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Iterations

double sum(double[] a) {
double s = 0;
for (int i = 0; i < a.length; i++) {
s += a[i];

}
return s;

}

double sum(ListElement a) {
double s = 0;
for (ListElement i = a; i != null; i = i.next) {
s += i.value();

}
return s;

}

i

i
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Abstracting the collection and the state

double sum(Iterable<Double> a) {
double s = 0;
for (Iterator<Double> i = a.iterator(); i.hasNext;) {
s += i.next();

}
return s;

}

Became so useful that the language was extended to:

double sum(Iterable<Double> a) {
double s = 0;
for (Double e: a) {
s += e;

}
...

i
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Abstracting the collection and the state

double sum(Iterable<Double> a) {
double s = 0;
for (Iterator<Double> i = a.iterator(); i.hasNext;) {
s += i.next();

}
return s;

}

This is the iterator pattern

Links together two classes in a specific way

An abstraction mechanism (beyond single classes)

A common idiom worth remembering

Use when appropriate simplifies design

Provides a higher-level vocabulary to discuss designs

Mostly applies to all 
design patterns 
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Outline

Introduction to design patterns

Creational patterns (constructing objects)

Structural patterns (controlling heap layout)

Behavioral patterns (affecting object semantics)
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Creational patterns

Constructors in Java are inflexible

Can't return a subtype of the class they belong to

Always return a fresh new object, never re-use one

Factories

Factory method

Factory object

Prototype

Sharing

Singleton

Interning

Flyweight
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Factories

Problem: shifting around control over object creation

Factory method

Hides decisions about object creation

Factory object

Delegates decisions about object creation

Prototype

Every object is a factory, can create more objects like itself

Implementation:  put code in clone methods
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Motivation for factories:  Changing implementations

Supertypes support multiple implementations
interface Matrix { ... }

class SparseMatrix implements Matrix { ... }

class DenseMatrix implements Matrix { ... }

Clients use the supertype (Matrix)

Still need to use a SparseMatrix or DenseMatrix constructor

Switching implementations requires code changes
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Use of factories

Factory
class MatrixFactory {

public static Matrix createMatrix() { 

return new SparseMatrix();

}

}

Clients call createMatrix, not a particular constructor

Advantages

To switch the implementation, only change one place

Can decide what type of matrix to create
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Motivating Example: Bicycle Races

class Race {

public Race() {

Bicycle bike1 = new Bicycle();    

...

}

class TourDeFrance extends Race {

public TourDeFrance() {

Bicycle bike1 = new RoadBicycle();

...

}

class Cyclocross extends Race {

public Cyclocross() {

Bicycle bike1 = new MountainBicycle();

...
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Factory objects/classes encapsulate factory methods

class BicycleFactory {

Bicycle createBicycle() { ... }

}

class RoadBicycleFactory extends BicycleFactory {

Bicycle createBicycle() {

return new RoadBicycle();

}

}

class MountainBicycleFactory extends BicycleFactory {

Bicycle createBicycle() {

return new MountainBicycle();

}

}
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Using the Factory Objects

class Race {

BicycleFactory bfactory;

// constructor

Race(BicycleFactory bfactory) { this.bfactory = bfactory; }

Race createRace() {

Bicycle bike1 = bfactory.createBicycle();

...

}

}

Now we can specify the race and the bicycle separately:

Race tdf = new Race(new RoadBicycleFactory())
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DateFormat factory methods

DateFormat class encapsulates knowledge about how to format dates 
and times as text
Options: just date? just time? date+time? where in the world?
Instead of passing all options to constructor, use factories.
Tidy, and the subtype created doesn't need to be specified.

DateFormat df1 = DateFormat.getDateInstance();

DateFormat df2 = DateFormat.getTimeInstance();

DateFormat df3 = DateFormat.getDateInstance(DateFormat.FULL, 

Locale.FRANCE);

Date today = new Date();

System.out.println(df1.format(today)); // “Jul 4, 1776"

System.out.println(df2.format(today)); // "10:15:00 AM"

System.out.println(df3.format(today)); // “juedi 4 juillet 1776"
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Prototype pattern

Every object is itself a factory

Each class contains a clone method that creates a copy of 

the receiver object

class Bicyle {

Bicycle clone() { ... }

}

You will often see  Object as the return type of  clone

This is due to a design flaw in Java 1.4 and earlier

clone is declared in Object

Java 1.4 did not permit the return type to change in an 

overridden method
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Using prototypes

class Race {

Bicycle bproto;

// constructor

Race(Bicycle bproto) { this.bproto = bproto; }

Race createRace() {

Bicycle bike1 = (Bicycle) bproto.clone();

Bicycle bike2 = (Bicycle) bproto.clone();

...

}

}

Again, we can specify the race and the bicycle separately:

Race tdf = new Race(new Tricycle())
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Sharing

Recall the second weakness of Java constructors

Java constructors always return a new object, never a pre-

existing object

Singleton:  only one object exists at runtime

Factory method returns the same object every time

Interning:  only one object with a particular (abstract) 

value exists at runtime

Factory method returns an existing object, not a new one

Flyweight:  separate intrinsic and extrinsic state, represent 

them separately, and intern the intrinsic state

Implicit representation uses no space
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Singleton

Only one object of the given type exists

class Bank {

private static bank theBank;

// private constructor

private Bank() { ... }

// factory method

public static getBank() {

if (theBank == null) {

theBank = new Bank();

}

return theBank;

}

...

}
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Interning pattern

Reuse existing objects instead of creating new ones

Less space

May compare with == instead of equals()

Permitted only for immutable objects
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Interning mechanism

Maintain a collection of all objects

If an object already appears, return that instead
HashMap<String, String> segnames; // why not Set<String>?

String canonicalName(String n) {

if (segnames.containsKey(n)) {

return segnames.get(n);

} else {

segnames.put(n, n);

return n;

}

}

Java builds this in for strings:  String.intern()

Two approaches:

ïcreate the object, but perhaps discard it and return another

ïcheck against the arguments before creating the new object

Set supports 

contains get

Set supports 

contains but not get
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Interning & Automatic Garbage Collection

When you intern, the data structure representing the 

unique instances continues to refer to them even when 

the rest of the program is no longer referring to them

The program refers to the interning data structure AND 

the data structure refers to an object Č the object is 

reachable is not garbage collected

Example of memory leak in a garbage-collected language

Can solve this using weak pointers (pointer-like library 

objects that do not imply reachability)

Slide 21

Failure to use the Interning pattern:  java.lang.Boolean

public class Boolean {

private final boolean value;

// construct a new Boolean value

public Boolean(boolean value) {

this.value = value;

}

public static Boolean FALSE = new Boolean(false);

public static Boolean TRUE = new Boolean(true);

// factory method that uses interning

public static valueOf(boolean value) {

if (value) {

return TRUE;

} else {

return FALSE;

}

}

}

Design mistake:

should be private

Slide 22

Flyweight pattern

Good when many objects are mostly the same

Interning works only if objects are entirely the same (and 

immutable!)

Intrinsic state:  same across all objects

Technique: intern it

Remember that interning requires immutability

Extrinsic state:  different for different objects

Technique:  make it implicit (donôt even represent it!)

Making it implicit also requires immutability

Mutable parts of object must still be represented explicitly
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Example without flyweight:  bicycle spoke

class Wheel {

FullSpoke[] spokes;

...

} 

class FullSpoke {

int length;

int diameter;

bool tapered;

Metal material;

float weight;

float threading;

bool crimped;

int location;   // rim and hub holes this is installed in

}

Typically 32 or 36 spokes per wheel, but only 3 varieties per bicycle 

(spokes from the same variety differ only in location).
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Alternatives to FullSpoke

class IntrinsicSpoke {

int length;

int diameter;

boolean tapered;

Metal material;

float weight;

float threading;

boolean crimped;

}

This doesn't work:  it's the same as FullSpoke
class InstalledSpokeFull extends IntrinsicSpoke {

int location;

}

This works, but flyweight version uses even less space
class InstalledSpokeWrapper {

IntrinsicSpoke s;     // refer to interned object

int location;

}
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Original code to true (align) a wheel

class FullSpoke {

// Tension the spoke by turning the nipple the

// specified number of turns.

void tighten(int turns) {

... location ...    // location is a field

}

}

class Wheel {

FullSpoke[] spokes;

void align() {

while (wheel is misaligned) {

// tension the ith spoke

... spokes[i].tighten(numturns) ...

}

}

}
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Flyweight code to true (align) a wheel

class IntrinsicSpoke {

void tighten(int turns, int location) {

... location ...    // location is a parameter

}

}

class Wheel {

IntrinsicSpoke[] spokes;

void align() {

while (wheel is misaligned) {

// tension the ith spoke

... spokes[i].tighten(numturns, i) ...

}

}

}
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Flyweight discussion

Flyweight improves memory efficiency if there are very few 

(extrinsic) fields.

Flyweight complicates the code.

Use flyweight only when profiling has determined that 

space is a serious problem.

Similar considerations for factories, interning, other 

patterns

In iterators and singletons the added complexity is smaller; 

it is usually pretty evident when they are needed


