of work to do
to really “get” the pattern.

Sue: Me too.

Meanwhile, back at the Diner..., or, A brief introduction
to the Command Pattern

As Joe said, it is a little hard to understand the Command Pattern by just
hearing its description. But don’t fear, we have some friends ready to help:
remember our friendly diner from Chapter 1? It’s been a while since we
visited Alice, Flo, and the short-order cook, but we’ve got good reason for



returning (well, beyond the food and great conversation): the diner is going to
help us understand the Command Pattern.

(_)!:; ec i:uf.l e Diner

o —

So, let’s take a short detour back to the diner and study the interactions
between the customers, the waitress, the orders and the short-order cook.
Through these interactions, you’re going to understand the objects involved
in the Command Pattern and also get a feel for how the decoupling works.
After that, we’re going to knock out that remote control API.

Checking in at the Objectville Diner...

Okay, we all know how the Diner operates:



@ The Waitress
takes the Order,

You, the Customer, places it on the

give the Waitress order counter,

your Order. and says “Order
up!”

e The Short-Order Cook prepares your meal
from the Order.

Let’s study the interaction in a little more detalil...

...and given this Diner is in Objectville, let’s think about the object and
method calls involved, too!
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The Objectville Diner roles and responsibilities
An Order Slip encapsulates a request to prepare a meal.

Think of the Order Slip as an object, an object that acts as a request to
prepare a meal. Like any object, it can be passed around — from the
Waitress to the order counter, or to the next Waitress taking over her shift. It
has an interface that consists of only one method, orderUp(), that
encapsulates the actions needed to prepare the meal. It also has a reference to



the object that needs to prepare it (in our case, the Cook). It’s encapsulated in
that the Waitress doesn’t have to know what’s in the order or even who
prepares the meal; she only needs to pass the slip through the order window
and call “Order up!”

NOTE

Okay, in real life a waitress would probably care what is on the Order Slip and who
cooks it, but this is Objectville... work with us here!

The Waitress’s job is to take Order Slips and invoke the orderUp()
method on them.

The Waitress has it easy: take an order from the customer, continue
helping customers until she makes it back to the order counter, then
invoke the orderUp() method to have the meal prepared. As we’ve



already discussed, in Objectville, the Waitress really isn’t worried about
what’s on the order or who is going to prepare it; she just knows Order Slips
have an orderUp() method she can call to get the job done.

Now, throughout the day, the Waitress’s takeOrder() method gets
parameterized with different Order Slips from different customers, but that
doesn’t faze her; she knows all Order Slips support the orderUp() method and
she can call orderUp() any time she needs a meal prepared.

Don't ask me to cook,
I just take orders and

yell “Order up!”

The Short Order Cook has the knowledge required to prepare the meal.

The Short Order Cook is the object that really knows how to prepare
meals. Once the Waitress has invoked the orderUp() method; the Short Order
Cook takes over and implements all the methods that are needed to create
meals. Notice the Waitress and the Cook are totally decoupled: the Waitress
has Order Slips that encapsulate the details of the meal; she just calls a
method on each order to get it prepared. Likewise, the Cook gets his
instructions from the Order Slip; he never needs to directly communicate
with the Waitress.



You can definitely
say the waitress and

I are decoupled. She's
not even my type!

Okay, we have a Diner with a
Waitress who is decoupled from
the Cook by an Order Slip, so
what? Get to the point!

Patience, we’re getting there...

Think of the Diner as a model for an OO design pattern that allows us to
separate an object making a request from the objects that receive and execute
those requests. For instance, in our remote control API, we need to separate



the code that gets invoked when we press a button from the objects of the
vendor-specific classes that carry out those requests. What if each slot of the
remote held an object like the Diner’s Order Slip object? Then, when a button
is pressed, we could just call the equivalent of the “orderUp()” method on
this object and have the lights turn on without the remote knowing the details
of how to make those things happen or what objects are making them happen.

Now, let’s switch gears a bit and map all this Diner talk to the Command
Pattern...

BRAIN POWER

Before we move on, spend some time studying the diagram two pages back along with
Diner roles and responsibilities until you think you’ve got a handle on the Objectville
Diner objects and relationships. Once you’ve done that, get ready to nail the Command
Pattern!
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From the Diner to the Command Pattern

Okay, we’ve spent enough time in the Objectville Diner that we know all the
personalities and their responsibilities quite well. Now we’re going to rework
the Diner diagram to reflect the Command Pattern. You’ll see that all the
players are the same; only the names have changed.
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LOADING THE INVOKER

@ The client creates a command object.

@ The client does a setCommand() to store the command object in the invoker.

@ Later... the client asks the invoker to execute the command. Note: as you’ll see
later in the chapter, once the command is loaded into the invoker, it may be used and
discarded, or it may remain and be used many times.




WHO DOES WHAT?

Match the diner objects and methods with the corresponding names from the Command
Pattern.

Diner Command Pattern
Waitress Command

Short Order Cook | execute()

orderUp() Client

Order Invoker
Customer Receiver
takeOrder() setCommand()

Our first command object

Isn’t it about time we build our first command object? Let’s go ahead and
write some code for the remote control. While we haven’t figured out how to
design the remote control API yet, building a few things from the bottom up
may help us...
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Implementing the Command interface

First things first: all command objects implement the same interface, which
consists of one method. In the Diner we called this method orderUp();
however, we typically just use the name execute().

Here’s the Command interface:

public interface Command { ”
f E""‘F'lc- All we need

public void execute() ; 's one method called exetutel)



Implementing a command to turn a light on

Now, let’s say you want to implement a command for turning a light on.
Referring to our set of vendor classes, the Light class has two methods: on()
and off(). Here’s how you can implement this as a command:

This is 3 tommand, so we need +o
implement the Command interface.

public class LightOnCommand implements Command {
Light light; The construttor is passed the s?c.:ifi:,
Q/_—_\ |'|5H‘, that this tommand 1s gpinl‘?} to
tontrol - say the living room Iit:-ﬁn‘i:—r
and stashes it in the 5':51'14; instante
variable. When execute gcﬁs ealled,
: Ehis is the light object that is going
4o be the Receiver of the request.

public LightOnCommand (Light light) {
this.light = light;

Il
public void execute(} { The mtcr,u{c method ,'::cs
LR ) ‘Eh: Dr\u rntJC.lhcfl Gr]:]:lh 4

Lewin o'b\'}cc , wWhi :
i.ehc 5'15'!3;; we ave tonbrolling;
}

Now that you’ve got a LightOnCommand class, let’s see if we can put it to
use...
Using the command object

Okay, let’s make things simple: say we’ve got a remote control with only one
button and corresponding slot to hold a device to control:



mand,
We have on¢ dot to hold our Comman

public class SimpleRemoteControl { (_/ whith will control one devite.
Command slot; -
We have a method for setting the
public SimpleRemoteControl() {} f command the slot. is qoing to control
This could be called multiple Limes if the
public void setCommand (Command command) { tlient of this code wanted to e 3
slot = command; 4he behavior of the remote button.
}
public void buttonWasPressed() { i _T""'S method is talled when the button
slot.execute () ; 's pressed. All we do is take +he
: curvent command bound o the slot
) and call its executel) method.

Creating a simple test to use the Remote Control

Here’s just a bit of code to test out the simple remote control. Let’s take a

look and we’ll point out how the pieces match the Command Pattern
diagram:

_speal.
This is our Client in Command Pattern—sped

ne The vemote is 0u¢ |nvoker; d
/ it will be ?asscd. a C-Gmrnazo
public class teControlTest { 3 i ﬂ‘a{ s o
public static void main(String[] args) { o) ﬂu‘ucgh-

SimpleRemoteControl remote = new SimpleRemoteControl() ; Liaht
1

Light light = new Light(); Neow we .:rfatg. a Ly

Objtﬂ‘t- This will be the

LightOnCommand lightOn = new LightOnCommand (light) ; Receiver of the veauest.

.

remote, setCommand (1ighton) ; Heve, ereate a command and

remote.buttonWasPressed () ; D pass the Receiver =iy
} {tf:hea Pass thc ':mhmahd i i p DimerFoodYum
} fhe anokcr. 7
%$java RemoteControlTest
And then we simulate the Light is On
button being pressed. Here's the output of  —

Funning bhis test tode. %

SHARPEN YOUR PENCIL

Okay, it’s time for you to implement the GarageDoorOpenCommand class. First, supply
the code for the class below. You’ll need the GarageDoor class diagram.




GarageDoor

up()
down()
stop()
lightCn(}
lightCff()

public class GarageDoorOpenCommand

implements Command {

™~ Y%uf tode heve

}

Now that you’ve got your class, what is the output of the following code? (Hint: the
GarageDoor up() method prints out “Garage Door is Open” when it is complete.)

public class RemoteControlTest {
public static void main(String[] args) {
SimpleRemoteControl remote = new SimpleRemoteControl();
Light light = new Light();
GarageDoor garageDoor = new GarageDoor();
LightonCommand lightOn = new LightOnCommand(light);
GarageDoorOpenCommand garageOpen =
new GarageDoorOpenCommand(garageDoor);

remote.setCommand(lighton);
remote.buttonwWasPressed();
remote.setCommand(garageOpen);
remote.buttonWasPressed();

File Edit Window Help GreenEggs&Ham

%java RemoteControlTest

You'r 0“{?“{' heve:




The Command Pattern defined

You’ve done your time in the Objectville Diner, you’ve partly implemented
the remote control API, and in the process you’ve got a fairly good picture of
how the classes and objects interact in the Command Pattern. Now we’re
going to define the Command Pattern and nail down all the details.

Let’s start with its official definition:

NOTE

The Command Pattern encapsulates a request as an object, thereby letting you
parameterize other objects with different requests, queue or log requests, and support
undoable operations.

An :hta?z'.ula{td rcﬂq.uts‘{:-

exacute () |{

receiver.action() ;

C'ltnr'm'nczt(\e>

Let’s step through this. We know that a command object encapsulates a
request by binding together a set of actions on a specific receiver. To achieve
this, it packages the actions and the receiver up into an object that exposes
just one method, execute(). When called, execute() causes the actions to be
invoked on the receiver. From the outside, no other objects really know what
actions get performed on what receiver; they just know that if they call the
execute() method, their request will be serviced.

We’ve also seen a couple examples of parameterizing an object with a
command. Back at the diner, the Waitress was parameterized with multiple



orders throughout the day. In the simple remote control, we first loaded the
button slot with a “light on” command and then later replaced it with a
“garage door open” command. Like the Waitress, your remote slot didn’t care
what command object it had, as long as it implemented the Command
interface.

What we haven’t encountered yet is using commands to implement queues
and logs and support undo operations. Don’t worry, those are pretty
straightforward extensions of the basic Command Pattern and we will get to
them soon. We can also easily support what’s known as the Meta Command
Pattern once we have the basics in place. The Meta Command Pattern allows
you to create macros of commands so that you can execute multiple
commands at once.

Fih. invoker — Eo'r instante,
one slot of the vemote %
tan be ?Eramt‘{;ﬁﬂltd with

different vequests.

The Command Pattern defined: the class diagram



The [nvoker holds
a tommand and at
some point asks Lhe
tommand ﬂ: C&r\ry
out a vequest by
talling its exeeutel)

The Client is rcs?onsib\e for

ereating 3 Cm&rc{cCommand and

setting its Reteiver.

Q method.

Client Invoker

setCommand()

Y

Receiver ConcreteCommand
action() execute() «veeeeenes

and declaves an interface for all commands. As
5: al:c:d‘j know, a tommand is invoked H‘I\'ou?,} its
exetute() method, which asks a veteiver 1o per ormoan
atkion. You'll also notice this in{:cr(-‘acf has an uhrio
method, which we'll cover 8 bit later in the thapter:

/

<<interface>>
Command

execute()
undo()

The exetute
method invokes
J;hg af,{‘,'lor\(s)
4he veteiver
::md to fulfill
Ehe vequest.

The Reteiver knows how to j

Pc'r'?orm +he work needed to
tarvy out the vequest. Any tlass
¢an att as a Receiver.

The Concrc-teComnand
atkion and a Receiver:
ealling exetute() and
out by talling one or move a

»| Undof) \/

public void execute() {

receiver.action()
3

defines 3 binding between an
The Invoker makes 3 !rt.ﬂ\ucsl:, b

the ContreteCommand avvies i
t4ions on the Reteiver.

BRAIN POWER

How does the design of the Command Pattern support the decoupling of the invoker of a

request and the receiver of the request?




Okay, I think I've got a good
feel for the Command Pattern now.
Great tip, Joe, I think we are going to
look like superstars after finishing of f
the Remote Control APL.

Mary: Me too. So where do we begin?

Sue: Like we did in the SimpleRemote, we need to provide a way to assign
commands to slots. In our case we have seven slots, each with an “on” and
“off” button. So we might assign commands to the remote something like
this:

onCommands[0] = onCommand;

offCommands[0] = offCommand;

and so on for each of the seven command slots.

Mary: That makes sense, except for the Light objects. How does the remote
know the living room from the kitchen light?



Sue: Ah, that’s just it, it doesn’t! The remote doesn’t know anything but how
to call execute() on the corresponding command object when a button is
pressed.

Mary: Yeah, I sorta got that, but in the implementation, how do we make
sure the right objects are turning on and off the right devices?

Sue: When we create the commands to be loaded into the remote, we create
one LightCommand that is bound to the living room light object and another
that is bound to the kitchen light object. Remember, the receiver of the
request gets bound to the command it’s encapsulated in. So, by the time the
button is pressed, no one cares which light is which; the right thing just
happens when the execute() method is called.

Mary: I think I’ve got it. Let’s implement the remote and I think this will get
clearer!

Sue: Sounds good. Let’s give it a shot...

Assigning Commands to slots

So we have a plan: we’re going to assign each slot to a command in the
remote control. This makes the remote control our invoker. When a button is
pressed the execute() method is going to be called on the corresponding
command, which results in actions being invoked on the receiver (like lights,
ceiling fans, and stereos).



(1) Eaeh slot gets a tommand.
(2) When the button is pressed, the

execute() method is called on £he
2 'g torvesponding Lommand.
996ron<:m§
o
< &
0 nCot\*@
%ﬁ
hng

We'll worry about the
remaining slots in 3 bit.

(2) |n the exetutel) method

attions are invoked on the veteiver.

The |nvoker

Implementing the Remote Control



This time avound the remote is 50'15-“3
‘EO handle seven On and OE“; comma'ndf”

Command[] onCommands ; @-’/. whith we'll hald in torl‘tifohdinﬁ arrays

Command[] offCommands;

public class RemcteControl ({

In the tonstruttor all we need to
do is instantiate and initialize the
on and off arrays.

public RemoteControl () {
onCommands = new Command[7]; é‘:;

offCommands = new Command[7];

Command noCommand = new HoCommand() ;
for (int i = 0; 1 < 7; i++) {

onCommands [i] = noCommand;
offCommands[i] = noCommand; The setCommand() methed takes a slot
} ?om{‘,ion and an On and 0£f tommand to
} [,_' be stored in that slot.
2 s
public wvoid setCommand(int slot, Command onCommand, Command offCommand) {
onCommands [slot] = conCommand;
offCommands [slot] = offCommand; G\ [t puts these commands in the on
} and off arrays for later use.

public void onButtonWasPushed(int slot) {
onCommands [slot] . executel() ;
} When an On or OFF button is
R_  pressed, the havdware Lakes
& tave of talling the torresponding

methods onButtonWasPushed() or
offCommands [slot] .execute() ; oF‘?Bu‘EJtanasPushcdf;’.

public wvoid offButtonWasPushed(int slot) {

public String toString() {
StringBuffer stringBuff = new StringBuffer() ;
stringBuff.append("\n------ Remote Control ------- \n") ;
for (int i = 0; i < onCommands.length; i++) {
stringBuff.append("[slot " + i + "] " + onCommands[i].getClass () .getName ()

bl " + offCommands[i] .getClass() .getName() + "\n");
}
return stringBuff.toString() ; We've overwridden fﬂsf"""‘j“ {o ?,,.-H; out eath
} slot and its torresponding Eommand. You'll see us
} use this when we test the remote tontrol.

Implementing the Commands

Well, we’ve already gotten our feet wet implementing the LightOnCommand
for the SimpleRemoteControl. We can plug that same code in here and
everything works beautifully. Off commands are no different; in fact, the



LightOffCommand looks like this:
public class LightOffCommand implements Command {
Light light;

public LightOffCommand (Light light) {
this.light = light;
} The Liah{-{}ﬁf Command works :xac{,l'f the

same way as the LightOnCommand, except

] ) that we are binding the veteiver 1o a
public void execute() { ‘;q_________‘,_,,/ dilloverd: edion: Lhe LD walbied
light.of£() ;

}

Let’s try something a little more challenging; how about writing on and off
commands for the Stereo? Okay, off is easy, we just bind the Stereo to the
off() method in the StereoOffCommand. On is a little more complicated; let’s
say we want to write a StereoOnWithCDCommand...

Stereo

onf)
off(
setCd()
setDvd()
setRadio()
setVolume()




public class StereoOnWithCDCommand implements Command {

Stereo stereo;

public SterecOnWithCDCommand (Stereoc stereo) Dusk Tike the L'lgh{:{}h(_‘,ammand, i
this.stereo = stereo; f 5:{ — Lhe ® skgise of the cheveo
; +o be E,oh{,'ro“.'mg and we

} we are 5o'me3 an
skove it in 3 lotal instante vaviable.

publie void execute() {

stereo.on() ; ‘(\

T Ll
razassaanenils To carry out thslrcqucs{.; we need to eall three
.nlwcthods on the stereo: first, turn it on, then set
It ‘!:o F|3‘}f ‘\‘Lhc CD, and 'Fin&iiy scf J:,'ht: 'Jo|unn: ﬁo ”.
} Why 11Z Well, it's better than 10, vight?

stereo.setVolume (11) ;

!

Not too bad. Take a look at the rest of the vendor classes; by now, you can
definitely knock out the rest of the Command classes we need for those.

Putting the Remote Control through its paces

Our job with the remote is pretty much done; all we need to do is run some
tests and get some documentation together to describe the API. Home
Automation or Bust, Inc. sure is going to be impressed, don’t ya think?
We’ve managed to come up with a design that is going to allow them to
produce a remote that is easy to maintain and they’re going to have no
trouble convincing the vendors to write some simple command classes in the
future since they are so easy to write.

Let’s get to testing this code!



public class RemoteLoader {

public static void main(String[] args) {
RemoteControl remoteControl = new RemoteControl ()

Light livingRoomlLight = new Light("Living Room") ; Create all the dcv}tts n
Light kitchenLight = new Light("Kitchen") ; Lheir proper lotakions:
CeilingFan ceilingFan= new CeilingFan("Living Room") ;

GarageDoor garageDoor = new GarageDoor ("") ;

Stereoc stereoc = new Stereo("Liwving Room") ;

LightOnCommand livingRoomLightOn =
new LightOnCommand(livingRoomLight) ;
LightOffCommand livingRoomLightOff = Create all £he Ligh{
new LightOffCommand (livingRoomLight) ;
LightOnCommand kitchenLightOn =
new LightOnCommand{(kitchenLight) ;
LightOffCommand kitchenLightOff =
new LightOffCommand (kitchenLight) ;

Command Dbj_t tts.

CeilingFanOnCommand ceilingFanOn = 4 D‘C‘F
new CeilingFanOnCommand (ceilingFan) ; CTCEIJCC the IO" an

CeilingFanOffCommand ceilingFanOff = For the teiling, Tan
new CeilingFanOffCommand (ceilingFan) ;

GarageDoorUpCommand garageDoorUp =
new GarageDoorUpCommand{garageDoor) ; Create the U.? and Down
GarageDoorDownCommand garageDoorDown = tommands Lor the tﬁaraﬁﬁ-
new GarageDoorDownCommand (garageDoor) ;

StereoOnWithCDCommand stereoOnWithCD =
new StereoOnWithCDCommand (stereo) ; Create the stereo On
SterecOffCommand sterecOff = and 0ff commands.
new StereocOffCommand (stereo) ;

remoteControl . setCommand (0, livingRoomLightOn, livingRoomLightOff) ;
remoteControl . setCommand (1, kitchenLightOn, kitchenLightOff) ;
remoteControl . setCommand (2, ceilingFanOn, ceilingFanOff) ; Now that - 50£

remoteControl . setCommand (3, stereoOnWithCD, stereocOff) ; all our tommands, we
?

tan load them into

System.out.println(remoteControl) ; C’\ the Vennle ool

remoteControl .onButtonWasPushed (0) ; Heve's w here we use our toStrinal)
remoteControl . of fButtonWasPushed (0) ; method to peint eath remok :!"5{: ;
remoteControl . onButtonWasPushed (1) ; the - {ha{: i _ 2 slot an
remoteControl . cffButtonWasPushed (1) ; L 18 3ssigned to.
remoteControl . onButtonWasPushed (2) ;
remoteControl . cffButtonWasPushed (2) ;
remoteControl . onButtonWasPushed (3) ;

remoteControl . of fButtonWasPushed (3) ; $\ Al riﬁht we are ready to velll
} Now, we step {;hrouah eath slot

} and push its On and OFF button.



Now, let’s check out the execution of our remote control

test...

-File-- Edit Wndctw H.elp.{‘:n;:.mmandsGéf'l'-hln.gsD-one

% java Remoteloader
------ Remote Control —-=------

0] LightOnCommand LightOf fCommand

1] LightOnCommand LightOf fCommand

2] CeilingFanOnCommand CedlingFanOf fCommand
[slot 3] SterecCnWithCDCommand SterecOffCommand
[slot 4] NoCommand NoCormand
[slot 5] NoCommand 3 / NoCommand

[slot 6] NoCommand

Living Room
Living Roam

HoCommand

Onslots  OFF slots
light is on
light is off

Kitchen light is on

Kitchen light is off

Liwving Roam
Living Rocm
Living Room
Living Roam
Living Rocm
Living Room
%

< Our tommands in attion/ Remember, the output
rom eath device tomes from the vendor ¢lasses.

s g For instance, when 3 light ob_jcC'i: is turned on it

biin, Ly GGk “CoE D LEE prints “Living Room light is on.”

Stereo volume set to 11

atereo is off

ceiling fan is on high
ceiling fan is off




Woait a second, what
is with that NoCommand
that is loaded in slots four
through six? Trying to pull
a fast one?

Good catch. We did sneak a little something in there. In the remote control,
we didn’t want to check to see if a command was loaded every time we
referenced a slot. For instance, in the onButtonWasPushed() method, we
would need code like this:

public void onButtonWasPushed(int slot) {

if (onCommands[slot] != null) {

onCommands[slot].execute();
}

}

So, how do we get around that? Implement a command that does nothing!

public class NoCommand implements Command {
public void execute() { }



}

Then, in our RemoteControl constructor, we assign every slot a NoCommand
object by default and we know we’ll always have some command to call in
each slot.

Command noCommand = new NoCommand();

for (int 1 = 0; i < 7; i++) {
onCommands[i] = noCommand;
offCommands[i] = noCommand;

}

So in the output of our test run, you are seeing only slots that have been
assigned to a command other than the default NoCommand object, which we
assigned when we created the RemoteControl.

PATTERN HONORABLE MENTION

The NoCommand object is an example of a null object. A null object is useful when you
don’t have a meaningful object to return, and yet you want to remove the responsibility
for handling null from the client. For instance, in our remote control we didn’t have a
meaningful object to assign to each slot out of the box, so we provided a NoCommand
object that acts as a surrogate and does nothing when its execute method is called.

You’ll find uses for Null Objects in conjunction with many Design Patterns and
sometimes you’ll even see Null Object listed as a Design Pattern.

. J

Time to write that documentation...

REMOTE CONTROL API DESIGN FOR HOME AUTOMATION OR
BUST, INC.

We are pleased to present you with the following design and application programming
interface for your Home Automation Remote Control. Our primary design goal was to
keep the remote control code as simple as possible so that it doesn’t require changes as
new vendor classes are produced. To this end we have employed the Command Pattern
to logically decouple the RemoteControl class from the Vendor Classes. We believe this
will reduce the cost of producing the remote as well as drastically reduce your ongoing
maintenance costs.

The following class diagram provides an overview of our design:




| The RemoteControl manages a set of Command

objects, one per hutton. When a button is pressed, |

| the corresponding ButtonWasPushed() method is

| called, which invokes the execute() method on the |
command. That is the full extent of the remote’s

-
The Remoteloader creates a | knowledge of the classes it's invoking as the [ — —
number of Command objects Command object decouples the remote from the | All RemoteControl commands |
that are loaded into the slots | | classes doing the actual home-automation work. | | implement the Command

| of the Remote Control. Each [
command object encapsulates |
arequest of a home |
automation device.

]

interface, which consists of one |
method: execute(). Commands
encapsulate a set of actions on a |
specific vendor class. The remote
invokes these actions by calling

| the executel) method.

_ka_rmiméder

[ <<inteface>>
Command

[~ RemoteControl -

onﬁmmands

offComman

setCommandy)
| onButtonWasPushedi)
offButtonWasPushed()

executef)

[public woid Ex:ncut..n i
light.en()}

|} [ public void execute() {
light.off ()

| The Vendor Classes are used to perfnrm_|
the actual home-automation work of |
controlling devices. Here, we are using

Lthe Light class as an example. |

]

Using the Command Interface, we implement each action |
that can be invoked by pressing a putton on the remote

with a simple Command object. The Command object holds |
a reference to an object that is an instance of a Vendor Class
and implements an execute method that calls one or more
methods on that object. Here we show two such classes |
|_ that turn a light on and off, respectively. J




Great job; it looks like
you've come up with a terrific
design, but aren't you forgetting one
little thing the customer asked for?
LIKE THE UNDO BUTTON?!

Whoops! We almost forgot... luckily, once we have our basic Command
classes, undo is easy to add. Let’s step through adding undo to our
commands and to the remote control...

What are we doing?

Okay, we need to add functionality to support the undo button on the remote.
It works like this: say the Living Room Light is off and you press the on
button on the remote. Obviously the light turns on. Now if you press the undo
button then the last action will be reversed — in this case, the light will turn
off. Before we get into more complex examples, let’s get the light working
with the undo button:

(D When commands support undo, they have an undo() method that
mirrors the execute() method. Whatever execute() last did, undo()
reverses. So, before we can add undo to our commands, we need to add an
undo() method to the Command interface:

public interface Command {

public veoid execute () ;

public void undo(); R__,_,_.’ Here's the new undo() method.

That was simple enough.
Now, let’s dive into the Light command and implement the undo()



method.
@ Let’s start with the LightOnCommand: if the LightOnCommand’s
execute() method was called, then the on() method was last called. We

know that undo() needs to do the opposite of this by calling the off()
method.

public class LightOnCommand implements Command {
Light light;

public LightOnCommand (Light light) {
this.light = light;

public void execute() {

light.on() :
}
— 1aht
public veid undo() { exetute) lc;;,ﬂfs U{IE Jllﬁ:n:
- ; on, 50 undol/) simPly T¥
[ TR T e light baek ofF

Piece of cake! Now for the LightOffCommand. Here the undo() method
just needs to call the Light’s on() method.

public class LightOffCommand implements Command {
Light light;

public LightOffCommand(Light light) {
this.light = light:

public void execute() {
light.off () ;

public void undo() {

light.on () ; &

ﬁr‘-d heve, urwdu” J'._,-...mvr'r-.s.
the Il"lahjc, batk on-



Could this be any easier? Okay, we aren’t done yet; we need to work a
little support into the Remote Control to handle tracking the last button
pressed and the undo button press.

@ To add support for the undo button we only have to make a few small
changes to the Remote Control class. Here’s how we’re going to do it:
we’ll add a new instance variable to track the last command invoked; then,
whenever the undo button is pressed, we retrieve that command and
invoke its undo() method.



public class RemoteCentrolWithUnde {
Command[] onCommands; This is wheve we'll stash +he last

SOUNSHRL] tCEECommaaan; tommand exetuted for the undo button
Command undoCommand;

public RemoteControlWithUndo () {
onCommands = new Command[7] ;
offCommands = new Command[7];

Command noCommand = new NoCommand() ;
for (int i=0;i<7;i++) {

2 SN Just like the other slots, unde
of fCommands [i] = noCommand; starts off with a NoCommand,
: so pressing undo before any other
AR a5 button won't de an‘}f{:hing at all.

public veoid setCommand(int slot, Command onCommand, Command offCommand) {
onCommands [slot] = onCommand;
offCommands[slot] = offCommand;

When a button is pressed, we take

ublic wvoid onButtonWasPushed(int slot -
i} onCommands [slot] executa[;: . P the tommand and first execute
undoCommand = anmanﬂs[gigt} . iJc; Idwtn we save a rc{"erenbc ‘I:D

‘ it in the undoCommand instance

vaviable. We do this for both “on
tommands and “off” tommands.

i

public void offButtonWasPushed(int slot) {
offCommands[slot] .execute() ;
undoCommand = offCommands[slot] ;

When the undo button is pressed, we
public void undoButtonWasPushed() { invoke the undol) method of the
unducmnd'unm“ ‘ ; f.crnma'nd S'Ep\’td n uhdocmmahd-
This veverses the operation of the
last ommand exetuted.

}
public String toString() {

// toString code here. ..
}

Time to QA that Undo button!

Okay, let’s rework the test harness a bit to test the undo button:



public class RemoteLoader {

public static veoid main(String[] args) {
RemoteContrelWithUndo remoteControl = new RemoteControlWithUndo () ;

Light livingRoomLight = new Light("Living Room"); . Create 3 Liah{, and our new u'ndof;:i
enabled Liﬁhf On and D‘ﬂ Commands-
LightOnCommand livingRoomLightOn = //“
new LightOnCommand (livingRoomLight) ;
LightOffCommand livingRoomLightOff =
new LightOffCommand (livingRoomLight) ;

remoteControl . setCommand (0, livingRoomLightOn, livingRoomLightOff) ;

dd the |i
remoteControl . onButtonWasPushed (0) ; C— i ‘Eht = ||ﬁ,h££ C_:om|mzhds
remoteControl . of fButtonWasPushed (0) ; ¢ vemote in siot O.
System.out.println (remoteControl) ; Turn the Lah
remoteControl .undoButtonWasPushed () ; ‘\\ o‘&ha ; ‘tl? t o:: then
remoteControl . offButtonWasPushed (0) ; & e
remoteControl .onButtonWasPushed (0) ;
System.out.println (remoteContrel) ; i
remoteControl .undoButtonWasPushed () ; Then, turn the light off, batk on and undo.

}

And here are the test results...

File Edit Window Help UndoCommandsDefyEntropy

% java RemoteLoader

Light is on g~ Turn the Iiﬁh}c on, then off.
Light is off

h Heve ave the Light commands.
Remote Contreol k—'___/

0] LightOnCommand LightOffCommand
1] NoCommand NoCommand

[slot 2] NoCommand NoCommarnd

[slot 3] NoCommand NoCommand

[slot 4] NoCommand NoCommand

[slot 5] NoCommand NoCommand

[slot 6] NoCommand NoCommand

[undo] LightOffCommand

Light is on f-— Undo was pressed... the Liﬁth-F‘FCommﬂnd ol palds he

wndol) turns the light back on. LightOFCommand, the

Light is off last tommand invoked.
o i: zn E—— Then we turn the !iﬁh{: off then back on. s

Remote Control

0] LightOnCommand LightO£f£fCommand

1] NoCommand NoCommand

2] HoCommand NoCommarnd

3] NeoCommand NoCommand

4] NoCommand NoCommand

5] NoCommand NoCommand

6] NoCommand NoCommand
[undo] LightOnCommand

Now undo holds +he Ligh{:ﬂhl:ammand, the last

Light is off € * Undo was pressed, the light is back off. G
L IR 0.

Using state to implement Undo

Okay, implementing undo on the Light was instructive but a little too easy.



Typically, we need to manage a bit of state to implement undo. Let’s try
something a little more interesting, like the CeilingFan from the vendor
classes. The CeilingFan allows a number of speeds to be set along with an off

method.
[_\ CeilingFan

Here’s the source code for the CeilingFan:



public class CeilingFan {
public static final int HIGH = 3;
puhl:}c stat%c f::l.nal :i_nt MEDIUM = 2; Notice that Lhe Ct'llihﬂr:ah ¢lass
PAbES wEmio o Ennal SEE HON = & holds lotal state representing the
gzbi!.:.c :tat:..." final int OFF = 0; s?e:d ab e tci|'1n5 Lan.
ring location;
int speed;

public CeilingFan (String location) {
this.location = location;
speed = OFF;

public wvoid high() ({
spaad = HIGH;
// code to set fan to high

public void medium() {
speed = MEDIUM;
// code to set fan to medium

public void low() { "~ These methods set the
speed = LOW; speed of the eeiling fan.
// code to set fan to low

public wvoid off () {
speed = OFF;
// code to turn fan off

:'n']:.
public int getSpeed() { We ta QE el the i.::‘"f fan
return speed; s?ct".d the ?1 3
} usmﬁ, :jcjr’g?tt



Hmm, so to properly
implement undo, T'd have
to take the previous speed of
the ceiling fan into account...

vy g

Adding Undo to the CeilingFan commands

Now let’s tackle adding undo to the various CeilingFan commands. To do so,
we need to track the last speed setting of the fan and, if the undo() method is
called, restore the fan to its previous setting. Here’s the code for the
CeilingFanHighCommand:




Iotall S'IU';JICC to

public class CeilingFanHighCommand implements Command { ' added
. — WC Ve c; {hc Y-.:\'!OUS
CeilingFan ceilingFan; keep t\-aﬂk 3
int prevSpeed; / £ the fan.

public CeilingFanHighCommand (CeilingFan ceilingFan)

this.ceilingFan = ceilingFan;

s?ctd Al

In execute, before we

f thange the speed of the
public void execute() { fan, we need to Fiest

prevSpeed = ceilingFan.getSpeed() ;
cailingFan.high() ;

public void undo() {

if (prevSpeed == CeilingFan.HIGH) {
ceilingFan.high() ;

} else if (prevSpeed == CeilingFan.MEDIUM) {
ceilingFan.medium/() ;

} else if (prevSpeed == CeilingFan.LOW) {
ceilingFan.low() ;

} else if (prevSpeed == CeilingFan.OFF) {
ceilingFan.off () ;

BRAIN POWER

retord its previous state,
juSJC in Lase we need to
undo our attions.

Te undo, Wi szf 'Hﬁt
< speed of the £an back

to its previous speed.

We’ve got three more ceiling fan commands to write: low, medium, and off. Can you

see how these are implemented?

Get ready to test the ceiling fan

Time to load up our remote control with the ceiling fan commands. We’re
going to load slot 0’s on button with the medium setting for the fan and slot 1
with the high setting. Both corresponding off buttons will hold the ceiling fan

off command.



Here’s our test script:



public class RemcteLoader {

public static void main(String[] args) {
RemoteControlWithUndo remoteControl = new RemoteControlWithUndo () ;

CeilingFan ceilingFan = new CeilingFan("Living Room") ;
Heve we ihS‘JCﬂhJC'IQJtt three
CeilingFanMediumCommand ceilingFanMedium = L tommands: high, medium, and off.
new CeilingFanMediumCommand (ceilingFan) ;

CeilingFanHighCommand ceilingFanHigh = thavie: we ?uf medium in

new CeilingFanHighCommand (ceilingFan) ; dk/_\ slot O, and hiﬁh in slot
CeilingFanOffCommand ceilingFanOff = |. We also load wp the
new CeilingFanOffCommand (ceilingFan) ; oFfP tommand.

remoteControl.setCommand (0, ceilingFanMedium, ceilingFanOff) ;

remoteControl.setCommand(l, ceilingFanHigh, ceilingFanOff) ;

remoteControl.onButtonWasPushed (0) ; First, furn the fan on medium.

remoteControl .ocffButtonWasPushed (0) ; Thak L it o—Fﬁ

System.out.println(remoteControl) ; -
b M'ﬂdoJ [+ should 9o batk to medium...

remoteControl .undoButtonWasPushed () ;

remoteControl . onButtonWasPushed (1) ; ot ¥ Twen it on to h'ﬁh this time.

System.out.println(remoteControl) ; And, one more wnda; it should 80 baek
]

remoteControl . undoButtonWasPushed () ; — to medium.

Testing the ceiling fan...

Okay, let’s fire up the remote, load it with commands, and push some
buttons!



File Edit Window Help UndoThis!

% java Remoteloader

Turn the eeiling £an on
S medium, then turn it off.

Living Reoom ceiling fan is on medium

Living Room ceiling fan is off

-—-—-- Remote Control ---—-—-- Heve avre the cgmmands
[slot 0] CeilingFanMediumCommand  CeilingFanOffCommand e in the vemote tontol-.
[slot 1] CeilingFanHighCommand CeilingFanOffCommand

[slot 2] NoCommand NoCommand

[slot 3] NoCommand NoCommand

[slot 4] MoCommand NoCommand

[slot 5] NoCommand NoCommand

[slot 6] MoCommand NoCommand

[undo] CeilingFanOffCommand ———e  —

~-and undo has the last tommand
exetuted, the CeilingFanOffCommand
with the previous speed of medium.

Living Room ceiling fan is on medium &— Undo the last command, and it qoes back to medium.
Living Room ceiling fan is on high

= N"\'ﬁ turn it on }nﬁ}.

Remote Control
0] CeilingFanMediumCommand CeilingFanOffCommand
1] CeilingFanHighCommand CeilingFanOffCommand
2] NoCommand NoCommand
3] NoCommand NoCcmmand
4] NoCommand NoCeommand
5] NoCommand NoCommand
6] NoCommand NoCommand
[undo] CeilingFanHighCommand é‘\—____-——— Now, hiﬁh is the last
tommand exetuted.
Living Room ceiling fan is on medium
One more undo, and the eeiling
‘Fﬁh goes back to medium nggd.

Every remote needs a Party Mode!

What’s the point of having a remote if you can’t push one button and
have the lights dimmed, the stereo and TV turned on and set to a DVD,
and the hot tub fired up?



setTemperature()

Stereo
on()
off{}
selCd() T
tCwd
el on()
setRadio() off()
sefiolume() setinputChannel()
HoFB I sefVolume()
on() i
offf)
circulatel) on()
jetsOn() off()
jetsOfff) dimy()

Hmm, our remote
control would need a
button for each device, I
don't think we can do this.




Hold on, Sue, don't be
so sure. I think we can do
this without changing the
remote at alll



Mary’s idea is to make 3 new
kind of Command that tan
exetute other Commands...
and movre than one of them!
P'rcﬂ:‘;‘ good idea, huh?

public class MacroCommand implements Command {
Command[] commands;

public MacroCommand (Command[] commands) {
this.commands = commands;

} ™ Take an array of Commands and store
them in the MaevroCommand.

public void execute() {
for (int i = 0; i < commands.length; i++) {
commands [1] . execute () ;

}
) k When the matro 5t{s exetuted b‘f the remote,
} E‘Mﬂu‘!:c those Lommands ore at a Lime.

Using a macro command

Let’s step through how we use a macro command:
@ First we create the set of commands we want to go into the macro:

Create all the devites: a J15]..|‘{:J
Light light = new Light("Living Room") ; tv, stereo, and hot +ub.
TV tv = new TV{("Living Room") ; /
Stereo stereo = new Stereo ("Living Room") ;
Hottub hottub = new Hottub() ; Now ereate all the On
Z_ tommands to tontrol them.
LightOnCommand lightOn = new LightOnCommand (light) ;
StereocOnCommand stereoln = new SterecOnCommand (stereo) ;
TVOnCommand tvOn = new TVOnCommand(tv) ;
HottubOnCommand hottubOn = new HeottubOnCommand (hottub) ;

SHARPEN YOUR PENCIL

We will also need commands for the off buttons. Write the code to create those here:

2 Next we create two arrays, one for the On commands and one for the



Off commands, and load them with the corresponding commands:

Create an avray for

On and an avray for
f G-EE c.ommahd-s---
Command|[] partyOn = { lightOn, stereoOn, tvOn, hottubOn}:;
Command|[] partyOff = { lightOff, sterecOff, tvOff, hottubOff};

and eveate two

e torresponding macvos
MacroCommand partyOffMacro = new MacroCommand (partyOff) ; to hold them.

MacroCommand partyOnMacro = new MacroCommand (partyOn) ;

3 Then we assign MacroCommand to a button like we always do:

Vi ﬁssign the matro
tommand to a button as

remoteControl . setCommand (0, partyOnMacro, partyOffMacro) ; 1
we would any command.

@ Finally, we just need to push some buttons and see if this works.



System.out.println(remoteControl) ;

System.out.println("--- Pushing Macro On---") ;
¥

remoteControl, onButtonWasPushed (0) ; Here's the output.

System.out.println("--- Pushing Macro Off---");
remoteControl .. ocffButtonWasPushed (0) ;

File Edit Window Help You Can'tBeatABabka
% jawva RemoteLoader

Here are the two macro com
mands.
o= e

MacroCommand

Remote Control

0] MacroCommand

[slot
[slot
[slot
[slot
[slot
[slot

1]
2]
3]
4]
5]
6]

NoCommand
NoCommand
NoCommand
NoCommand
NoCommand

NoCommand

NoCommand
NoCommand
NoCommand
NoCommand
NoCommand

NoCommand

[unde] NoCommand

All the Commands in the
matro are exectuted when we
invoke the on matvo...

=== Pushing Macrec On---

Light is on

Living Room stereo is on

Living Room TV is on

Living Room TV channel is set for DVD
Hottub is heating to a steaming 104 degrees
Hottub is bubbling!

and when we invoke the off
& matro. Looks like it works.

--- Pushing Macro Off---

Light is off

Living Room stereo is off
Living Room TV is off

Hottub is coeoling to 98 degrees

EXERCISE

The only thing our MacroCommand is missing is its undo functionality. When the undo
button is pressed after a macro command, all the commands that were invoked in the
macro must undo their previous actions. Here’s the code for MacroCommand; go ahead
and implement the undo() method:




public class MacroCommand implements Command {
Command[] commands;

public MacroCommand (Command|[] commands) {

this.commands = commands;

public void execute() {
for (int 1 = 0; i < commands.length; i++) {
commands [i] .execute () ;

public wvoid undo() {

THERE ARE NO DUMB QUESTIONS

Q: Q: Do I always need a receiver? Why can’t the command object implement the details of the execute()
method?

A: A: In general, we strive for “dumb” command objects that just invoke an action on a receiver; however, there are
many examples of “smart” command objects that implement most, if not all, of the logic needed to carry out a
request. Certainly you can do this; just keep in mind you’ll no longer have the same level of decoupling between
the invoker and receiver, nor will you be able to parameterize your commands with receivers.

Q: Q: How can I implement a history of undo operations? In other words, I want to be able to press the undo
button multiple times?

A: A: Great question. It’s pretty easy actually; instead of keeping just a reference to the last Command executed, you
keep a stack of previous commands. Then, whenever undo is pressed, your invoker pops the first item off the
stack and calls its undo() method.

Q: Q: Could I have just implemented party mode as a Command by creating a PartyCommand and putting
the calls to execute the other Commands in the PartyCommand’s execute() method?

A: A: You could; however, you’d essentially be “hardcoding” the party mode into the PartyCommand. Why go to
the trouble? With the MacroCommand, you can decide dynamically which Commands you want to go into the
PartyCommand, so you have more flexibility using MacroCommands. In general, the MacroCommand is a more
elegant solution and requires less new code.




The Command Pattern means lots of command classes

When you use the Command Pattern, you end up with a lot of small classes
— the concrete Command implementations — that each encapsulate the
request to the corresponding receiver. In our remote control implementation,
we have two command classes for each receiver class. For instance, for the
Light receiver, we have LightOnCommand and LightOffCommand; for the
GarageDoor receiver, we have GarageDoorUpCommand and
GarageDoorDownCommand, and so on. That’s a lot of extra stuff that’s
needed to create little bits of packaged-up computation that all have the same
interface for the RemoteControl:

All the RemoteControl taves about Note: this is our original Remote
is having 3 Common interface for the Control (without undo or .,
K/ commands it needs to exetute. / '
RemoteLoader RemoteControl > <<interface>>
Command
onCommands
offCommands SRgiel)
setCommand() : We have lots of command
onButtonWasPushed() ilassex jus £ so we £an
offButtonWasPushed() i bit of
: w'ra? u? a sma” l{', [
! - ] tomputation.
» Light LightOnCommand mP
0;{(; XECUtE() -+r-reeeereeeeeee s e :
0 j:
LightOffCommand

Y

|

execute() - oeeeniiinans .

-

public void execute() {

light.on() i

Lots move of these; two for

CVC\'}' reteiver we have. :
public void execute() {

light.off () ;

i de in the }
All we veally need is the to
C‘#cf_ub’. chd\od og eath Command. \_/

Do we really need all these command classes?

A command is simply a piece of packaged-up computation. It’s a way for us
to have a common interface to the behavior of many different receivers
(lights, hot tubs, stereos) each with its own set of actions.

What if you could keep the common interface for all your commands, but
take out the bits of computation from inside the concrete Command
implementations and use them directly instead? And you could get rid of all



those extra classes and simplify your code? Well, with lambda expressions
you can. Let’s see how...

Simplifying the Remote Control with lambda
expressions

While you’ve seen how straightforward the Command Pattern is, Java gives
us a nice tool to simplify things even more; namely, the lambda expression. A
lambda expression is a short hand for a method — a bit of computation —
exactly where you need it. Instead of creating a whole separate class
containing that method, instantiating an object from that class, and then
calling the method, you can just say, “here’s the method I want called” by
using a lambda expression. In our case, the method we want called is the
execute() method.

NOTE

If you aren’t yet familiar with lambda expressions (they were added in Java 8) they can
take some getting used to. You should be able to follow along over the next few pages,
but consult a Java reference to get up to speed on the syntax and semantics if you need
to.

Let’s replace the LightOnCommand and LightOffCommand objects with
lambda expressions to see how this works. Here are the steps to use lambda
expressions instead of command objects to add the light on and off
commands to the remote control:

Step 1: Create the Receiver

This step is exactly the same as before.

Light livingRoomLight = new Light("Living Room");

igh
on{)
off()

Step 2: Set the remote control’s commands using lambda expressions

This is where the magic happens. Now, instead of creating



LightOnCommand and LightOffCommand objects to pass to
remoteControl.setCommand(), we simply pass a lambda expression in place
of each object, with the code from their respective execute() methods:

e Heve are the two lambda expressions. ¥

remoteControl . setCommand (0, () -> { livingRoomLight.on({); }, () -> { livingRoomLight.off(); } }:

\______—V'_,_,_.—.__—J
The lambdas get passed as commands to setCommand. M_“
: K,DJ

L7
public void setCommand (int slot, Command onCommand, Command offCommand) {
onCommands [slot] = onCommand;
offCommands [slot] = offCommand;

Step 3: Push the remote control buttons

This step doesn’t change either. Except now, when we call the remote’s
onButtonWasPushed(0) method, the command that’s in slot 0 is a function
object (created by the lambda expression). When we call execute() on the
command, that method is matched up with the method defined by the lambda
expression, which is then executed.

public wvoid onButtonWasPushed(int slot) {
remoteControl .onButtonWasPushed (0) ; EN onCommands [slot] .exacute () ;

}
What's stored in the onCommands array at slet O /—/
is the lambda expression we passed to s;{Com@and VA
in Step 2. The execute() method is matthed my |0 -> { livingRoomLight.on(); }

method in the lambda expression, and evetuted.



Are you trying to pull another fast one?
The lambda expression we're passing into
the setCommand method doesn't even

have an execute method. So how does the
method in the lambda ever get called?

Well, we did say “magic” didn’t we?

Just kidding... it’s actually not all that magical. We’re using lambda
expressions to stand in for Command objects, and the Command interface has
just one method: execute(). The lambda expression we use must have a
compatible signature with this method — and it does: execute() takes no
arguments (neither does our lambda expression), and returns no value
(neither does our lambda expression), so the compiler is happy.

We pass the lambda expression into the Command parameter of the
setCommand() method:



No 3k5umth+.5--- E ~> { livingRoomLight.on () ; ﬂ
e

public void setCommand (int slot, ﬂ ...ho{'nmg returned.
Command JonCommand ,

ommand offCommand) {
Yup, the signature of the lambda expression matthes the

5'|fj-na£u.'re of 4he oh'.\;l' method in Command. We're E_:,Ood to 50,1

Neo arijumth‘{.s.. :
no‘i';h'mﬁ returned.

The compiler checks to see if the Command interface has one method that
matches the lambda expression, and it does: execute().

Then, when we call execute() on that command, the method in the lambda

expression is called:
onCommands [slot] .execute () ;

Theve s c:m|*]|' one method in @ Command, so Jchlii{'s
the method the lambda expression stands in tor.

rface Command {
sxecute 07 [() > ¢ livingRoomLight.on() ; } ]

-

Just remember: as long as the interface of the parameter we’re passing the
lambda expression to has one (and only one!) method, and that method has a
compatible signature with the lambda expression, this will work.

ublic inte

}

Simplifying even more with method references

We can simplify our code even more using method references. When the
lambda expression you’re passing calls just one method, you can pass a
method reference in place of the lambda expression. Like this:

remoteContrel.setCommand (0, livingRoomLight::on, livingRoomLight::off) ;

This is a veferente 1o the on() method j Q This is a rcxcg-rn-,.:c to the of 0
of the |'“i“ﬂROOML’]5h£ Objtf'{" method of the Iliv'lhﬁ-qﬂomf_-'la-h{' objtdtl..

So now, instead of passing a lambda expression that calls the
livingRoomLight’s on() method, we’re passing a reference to the method
itself.

What if we need to do more than one thing in our



lambda expression?

Sometimes, the lambda expressions you’ll use to stand in for Command
objects have to do more than one thing. Let’s take a quick look at how to
replace the stereoOnWithCDCommand and stereoOffCommand objects with
lambda expressions, and then we’ll look at the complete code for the
RemoteL.oader so you can see all these ideas come together.

The stereoOffCommand just executes a simple one-line command:

stereo.off();

So we can use a method reference, stereo: : off, in place of a lambda
expression for this command.

But the stereoOnWithCDCommand does three things:

stereo.on();

stereo.setCD();

stereo.setVolume(11);
In this case, then, we can’t use a method reference. Instead, we can either
write the lambda expression in line, or we can create it separately, give it a
name, and then pass it to the remoteControl’s setCommand() method using
that name. Here’s how you can create the lambda expression separately, and
give it a name:

This lambda expression does three Jch'mgf
K/—_ (ust like the stcrcoGn'."u"'Hc'nCDCommand 5
just

Command stereoOnWithCD = - LEna : :
b : C‘Jlf.f,'utC["' mﬂ{',hod d'ld}

sterec.on() ; stereo.setCD(); stereo.setVolume(ll) ;
¥ir

remoteControl.setCommand (3, stereoOnWithCD, sterec::off); We tan pass the lambda
C‘J('Prt.‘i.'iiﬂl‘. uSihﬂ ]{5 name.

Notice that we use Command as the type of the lambda expression. The
lambda expression will match the Command interface’s execute() method,
and the Command parameter we’re passing it to in the setCommand()
method.

Test the remote control with lambda expressions

To use lambda expressions to simplify the code for the original Remote
Control implementation (without undo), we’re going to change the code in
the RemoteL.oader to replace the concrete Command objects with lambda
expressions, and change the RemoteControl constructor to use lambda
expressions instead of a NoCommand object. Once we’ve done that, we can



delete all the concrete Command classes (LightOnCommand,
LightOffCommand, HottubOnCommand, HottubOffCommand, and so on).
And that’s it. Everything else stays the same. Make sure you don’t delete the
Command interface; you still need that to match the type of the function
objects created by the lambda expressions that get stored in the remote
control, and passed to the various methods.

Here’s the new code for the Remotel.oader class:

public class RemoteLoader {
public static void main(String[] args) {

RemoteContrel remoteControl = new RemoteControl () ; We've vaioved all the

tode Lo eveate tontvete
Command objcf.{s (and we
deleted all those tlasses
‘boo). Now our tode's a lot
more Lontise (and we've

gone Peom 22 elasses 1o 9)-

Light livingRoomLight = new Light("Liwving Room") ;
Light kitchenLight = new Light ("Kitchen") ;

CeilingFan ceilingFan = new CeilingFan("Living Room") ;
GarageDoor garageDoor = new GarageDoor ("Main house") ;
Sterec stereo = new Stereo("Living Room") ;

remoteContreol . setCommand (0, livingRoomLight::on, livingRoomLight::off) ;
remoteControl . setCommand (1, kitchenLight::on, kitchenLight::0ff) ;
remoteContreol . setCommand (2, ceilingFan::high, ceilingFan::off) ;

Command stereocCOnWithCD = () -> {

stereoc.on() ; stereo.setCD(); stereo.setVolume (11l) ;
| I
remoteContrel . setCommand (3, stereocOnWithCD,” stereo::off) ;
remoteControl . setCommand (4, garageDoor::up, garageDoor::down) ;

We're using method referentes everywhere we
have simple one—method tommands, and a full
lambda expression for where we need to do
more than one method e3ll.

System.out.println(remoteControl) ; Q

remoteContreol . onButtonWasPushed (0) ;
remoteControl . offButtonWasPushed (0) ;
remoteContreol . onButtonWasPushed (1) ;
remoteControl .. offButtonWasPushed (1) ;

remoteControl .onButtonWasPushed(2) ; (You ean think of 3 method veferente as a

remoteControl .offButtonWasPushed (2) ; tompatt lambda expression. 'I'hc}."rg 'r.:a”‘)f

remoteControl .onButtonWasPushed (3) ; the same fhinﬂ,‘ 3 method 'FC'\CCTCN:.(, is just

remoteControl . of fButtonWasPushed (3) ; shorthand "or a lambda exPression £ha{ talls
} jusjc one method.)

}

And don’t forget, we need to modify the RemoteControl constructor to
remove the code to construct NoCommand objects, and replace those with
lambda expressions too:



Wow, we got
that implementation
from 22 classes down to
9. That's a lot easier to

manage.

public class RemoteControl {
Command[] onCommands;
Command[] offCommands;

public RemoteControl () {
onCommands = new Command[7]; We've removed the code -b:}{;
offCommands = new Command[7]; é/ eveate 3 NoCommand "bjﬁ' '

for (int i = 0; i < 7; i++) { ‘//—rhgttad ok a NoCommand al:jct‘[‘,,
we use 3 lambda expression

onCommands[i] = () -> { };
offCommands[i] = (} -> { };: that does r.o{:hina_ll (Just like
} the exetute() method of +the
NoCommand objr,:ﬂ: did r.o’c'ning..]

}
// rest of the code here

}
Check out the results of all those lambda expression

commands...



File Edit Window Help CommandsGetThingsDone

% java Remoteloader
—————— Remote Control —---—-—--—-
0] Remoteloader$$Lambda$l/168423058 Remoteloader$S$Lanbda$2,/1247233941

[slot 1] Remoteloader$$Lambda$3/258952499 Remoteloader$$Lambdasd /603742814
[slot 2] Remoteloader$$Lambda$s/1325547227 RemoteloaderS$S$Lambda$e,/ 980546781
[slot 3] Remoteloader$$Lambda$9/1706377736 Remoteloader$$Lanbda$10/1804094807
[slot 4] RemoteControl$$Lambda$l/713338599 RemoteControl$SLambda$2/1247233941
[slot 5] RemoteControl$$Lambda$l/713338599 RemoteControl$$Lambda$2/1247233941
[slot 6] RemoteControl$$Lambda$l/713338599 RemoteControl$$Lambda$2,/1247233941

ﬁ (’ Now when we display the vemote control
Living Room light is on Onslots  OFF slots see these weird nam‘?;s ins{:t;:o‘(" {?:e Eo:n::hd

Living Room light is off
Kitchen light is on
Kitchen light is off
h"’"ng Room ce-‘:-ling fan is on high =_ Onte 493in, our tommands in action. Onl this
Living Room ceiling fan is off time, our tommands are defined with lambda

Living Room stereo is on e b
express :
Living Room sterec is set for CD imput pressions instead of Command och.:’cs,

Liwving Room Sterec volume set to 11
Living Room sterec is off
%

tlass names. Not 3 ?ar{jcularly useful display.

THERE ARE NO DUMB QUESTIONS

Q: Q: Can alambda expression have parameters or return a value? Or does it always have to be a void, no-
argument method?

A: A: Yes, alambda expression can have parameters and return a value (take a look back at Chapter 2 to see how we
used a one-argument lambda expression in place of an ActionListener object in the Swing observer example). But
the rules are the same: the signature of the lambda expression must match the signature of the one method in the
type of the object you’re using the lambda expression to stand in for. To learn more about how to write lambda
expressions with parameters and return values (and how to deal with the types), check out the Java docs.

Q: Q: You keep saying that a lambda expression must match a method in an interface with one, and only one,
method. So if an interface has two methods, we can’t use a lambda expression?

A: A: That’s right. An interface, like our original Command interface (or ActionListener as another example), that
has just one method is known as a functional interface. Lambda expressions are designed specifically to replace
the methods in these functional interfaces, partly as a way to reduce the code that is required when you have a lot
of these small classes with functional interfaces. If your interface has two methods, it’s not a functional interface
and you won’t be able to replace it with a lambda expression. Think about it: a lambda expression is really a
replacement for a method, not an entire object. You can’t replace two methods with one lambda expression.

Q: Q: Does that mean we can’t use lambda expressions for our Remote Control implementation with undo?
There, our Command interface has two methods: execute() and undo().

A: A: That’s right. You could probably find a way to use lambdas with undo (by making two different types of
commands), but in the end your code would probably be more complex than if you’d just used Command objects
like we did when we implemented the RemoteControl with undo earlier in the chapter.

Lambda expressions are meant to be used with functional interfaces (one method only), to simplify your code. If
you find yourself trying to work around this to support a case like Command with undo, then using lambda
expressions probably isn’t the right solution.

Q: Q: Why do the names of on and off slots look so weird when we display the RemoteControl?




A: A: If you take another look at how we implemented the toString() method of RemoteControl, you’ll see we’re
using getClass() to get the class of the Command object, and then getName() to get the name of the class, and
printing that to the console as a string. This was a convenient way to get a name for each slot, but kind of a cheat.

As you can see from the output, lambda expressions don’t have nice class names. That’s because their names are
assigned internally by the Java runtime and Java has no idea what these lambda expressions mean; to Java, they’re
just function objects that happen to match a method in an interface.

To fix the RemoteControl display, we’d have to modify the setCommand() code in RemoteControl, perhaps to
allow a name parameter for each slot, and modify the toString() method to use this name. Then in RemoteLoader,
we’d pass a nice, human-readable name into setCommand() along with the commands. This would probably
mirror real life more closely (if you’re programming your own remote, you’ll likely want to set your own custom
names).

- J

More uses of the Command Pattern: queuing requests

Commands give us a way to package a piece of computation (a receiver and a
set of actions) and pass it around as a first-class object. Now, the computation
itself may be invoked long after some client application creates the command
object. In fact, it may even be invoked by a different thread. We can take this
scenario and apply it to many useful applications such as schedulers, thread
pools, and job queues, to name a few.

Imagine a job queue: you add commands to the queue on one end, and on the
other end sits a group of threads. Threads run the following script: they
remove a command from the queue, call its execute() method, wait for the
call to finish, then discard the command object and retrieve a new one.
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Note that the job queue classes are totally decoupled from the objects that are
doing the computation. One minute a thread may be computing a financial
computation, and the next it may be retrieving something from the network.
The job queue objects don’t care; they just retrieve commands and call
execute(). Likewise, as long as you put objects into the queue that implement
the Command Pattern, your execute() method will be invoked when a thread
is available.

BRAIN POWER

How might a web server make use of such a queue? What other applications can you
think of?



More uses of the Command Pattern: logging requests

The semantics of some applications require that we log all actions and be able
to recover after a crash by reinvoking those actions. The Command Pattern
can support these semantics with the addition of two methods: store() and
load(). In Java we could use object serialization to implement these methods,
but the normal caveats for using serialization for persistence apply.

How does this work? As we execute commands, we store a history of them
on disk. When a crash occurs, we reload the command objects and invoke
their execute() methods in batch and in order.

Now, this kind of logging wouldn’t make sense for a remote control;
however, there are many applications that invoke actions on large data
structures that can’t be quickly saved each time a change is made. By using
logging, we can save all the operations since the last check point, and if there
is a system failure, apply those operations to our checkpoint. Take, for
example, a spreadsheet application: we might want to implement our failure
recovery by logging the actions on the spreadsheet rather than writing a copy
of the spreadsheet to disk every time a change occurs. In more advanced
applications, these techniques can be extended to apply to sets of operations
in a transactional manner so that all of the operations complete, or none of
them do.
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Tools for your Design Toolbox

Your toolbox is starting to get heavy! In this chapter we’ve added a pattern
that allows us to encapsulate methods into Command objects: store them,
pass them around, and invoke them when you need them.
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BULLET POINTS

The Command Pattern decouples an object making a request from the one that
knows how to perform it.

A Command object is at the center of this decoupling and encapsulates a receiver
with an action (or set of actions) .

An invoker makes a request of a Command object by calling its execute() method,
which invokes those actions on the receiver.

Invokers can be parameterized with Commands, even dynamically at runtime.
Commands may support undo by implementing an undo method that restores the
object to its previous state before the execute() method was last called.

Macro Commands are a simple extension of Command that allow multiple
commands to be invoked. Likewise, Macro Commands can easily support undo().
In practice, it is not uncommon for “smart” Command objects to implement the
request themselves rather than delegating to a receiver.

Commands may also be used to implement logging and transactional systems.

DESIGN PATTERNS CROSSWORD

Time to take a breather and let it all sink in.

It’s another crossword; all of the solution words are from this chapter.
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Across

Down

3. The Waitress was one.

4. A command a set of actions and a

receiver.

7. Dr. Seuss diner food.

8. Our favorite city.

9. Act as the receivers in the remote control.

13. Object that knows the actions and the
receiver.

14. Another thing Command can do.
15. Object that knows how to get things done.

17. A command encapsulates this.

1. Role of customer in the Command Pattern.
2. Our first command object controlled this.
5. Invoker and receiver are

6. Company that got us word-of-mouth
business.

10. All commands provide this.

11. The Cook and this person were definitely
decoupled.

12. Carries out a request.
16. Waitress didn’t do this.

WHO DOES WHAT? SOLUTION

Match the diner objects and methods with the corresponding names from the Command




Pattern
Diner Command Pattern

Wattress Command

Short Order Cook execute()
orderUp() Client

Order Invoker
Customer Receiyer
takeOrder() setCommand()

SHARPEN YOUR PENCIL SOLUTION

Here’s the code for the GarageDoorOpenCommand class.

public class GarageDoorOpenCommand implements Command {

GarageDoor garageDoor;

public GarageDoorOpenCommand(GarageDoor garageDoor) {
this.garageDoor = garageDoor ;
}

public void execute() {
garageDoor.up();

}

Here’s the output:

File Edit Window Help GreenEggs&Ham

%java RemoteControlTest

Light is on

Garage Door is Open
%




EXERCISE SOLUTION

Here is the undo() method for the MacroCommand.

public class MacroCommand implements Command {
Command[] commands;
public MacroCommand(Command[] commands) {
this.commands = commands;
}

public void execute() {
for (int i = 0; i < commands.length; i++) {
commands[i].execute();

or (int i = commands.length - 1; i > = 0; i--) {

SHARPEN YOUR PENCIL SOLUTION

Here is the code to create commands for the off button.

LightoffCommand lightOff = new LightOffCommand(light);
StereoOffCommand stereoOff = new StereoOffCommand(stereo);
TvoffCommand tvOff = new TVOffCommand(tv);
HottubOoffCommand hottubOff = new HottubOffCommand(hottub);
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Chapter 7. The Adapter and Facade
Patterns: Being Adaptive

Do you think the
readers are really getting the
impression we're watching a

horse race rather than sitting
in a photo studio?

That's the beauty of
our profession: we can
make things look like

something they're not!

You mean it's not
supposed to be a
football match?

Wrapped in this coat,
I'm a different man!

In this chapter we’re going to attempt such impossible feats as putting a
square peg in a round hole. Sound impossible? Not when we have Design
Patterns. Remember the Decorator Pattern? We wrapped objects to give
them new responsibilities. Now we’re going to wrap some objects with a
different purpose: to make their interfaces look like something they’re not.
Why would we do that? So we can adapt a design expecting one interface to a
class that implements a different interface. That’s not all; while we’re at it,
we’re going to look at another pattern that wraps objects to simplify their
interface.

Adapters all around us

You’ll have no trouble understanding what an OO adapter is because the



real world is full of them. How’s this for an example: Have you ever
needed to use a US-made laptop in Great Britain? Then you’ve probably
needed an AC power adapter...

British Wall Qutlet

AC Power Adapter

Standard AC Plug

The US laptop expeets
another interfate

J

The ad&lﬁ'ft'r tonverts one

interfate into another.
You know what the adapter does: it sits in between the plug of your laptop
and the British AC outlet; its job is to adapt the British outlet so that you can
plug your laptop into it and receive power. Or look at it this way: the adapter
changes the interface of the outlet into one that your laptop expects.

NOTE

How many other real-world adapters can you think of?

Some AC adapters are simple — they only change the shape of the outlet so
that it matches your plug, and they pass the AC current straight through —
but other adapters are more complex internally and may need to step the
power up or down to match your devices’ needs.

Okay, that’s the real world; what about object-oriented adapters? Well, our
OO adapters play the same role as their real-world counterparts: they take an
interface and adapt it to one that a client is expecting.

Object-oriented adapters



Say you’ve got an existing software system that you need to work a new
vendor class library into, but the new vendor designed their interfaces
differently than the last vendor:

Your Vendor
Existing Class
System > )

. 3
esn £ matth the one You ve written

§ inkevfate do
Thew wnte 70 ) E';P"“E’} {o wo‘rk!l

Your tode aga'mst. Th

Okay, you don’t want to solve the problem by changing your existing code
(and you can’t change the vendor’s code). So what do you do? Well, you can
write a class that adapts the new vendor interface into the one you’re
expecting.

Your Adapter Vendor
Existing Class
Systewm > > ) )

The adapter implements the

' ' lks +o the vendor inkerfate
interface Your tlasses expect. And talks to

1o servite Your reqlucs.{s.

The adapter acts as the middleman by receiving requests from the client and
converting them into requests that make sense on the vendor classes.

Your Adapter | Vendor
Existing Class
System > )

f\

No tode t'.'l-..;thﬂ:s.

7\

New tode.

A

Ne tode thanaes.



NOTE

Can you think of a solution that doesn’t require YOU to write ANY additional code to
integrate the new vendor classes? How about making the vendor supply the adapter
class?

If it walks like a duck and quacks like a duck, then it
must might be a duek turkey wrapped with a duck
adapter...

It’s time to see an adapter in action. Remember our ducks from Chapter 1?
Let’s review a slightly simplified version of the Duck interfaces and classes:

§ - '(-mh'ﬁ-d'r ou
public interface Duck { Thls\;’ - E:mt,r-"t a Dutk
L wn
public void quack() ; ?:thvfat: that allows
public wvoid £ly() ; Dueks ko ukuat.'lt an

1
Here’s a subclass of Duck, the MallardDuck.



public class MallardDuck implements Duck {
public wvoid quack() {
System.out.println("Quack™) ;

public wvoid fly () {
System.out.println("I'm flying") ;

}

Now it’s time to meet the newest fowl on the block:
\e.

L 1 [ Y k— f n “l'*‘ l:-k— Lh f aﬂh

public void gobble() ;

public veoid £fly();
} (\ T'-l"‘kt‘jfs £an ‘F]‘f, although ‘E'htj(
tan an]‘f JF|*?|' short distantes.

ublic class WildTurkey implements Turkey { .
= : ' y imp 4 T ke im?l:mchJ{f{mh
public void gobble() { 4 e Duek, E 51_.5.,

. Turkes |
System.out.println("Gobble gobble") ; 7 ;E_m{; ml its attions.

public wvoid fly() {
System.out.println("I'm flying a short distance") ;

}

Now, let’s say you’re short on Duck objects and you’d like to use some
Turkey objects in their place. Obviously we can’t use the turkeys outright
because they have a different interface.

So, let’s write an Adapter:

CODE UP CLOSE




First, you need to implement the interface
of the {,‘ﬁ-‘e }lou’rc ada?‘tihﬁ 4o. This is the
interface your elient expects to see.

public class TurkeyAdapter implements Duck {
Turkey turkey;

‘{‘,h&'{; ‘{',h\'aulj}i {',hl! l‘.ﬂhs%,'rm‘.‘{‘.or.

this.turkey = turkey;

Now we need to implement all the methods in

public void quack() { the interfate; the quack() translation between
turkey.gobble () ; tlasses is easy: just eall the aobble() method.
}
public void fly() { ' Even {houﬁh both interfaces have a FHU
for(int i=0; i < 5; i++) { method, Turkeys Fly in short spurts —
turkey . £1y () ; they can't do long-distance Flying like

dutks. To map between a Duek’s +ly0)

methed and 3 Turkefs; we need to call

p the Turkcfs Fty[] method Five Limes to
} make up Far 'rl:.

Next, we need to get a veferente to the
public TurkeyAdapter (Turkey turkey) { & objeet that we are adapting; here we do

Test drive the adapter

Now we just need some code to test drive our adapter:



public class DuckTestDrive { 'L_tJEIf' tred
publiec static wvoid main(String[] args) { [“

-
MallardDuck duck = new MallardDuck() ; and 3 Tueke

WildTurkey turkey = new WildTurkey () ; {/—\ [\ And then wrap the turkey

Duck turkeyAdapter = new TurkeyAdapter (turkey) ;

ina kaqhda?ﬁcr. whith

makes it look like 3 Duck.

System.out.println("The Turkey says..."};
turkey.gobble() ;

turkey.fly () ; G —— Then, let’s test the Turkey:
make it 5ob'nch make it Fhf.

System.out.println("\nThe Duck says...");

testDuck (duck) ; G\\\ Now let's Lest the dutk
by ¢alling the testDuck()
System.ocut.println("\nThe TurkeyAdapter says..."); method, whith cx?:f.{:s a
testDuck (turkeyAdapter) ; Dutk object.
} N A
W {3’) )
FF o 0 e
static wvoid testDuck (Duck duck) { 2 ﬁ'*‘kcly we f")f i
duck . quack () ; : . duef, Pass
duck. £1y () ; — ::Es“ e testDuck() methog; it "
a duck and g ; A
. STr
-rcsf i m Fila Edit Window Help Don'tForgetToDuck
%Java DuckTestDrive
The Turkey says... The kac}, gobbles and

Gobble gobble e
I'm flying a short distance

Flies a short distante.

;uh:CEUCk st The Duck quacks and flies

I'm flying & Juijt like xiaou’d expect.

The TurkeyAdapter says...

Gobble gobble

I'm flying a short distance And the adapter
I'm flying a short distance «Z\/_‘ qtua.:kf] is talled an
I'm flying
I'm flying
I'm flying

a
a
a
a

short distance disquised as 3 dutk!

The Adapter Pattern explained

5ob'nlcs when
d flies a few Limes

short distance when fIy0) is ealled. T'hf-‘ JSCS{'-D“TU
short distance method never knows it has a turkey

Now that we have an idea of what an Adapter is, let’s step back and look at

all the pieces again.
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Here’s how the Client uses the Adapter

(D The client makes a request to the adapter by calling a method on it
using the target interface.

(@ The adapter translates the request into one or more calls on the
adaptee using the adaptee interface.

3 The client receives the results of the call and never knows there is
an adapter doing the translation.

NOTE
Note that the Client and Adaptee are decoupled — neither knows about the other.

SHARPEN YOUR PENCIL

Let’s say we also need an Adapter that converts a Duck to a Turkey. Let’s call it
DuckAdapter. Write that class:

How did you handle the fly method (after all, we know ducks fly longer than turkeys)?
Check the answers at the end of the chapter for our solution. Did you think of a better
way?

THERE ARE NO DUMB QUESTIONS




Q: Q: How much “adapting” does an adapter need to do? It seems like if I need to implement a large target
interface, I could have a LOT of work on my hands?

A: A: You certainly could. The job of implementing an adapter really is proportional to the size of the interface you
need to support as your target interface. Think about your options, however. You could rework all your client-side
calls to the interface, which would result in a lot of investigative work and code changes. Or, you can cleanly
provide one class that encapsulates all the changes in one class.

R

Q: Does an adapter always wrap one and only one class?

A: A: The Adapter Pattern’s role is to convert one interface into another. While most examples of the adapter pattern
show an adapter wrapping one adaptee, we both know the world is often a bit more messy. So, you may well have
situations where an adapter holds two or more adaptees that are needed to implement the target interface.

This relates to another pattern called the Facade Pattern; people often confuse the two. Remind us to revisit this
point when we talk about facades later in this chapter.

Q: Q: What if I have old and new parts of my system, and the old parts expect the old vendor interface, but
we’ve already written the new parts to use the new vendor interface? It is going to get confusing using an
adapter here and the unwrapped interface there. Wouldn’t I be better off just writing my older code and
forgetting the adapter?

A: A: Not necessarily. One thing you can do is create a Two Way Adapter that supports both interfaces. To create a
Two Way Adapter, just implement both interfaces involved, so the adapter can act as an old interface or a new
interface.

. J

Adapter Pattern defined

Enough ducks, turkeys, and AC power adapters; let’s get real and look at the
official definition of the Adapter Pattern:

NOTE

The Adapter Pattern converts the interface of a class into another interface the clients
expect. Adapter lets classes work together that couldn’t otherwise because of
incompatible interfaces.

Now, we know this pattern allows us to use a client with an incompatible
interface by creating an Adapter that does the conversion. This acts to
decouple the client from the implemented interface, and if we expect the
interface to change over time, the adapter encapsulates that change so that the
client doesn’t have to be modified each time it needs to operate against a
different interface.

We’ve taken a look at the runtime behavior of the pattern; let’s take a look at
its class diagram as well:
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The Adapter Pattern is full of good OO design principles: check out the use
of object composition to wrap the adaptee with an altered interface. This
approach has the added advantage that we can use an adapter with any
subclass of the adaptee.

Also check out how the pattern binds the client to an interface, not an
implementation; we could use several adapters, each converting a different
backend set of classes. Or, we could add new implementations after the fact,
as long as they adhere to the Target interface.

Object and class adapters

Now despite having defined the pattern, we haven’t told you the whole story
yet. There are actually two kinds of adapters: object adapters and class
adapters. This chapter has covered object adapters and the class diagram on
the previous page is a diagram of an object adapter.

So what’s a class adapter and why haven’t we told you about it? Because you
need multiple inheritance to implement it, which isn’t possible in Java. But,
that doesn’t mean you might not encounter a need for class adapters down the
road when using your favorite multiple inheritance language! Let’s look at
the class diagram for multiple inheritance.



Client Target Adaptee

request() specificRequest()

N

Adapter
request() k_\

[nstead of using f,orn?os'rﬁioh
4o adapt the Adaptee, the
Pida?{cr now subtlasses the
Adaptee and the Target classes.

Look familiar? That’s right — the only difference is that with class adapter
we subclass the Target and the Adaptee, while with object adapter we use
composition to pass requests to an Adaptee.

BRAIN POWER

Object adapters and class adapters use two different means of adapting the adaptee
(composition versus inheritance). How do these implementation differences affect the
flexibility of the adapter?

DUCK MAGNETS

Your job is to take the duck and turkey magnets and drag them over the part of the
diagram that describes the role played by that bird, in our earlier example. (Try not to
flip back through the pages.) Then add your own annotations to describe how it works.

Class Adapter

Client Target Adaptee

request() specificRequest()

Adapter
request()

Object Adapter




Client I <<jnterface>>
Target
request()
AN
Adapter > Adaptee
request) specificRequest()

Drag these onto the class diagram, to show which part of the diagram represents the
Duck and which represents the Turkey.

DUCK MAGNETS ANSWER

NOTE

Note: the class adapter uses multiple inheritance, so you can’t do
it in Java...

Class Adapter
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FIRESIDE CHATS

Tonight’s talk: The Object Adapter and Class Adapter meet face to face.

Object Adapter: Class Adapter:

Because I use composition I’ve got a leg
up. I can not only adapt an adaptee class,
but any of its subclasses.




That’s true, I do have trouble with that because I am

committed to one specific adaptee class, but I have a
huge advantage because I don’t have to reimplement
my entire adaptee. I can also override the behavior of
my adaptee if I need to because I’'m just subclassing.

In my part of the world, we like to use
composition over inheritance; you may be
saving a few lines of code, but all I'm
doing is writing a little code to delegate to
the adaptee. We like to keep things
flexible.

Flexible maybe, but efficient? No. Using a class
adapter there is just one of me, not an adapter and an
adaptee.

You’re worried about one little object?
You might be able to quickly override a
method, but any behavior I add to my
adapter code works with my adaptee class
and all its subclasses.

Yeah, but what if a subclass of adaptee adds some new
behavior. Then what?

Hey, come on, cut me a break, I just need
to compose with the subclass to make that
work.

Sounds messy...

You wanna see messy? Look in the
mirror!

Real-world adapters

Let’s take a look at the use of a simple Adapter in the real world (something
more serious than Ducks at least)...

Old-world Enumerators

If you’ve been around Java for a while you probably remember that the early
collection types (Vector, Stack, Hashtable, and a few others) implement a
method, elements(), which returns an Enumeration. The Enumeration
interface allows you to step through the elements of a collection without



knowing the specifics of how they are managed in the collection.

Tells You £ Lhere ave any move
<<interfaca=> L lt]n “ ﬂ-tinnr
UG / ticmtn‘l‘,s n e Lolie

hasMareElements()

nextElement|) (—w

ﬁ'wcs You the next element
in the tolleetion.

New-world Iterators

The newer Collection classes use an Iterator interface that, like Enumeration,
allows you to iterate through a set of items in a collection, but also adds the
ability to remove items.

Analogous to has.MavcE-lcmancsf)
n ‘E,'nc Ehumﬂ'aﬂoh in‘l‘.tr-['\aﬁ.t-

This method jus{: Lells You W |
'faulut |oo|£r:d &‘l‘. all 'Ehc 'l'l',tms in

J +he tollettion.

Gives You the next
element in +he tolleetion.

<<interface>
Iterator

hasMext}
naxt()
remove()

RE""GUES dn i{l!m ‘Flrcnm
the collection.

And today...

We are often faced with legacy code that exposes the Enumeration interface,
yet we’d like for our new code to use only Iterators. It looks like we need to
build an adapter.



Adapting an Enumeration to an Iterator

First we’ll look at the two interfaces to figure out how the methods map from
one to the other. In other words, we’ll figure out what to call on the adaptee
when the client invokes a method on the target.

These two methods look easy.
Thcy map s{raighi to hasNext()

Tovget e and next() in [tevator.
‘ <<interface>> <<interface>>
Iterator Enumeration
hasNext() hasMoreElements|)
next() T ~—> | nextElement()
remove() '
ﬁ T Adaptee interface

But what about this method
remove() in [tevator? There's
no'ﬁ:hing like that in Enumevation.

Designing the Adapter

Here’s what the classes should look like: we need an adapter that implements
the Target interface and that is composed with an adaptee. The hasNext() and
next() methods are going to be straightforward to map from target to adaptee:
we just pass them right through. But what do you do about remove()? Think
about it for a moment (and we’ll deal with it on the next page). For now,
here’s the class diagram:

Your new tode still gets <<interfaces> We've making the Enumerations

Lo use [tevakors, even <7 lterator in Your old ¢ode look like

if there's veally an hasNext() [Levators for Your new tode.

Ehumt"f&‘tion uhdt\"hca{h. next() _ﬁ elass
removey) -m?lwcnﬁhg

""4 the Enumﬂ‘aﬁo“

( inbecface is the
: . adaptee:

Enumera{;ionH:crator — | Enumeration|terator > ?,{ﬂﬁg?&?::
is the adapter.

¥

hasNext() hasMoreElements{)

next() nextElement()
remove()




Dealing with the remove() method

Well, we know Enumeration just doesn’t support remove. It’s a “read only”
interface. There’s no way to implement a fully functioning remove() method
on the adapter. The best we can do is throw a runtime exception. Luckily, the
designers of the Iterator interface foresaw this need and defined the remove()
method so that it supports an UnsupportedOperationException.

This is a case where the adapter isn’t perfect; clients will have to watch out
for potential exceptions, but as long as the client is careful and the adapter is
well documented this is a perfectly reasonable solution.

Writing the Enumerationlterator adapter

Here’s simple but effective code for all those legacy classes still producing

Enumerations:
Sinte we've adapting
Enumcra{jon 4o [terator,
our Adapter implements the

public class EnumerationIterator implements Iterator<Cbject> { [tevator interface... it has

Lo lock like an |‘|:,cra4:0'r-

Enumeration<?> enumeration;
£ T The Enumeration we're
i i i 2 i i .
public EnumeraticnIterator (Enumeration<?> enumeration) ({ adaPtmg- We've using
this.enumeration = enumeraticn; cgmpas]{;ion so we stash it

1 in an instante vaviable.

public boolean hasNext() { &—— The [tevator's hasNext() method

return enumeration.hasMoreElements() ; is de|zga£¢d to the Enumeration’s
} hasMoveElements() methed...
.. and the [tevator's next() method
publ:i.c Object next() { K/_/—._— s d-E|C53‘ItEd JDO ‘Itlhﬂ Ehumc\—a"c_ions’s

nextElement() method.

return enumeration.nextElement () ;

public wvoid remove () { _— unFOVJCU'ﬂH‘tCH; e tak m??or{
throw new UnsupportedOperationException() ; [{cra{:m’?s rcmoucf} webliad, a

} we have to ?uh-l: (im o{‘,hcvl words,

} we give u?!‘) Heve we Just +throw

an :‘f.cc?{ion-

EXERCISE

While Java has gone in the direction of the Iterator, there is nevertheless a lot of legacy



.

client code that depends on the Enumeration interface,
[terator to an Enumeration is also quite useful.

so an Adapter that converts an

Write an Adapter that adapts an Iterator to an Enumeration. You can test your code by
adapting an ArrayList. The ArrayList class supports the Iterator interface but doesn’t

support Enumerations (well, not yet anyway).

BRAIN POWER

Some AC adapters do more than just change the interface — they add other features like
surge protection, indicator lights, and other bells and whistles.

If you were going to implement these kinds of features, what pattern would you use?

FIRESIDE CHATS

Tonight’s talk: The Decorator Pattern and the Adapter Pattern discuss their

differences.

Decorator:

I’m important. My job is all about responsibility — you
know that when a Decorator is involved there’s going to be
some new responsibilities or behaviors added to your
design.

That may be true, but don’t think we don’t work hard.
When we have to decorate a big interface, whoa, that can
take a lot of code.

Cute. Don’t think we get all the glory; sometimes I’'m just
one decorator that is being wrapped by who knows how

Adapter:

You guys want all the glory while us
adapters are down in the trenches
doing the dirty work: converting
interfaces. Our jobs may not be
glamorous, but our clients sure do
appreciate us making their lives
simpler.

Try being an adapter when you’ve got
to bring several classes together to
provide the interface your client is
expecting. Now that’s tough. But we
have a saying: “an uncoupled client is
a happy client.”




many other decorators. When a method call gets delegated
to you, you have no idea how many other decorators have
already dealt with it and you don’t know that you’ll ever
get noticed for your efforts servicing the request.

Hey, if adapters are doing their job,
our clients never even know we’re
there. It can be a thankless job.

But, the great thing about us adapters
is that we allow clients to make use of
new libraries and subsets without
changing any code; they just rely on
us to do the conversion for them.
Hey, it’s a niche, but we’re good at it.

Well, us decorators do that as well, only we allow new
behavior to be added to classes without altering existing
code. I still say that adapters are just fancy decorators — I
mean, just like us, you wrap an object.

No, no, no, not at all. We always
convert the interface of what we
wrap; you never do. I’d say a
decorator is like an adapters; it is just
that you don’t change the interface!

Uh, no. Our job in life is to extend the behaviors or
responsibilities of the objects we wrap; we aren’t a simple
pass through.

Hey, who are you calling a simple
pass through? Come on down and
we’ll see how long you last
converting a few interfaces!

Maybe we should agree to disagree. We seem to look
somewhat similar on paper, but clearly we are miles apart

in our intent.

Oh yeah, I’'m with you there.

And now for something different...

There’s another pattern in this chapter.

You’ve seen how the Adapter Pattern converts the interface of a class into
one that a client is expecting. You also know we achieve this in Java by



wrapping the object that has an incompatible interface with an object that
implements the correct one.

We’re going to look at a pattern now that alters an interface, but for a
different reason: to simplify the interface. It’s aptly named the Facade Pattern
because this pattern hides all the complexity of one or more classes behind a
clean, well-lit facade.

WHO DOES WHAT?
Match each pattern with its intent:
Pattern Intent
Decorator | Converts one interface to another
Adapter | Doesn’t alter the interface, but adds responsibility

Facade | Makes an interface simpler

Home Sweet Home Theater

Before we dive into the details of the Facade Pattern, let’s take a look at a
growing national obsession: building your own home theater.

You’ve done your research and you’ve assembled a killer system complete
with a DVD player, a projection video system, an automated screen, surround
sound, and even a popcorn popper.

oS

Check out all the components you’ve put together:




:: Amplifier <
tunar
dvdPlayer
cdPlayer
onf)
Y ofi()
Tuner sefCd() i
= selDvel]) - DvdPlayer
s setSlereoSound() amplifier
setSuroundSoud() .
off) sefTuner() om)
sethm() sefVolume{) oy
setFm() oStingl) eject])
setFraquency() - pause(}
toString() play()
play()
setSurroundAudiol)
> CdPlayer setTwoChannelAudio()
amplifier stop{)
| Screen ) i
u) oA
down() eject()
toString() ;’Zu??“
y
4 Projector
toString() — dvdPlayer
PopcornPopper onl)
off()
onf) = tvMode()
off() TheaterLights wideScreenMode()
popd) toString()
f0String() onj
offf)

dim(}
toString{)

£

That’s a lot of
tlasses, a lot

o['. intevaetions,
and a big set
of in{cr%af.es to

learn and use.

You’ve spent weeks running wire, mounting the projector, making all the
connections, and fine tuning. Now it’s time to put it all in motion and enjoy a

movie...

Watching a movie (the hard way)

Pick out a DVD, relax, and get ready for movie magic. Oh, there’s just
one thing — to watch the movie, you need to perform a few tasks:

(D Turn on the popcorn popper

@ Start the popper popping

3 Dim the lights

@ Put the screen down

® Turn the projector on

® Set the projector input to DVD

(@ Put the projector on wide-screen mode
Turn the sound amplifier on

© Set the amplifier to DVD input



Set the amplifier to surround sound

@D Set the amplifier volume to medium (5)
(2 Turn the DVD player on

@3 Start the DVD player playing

I'm already exhausted
and all I've done is turn

everything on!

Let’s check out those same tasks in terms of the classes and the method
calls needed to perform them:



/

S d.IE:’f.ftﬂ'I:_ glasses 7
—

olved! \
\

But there’s more...

Turn on the poplovn Popper and

start popping-
popper.cn() ;

popper.pop () ;
e L o
e D'lm H’if_ ||E_h'|..5 e -lOJ'IE J

lights.dim(10); &

— P'.-‘L Eﬂ! stireen down..
screen.downi() ; e

ar'.d 'E"ﬁ:. ‘I' Ly

A= Turn on the "'_‘""‘{}'-"F‘i-’:"r :
the movie.

projector.on() ;

] ide streen mode Tor
projector. setInput (dvd) ; wide str

projector.wideScreenMode () ;

Turn on the amp, set it to DVD,

amp.on(); S —
amp . sethvd (dvd) ; ok it in surround sound mode and
I ’ set the volume i ...

amp . setSurrcundScund () ;
amp . setVolume (5) ;

St e Turn on the ovD '.IJ'_awl.'e_r i |
- ‘ and F NALLY, play the movie
dvd.play (movie) ;

= When the movie is over, how do you turn everything off? Wouldn’t you
have to do all of this over again, in reverse?

m Wouldn’t it be as complex to listen to a CD or the radio?

m If you decide to upgrade your system, you’re probably going to have to
learn a slightly different procedure.

So what to do? The complexity of using your home theater is becoming

apparent!

Let’s see how the Facade Pattern can get us out of this mess so we can enjoy

the movie...

Lights, Camera, Facade!

A Facade is just what you need: with the Facade Pattern you can take a
complex subsystem and make it easier to use by implementing a Facade class
that provides one, more reasonable interface. Don’t worry; if you need the
power of the complex subsystem, it’s still there for you to use, but if all you
need is a straightforward interface, the Facade is there for you.



Let’s take a look at how the Facade operates:

@ Okay.timelo create a
Facade for the home
theater system, To do this
we create a new class The Fatade
HomeTheaterFacade,
which exposes a few
simple methods such as

watchMoviell.

© The Facade class troats
the home theater
companents asa

subsystem, and calls Your client code now calls *
on the subsystem methods on the home theater -
o implement irs Facade, not on the subsystem

watchMovie(] method. So now 1o Watch a movie we just

call one method, watchMaovielh
and it communicates \\_um the
lights, DVD player, projecior,
amplifier, screen, and popcorn
maker for ws.

T've got to have
o my |ow-level access!
) ©

S ‘,.) [a] The Facade still leaves the subsystem
-~ accessible to be used directly, I you

\ need the advanced functionality

of the subsystem classes, they are

available for your use,

Q:

A:

z R

e %R

THERE ARE NO DUMB QUESTIONS

Q: If the facade encapsulates the subsystem classes, how does a client that needs lower-level functionality
gain access to them?

A: Facades don’t “encapsulate” the subsystem classes; they merely provide a simplified interface to their
functionality. The subsystem classes still remain available for direct use by clients that need to use more specific
interfaces. This is a nice property of the Facade Pattern: it provides a simplified interface while still exposing the
full functionality of the system to those who may need it.

Q: Does the facade add any functionality or does it just pass through each request to the subsystem?

A: A facade is free to add its own “smarts” in addition to making use of the subsystem. For instance, while our
home theater facade doesn’t implement any new behavior, it is smart enough to know that the popcorn popper has
to be turned on before it can pop (as well as the details of how to turn on and stage a movie showing).

Q: Does each subsystem have only one facade?
A: Not necessarily. The pattern certainly allows for any number of facades to be created for a given subsystem.
Q: What is the benefit of the facade other than the fact that I now have a simpler interface?

A: The Facade Pattern also allows you to decouple your client implementation from any one subsystem. Let’s say
that you get a big raise and decide to upgrade your home theater to all new components that have different
interfaces. Well, if you coded your client to the facade rather than the subsystem, your client code doesn’t need to
change, just the facade (and hopefully the manufacturer is supplying that!).

Q: So the way to tell the difference between the Adapter Pattern and the Facade Pattern is that the adapter
wraps one class and the facade may represent many classes?

A: No! Remember, the Adapter Pattern changes the interface of one or more classes into one interface that a
client is expecting. While most textbook examples show the adapter adapting one class, you may need to adapt
many classes to provide the interface a client is coded to. Likewise, a Facade may provide a simplified interface to
a single class with a very complex interface.

The difference between the two is not in terms of how many classes they “wrap,” it is in their intent. The intent of
the Adapter Pattern is to alter an interface so that it matches one a client is expecting. The intent of the Facade
Pattern is to provide a simplified interface to a subsystem.




A facade not only simplifies an interface, it decouples a client from a subsystem of
components.

Facades and adapters may wrap multiple classes, but a facade’s intent is to
simplify, while an adapter’s is to convert the interface to something different.

Constructing your home theater facade

Let’s step through the construction of the HomeTheaterFacade. The first step
is to use composition so that the facade has access to all the components of
the subsystem:



public class HomeTheaterFacade { Heie's e mm?nsi{m.ﬁ; these

Amplifier amp; are all the ﬂom?OhEhJc,s of the
Tuner tuner; f subsystem we are going to use.
DvdPlayer dvd;

CdPFlayer cd;

Projector projector;

TheaterLights lights;

Screen screean;

PopcornPopper popper;

public HomeTheaterFacade (Amplifier amp,

Tuner tuner,
DvdPlayer dvd, The fatade is passed 3

vebevente to eath f.om?ancn{

CdPlayer cd,

oJF the Su'os"]ﬂs{::m in its

Projector projector, tonstruttor. The faeade
Screen screen, then assigns eath to the
TheaterLights lights, covvesponding instance variable.

PopcornPopper popper) {

this.amp = amp;

this.tuner = tuner;
this.dvd = dvd;

this.cd = ed;
this.projector = projector;
this.screen = screen;

this.lights = lights;

this.popper popper ;

e

// other methods here We've Just about 4, Fill these in

Implementing the simplified interface

Now it’s time to bring the components of the subsystem together into a
unified interface. Let’s implement the watchMovie() and endMovie()
methods:



public void watchMovie (String movie)

{

System.out.println("Get ready to watch a movie...");
popper.on() ;
popper.pop () ;
lights.dim({10) ;

screan.down () ;

projector.on() ;

projector.wideScreenMode () ;

dvd

amp
amp
amp .
amp
dvd

.on();

.setDvd (dvd) ;

setSurroundSound () ;

.setVolume (5) ;
.on();

.play (movie) ;

public void endMovie() {

System,

popper.off () ;
lights.on() ;

screen.up() ;

projector.off () ;

amp.off () ;
dvd.stop();
dvd.
dvd.off () ;

eject() ;

out.println("Shutting movie theater down...");

/—\

oviel) fo”ows 4he same scq_ucnt,:
:ﬁ:ﬂq 4o do by hand before, but wwii':i?s
it up in @ handy method hat does a
the work. Notice hat for _e.af.h task we
are d:lcgéﬂzing the nrcs?ohs‘n'mhbf to Jch;
torresponding tomponent in the subsystem.

ﬁ And endMoviel) Lakes Lave

of shutting everything down
for us. Hgain, each fask is
delegated to the appropriate
tomponent in the Subs}'s‘!:cm.

BRAIN POWER

Think about the facades you’ve encountered in the Java API. Where would you like to
have a few new ones?

Time to watch a movie (the easy way)
It's SHOWTIME!




public class HomeTheaterTestDrive {

public static void main(String[] args) {

// instantiate components here

HomeTheaterFacade homeTheater =

new HomeTheaterFacade (amp, tuner, dvd, cd,

projector, screen, lights, popper)

Heve we've eveating the tomponents
vight in the test drive. Normally the
client is given a facade; it doesn't have

to tonstruet anci+5el£.

< Fiest Yyou instantiate
the Fatade with all the
aom?omcn{sin the subsysf:m.

homeTheater .watchMovie ("Raiders of the Lost Ark");

homeTheater.endMovie () ;

Here's the output.

Calling the Facade's
Wﬂ'{:ﬂhmavic(} does a”
this work -par uS..,

e

—-and here, we're done
wa{.ching the mavie, so
caii'mg, endMovie() +urns

verythin a-[:-p
ereryhing el

Use the simplified interface 4o
Fivst start the movie up, and
fh:nShutif.down

%java HomeTheaterTestDrive
Get ready to watch a movie...
Popcorn Popper on
Popcorn Popper popping popcorn!
Theater Ceiling Lights dimming to 10%
Theater Screen going

Top-0O-Line
Top-0-Line
Top-0O-Line
Top-0-Line
Top-0O-Line
Top-0-Line
Top-0O-Line
Top-0-Line

Projector
Projector
Rmplifier
Amplifier
Rmplifier
Amplifier

down

on

in widescreen mode (16x9 aspect ratio)

on

getting DVD player to Top-O-Line DVD Player
surround sound on (5 speakers, 1 subwoofer)
setting volume to 5

DVD Player on
DVD Player playing "Raiders of the Lost Ark"

Shutting movie theater down...

Popcorn Popper off

Theater Ceiling Lights on
Theater Screen going up

Top-0-Line
Top-0O-Line
Top-0-Line
Top-0O-Line

Top-0-Line

%

Projector

Amplifier

of f
off

DVD Player stopped "Raiders of the Lost Ark"
DVD Player eject

DVD Player off

Facade Pattern defined

To use the Facade Pattern, we create a class that simplifies and unifies a set
of more complex classes that belong to some subsystem. Unlike a lot of
patterns, Facade is fairly straightforward; there are no mind-bending
abstractions to get your head around. But that doesn’t make it any less
powerful: the Facade Pattern allows us to avoid tight coupling between




clients and subsystems, and, as you will see shortly, also helps us adhere to a
new object-oriented principle.

Before we introduce that new principle, let’s take a look at the official
definition of the pattern:

NOTE

The Facade Pattern provides a unified interface to a set of interfaces in a subsystem.
Facade defines a higher-level interface that makes the subsystem easier to use.

There isn’t a lot here that you don’t already know, but one of the most
important things to remember about a pattern is its intent. This definition tells
us loud and clear that the purpose of the facade is to make a subsystem easier
to use through a simplified interface. You can see this in the pattern’s class
diagram:

Unified interface
Client Facada that is easier 1o use.

/_'_"“-3
Ha??T tlient whose
ob 'u?-JL betame

‘]:asu:r betause ©
‘subsystem classes
lsystem:
Move vl'»G“"?lu‘ sy

That’s it; you’ve got another pattern under your belt! Now, it’s time for that
new OO principle. Watch out, this one can challenge some assumptions!

The Principle of Least Knowledge

The Principle of Least Knowledge guides us to reduce the interactions
between objects to just a few close “friends.” The principle is usually stated
as:



DESIGN PRINCIPLE

Principle of Least Knowledge: talk only to your immediate friends.

But what does this mean in real terms? It means when you are designing a
system, for any object, be careful of the number of classes it interacts with
and also how it comes to interact with those classes.

This principle prevents us from creating designs that have a large number of
classes coupled together so that changes in one part of the system cascade to
other parts. When you build a lot of dependencies between many classes, you
are building a fragile system that will be costly to maintain and complex for
others to understand.

BRAIN POWER

How many classes is this code coupled to?

public float getTemp() {
return station.getThermometer().getTemperature();
}

How NOT to Win Friends and Influence Objects

Okay, but how do you keep from doing this? The principle provides some
guidelines: take any object; now from any method in that object, the principle
tells us that we should only invoke methods that belong to:

m The object itself
= Objects passed in as a parameter to the method
= Any object the method creates or instantiates

NOTE

Notice that these guidelines tell us not to call methods on objects that were returned
from calling other methods!!

= Any components of the object

NOTE

Think of a “component” as any object that is referenced by an instance variable. In



other words, think of this as a HAS-A relationship.

This sounds kind of stringent doesn’t it? What’s the harm in calling the
method of an object we get back from another call? Well, if we were to do
that, then we’d be making a request of another object’s subpart (and
increasing the number of objects we directly know). In such cases, the
principle forces us to ask the object to make the request for us; that way we
don’t have to know about its component objects (and we keep our circle of

friends small). For example:
public float getTemp() {

Wiﬂnou{ the -
Printiple Thermcmeter thermcometer = station.getThermometer() ;
Ll
return thermometer.getTemperature();
}

Here we get the thermometer objeet
from the station and then tall the
aet Tempevature() method ourselves

With the public float getTemp() {

P\r'm{.'t?l.t

return station.getTemperature() ; év

When we apply the printiple, we add 2 method
Lo the Shation tlass that makes the vequest
to the thermometer for us. This redutes the
number of tlasses we've dependent on.

Keeping your method calls in bounds...

Here’s a Car class that demonstrates all the ways you can call methods and
still adhere to the Principle of Least Knowledge:



" |
Heve's 3 tom?omn{ ok this

(1 i Uds-
public class car | / ¢lass. We can eall its meth
Engine engine;

// other instance wvariables

public Car() { Here we've trca{ing a new
objeet; its methods are legal

// initialize engine, etc.

You éan eall 3 methed on an

ob}cﬁﬁ passed as a parameter.
public void start(Key key) {

Doors doors = new Doors() ; i mc{:\'-ﬂd on 3

[
\(Ol.l Lan _L O$ -'thf, GIDL':FC_{;.

L onéh
if (authorized) { / omp
engine.start() ;

updateDashboardDisplay() ; < You tan call 3 lotal method
doors.lock () ; within the ob\}tﬂ..,-

} k'/_\ You tan tall 3 method on an

: objer,jc You treate or instantiate

boolean autheorized = key.turns() ;

public void updateDashboardDisplay () {
// update display

THERE ARE NO DUMB QUESTIONS

Q: Q: There is another principle called the Law of Demeter; how are they related?

A: A: The two are one and the same and you’ll encounter these terms being used interchangeably. We prefer to use
the Principle of Least Knowledge for a couple of reasons: (1) the name is more intuitive and (2) the use of the
word “Law” implies we always have to apply this principle. In fact, no principle is a law, all principles should be
used when and where they are helpful. All design involves tradeoffs (abstractions versus speed, space versus time,
and so on) and while principles provide guidance, all factors should be taken into account before applying them.

Q: Are there any disadvantages to applying the Principle of Least Knowledge?

=

A: A: Yes; while the principle reduces the dependencies between objects and studies have shown this reduces
software maintenance, it is also the case that applying this principle results in more “wrapper” classes being
written to handle method calls to other components. This can result in increased complexity and development
time as well as decreased runtime performance.

SHARPEN YOUR PENCIL

Do either of these classes violate the Principle of Least Knowledge? Why or why not?




public House {

WeatherStation station;

// other methods and constructor

public float getTemp () |

return station.getThermometer () .getTemperature () ;

1
public House {

WeatherStation station;
// other methods and constructor

public float getTemp() {

Thermometer thermometer = station.getThermometer() ;

return getTempHelper (thermometer) ;

public float getTempHelper (Thermometer thermometer) {
return thermometer.getTemperature()} ;
} HARD HAT AREA.

) WATCH OUT FOR
FALLING ASSUMPTIONS

BRAIN POWER

Q: Can you think of a common use of Java that violates the Principle of Least Knowledge?
Should you care?

A: Answer: How about System.out.println()?

The Facade and the Principle of Least Knowledge
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Tools for your Design Toolbox

Your toolbox is starting to get heavy! In this chapter we’ve added a couple of

patterns that allow us to alter interfaces and reduce coupling between clients
and the systems they use.
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BULLET POINTS

= When you need to use an existing class and its interface is not the one you need, use
an adapter.

= When you need to simplify and unify a large interface or complex set of interfaces,
use a facade.

= An adapter changes an interface into one a client expects.

» A facade decouples a client from a complex subsystem.

» [mplementing an adapter may require little work or a great deal of work depending
on the size and complexity of the target interface.

» [mplementing a facade requires that we compose the facade with its subsystem and
use delegation to perform the work of the facade.

» There are two forms of the Adapter Pattern: object and class adapters. Class adapters
require multiple inheritance.

= You can implement more than one facade for a subsystem.

» An adapter wraps an object to change its interface, a decorator wraps an object to
add new behaviors and responsibilities, and a facade “wraps” a set of objects to
simplify.

DESIGN PATTERNS CROSSWORD

Yes, it’s another crossword. All of the solution words are from this chapter.
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Across

Down

1. True or false? Adapters can wrap only one
object.

5. An Adapter

6. Movie we watched (five words).

an interface.

10. If in Britain, you might need one of these
(two words).

11. Adapter with two roles (two words).
14. Facade still
15. Ducks do it better than Turkeys.

low-level access.

16. Disadvantage of the Principle of Least
Knowledge: too many

17. A

simplifies an interface.

19. New American dream (two words).

2. Decorator called Adapter this (three words).
3. One advantage of Facade.

4. Principle that wasn’t as easy as it sounded (two
words).
7.A adds new behavior.
8. Masquerading as a Duck.

9. Example that violates the Principle of Least
Knowledge: System.out.

12. No movie is complete without this.
13. Adapter client uses the interface.

18. An Adapter and a Decorator can be said to
an object.

SHARPEN YOUR PENCIL SOLUTION




Let’s say we also need an Adapter that converts a Duck to a Turkey. Let’s call it
DuckAdapter. Here’s our solution:

Now we are adapting Tu-rkcf to Dutks, so
we ]m?lcrnCnﬂ the Turkey in evkate.

Duck duck;
Random rand; K :
cublic DuckAdapter (Duck duck) { We stash a veference to the Dutk we ave adapting.

this.duck = duck;
rand = new Random/() ; & We also veeveate a random Objctﬁ take a lock at

public class DuckAdapter implements Turkey {

} the -F!\fl'] method 1o see how it is used.
public void gobble() {
duck.quack () ; ‘<:———' A SOlDIUiC Jus{; betomes a ﬁuatk.
}
public void fly () {
if (rand.nextInt(5) == 0) { Sinte Dutks «CI}' a lot longer than Turkeys,
duck.£fly () ; we detided to only F!y the Dutk on average
} one of five Limes.

J
SHARPEN YOUR PENCIL SOLUTION
Do either of these classes violate the Principle of Least Knowledge? Why or why not?
public House { Violakes the Printiple of Least Knoﬂ:i@,t!
WeatherStation station; You ave calling the method of an objet
// other methods and constructor vebinad from another eall.
public float getTemp() {
return station.getThermometer () .getTemperature() ; é‘—/)
}
}
public House {
WeatherStation station;
// other methods and constructor Doesn't violate Printiple of
public float getTemp() { Least Knoﬁtdgt! This seems
Thermometer thermometer = station.getThermometer () ; like hatking our way around
return getTempHelper (thermometer) ; the printiple. Has awﬁ:hing
} veally changed sinte we
ju,-,-{; moved out the tall to
public float getTempHelper (Thermometer thermometer) { another method?
return thermometer.getTemperature() ;
}
} J

EXERCISE SOLUTION

You’ve seen how to implement an adapter that adapts an Enumeration to an Iterator;
now write an adapter that adapts an Iterator to an Enumeration.




public class IteratorEnumeration implements Enumeration<Object> f
Iterator<?> iterator;

PP il

public IteratorEnumeration(Iterator<?> iterator) {
this.iterator = iterator;

Notice we keep the
+ pe ?a-ram:{:v

\ihcﬂﬂ so this will
wovk for any type

of object. _
public boolean hasMoreElements () {

return iterator.hasNext() ;

}

public Object nextElement() {
return iterator.next():;

}

WHO DOES WHAT? SOLUTION

Match each pattern with its intent:
Pattern Intent

Converts one interface to

Decorator another

Adapter Doesn't alter the interface,

but adds responsibility

Facade —

Makes an intertace simpler

DESIGN PATTERNS CROSSWORD SOLUTION
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Chapter 8. The Template Method
Pattern: Encapsulating Algorithms

Yeah, he's a great
boss until it comes to getting
down in this hole, then it ALL
becomes MY job. See what I
mean? He's nowhere in sight!

We’re on an encapsulation roll; we’ve encapsulated object creation,
method invocation, complex interfaces, ducks, pizzas...what could be
next? We’re going to get down to encapsulating pieces of algorithms so that
subclasses can hook themselves right into a computation anytime they want.
We’re even going to learn about a design principle inspired by Hollywood.

It’s time for some more caffeine



Some people can’t live without their coffee; some people can’t live without
their tea. The common ingredient? Caffeine, of course!

But there’s more; tea and coffee are made in very similar ways. Let’s check it
out:

% aﬁ‘l'la‘
BT M
puzz Goffes Barista 1rat g .
: e
Far uzk R, Prﬂcls
: fol v IE"-:"Pe
se rage=-
e 1 1 E‘]-::; tarbuzz e
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SjarbuZE Coffee e N The vetipe for
T | +
y Boil S pece 1ing water tokfee looks a lot
= coffee in PO like the vetipe *or
W Y
(2} Bre _ggee in OUP d’/ fea, doesn't it?
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3) PBour 31k
{n add sugat 2°° i
(
Sfm*buﬁf-{m Recips
ter
£ gome wa e
gy Belt rea in poiling ¥#
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ould be *ePC
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Whipping up some coffee and tea classes (in Java)

Let’s play “coding barista” and write some code for creating coffee and tea.



Here’s the coffee:

Here's owr Coffee tlass Lor making cobkee.
| 1o our retive for to;i:ltta N
e Heves OJZ L the Lyraining yranis
shraight o4
void prepareRecipe () { ,
- implemente
. Eath of khe s{',c?!;ins P
REmCot EasGrindsl)s 3 separate method:
pourInCup() ;
addSugarAndMilk () ;

public void boilWater () {

System.out.println("Boiling water") ;

('\_ Eath of these

methods implements
public void brewCoffeeGrinds() {

one step of the .
System.out.println("Dripping Coffee through filter"): algo't‘iJC-h’"' Tl""“j:
; method to boil water,
K_/—’— 'D'rtw _Lhc &O‘F’Ecel ?Oll\"
the toffee in a tup
public void pourInCup() {

and add swaar and milk.

System.out.println("Pouring into cup"):

public void addSugar2ndMilk () {
System.out.println("Adding Sugar and Milk") ;

And now the Tea...




public class Tea {
This looks very similar to the one

wolldvraceratanteaii § we _}us{; implemented in Coffee;
boilWater () ; the setond and fourth steps are
) diffevent, but it's basically the
b e same retipe.
pourInCup() ;
addLemon () ;
}

public veoid beoilWater() { K\

System.out.println("Boiling water") ;

} Notice that these
{wo md:hods
These two ave exactly the

public void steepTeaBag() {

methods ave same as they ave
System.out.println("Steeping the tea"):;

spetialized to Tea. in Cotfeel Seo

we dekinitely
é—/ have some tode
duplication 9oing

on heve.

public void addLemon () {
System.out.println("Adding Lemon") ;

public void pourInCup() { &'/

System.out.println ("Pouring into cup"):

When we've got code
duplication, that's a good sign we need to
clean up the design. It seems like here we

should abstract the commonality into a base
class since coffee and tea are so similar?




DESIGN PUZZLE

You’ve seen that the Coffee and Tea classes have a fair bit of code duplication. Take
another look at the Coffee and Tea classes and draw a class diagram showing how you’d
redesign the classes to remove redundancy:

Sir, may I abstract your Coffee, Tea?

It looks like we’ve got a pretty straightforward design exercise on our hands
with the Coffee and Tea classes. Your first cut might have looked something
like this:

The boilWater() and ?ou\'thu?O

by both subelasses,
methods are shaved by % SU?“das&

CaffeineBeverage - {hc\f are de ined n
T}c PrepareRecipe() method //—\> :zf:reﬁecipef}
.dl fers In each Subf_‘.rHSS, so it Lrl::i:o(]
is dcﬁ’mcd as abs{:rac{:_ po p

/ \

Eath subtlass /—\) Coffee Tea Eath subtlass
\"‘"?h"‘cf‘{s its prepareRecipe() prepareRecipe() &f overrides '{:'h:
own retipe. brewCofieeGrinds() steepTeaBag() prepaveRecipe()

addSugarAndMilk() addLeman() mC‘Ehod and
implements its own

N2

The methods s?ct.lf 14 Jcp
CO‘H:CC and Tea sia\; n
the subtlasses.

BRAIN POWER

Did we do a good job on the redesign? Hmmmm, take another look. Are we overlooking
some other commonality? What are other ways that Coffee and Tea are similar?

Taking the design further...

So what else do Coffee and Tea have in common? Let’s start with the recipes.




rer
(1) Boit ° "~ in boilind i
awl Gﬂffea
jay he in CUP
our coffee :.n Starbuzz Tea Reci
(3 F milk Sfarbuzz 1ea Recipe

(4) (1) Boil some water
{2) Steep tea in beiling water

(3) Pour tea in cup

(4) Add lemon

Notice that both recipes follow the same algorithm:

(1 Boil some water.

NOTE

These two are already abstracted into the base class.

(2 Use the hot water to extract the coffee or tea.

NOTE

These aren’t abstracted but are the same; they just apply to different beverages.

@ Pour the resulting beverage into a cup.
@ Add the appropriate condiments to the beverage.

So, can we find a way to abstract prepareRecipe() too? Yes, let’s find out...

Abstracting prepareRecipe()

Let’s step through abstracting prepareRecipe() from each subclass (that is, the
Coffee and Tea classes)...

(D The first problem we have is that Coffee uses brewCoffeeGrinds() and
addSugarAndMilk() methods, while Tea uses steepTeaBag() and



addLemon() methods.

Coffee Tea
void prepareRecipe() { void prepareRecipe() {
boilWater() ; boilWater() ;
brewCoffeaeGrinds () ; é~—————4¢————=$? steepTeaBag() ;
pourInCup () ; pourInCup() ;

addSugarAndMilk () ; G—>————3 addLemon();
} }

Let’s think through this: steeping and brewing aren’t so different; they’re
pretty analogous. So let’s make a new method name, say, brew(), and
we’ll use the same name whether we’re brewing coffee or steeping tea.
Likewise, adding sugar and milk is pretty much the same as adding a
lemon: both are adding condiments to the beverage. Let’s also make up a
new method name, addCondiments(), to handle this. So, our new
prepareRecipe() method will look like this:

void prepareRecipe() {
boilwater();

pourInCup();

}
(@ Now we have a new prepareRecipe() method, but we need to fit it into
the code. To do this we are going to start with the CaffeineBeverage
superclass:



public abstract class CaffeineBeverage {

CaffeincBeverage s abstract,

\[—\ just like in fhe tlass design _— ?u?achm?cE} Mthmh
will be used to make both Tea and Cottee.

?rc?arcRcf.i?cU is detlared #u;jbb::in;:c
e—— Wt dont want owr subtlasses i,
P beimte0r vevvide this method and thange the rcr.ng:;_ "

== t‘u’ejve 3cn¢raliud steps 1 and & 1o brew the

—— beverage and addCohd'm:n{‘,sU-

pourInCup () ;

addCondiments () ;
¥

e Betause Coffee and Tea handle these
ADSTENE WO Bl methods in different ways, {:hcfre going to

have +o be detlaved as abstract. Let the
sbstract void addcondinents (i S [ prjacies vorvy about that stuff!

void boilWater() {

System.out.println("Boiling water") ;

} Remember, we moved these into

the Caﬂ:cincﬁrcvc-ragc elass
/ (back in our tlass diagram).

void pourInCup () {

System.out.println("Pouring inte cup");
}

}
3 Finally, we need to deal with the Coffee and Tea classes. They now
rely on CaffeineBeverage to handle the recipe, so they just need to handle
brewing and condiments:
T Hs in our design, Tea and C‘Dﬁce
public class Tea extends CaffeineBeverage { now extend CatkeineDeverage.

}

public class Coffee extends CaffeineBeverage {

public void brew() {
System.out.println("Steeping the tea"):

! Tea needs +o define brew() and

Rl e 2ddCondimentsO—the fwo sbstract
System.out.println ("Adding Lemon") ; &e— methods _[_‘,mm Caﬁ-l::incBevcrage.

. Same for Coflee, extept Coffee

deals with eoffee, and sugar and milk
inskead of tea bags and lemon.
public veoid brew() {

System.out.println ("Dripping Coffee through filter"):
}
public void addCondiments() {

System.out.println ("Adding Sugar and Milk");
H



SHARPEN YOUR PENCIL

Draw the new class diagram now that we’ve moved the implementation of
prepareRecipe() into the CaffeineBeverage class:

What have we done?

We've recognized
that the two vecipes
are essentially the
same, although

some of the steps
e 'equire different —
T e implementations. So OOffee
we ve 5cn:ra'iiztd the
v vetipe and placed it O:
1] Boil some wate - in the base ¢lass. - o”“'ﬂewafer
Wa
© Steep the teabag in the ' o Brew th, €O Feegrings
Q Pour teainacup ° P”""’Mffee ""ac:.-p
Add
@ Add lewon S08ar and wipy
Caffeine Beverage
generalize © PBoil some water i
generalize
© EBrew
relies on © Pour beverageina cup relies on
subclass subclass
for some O Add condiments for some
steps steps

Tea w0012 Coflie subef

s :
v 1

© Steep the teabag in the water
Catheime Bevevase © Prewthe

e Add IEMOH knows and I:D\"-J'{,Vf.’ks {:hcd.
sheps of the vext 5 @ Add svaar and

pevkorms steps | and?'
wpselk, bub velies on Tea
or Coﬁcc 4o do skeps

2 and &

coffee grinds
wilk

Meet the Template Method



We’ve basically just implemented the Template Method Pattern. What’s that?
Let’s look at the structure of the CaffeineBeverage class; it contains the

actual “template method”:
?r:?artha?cf) IS our

template method. Why?

public abstract class Caffelneaeywé{
Because:

() |4 is 3 method, after all.

void final prepareRecipe() {
L (2) |4 sevves as a template for an
alﬁori{',hm. in this case, an a]gor‘ijﬁ'm
for making takfeinated beveranes.

boilWater () ;

K__ In the template, each

brew() ;
\ F SjtfP of the &!elm-i{-hm i«
pourInCup () ; A/-”‘ represented b‘;’ a method.

= | Some methods are
L hardled i:l\l,' this ¢lass...

[\/

addCondiments () ;

J

-and some are handled
by the subelass.

abstract void brew() ;

The methods that need 4o

abstract void addCondiments () ; é:"‘"_'_“-\_l_ be supplied by a subtlass are
detlaved abstract.

void boilWater() {
// implementation

void pourInCup () {
// implementation

The Template Method defines the steps of an algorithm and allows subclasses to
provide the implementation for one or more steps.

Let’s make some tea...




Behind the Scenes

Let’s step through making a tea and trace through how the template method
works. You’ll see that the template method controls the algorithm; at certain
points in the algorithm, it lets the subclass supply the implementation of the
steps...

(D Okay, first we need a Tea object...

Tea myTea = new Tea();

@ Then we call the template method:

boilWater () ;
brew () ;
pourInCup () ;
addCondiments () ;

)

The prepareRetipe()
method tontrols the
ﬂEgm—i-{:hm- No one tanm
thange this, and it
tounts on subtlasses to
provide some or all of
the imlF‘]trn:n{',a{:'loh.

myTea.prepareRecipe();

which follows the algorithm for making caffeine beverages...
@ First we boil water:

CaffeineBeverage

boilWater () ;

~ prepareRecipe()
/ boilWater()

pourinCup()

‘ Tea

brew()
addCondiments();




which happens in CaffeineBeverage.
@ Next we need to brew the tea, which only the subclass knows how to
do:

brew();

® Now we pour the tea in the cup; this is the same for all beverages so it
happens in CaffeineBeverage:

pourInCup();

® Finally, we add the condiments, which are specific to each beverage, so
the subclass implements this:

addCondiments();

What did the Template Method get us?

} "

Underpowered Tea & Coffee New, hip CaffeineBeverage powered by Template
implementation Method

Coffee and Tea are running The CaffeineBeverage class runs the show; it has the
the show; they control the algorithm, and protects it.

algorithm.

Code is duplicated across The CaffeineBeverage class maximizes reuse among the
Coffee and Tea. subclasses.

Code changes to the algorithm | The algorithm lives in one place and code changes only
require opening the subclasses | need to be made there.
and making multiple changes.

Classes are organized in a The Template Method version provides a framework that
structure that requires a lot of | other caffeine beverages can be plugged into. New

work to add a new caffeine caffeine beverages only need to implement a couple of
beverage. methods.

Knowledge of the algorithm | The CaffeineBeverage class concentrates knowledge
and how to implement it is about the algorithm and relies on subclasses to provide
distributed over many classes. | complete implementations.

Template Method Pattern defined



You’ve seen how the Template Method Pattern works in our Tea and Coffee
example; now, check out the official definition and nail down all the details:

NOTE

The Template Method Pattern defines the skeleton of an algorithm in a method,
deferring some steps to subclasses. Template Method lets subclasses redefine certain
steps of an algorithm without changing the algorithm’s structure.

This pattern is all about creating a template for an algorithm. What’s a
template? As you’ve seen it’s just a method; more specifically, it’s a method
that defines an algorithm as a set of steps. One or more of these steps is
defined to be abstract and implemented by a subclass. This ensures the

algorithm’s structure stays unchanged, while subclasses provide some part of
the implementation.

Let’s check out the class diagram:

The template method makes use of the
primitiveOperations to implement an
algorithm. [t is decoupled from the actual
implementation of these operations.

The AbstractClass m 2

tontains the template

methed. AbstractClass

primitiveOperation1();

.and ab 5‘{;’(3{,{ versions templatelethad() - «cceeeeeeees e eereeees primitiveOperation2();

: primitiveOperation1{)
o-l: {-,hc O?C\"a{',IOhS /-—"‘4? E primitiveQperation2{)
used in the template

m:{'hod- T

ConcreteClass i
imitiveOperation1
3 \ve man t,"f\ ﬁ gimi:moira:ng I The ContveteClass im?tcanJC,S

ne ereClasse” CE \| set 4he abstract opevations,
Cﬂ“:x entind ; u‘o the which ave called when the

o c:ﬁ" S nq‘mdd . {Cm?lafc!‘u‘ic{,hod( ) needs them.

opey mc{\“c :

yews)

CODE UP CLOSE

Let’s take a closer look at how the AbstractClass is defined, including the template
method and primitive operations.



Heve we have our abstract tlass; it

is detlavred abstract ahd.{:\ﬁ{?h‘t ’c?dt

be subtlassed by ¢lasses tha ??-am |
mln ook s Heve's the template method. [£s
declaved Final to prevent subtlasses
Lrom reworking the sequente

steps in the algar'u{:hrn.

abstract class AbstractClass {

final void templateMethod() { ThE {ngia{-’c b
primitiveOperationl() ; detines the sequence of
- . : 4" steps, cach Lo
primitiveOperation2 () ; b represented
concreteOperation() ; Y 8 method.

abstract wvoid primitiveOperationl() :5

abstract wvoid primitiveOperation?2 () ;

In this example, two of
the primitive operations
void concreteOperation() { must be implemented b'?’

// implementation here tontrete subé|asses.

}
} 7
We also have a tontrete o?crafian

defined in the abstract tlass. More
about these kinds of methods in a bit.. |

CODE WAY UP CLOSE

Now we’re going to look even closer at the types of method that can go in the abstract
class:




We've thanged the
templateMethod() +o
intlude 3 new methed call.

abstract class AbstractClass {

final void templateMethod() {
primitiveOperationl{) ;
primitiveOperation2 () ;
concreteOperation() ;
hook () ; We still have our primitive
} methods; these are
\(\ abstract and implemented

h‘j tontvete subelasses.
abstract void primitiveOperationl () ;

abstract void primitiveOperation2 () ;

A tontrete o?cva{'ion is defined n det l
sbstract tlass. This one is detlared *ind

final wvoid concreteOperation() { 't e 4 It
: . o that subtlasses cant o¥ '
// implementation here 6/ i ccod im bhe Lemplate method

divectly, or used by subtlasses.

void hook() {}

) 7\
We tan also have tontrete methods that do nothing
A tontrete method, but by default; we call these “hooks.” Subelasses ave fyee
it does nothing to override these but don't have fo. We've going to

see how these are useful on the next page.

Hooked on Template Method...

A hook is a method that is declared in the abstract class, but only given an
empty or default implementation. This gives subclasses the ability to “hook
into” the algorithm at various points, if they wish; a subclass is also free to
ignore the hook.



With a hook, I can
override the method, or
not. It's my choice. If I don't,
the abstract class provides a

default implementation.

There are several uses of hooks; let’s take a look at one now. We’ll talk about
a few other uses later:



public abstract class CaffeineBeverageWithHook {

final void prepareRecipe() {
boilWater () ;

brew() : )
pourInCup() ; '("—‘ We ve added a !P't'HC ﬂohdi{:'rahal

ska :
if (customerWantsCendiments()) { Suﬁf:s':":f:tafcbaj;s itsJEh )
ONCrete method,

addCondiments () ; -‘--.tE{ﬂmc‘rWahf.SCahdian{:sfl 1€ 4he
} tustomer WANTC tondiments, only then
} do we ¢all addCondiments()

abstract void brew() ;
abstract void addCondiments() ;

void boilWater() {
System.out.println("Beiling water") ;

I 1 L Ehod
" et o tteve weve dekined a me
wTL: d EMGSH*?':] e,m?{*]r dc?.‘;ul{

3 L1} 3 < i - -
System.out.println("Pouring inte cup"); Labion. This ebhod J.,,sl;

'Lm?llﬂ'"":""
veturns

boolean customerWantsCondiments () {

ey Zl/’\ This is a hook betause the
subtlass tan override this
} method, but doesn't have to.
}
Using the hook

To use the hook, we override it in our subclass. Here, the hook controls
whether the CaffeineBeverage evaluates a certain part of the algorithm; that
is, whether it adds a condiment to the beverage.

How do we know whether the customer wants the condiment? Just ask!

frue and does nothing else.



public class CoffeeWithHook extends CaffeineBeverageWithHook {

public wvoid brew() {

System.out.println("Dripping Coffee through filter");
}

public void addCondiments () { e ok
System.out.println("Adding Sugar and Milk"); freve s

| Lhe hook and E_rrcnﬁ
/ gwn Euhtilahahbif.

public beoolean customerWantsCondiments() {

eve You override
de Yyour

String answer = getUserInput()’

if (answer.tolowerCase () .startsWith("y")) x
return true;

Get the user’s input. on

} else { the tondiment detision
return false; <S———  and veturn true or false.
: } depending on the input.

private String getUserInput() {
String answer = null;

System.out.print ("Would you like milk and sugar with your coffee (y/n)? ");:

BufferedReader in = new BufferedReader (new InputStreamReader (System.in));
try {

answer = in.readLine() ;
} catech (IOException ioe) {

System.err.println("I0 error trying to read your answer");

}
if (answer == null) {
return "no":
} & f he'd like milk and
‘ This tode asks +he user it he _
: e m—— Sug;:'r :nd ﬁr_J(,s his in?ul:. from the tommand line.

Let’s run the Test Drive

Okay, the water’s boiling... Here’s the test code where we create a hot tea and
a hot coffee.



public class BeverageTestDrive {
public static woid main(String[] args) {

TeaWithHook teaHook = new TeaWithHook () : £ (yreate a tea
CoffeeWithHook coffeeHook = new CoffeeWithHook () ; Q f'.ﬁ 5°_C-';g|:.

System.out.println("\nMaking tea..."); SN And call prepaveRetipel)

teaHook .prepareRecipe () ; &“/ - both!

System.out.println("\nMaking coffee...");
coffeeHook.prepareRecipe() ;

}

And let’s give it a run...
=dit Window Help
tjava BeverageTestDrive

send-more-henestiea

Making tea...

Boiling water A steaming cup of tea, and yes,
Steeping the tea of tourse we want that lemon!

Pouring into cup )
Would you like lemon with your tea

Adding Lemon

Making coffea...

mite h t e Q-F ﬁ-t)gi“tf-.l
te ho u{ht - aistline

t.i?andinﬁ condiments-
Pouring into cup

Would you like milk and sugar with coffes (y/n)? n
%

Boiling water And 3

Il pass on
Dripping Coffee through filter but well



Now, T would have thought
that functionality like
asking the customer could

have been used by all
subclasses?

You know what? We agree with you. But you have to admit before you
thought of that, it was a pretty cool example of how a hook can be used to
conditionally control the flow of the algorithm in the abstract class. Right?

We’re sure you can think of many other more realistic scenarios where you
could use the template method and hooks in your own code.

-

THERE ARE NO DUMB QUESTIONS

Q: Q: When I’m creating a template method, how do I know when to use abstract methods and when to use
hooks?

A: A: Use abstract methods when your subclass MUST provide an implementation of the method or step in the
algorithm. Use hooks when that part of the algorithm is optional. With hooks, a subclass may choose to
implement that hook, but it doesn’t have to.

=

Q: What are hooks really supposed to be used for?

A: A: There are a few uses of hooks. As we just said, a hook may provide a way for a subclass to implement an
optional part of an algorithm, or if it isn’t important to the subclass’s implementation, it can skip it. Another use is
to give the subclass a chance to react to some step in the template method that is about to happen, or just
happened. For instance, a hook method like justReOrderedList() allows the subclass to perform some activity
(such as redisplaying an onscreen representation) after an internal list is reordered. As you’ve seen, a hook can
also provide a subclass with the ability to make a decision for the abstract class.

Q: Q: Does a subclass have to implement all the abstract methods in the AbstractClass?

A: A: Yes, each concrete subclass defines the entire set of abstract methods and provides a complete implementation
of the undefined steps of the template method’s algorithm.

Q: Q: It seems like I should keep my abstract methods small in number; otherwise, it will be a big job to
implement them in the subclass.

A: A: That’s a good thing to keep in mind when you write template methods. Sometimes this can be done by not




making the steps of your algorithm too granular. But it’s obviously a trade off: the less granularity, the less
flexibility.

Remember, too, that some steps will be optional; so you can implement these as hooks rather than abstract
methods, easing the burden on the subclasses of your abstract class.

The Hollywood Principle

We’ve got another design principle for you; it’s called the Hollywood
Principle:

You've heard me say it
before, and T'll say it again:
don't call me, T'll call youl

NOTE
The Hollywood Principle

Don’t call us, we’ll call you.

Easy to remember, right? But what has it got to do with OO design?

The Hollywood Principle gives us a way to prevent “dependency rot.”
Dependency rot happens when you have high-level components depending
on low-level components depending on high-level components depending on



sideways components depending on low-level components, and so on. When
rot sets in, no one can easily understand the way a system is designed.

With the Hollywood Principle, we allow low-level components to hook
themselves into a system, but the high-level components determine when
they are needed, and how. In other words, the high-level components give the
low-level components a “don’t call us, we’ll call you” treatment.
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The Hollywood Principle and Template Method

The connection between the Hollywood Principle and the Template Method
Pattern is probably somewhat apparent: when we design with the Template
Method Pattern, we’re telling subclasses, “don’t call us, we’ll call you.”
How? Let’s take another look at our CaffeineBeverage design:
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BRAIN POWER
What other patterns make use of the Hollywood Principle?
The Factory Method, Observer; any others?

THERE ARE NO DUMB QUESTIONS

Q: Q: How does the Hollywood Principle relate to the Dependency Inversion Principle that we learned a few
chapters back?

A: A: The Dependency Inversion Principle teaches us to avoid the use of concrete classes and instead work as much
as possible with abstractions. The Hollywood Principle is a technique for building frameworks or components so
that lower-level components can be hooked into the computation, but without creating dependencies between the
lower-level components and the higher-level layers. So, they both have the goal of decoupling, but the
Dependency Inversion Principle makes a much stronger and general statement about how to avoid dependencies
in design.

The Hollywood Principle gives us a technique for creating designs that allow low-level structures to interoperate
while preventing other classes from becoming too dependent on them.

Q: Is a low-level component disallowed from calling a method in a higher-level component?

R

A: A: Not really. In fact, a low-level component will often end up calling a method defined above it in the
inheritance hierarchy purely through inheritance. But we want to avoid creating explicit circular dependencies
between the low-level component and the high-level ones.

WHO DOES WHAT?




Match each pattern with its description:

Pattern Description

Template Encapsulate interchangeable behaviors and use delegation to decide which
Method behavior to use.

Strategy Subclasses decide how to implement steps in an algorithm.

Factory Subclasses decide which concrete classes to instantiate.

Method

. J

Template Methods in the Wild

The Template Method Pattern is a very common pattern and you’re going to
find lots of it in the wild. You’ve got to have a keen eye, though, because
there are many implementations of the template methods that don’t quite look
like the textbook design of the pattern.

This pattern shows up so often because it’s a great design tool for creating
frameworks, where the framework controls how something gets done, but
leaves you (the person using the framework) to specify your own details
about what is actually happening at each step of the framework’s algorithm.

Let’s take a little safari through a few uses in the wild (well, okay, in the Java
API)...




In fraining, we study the classic
patterns. However, when we are out in
the real world, we must learn to recognize
the patterns out of context. We must also
learn to recognize variations of patterns,
because in the real world a square hole is
not always truly square.

Sorting with Template Method

What’s something we often need to do with arrays? Sort them!

Recognizing that, the designers of the Java Arrays class have provided us
with a handy template method for sorting. Let’s take a look at how this
method operates:

NOTE



We’ve pared down this code a little to make it easier to explain. If you’d like to see it all,
grab the Java source code and check it out...
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public static wvoid sort(Object[] a) {
Object aux[] = (Object[])a.clone() ;
mergeSort(aux, a, 0, a.length, 0);

The mergeSort() method tontains the sort algorithm, and
velies on an implementation of the tompareTol) method to
tomplete the algorithm. £ Tou’rc interested in the nitty
aritty of how the sorting happens, you'll want to eheek out
the Java sourte tode.
Think of this as the
private static void mergeSort(Object src[], Object dest[], template method.

int low, int high, int off)

// a lot of other code here
for (int i=low; i<high; i++){
for (int j=i; j>low &&
{ (Comparable)dest[j-1]) .compareTo ( (Comparable)dest([j])>0; j--)

{
swap (dest, j, j-1); &_/—\ tam?arcTo() is the method we
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// and a lot of other code here
}

We’ve got some ducks to sort...

Let’s say you have an array of ducks that you’d like to sort. How do you do
it? Well, the sort template method in Arrays gives us the algorithm, but you
need to tell it how to compare ducks, which you do by implementing the
compareTo() method... Make sense?
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We've got an array of

Dutks we need to sort.

Mo, it doesn't.
Aren't we supposed to be
subclassing something? I thought
that was the point of Template

Method. An array doesn't subclass
anything, so I don't get how we'd
use sort().

Good point. Here’s the deal: the designers of sort() wanted it to be useful
across all arrays, so they had to make sort() a static method that could be used
from anywhere. But that’s okay, it works almost the same as if it were in a
superclass. Now, here is one more detail: because sort() really isn’t defined in
our superclass, the sort() method needs to know that you’ve implemented the



compareTo() method, or else you don’t have the piece needed to complete the
sort algorithm.

To handle this, the designers made use of the Comparable interface. All you
have to do is implement this interface, which has one method (surprise):
compareTo().

What is compareTo()?

The compareTo() method compares two objects and returns whether one is
less than, greater than, or equal to the other. sort() uses this as the basis of its
comparison of objects in the array.

T don't
know. That's what
compareTo() tells us.

Am T greater

than you? oC
DG e
” -
-

Comparing Ducks and Ducks

Okay, so you know that if you want to sort Ducks, you’re going to have to
implement this compareTo() method; by doing that you’ll give the Arrays
class what it needs to complete the algorithm and sort your ducks.

Here’s the duck implementation:

 aih
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Remember, we need to implement the C.om?arabh
inberbate since we avent veally subtlassing

public class Duck implements Comparable {
String name; _
Z—\ Our Dutks have 3 name and a wcngh{'.

int weight;

public Duck(String name, int weight) ({
this.name = name;

this.weight = weight;

We've keepin it simple; all Ducks do is
public String toString() { = ?r_m{: Bk i Wt wciﬁ'h'l:_f

return name + " weighs " + weight;

p Okay, heve's what sort needs.-

public int compareTo(Object cbject) {

Wb tompaveTol) takes another Duek to tompare THIS Dutk to.
Duck otherDuck = (Duck)object; <—

if (this.weight < otherDuck.weight) {

return -1; Heve's wheve we s?tr,iF*f how Dutks
} else if (this.weight == otherDuck.weight) { tompare. I; TH'S Dut‘.k wei&hs less
+han otherDutk then we veturn
i i - —I; i they are equal, we veturn O;
} else { // this.weight > otherDuck.weight and i THS Duck weighs move, ve

return 1; ek |

return 0;

Let’s sort some Ducks

Here’s the test drive for sorting Ducks...



