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Context

m From Encapsulation, Inheritance, Types,
Overloading, Overriding, Polymorphism, and
Abstraction
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m Take a sort algorithm; e.g., an insertion sort

package ca.polymtl.gigl.l1og6306;
import java.util.Listj
public class InsertionSort<E> {
public List<E> Sort(final List<E> alist) {
final List<E> temporarylList = null;

// Some /implementation...

temporarylList;

public class Client { A//
public static void main(final String[] args) {
final InsertionSort<String> s = new InsertionSort<String>();
final List<String> 1 = null;
s.sort(1l);

} 3/26




Context

m Problems with TnsertionSort

— Exposes the implementation of the sort

« What if we want to replace this implementation by
another?

— Exposes the public interface of the class

« What if we want to share some public method with
other library class BUT NOT with our clients?
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Context

m We can “abstr

package ca.polymtl.gigl.log6306;
import java.util.lList;
public abstract class AbstractSort«E> {
public abstract List<E> sort(final List<E> alist);
public void someHelperMethed() {
// Some implementatigh...
}
protected void someQtherHelperMethod() {
// Some impleméntation...

public class Client {
public static void main(¢final String[] args) {

final AbstractSort<String> s = new InsertionSort<String>();
final List<String> 1 = null;
s.sort(1l);

} 5/26




Context

m Advantage with the abstract class
— Code reuse

m Problems with AbstractSort

— Exposes the public interface of the class

« What if we want to share some public methods with
other library classes BUT NOT with our clients?

— Exposes the “partial” type of the sort

« What if we want to use an implementation of a sort
algorithm that is NOT a subclass of AbstractSort?
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public class Cliento}//
public static veid main(final String[] args) {
final ISort<String> s = new InsertionSort<String>();
final List<String> 1 = null;
s.sort(1l);
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m We can abstract all sort algorithms

package ca.polymtl.gigl.log6306;
import java.util.lList;
public interface ISort<E> {
public List<E> sort(final List<E> alist);

}

public class Client {
public static void main(final String[] args) /{
final ISort<String> s = new InsertionSort<String>();
final List<String> 1 = null;
s.sort(1l);
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Context

;. Problem: How to remove the dependency on the
ol concrete implementation?
~~4  Solution: Abstract Factory design pattern

public class Client {
public static void main(final String[] args) {
final ISort<String> s = new InsertionSort<String>();
final List<String> 1 = null;
s.sort(1l);
}
}
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Abstract Factory (1/13)

m Let us put the previous code all together

m Let us go step by step to remove the
dependency on the concrete implementation

m But first, we must package the code...
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Abstract Factory (2/13)

public interface ISort<E> {
public List<E> sort(final List<E> alist);
}
public abstract class AbstractSort<E> {
public abstract List<E> sort(final List<E> alist);
public void someHelperMethod() {
// Some implementation...
}
protected void someOtherHelperMethod() {
// Some implementation...

}
}

public class InsertionSort<E> extends AbstractSort implements ISort {
public List<E> sort(final List<E> alist) {
final List<E> temporarylList = null;
// Some implementation...
return temporarylList;

}

}
public class Client {

public static void main(final String[] args) {
final ISort<String> s = new InsertionSort<String>();
final List<String> 1 = ...;
s.sort(1l);

} 11/26



Abstract Factory

public interface ISort<E> {
public List<E> sort(final List<E> alList);

}
public abstract class AbstractSort<E> i¥mplements ISort {

public abstract List<E> sort(final List<E> alList);
b3 id Hal Method{)—{
'/ s o] Eati
3}
protected void someOtherHelperMethod() {
// Some implementation...
}
}
public class InsertionSort<E> extends AbstractSort implements ISort {
public List<E> sort(final List<E> alist) {
final List<E> temporarylList = null;
// Some implementation...
return temporarylList;

}

}
public class Client {

public static void main(final String[] args) {
final ISort<String> s = new InsertionSort<String>();
final List<String> 1 = ...;
s.sort(1l);

} 12/26



Abstract Factory (4/13)

package ca.polymtl.gigl.log6306.sort;

public interface ISort<E> {
public List<E> sort(final List<E> alist);

}
abstract class AbstractSort<E> implements ISort {
public abstract List<E> sort(final List<E> alList);
protected void someOtherHelperMethod() {
// Some implementation...
}
}
class InsertionSort<E> extends AbstractSort implements ISort {
public List<E> sort(final List<E> alList) {
final List<E> temporarylList = null;
// Some implementation...
return temporarylist;
}
}

package ca.polymtl.gigl.log6306.client;
public class Client {
public static void main(final String[] args) {
final ISort<String> s = new InsertionSort<String>();
final List<String> 1 = ...;
s.sort(l);
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Abstract Factory (5/13)

package ca.polymtl.gigl.log6306.sort;

}

public abstract class AbstractSort<E> implements ISort {
publi List<E> sort(final List<E> alist);
protected void
}

}

package ca.polymtl.gigl.log6306.client;
public class Client {
public static void main(final String[] args) {
final ISort<String> s = new InsertionSort<String>();
final List<String> 1 = ...;
s.sort(l);
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Abstract Factory (6/13)

package ca.polymtl.gigl.log6306.sort;
public interface ISort<E> {
public List<E> sort(final List<E> alist);

}
abstract class AbstractSort<E> implements ISort {
public abstract List<E> sort(final List<E> alist);
protected void someOtherHelperMethod() {
// Some implementation...
}
}
class InsertionSort<E> extends AbstractSort implements ISort {
public List<E> sort(final List<E> alList) {
final List<E> temporarylList = null;
// Some implementation...
return temporarylist;
}
}

package ca.polymtl.gigl.log6306.client;
public class Client {
public static void main(final String[] args) {
final ISort<String> s = new InsertionSort<String>();
final List<String> 1 = ...;
s.sort(l);
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Abstract Factory (7/13)

package ca.polymtl.gigl.log6306.sort;
public interface ISort<E> {
public List<E> sort(final List<E> alist);

}
abstract class AbstractSort<E> implements ISort {
public abstract List<E> sort(final List<E> alist);
protected void someOtherHelperMe
// Some implementation...
}
}
class InsertionSort<E> extends AbstractSort implements ISort {
public List<E> sort(final List<E> alList) {
final List<E> temporarylList = null;
// Some implementation...
return temporarylist;
}
}

package ca.polymtl.gigl.log6306.client;
public class Client {
public static void main(final String[] args) {
final ISort<String> s = new InsertionSort<String>();

final List<String> 1 = ...;
s.sort(l);

} 16/26



Abstract Factory (8/13)

m Intent

— Provide an interface for creating families of
related or dependent objects without specifying
their concrete classes

(.e., obtain new objects without knowing their
concrete classes)
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Abstract Factory (9/13)

m Applicability
— A system should be independent of how its products are
created, composed, and represented

— A system should be configured with one of multiple
families of products

— A family of related product objects is designed to be
used together and you must enforce this constraint

— You want to provide a library of products, and you want
to reveal just their interfaces, not their implementations
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Abstract Factory (10/13)

m Design
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Abstract Factory (11/13)

m Design
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Abstract Factory (12/13)

package ca.polymtl.gigl.log6306.sort;
public interface ISort<E> {
public List<E> sort(final List<E> alist);

}

package ca.polymtl.gigl.log6306.sort.impl;
public class Factory {
public <E> ISort<E> getSortAlgorithm() {
return new InsertionSort<E>();

}
}

class InsertionSort<E> extends AbstractSort implements ISort {
public List<E> sort(final List<E> alList) {
final List<E> temporarylList = null;
// Some implementation...
return temporarylist;

}

package ca.polymtl.gigl.log6306.client;
public class Client {
public static void main(final String[] args) {
final ISort<String> s = new Factory ().getSortAlgorithm();
final List<String> 1 = ...;
s.sort(1l);
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Abstract Factory (13/13)

package ca.polymtl.gigl.log6306.sort;
public interface ISort<E> {
public List<E> sort(final List<E> alist);

}

package ca.polymtl.gigl.log6306.sort.impl;
public class Factory {
public <E> ISort<E> getSortAlgorithm
return new InsertionSort<E>();

}
}

class InsertionSort<E> extends AbstractS
public List<E> sort(final List<E> alL
final List<E> temporarylList = nu
// Some implementation...

return temporarylist;

}

package ca.polymtl.gigl.logé .client;
public class Client {

public static void mai inal String[] args) {

final ISort<String> s = new Factory().getSortAlgorithm();
final List<String> 1 = ...;
s.sort(l);
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Choosing the Factory

m Still, the code has a dependency on the
Factory to obtain the concrete
Implementation

;. Problem: How to remove the dependency on the
b ot Factory class?
~~4  Solution; Use class-loading and introspection
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Choosing the Factory

m As with the Visitor design pattern
— Bypass the compiler / virtual machine
— Choose at runtime a concrete type
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Choosing the Factory

m As with the Visitor design pattern
— Bypass the compiler / virtual machine
— Choose at runtime a concrete type

m Solution
— Use introspection and class-loading
— Use a configuration file
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Conclusion

= By
— Packaging the code
— Hiding information
And through
— Using the Abstract Factory design pattern

m Decouple the client code from any particular
Implementation of an abstraction
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Context

m From The Abstract Factory DP
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Context

package ca.polymtl.gigl.log6306.sort;
public interface ISort<E> {
public List<E> sort(final List<E> alist);

}

package ca.polymtl.gigl.log6306.sort.impl;
public class Factory {
public <E> ISort<E> getSortAlgorithm() {
return new InsertionSort<E>();

}
}

class InsertionSort<E> extends AbstractSort implements ISort {
public List<E> sort(final List<E> alList) {
final List<E> temporarylList = null;
// Some implementation...
return temporarylList;

}

package ca.polymtl.gigl.log6306.client;
public class Client {
public static void main(final String[] args) {
final ISort<String> s = new Factory ().getSortAlgorithm();
final List<String> 1 = ...;
s.sort(1l);
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Context

package ca.polymtl.gigl.log6306.sort;
public interface ISort<E> {
public List<E> sort(final List<E> alist);

}

package ca.polymtl.gigl.log6306.sort.impl;
public class Factory {
public <E> ISort<E> getSortAlgorithm
return new InsertionSort<E>()

}
}

class InsertionSort<E> extends Abstra
public List<E> sort(final List<E>
final List<E> temporarylList =
// Some implementation...
return temporarylList;

}

package ca.polymtl.gigl.log6306.client;
public class Client {
public static void main(final String[] args)

final ISort<String> s = new Factory().getSortAlgorithm();
final List<String> 1 = ...;
s.sort(1l);

4/30



Context

<4 Problem: How maintain one, and only one
ol Instance, of a class in a system?
~~%  Solution: Singleton design pattern

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

final ISort<String> s = new Factory().getSortAlgorithm();

final List<String> 1 = null;
s.sort(1l);

}
}

5/30



Singleton (1/7)

m Let us modify Factory sothat Clients

can obtain and use the one and only one
Instance of this class
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Singleton (2/7)

m Intent

— Ensure a class only has one instance, and
provide a global point of access to it
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Singleton (3/7)

m Applicability
— There must be exactly one instance of a class,

and it must be accessible to clients from a well-
known access point

— When the unique instance should be extensible
by subclassing and clients should be able to use
Its subclass without modifying their code
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Singleton

m Applicability
— There must be exactly one instance of a class,

and it must be accessible to clients from a well-
known access point
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Singleton

m Design

Singleton

static Instance() ©----
SinglatonCperation)
GetSingletonDatal)

static unigquelnstance
singletonDala

refLEm I_Jr'llﬂl._.llé_ﬂl'lﬁ'lal‘ll'f"l,'-.‘

(5/7)
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Singleton

m Implementation

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {

private static Factory TheUniqueFactory;

public static Factory getInstance() {
if (Factory.TheUniqueFactory == null) {
Factory.TheUniqueFactory = new Factory();

}

return Factory.TheUniqueFactory;

}

private Factory() {
// Some implementation if needed...
// This constructor could take in parameters

// then getInstance() should have parameters too.

}

public <E> ISort<E> getSortAlgorithm() {
return new InsertionSort<E>();

}

(6/7)
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Singleton

= Implementation

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {

private static Factory TheUniqueFactory;

public static Factory getInstance() {

if (Factory.TheUniqueFactory == null) {
Factory.TheUniqueFactory = new Factory();

}

return Factory.TheUniqueFactory;

}

private Factory() {
// Some implementation if needed...
// This constructor could take in parameters
// then getInstance() should have parameters too.

}

public <E> ISort<E> getSortAlgorithm() {
return new InsertionSort<E>();

}
} 12/30



Singleton

m Implementation

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {

private static Factory TheUniqueFactory;

public static Factory getInstance()
if (Factory.TheUniqueFactory ==/hull) {
Factory.TheUniqueFactory = new Factory();

}

return Factory.TheUniqueFactory;

}

private Factory() {
// Some implementation if needed...
// This constructor could take in parameters

// then getInstance() should have parameters too.

}

public <E> ISort<E> getSortAlgorithm() {
return new InsertionSort<E>();

}

13/30



Singleton (1/7)

(Scoped Locking)

m Context

— A multi-threaded program in which a unigue
Factory must be shared among multiple

threads of execution

See also http://www.cs.wustl.edu/~schmidt/PDF/ScopedLocking.pdf 14/30



Singleton (2/7)

(Scoped Locking)

m Problems

— Some sort of token must be locked and released

correctly before and after instantiating the
unique instance of the Factory

— It is difficult to identify all exits in the control flow
because of possible return, break, and

continue Statements and uncaught exceptions

m Different programming languages allow for
different solutions

15/30



Singleton
(Scoped Locking)

m Solution for C++

— Use a guard class
* |[ts constructor locks a token
* |ts destructor releases a token

— Implementation
Thread Mutex lock ;

Thread Mutex Guard guard

(Lock );

C/C++

16/30



Singleton C/C
(Scoped Locking)

m Solution for C++

— Advantages
« Will always release the token
« Can be used in many contexts
e Could be subclassed
— Limitations
« Possible dead-locks in case of recursive calls
* (Compiler complains about unused guard variable)

— Know uses

e Threads.h++
17/30



Singleton
(Scoped Locking)

m Solution for Java
— Use the keyword synchronised

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {

private static Factory TheUniqueFactory;

public static Factory getInstance() {
if (Factory.TheUniqueFactory == null) {
Factory.TheUniqueFactory = new Factory();

}

return Factory.TheUniqueFactory;

}

private Factory() {
// Some implementation if needed...

}

public <E> ISort<E> getSortAlgorithm() {
return new InsertionSort<E>();

}
¥ 18/30



Singleton
(Scoped Locking)

m Solution for Java
— Use the keyword synchronised

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {

private static Factory TheUniqueFactory;

public static synchr'onized Factory getInstance() {

if (Factory.TheUniqueFactory == null) {
Factory.TheUniqueFactory = new Factory();

}

return Factory.TheUniqueFactory;

}

private Factory() {
// Some implementation if needed...

}

public <E> ISort<E> getSortAlgorithm() {
return new InsertionSort<E>();

}
} 19/30



Singleton
(Scoped Locking)

m Solution for Java
— Advantages
* Very simple to use
— Limitations
* Performance costs 100x

— Know uses
e Java.util.Hashtable<K, V>

20/30



Singleton (1/7)

(Double-check Locking Optimisation)

m Context

— A multi-threaded program in which a unigue
Factory must be shared among multiple

threads of execution

— A multi-threaded program in which the
“synchronised” method is used heavily

See also http://en.wikipedia.org/wiki/Double-checked locking 21/30



Singleton

(Double-check Locking Optimisation)

m First solution for Java

— Combination of the keywords synchronised
and volatile

 Make some blocks of code synchronizedto

prevent threads to access the same block at the
“same” time

 Make some instances variables volatile to prevent

threads to cache their values and make their
reading/writing atomic

22/30



Singleton

(Double-check Locking Optimisation)

m First solution for Java
— Use synchronised and volatile

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {
private static volatile Factory TheUniqueFactory;

public static Factory getInstance() {
if (Factory.TheUniqueFactory == null) {
synchronized (Factory.class) {
if (Factory.TheUniqueFactory == null) {
Factory.TheUniqueFactory = new Factory();

}
}
}

return Factory.TheUniqueFactory;

23/30



Singleton

(Double-check Locking Optimisation)

m First solution for Java
— Use synchronised and volatile

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {
private static volatile Factory TheUniqueFactory;

public static Factory getInstance() {

if (Factory.TheUniqueFactory == null) {

synchronized (Factory.class) {
if (Factory.TheUniqueFactory == null) {
Factory.TheUniqueFactory = new Factory();

}
}
}

return Factory.TheUniqueFactory;
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Singleton

(Double-check Locking Optimisation)

m First solution for Java

— Advantages
« Simple to use
« Cost only the first time

— Know uses
« The ADAPTIVE Communication Environment (ACE)
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Singleton

(Double-check Locking Optimisation)

m Second solution for Java
— Without synchronised and volatile

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {
private static class FactoryUniqueInstanceHolder {
private static final Factory THE_UNIQUE FACTORY = new Factory();

}

public static Factory getInstance() {
return FactoryUniqueInstanceHolder.THE UNIQUE FACTORY;

}
/] ...
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Singleton
(Double-check Locking Opt

m Second solution for Java
— Without synchronised and yvolatile

package ca.polymtl.gigl.log6306.sort.impl;
import ca.polymtl.gigl.log6306.ISort;
public class Factory {
private static class FactoryUniqueInstanceHolder {
private static Factory THE_UNIQUE_FACTORY # new Factory();

}

public static Factory getInstance() {

return FactoryUniqueInstanceHolder.THE UNIQUE FACTORY:;

}
/] ...
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Singleton

= No matter the choice of the implementation
of the Singleton, Factory, and sort

algorithm; the client remains the same

public class Client {
public static void main(final String[] args) {
final ISort<String> s = Factory.getInstance().getSortAlgorithm();
final List<String> 1 = null;
s.sort(1l);
}
}

28/30



Conclusion

= By
— Packaging the code
— Hiding information
And through

— Using the Abstract Factory design pattern
— Using the Singleton design pattern

m Ensure that all clients use the same and only
Instance of a factory class
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Conclusion

m When instantiating classes whose instances
must be shared across threads, beware of
race conditions

m Use appropriate (possibly language-
dependent) constructs and idioms to
prevent race conditions
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Context

m From The Singleton DP

2/20



Context

package ca.polymtl.gigl.log6306.sort;
public interface ISort<kE> {
List<E> sort(final List<E> alist);
}
package ca.polymtl.gigl.log6306.sort.impl;
public class Factory {
private static class FactoryUniqueInstanceHolder {
private static final Factory THE UNIQUE FACTORY = new Factory();
}
public static Factory getlInstance () {
return FactoryUniquelInstanceHolder.THE UNIQUE FACTORY;
}
private Factory () {
// Some implementation if needed...
}
public <E> ISort<E> getSortAlgorithm() {
return new InsertionSort<E>();

}
package ca.polymtl.gigl.log6306;
public class Client {
public static void main (final String[] args) {
final List<String> 1 = ...;
final ISort<String> s = Factory.getInstance() .getSortAlgorithm()
s.sort(l);

3/20



Context

Visual Sort

o 11 12 13 14 15 16

Click "Go" or"Step” to begin sording.

http://math.hws.edu/TMCM/java/xSortLab/

Selection Sort
Insertion Sort
Merge Sort
CluickSort

Step

Start Again

Comparisons:

0

Copies:
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Context

m Types
— Internal
— External

= Other types
— Complexity in time
— Complexity in space

=@  Object
=0 I
&9

5-@*

Al:ﬁ'l]’attﬂcwt-::f =

ExternalSort<E =

G psort<E=

® Tritonsort<E>
InternalSort<E=

(9 BubbleSort<E>
& Insertionsort<E>
C Mergesort<E=
® QuidSort<E>

(9 selectionSort<E>
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Context

m Many sort algorithms, two categories

m Client wants to call all the sorts, by
categories or one chosen sort

<4 Problem: How to let client see similarly one sort
¥ 3 }Jf‘l algorithm or a set of algorithms?
-4 Solution: Composite design pattern

6/20



Composite (1/7)

m Intent

— Compose objects into tree structures to
represent part-whole hierarchies. Composite lets
clients treat individual objects and compositions
of objects uniformly

7/20



Composite (2/7)

m Applicability
— You want to represent part-whole hierarchies of
objects

— You want clients to be able to ignore the
difference between compositions of objects and
iIndividual objects. Clients will treat all objects in
the composite structure uniformly

8/20



Composite (3/7)

m Design

Client | — g Component I.....

Clparationy’}
AdafComponant)
Hemove{Companant)
GatChild(int)

A

Leaf Composite

childran

Tl

., . forall g in chiidran
Cperation() Crparation{) ©---—---F-—-—-—------ gggperaﬁ,:,n”;

Add{Componant)
Femove{Componant)
GatChild{int)
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Composite (4/7)

m Design

aComposite

aleaf alLeaf aComposite aleaf

aleaf aleaf aleaf
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Composite

= Implementation

package ca.polymtl.gigl.log6306.sort;

public interface ITypeOfSort<E extends Comparable<E>> extends ISort<E> {
List<ISort<E>> getSortAlgorithms();
String getTypeName () ;
List<E> sort (final List<E> alist);
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Composite (6/7)

m Implementation

package ca.polymtl.gigl.log6306.sort.impl;

class TypeOfSort<E extends Comparable<E>> extends AbstractSort<E> implements ITypeOfSort<E> {
private final List<ISort<E>> listOfSortAlgorithms;
private final String typeName;

public TypeOfSort (final String aTypeName) {
this.listOfSortAlgorithms = new ArrayList<ISort<E>>();
this.typeName = aTypeName;

}

public void addSortAlgorithm(final ISort<E> aSortAlgorithm) ({
this.listOfSortAlgorithms.add (aSortAlgorithm) ;

}

public String getTypeName () {
return this.typeName;

// ... Continued on the next slide
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Composite (7/7)

m Implementation

package ca.polymtl.gigl.log6306.sort.impl;
class TypeOfSort<E extends Comparable<E>> extends AbstractSort<E> implements ITypeOfSort<E> {

// ... Continued from the previous slide

public List<E> sort (final List<E> alist) {
// Call each sort algorithm of this type one after the other...
final Tterator<ISort<E>> iterator = this.listOfSortAlgorithms.iterator();
List<E> sortedList = null;
while (iterator.hasNext ()) {
final ISort<E> sortAlgorithm = (ISort<E>) iterator.next();
sortedList = sortAlgorithm.sort (alList);
}

return sortedList;

}
public List<ISort<E>> getSortAlgorithms () {

return this.listOfSortAlgorithms;

13/20



Usage

= We must build the composite objects
m Clients use these composite objects

=@  Object
E----@'ﬁ' .n!g._l:us_h'a-:tt'h:-rt-=::E::=-
El ExternalSort<E=
E ------ C pSort<E=
@ TritonSort<E>
=--@* InternalSort<E>
------ (& BubbleSort<E>
= (® Insertionsort<E>
------ C MergeSort<E =
@ qQuicksort<E>
(@  SelectionSort<Ex
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Usage

m \We must build the composite objects
m Clients use these composite objects

=@  Object
E----@'ﬁ' .n!g._l:us_h'a-:tt'h:-rt-=::E::=-
El ExternalSort<E=
E ------ C pSort<E=
@ TritonSort<E>
=--@* InternalSort<E>
------ (& BubbleSort<E>
= (® Insertionsort<E>
------ C MergeSort<E =
@ qQuicksort<E>
(@  SelectionSort<Ex
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Usage

= Clients use these compo

e objects

package ca.polymtl.gigl.log6306;
public class Client {
public static void main (final Stringf] args) {

final List<String> 1 = Arrays,asList(new String[] { "Venus", "Earth", "Mars" });

final ISort<String> s = Fadltory.getInstance () .getBubbleSortAlgorithm() ;
System.out.println(s.sox (1)) ;

final ISort<String> t' = Factory.getInstance().getInternalSortAlgorithms();
System.out.println(t.sort(l));
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Usage

= We must build the composite objects

package ca.polymtl.gigl.log6306.sort.impl;
public class Factory {
// ... As on slide 3

public <E extends Comparable<E>> ISort<E> getInternalSortAlgorithms() {
final TypeOfSort<E> internalSorts = new TypeOfSort<E> ("Internal Sorts");

final ISort<E> bubbleSortAlgorithm = this.getBubbleSortAlgorithm() ;
internalSorts.addSortAlgorithm (bubbleSortAlgorithm) ;

final ISort<E> insertionSortAlgorithm = this.getInsertionSortAlgorithm() ;
internalSorts.addSortAlgorithm(insertionSortAlgorithm) ;

final ISort<E> mergeSortAlgorithm = this.getMergeSortAlgorithm() ;
internalSorts.addSortAlgorithm (mergeSortAlgorithm) ;

final ISort<E> quickSortAlgorithm = this.getQuickSortAlgorithm();
internalSorts.addSortAlgorithm (quickSortAlgorithm) ;

final ISort<E> selectionSortAlgorithm = this.getSelectionSortAlgorithm() ;
internalSorts.addSortAlgorithm(selectionSortAlgorithm) ;

return internalSorts;

17/20



Conclusion

m Using the composite design pattern let
clients treat objects and composition of
objects uniformly

— The client does not need to know

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 = Arrays.asList(new String[] { "Venus", "Earth", "Mars" });

final ISort<String> s = Factory.getInstance() .getBubbleSortAlgorithm()
System.out.println(s.sort(1l));

final ISort<String> t = Factory.getInstance() .getInternalSortAlgorithms () ;
System.out.println(t.sort (1)),
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Conclusion

m The Composite design pattern is applied to
any “recursive "data structure

— Graphical objects
« AWT
« Swing

— Tree structures
« AST

19/20



Conclusion

m The common interface between objects and
composite objects is defined by the interface
playing the “Component” role

package ca.polymtl.gigl.log6306.sort;
import java.util.List;
public interface ISort<E extends Comparable<E>> {

List<E> sort (final List<E> alist);
}

Beware of not “bloating” this interface!
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Context

m From The Composite DP
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Context

package ca.polymtl.gigl.log6306;

public class Client {
public static void main(final String[] args) {
final List<String> 1 =
Arrays.asList(new String[] { "Venus", "Eart#h", "Mars" });

final ISort<String> s = Factory.getlInstance () .getBubbleSortAlgorithm() ;
System.out.println(s.sort (1)) ;

final ISort<String> t = Factory.getlInstdnce().getInternalSortAlgorithms();
final ITypeOfSort<String> c = (ITypeOffort<String>) t;

// Use one specific sort algorithm./.
final ISortIterator<String> i1 = c,getSortAlgorithms () ;
System.out.println (i.getNext () .sdrt (1)),

// Use all sort algorithms...
System.out.println(t.sort(1l));
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Context

m Having a Composite object Is interesting but
we do not know what Is happening inside It,
and inside each of the sort algorithm

<4 Problem: How to notify clients of events
b }Jf‘l occurring in an object?
~~%  Solution: Observer design pattern

4/40



Observer (1/11)

“A common side-effect of partitioning a
system into a collection of cooperating
classes is the need to maintain consistency
between related objects. You don't want to
achieve consistency by making the classes
tightly coupled, because that reduces their
reusabillity.”

[Gamma et al.]
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Observer (2/11)

m Name: Observer

m Intent: "Define a one-to-many dependency
between objects so that when one object
changes state, all its dependents are notified
and updated automatically.”
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Observer (3/11)

= Motivation: "Many graphical user interface
toolkits separate the presentational aspects
of the user interface from the underlying
application data. Classes defining
application data and presentations can be

reused independently. They can work
together, too.”
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Observer (4/11)

m Motivation (cont’d): “[A] spreadsheet and [a]
bar chart don't know about each other,
thereby letting you reuse only the one you
need. When the user changes the
Information in the spreadsheet, the bar chart

reflects the changes immediately, and
vice versa.”
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Observer (5/11)

m Motivation (cont’'d): “This behavior implies
that the spreadsheet and bar chart are
dependent on the data object and therefore
should be notified of any change In its state.
[...] The Observer pattern describes how to
establish these relationships. The key
objects In this pattern are subject and
observers.”
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Observer (6/11)

m Motivation (cont'd): “This kind of interaction
Is also known as publish—subscribe. The
subject is the publisher of notifications. [...]
Any number of observers can subscribe to

receive notifications.”
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Observer (7/11)

m Applicability
— When an abstraction has two aspects, one
dependent on the other

— When a change to one object requires changing
others, and you do not know how many objects
must change

— When an object should notify other objects
without making assumptions about who these
objects are
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Observer

m Structure

Subject

ohsanvers

....] Observer

Attach{Uhserver)
Detach{Obsarver)
NEI15|:'3,-'[:I p——— -

A

ConcreteSubject

forali o in obsarnvers i\t‘*
o-=Lpdate)

1
d

subject

GetState() ©---
SetStatad)

subjectstate

refurn subjectStale

Updatef)
ConcreteObserver
Lipdate) o=
obhsarverState

obsenarstate = ™
subject-=GetStatel)

(8/11)
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Observer (9/11)

m Participants

— Subject — ConcreteSubject
« Knows its observers. Any » Stores state of interest to
number of Observer objects ConcreteObserver objects
may observe a subject - Sends a natification to its
* Provides an interface for observers when its state changes
attaching and detaching — ConcreteObserver
Observer objects L
« Maintains a reference to a
— Observer ConcreteSubject object
- Defines an updating interface - Stores state that should stay
for objects that should be consistent with the subject's

notified of changes in a

_ * Implements the Observer
subject

updating interface to keep its
state consistent with the subject's



Observer (10/11)

m Collaborations

aConcreteSubject aConcreteObserver anotherConcreteObserver

L SetState() Hj|

\ I

Motifyi)

Update()

GetSiatej }
- L
Update()
GetStateJLJ
-

14/40



Observer (11/11)

m Conseguences

— Abstract coupling between Subject and
Observer

— Support for broadcast communication
— Unexpected updates

15/40



Implementation

= Finally, the Bubble sort algorithm!

package ca.polymtl.gigl.log6306.sort.impl;

class BubbleSort<E extends Comparable<E>> extends InternalSort<E> implements ISort<E> {
public List<E> sort(final List<E> alist) {

final int listSize = alist.size();
final E[] array = this.convertlListToArray(alList);
E temp;
for (int i = 0; i < listSize - 1; i++) {
for (int 7 = 0; j < listSize - 1; J++) {
if (array[]j].compareTo (array[]j + 11) > 0) {
temp = arraylj]l;
arrayl[j] = array[] + 1];
array[j + 1] = temp;

}

return Arrays.asList(array);

}
public String getName () {
return "BubbleSort";

) 16/40



Implementation

m Two Interesting operations
— Comparison
— Swap
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Implementation

m Bubble sort algorithm

package ca.polymtl.gigl.log6306.sort.impl;

class BubbleSort<E extends Comparable<E>> extends InternalSort<E> implements ISort<E> {
public List<E> sort(final List<E> alist) {

final int listSize = alist.size();
final E[] array = this.convertlListToArray(alList);
E temp;
for (int i = 0; i < listSize - 1; i++) {
for (int 7 = 0; j < listSize - 1; J++) {
if (array[]j].compareTo (array[]j + 11) > 0) {
temp = arraylj]l;
arrayl[j] = array[] + 1];
array[j + 1] = temp;

}

return Arrays.asList(array);

}
public String getName () {
return "BubbleSort";
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Implementation

m Bubble sort algorithm

package ca.polymtl.gigl.log6306.sort.impl;

class BubbleSort<E extends Comparable<E>> extends InternalSort<E> implements ISort<E> {
public List<E> sort(final List<E> alist) {

final int listSize = alist.size();
final E[] array = this.convertListToArray(alList);
E temp;
for (int i = 0; i < listSize - 1; i++) {
for (int 7 = 0; j < listSize - 1; J++) {

if (array|[j] .compareTo (array[j + 1]) > 0) ¢
temp = array|[]];
array[j] = array[] + 1];
array[j + 1] = temp;

}

return Arrays.asList(array);

//
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Implementation

m Two Interesting operations
— Comparison
— Swap

Must refactor the code
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Implementation

public List<E> sort (final List<E> alist) {

final int listSize = alist.size();
final E[] array = this.convertListToArray(alList);
E temp;

for (int i = 0; i < listSize - 1; i++) {
for (int j = 0; j < listSize - 1; J++) {
if (arrayl[j].compareTo(array[] + 1]) > 0) {

temp array([j];
array[j] = array[] + 1];
array[j + 1] = temp;

}

return Arrays.asList (array):;

public List<E> sort (final List<E> alist) {
final int listSize = alList.size();
final E[] array = this.convertlListToArray(alist);

for (int i = 0; 1 < 1listSize - 1; i++) {
for (int j = 0; j < listSize - 1; Jj++) {
if (this.compareValues (array, 3, J + 1) > 0) {
this.swapValues (array, j, j + 1)

}

return Arrays.asList (array);

} 21/40



Implementation

public List<E> sort(final List<E> alist) {

final int listSize = alist.size();
final E[] array = this.convertListToArray(alList);
E temp;

for (int 1 = 0; 1 < listSize - 1; i++) {
for (int j = 0; J < listSize - 1; J++) {
if (arrayl[j].compareTo(array[] + 1]) > 0) {

temp arrayl[j]l;
array[Jj] = array[] + 1];
array[j + 1] = temp;

}

return Arrays.asList (array):;

public List<E> sort (final List<E> alist) {

final int listSize = alist.size();
final E[] array = this.convertlListToArray(alist);
for (int i = 0; 1 < listSize - 1; i++) {

for (int j = 0; j < listSize - 1; Jj++) {

if (this.compareValues (array, j, J + 1) > 0) {
this.swapValues (array, j, j + 1);

}

return Arrays.asList (array);
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Implementation

package ca.polymtl.gigl.log6306.sort.impl;
abstract class AbstractSort<E extends Comparable<E>> ({

//

protected int compareValues (final E[] values, final int positionl, int position?2)
return values[positionl].compareTo (values|[position?2]);

}

protected void swapValues (final E[] array, final int i, final int j) {
final E temp = arrayl[il];
arrayl[i] = arrayl([]j];
array[]j] = temp;
}
=zinterface== ApstractSort
/] ... IQE L———E———J

Irternal=ort

EubbleZort

23/40



Implementation

package ca.polymtl.gigl.log6306.sort.impl;
abstract class AbstractSort<E extends Comparable<E>> ({
private final List<ISortObserver<E>> listOfObservers;
public AbstractSort () {
this.1listOfObservers = new ArraylList<ISortObserver<E>>();
}
protected int compareValues (final E[] values, final int positionl, int position2) {
this.notifyObserversOfAComparison (values,
positionl, values[positionl],
position2, wvalues[positionZ2]);
return values[positionl].compareTo (values|[position?2]);
}
private void notifyObserversOfAComparison (
final E[] values, final int positionl, final E wvaluel,
final int position2, final E value2) {
final ComparisonEvent<E> event =
new ComparisonEvent<E> (values, positionl, wvaluel, position2, wvalue2);

final Iterator<ISortObserver<E>> iterator = this.listOfObservers.iterator();
while (iterator.hasNext ()) {
final ISortObserver<E> sortObserver = (ISortObserver<E>) iterator.next ();

sortObserver.valuesCompared (event) ;

//
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Implementation

package ca.polymtl.gigl.log6306.sort.impl;
abstract class AbstractSort<E extends Comparable<E>> {
private final List<ISortObserver<E>> listOfObservers;
public AbstractSort () {
this.1listOfObservers = new ArraylList<ISortObserver<E>>();
}

protected int compareValues (final E[] values, final int positionl, int position2) {
this.notifyObserversOfAComparison (values,
positionl, values[positionl],

position2, values[position2])

return values[positionl].compareTo (values|[positionZ2]);
}
private void notifyObserversOfAComparison (

final E[] values, final int positionl, final E wvaluel,

final int position2, final E value2) {

final ComparisonEvent<E> event =

new ComparisonEvent<E>(values, positionl, wvaluel, position2, wvalue2);

final Iterator<ISortObserver<E>> iterator = this.listOfObservers.iterator();
while (iterator.hasNext ()) {
final ISortObserver<E> sortObserver = (ISortObserver<E>) iterator.next();

sortObserver.valuesCompared (event) ;

//

25/40



Implementation

m We must define the observers

m We must allow the observers to attach
to the sort algorithms

package ca.polymtl.gigl.log6306.sort.observer;
public interface ISortObserver<E extends Comparable<E>> {

void valuesCompared (final ComparisonEvent<E> comparisonEvent) ;
void valuesSwapped (final SwapEvent<E> swapEvent):;

package ca.polymtl.gigl.log6306.sort;
public interface ISort<E extends Comparable<E>> {

List<E> sort (final List<E> alList);
void addObserver (final ISortObserver<E> anObserver):;
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Implementation

m We must define the observers

m We must allow the observers to attach
to the sort algorithms

package ca.polymtl.gigl.log6306.sort.observer;
public interface ISortObserver<E extends Comparable<E>> {

void valuesCompared (final ComparisonEvent<E> comparisonEvent) ;
void valuesSwapped (final SwapEvent<E> swapEvent):;

package ca.polymtl.gigl.log6306.sort;

public interface ISort<E extends Comparable<E>> {
List<E> sort (final List<E> alList);

void addObserver (final ISortObserver<E> anObserver) ;
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Implementation

package ca.polymtl.gigl.log6306.sort.impl;
abstract class AbstractSort<E extends Comparable<E>> ({
private final List<ISortObserver<E>> listOfObservers;
public AbstractSort () {
this.1listOfObservers = new ArraylList<ISortObserver<E>>();
}
public void addObserver (final ISortObserver<E> anObserver) {
this.listOfObservers.add (anObserver) ;
}
protected int compareValues (final E[] values, final int positionl, int position2) {
this.notifyObserversOfAComparison (values,
positionl, values[positionl],
position2, values[positionZ2]);
return values[positionl].compareTo (values|[position?2]);
}
private void notifyObserversOfAComparison (
final E[] values, final int positionl, final E valuel,
final int positionZ?2, final E value2) {
final ComparisonEvent<E> event =
new ComparisonEvent<E>(values, positionl, wvaluel, position2, wvalue2);

final Iterator<ISortObserver<E>> iterator = this.listOfObservers.iterator();
while (iterator.hasNext ()) {
final ISortObserver<E> sortObserver = (ISortObserver<E>) iterator.next ();

sortObserver.valuesCompared (event) ;
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Implementati

package ca.polymtl.gigl.log6306.sort.1mpl;
abstract class AbstractSort<E extends Comparable<E>>
private final List<ISortObserver<E>> listOfObseéervers;
public AbstractSort () {
this.listOfObservers = new ArrayLisSt<ISortObserver<k>>();

}
public void addObserver (final ISortObserver<E> anObserver) {

this.listOfObservers.add (anObserver) ;

}

protected int compareValues (final E[] values, final int positionl, int position2) {
this.notifyObserversOfAComparison (values,
positionl, values[positionl],
position2, values[positionZ2]);
return values[positionl].compareTo (values|[position?2]);
}
private void notifyObserversOfAComparison (
final E[] values, final int positionl, final E valuel,
final int position2, final E value2) {
final ComparisonEvent<E> event =
new ComparisonEvent<E>(values, positionl, wvaluel, position2, wvalue2);

final Iterator<ISortObserver<E>> iterator = this.listOfObservers.iterator();
while (iterator.hasNext ()) {
final ISortObserver<E> sortObserver = (ISortObserver<E>) iterator.next();

sortObserver.valuesCompared (event) ;
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Implementation
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Implementation

m The Composite overrides addObserver ()

package ca.polymtl.gigl.log6306.sort.impl;

class TypeOfSort<E extends Comparable<E>> extends AbstractSort<E> implements ITypeOfSort<E> ({
private final List<ISort<E>> listOfSortAlgorithms;
private final String typeName;

public TypeOfSort (final String aTypeName) {
this.listOfSortAlgorithms = new ArrayList<ISort<E>>();

this.typeName = aTypeName;
}

@Override
public void addObserver (final ISortObserver<E> anObserver) {

final Tterator<ISort<E>> iterator this.listOfSortAlgorithms.iterator () ;

while (iterator.hasNext()) {
final ISort<E> sortAlgorithm
sortAlgorithm.addObserver (anObserver) ;

= (ISort<E>) iterator.next();

//
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Usage

m The Client can observer the algorithms

package ca.polymtl.gigl.log6306;
public class Client {
public static void main(final String[] args) {
final List<String> 1 =
Arrays.asList(new String[] { "Venus", "Earth", "Mars" });
final SimpleObserver<String> observer = new SimpleObserver<String>();

final ISort<String> s = Factory.getlInstance () .getBubbleSortAlgorithm();
s.addObserver (observer) ;
System.out.println(s.sort (1)) ;

final ISort<String> t = Factory.getlInstance () .getInternalSortAlgorithms () ;
t.addObserver (observer) ;
final ITypeOfSort<String> c¢ = (ITypeOfSort<String>) t;

// Use one specific sort algorithm...

final ISortIterator<String> i = c.getSortAlgorithms /()
System.out.println(i.getNext () .sort(1l));

// Use all sort algorithms...
System.out.println(t.sort(1l));
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Usage

m The Client can observer the algorithms

package ca.polymtl.gigl.log6306;
public class Client {
public static void main(final String[] args) {
final List<String> 1 =
Arrays.asList(new String[] { "Venus", "Earth", "Mars" });
final SimpleObserver<String> observer = new SimpleObserver<String>();

final ISort<String> s = Factory.getlInstance () .getBubbleSortAlgorithm();

s .addObserver (observer) ;
System.out.println(s.sort(1l));

final ISort<String> t = Factory.getlInstance () .getInternalSortAlgorithms () ;

t.addObserver (ocbserver) ;
final ITypeOfSort<String> ¢ = (ITypeOfSort<String>) t;

// Use one specific sort algorithm...

final ISortIterator<String> i = c.getSortAlgorithms/();
System.out.println(i.getNext () .sort(1l));

// Use all sort algorithms...
System.out.println(t.sort (1)) ;
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Usage

m The Client can observer the algorithms

Comparison of Venus with Earth
Swap of Venus with Earth
Comparison of Venus with Mars
Swap of Venus with Mars
Comparison of Earth with Mars
Comparison of Mars with Venus
[Earth, Mars, Venus]
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Usage

Visual Sort

o 11 12 13 14 15 16

Click "Go" or"Step” to begin sording.

http://math.hws.edu/TMCM/java/xSortLab/

Selection Sort
Insertion Sort
Merge Sort
CluickSort

Step

Start Again

Comparisons:

0

Copies:
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Conclusion

m The Observer design pattern allows objects
to be notified of events without strong
dependencies between the observers and
the subjects

— Subjects do not know who observe them

— Observers only have access to information
provided by the subjects

» Could include “private” information
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Conclusion

m The Observer design pattern is very much
used in libraries and frameworks
— *I,isternersS in Java

— Several C++ frameworks

ftp://cs.indiana.edu/pub/techreports/TR574.pdf 37/40



Conclusion

m User interfaces and their models sometimes
use double observers

— Ul components observe the models
— The models observe the Ul components

... beware of loops!
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Other Implementation

m Implementation directly available in Java

Observable

-changed: boolean = false
-obs: Vector

+0Observable()
+addObserver(o: Observer)
+deleteObserver(o: Observer)
+notifyObservers()
+notifyObservers(arg: Object)
+deleteObservers()
#setChanged() 1 0.*
#clearChanged() B —
+hasChanged(): boolean
+countObservers(): int

<<interface>>
Observer

+update(o: Observable, arg: Object)

Watched Watcher

-data: String

+Watched()
+retrieveData(): String
+changeData(data: String)

+update(o: Observable, arg: Object)
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Other Implementation

m Implementation directly available in Java

— Observable IS a concrete class

* How to use it?
* Why should it be final?

— When notifying observers without arguments,
the argument is set to null

* Why is that a problem?
* What alternative?
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Context

m From The Observer DP
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Context

package ca.polymtl.gigl.log6306;

public class Client {
public static void main(final String[] args) {
final List<String> 1 =
Arrays.asList(new String[] { "Venus", "Earth", "Mardg" });

final ISort<String> s = Factory.getInstance().getBubbleSortAlgorithm() ;
System.out.println(s.sort (1)) ;

final ISort<String> t = Factory.getlInstance().getInternalSortAlgorithms();
final ITypeOfSort<String> c = (ITypeOfSort<String>) t;

// Use one specific sort algorithm...
final ISortIterator<String> i1 = c.getSortAlgorithms /() ;
System.out.println (i.getNext () .sort (1l));

// Use all sort algorithms...
System.out.println(t.sort(1l));
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Context

aving a sort algorithm Is interesting but we

could also provide “typical” transformations
pre- and post-sort?

-
Y o3
1

W
N TR

. Problem: Add/modify the behaviour of some
d methods of some objects at runtime

-4 Solution: Decorator design pattern
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Decorator (1/11)

“The important aspect of this pattern is that it
lets decorators appear anywhere [...]. That
way clients generally can't tell the difference
between a decorated component and an
undecorated one, and so they don't depend
at all on the decoration.”

[Gamma et al.]
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Decorator (2/11)

m Name: Decorator

m Intent: “"Attach additional responsibilities to
an object dynamically. Decorators provide a
flexible alternative to subclassing for
extending functionality.”
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Decorator (3/11)

= Motivation: “Sometimes we want to add
responsiblilities to individual objects, not to
an entire class. [...] One way to add
responsibilities is with inheritance. [...] This
IS Inflexible, however, because the choice
[...] IS made statically.”
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Decorator (4/11)

= Motivation (cont'd): “A more flexible
approach iIs to enclose the component In
another object [...]. The enclosing object is
called a decorator. The decorator conforms
to the interface of the component it
decorates so that its presence Is transparent
to the component's clients.”
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Decorator (5/11)

m Motivation (cont'd): “The decorator forwards
requests to the component and may
perform additional actions [...] before or after
forwarding. Transparency lets you nest
decorators recursively, thereby allowing an
unlimited number of added responsibilities.”
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Decorator (6/11)

m Motivation (cont'd): "Decorator subclasses
are free to add operations for specific
functionality. For example, [the]
[ScrollDecorator.ScrollTo ()]
operation lets other objects scroll the
Interface if they know there happens to be a
ScrollDecorator object in the interface.”
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Decorator (7/11)

m Applicability
— To add responsibllities to individual objects
dynamically and transparently
— To add responsibllities that can be withdrawn

— When extension by subclassing is impractical

11/33



Decorator

m Structure

(8/11)

component-=COparation()

Decummr::E}pﬂr_aﬂoni]:
AddedBehavior();

T

Component -
COperaliong)
| | component
ConcreteComponent Decorator
Crperation) Operation() @-p---=---==="=-====-=-=-7+
ConcreteDecoratorA ConcreteDecoratorB
Cperation() Cperation{) ©O------7-----—1
AddedBehavior(}
addedState
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Decorator

m Participants

— Component

« Defines the interface for
objects that can have
responsibilities added to
them dynamically

— ConcreteComponent

« Defines an object to
which additional
responsibilities can be
attached

(9/11)

— Decorator

* Maintains a reference to
a Component object and
defines an interface that
conforms to Component's
Interface

— ConcreteDecorator

« Adds responsibilities to
the component



Decorator (10/11)

m Collaborations

“Decorator forwards requests to its Component
object. It may optionally perform additional
operations before and after forwarding the
request.”

[= L
I— decorator-extandad functionality Q

14/33



Decorator (11/11)

m Conseguences
— Provides more flexiblility than static inheritance

— Avoids feature-laden classes high up in the
hierarchy

— Means that the decorator and its component are
not identical

— Implies lots of little objects

15/33



Implementation

package ca.polymtl.gigl.log6306;

public class Client {
public static void main(final String[] args) {
final List<String> 1 = Arrays.asList(new String[] { "Venus", "Earth", "Mars" });
final SimpleObserver<String> observer = new SimpleObserver<String>();

final ISort<String> s = Factory.getlInstance () .getBubbleSortAlgorithm() ;
s.addObserver (observer) ;
System.out.println(s.sort (1)) ;

final ISort<String> dl = new ToLowerCaseDecorator (s);
dl.addObserver (observer) ;
System.out.println(dl.sort (1))

final ISort<String> d2 = new EncryptAfterSortingDecorator(s);

d2.addObserver (observer) ;
System.out.println(d2.sort (1))
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Implementation

Comparison of
Swap of Venus
Comparison of
Swap of Venus
Comparison of
Comparison of
[Earth, Mars,

Comparison of
Swap of venus
Comparison of
Swap of venus
Comparison of
Comparison of
[earth, mars,

Comparison of
Swap of venus
Comparison of
Swap of venus
Comparison of
Comparison of

Venus with Earth
with Earth

Venus with Mars
with Mars

Earth with Mars
Mars with Venus
Venus]

venus with earth
with earth

venus with mars
with mars

earth with mars
mars with venus
venus |

venus with earth
with earth

venus with mars
with mars

earth with mars
mars with venus

[96278602, 3344085, 112093821]
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Implementation

m Two “decorable” methods
— addObserver (...)

—sort (...)

package ca.polymtl.gigl.log6306.sort;

import java.util.List;
import ca.polymtl.gigl.log6306.sort.observer.ISortObserver;

public interface ISort<E extends Comparable<E>> {
List<E> sort (final List<E> alList);

void addObserver (final ISortObserver<E> anObserver);
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Implementation

m Two “decorable” methods
— addObserver (...)

- sort(..)

package ca.polymtl.gigl.log6306.sort;

import java.util.List;
import ca.polymtl.gigl.log6306.sort.observer.ISortObserver;

public interface ISort<E extends Comparable<E>> {
List<E> sort (final List<E> alList);

void addObserver (final ISortObserver<E> anObserver);
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Implementation

package ca.polymtl.gigl.log6306.sopt.impl;

import java.util.List;

import ca.polymtl.gigl.log6306/sort.ISort;

import ca.polymtl.gigl.log630®6.sort.observer.ISortObserver;

public abstract class SorfDecorator<E extends Comparable<E>> implements ISort<E> ({
private final ISort<E> decoratedSortAlgorithm;

public SortDecorgtor (final ISort<E> aSortAlgorithm) {
this.decoratedSortAlgorithym = aSortAlgorithm;

}

@Override

public final void addObsegrver (final ISortObserver<E> anObserver) {
this.decoratedSortAdgorithm.addObserver (anObserver) ;

}

protected final ISopt<E> getDecoratedSortAlgorithm() {
return this.dedoratedSortAlgorithm;

}

@Override
public abstract List<E> sort (final List<E> alist);
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Implementation

m Decorators extends SortDecdorator and
Implement sort ()

package ca.polymtl.gigl.log6306.sort.decorators;

public class TolowerCaseDecorator extends SortDecorator<String> {
public TolLowerCaseDecorator (final ISort<String> aSortAlgorithm) {
super (aSortAlgorithm) ;

@Override
public List<String> sort (final List<Jtring> alList) {
final List<String> newlList = new ArrayList<String>();

final Iterator<String> iterator/= alist.iterator();
while (iterator.hasNext ()) {
final String s = iterator/next();
newlList.add(s.toLowerCase()) ;
}
return this.getDecoratedSortAlgorithm() .sort (newlList) ;
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Implementation

m Decorators extends SortDecdorator and
Implement sort ()

package ca.polymtl.gigl.log6306.sort.decorators;

public class EncryptAfterSortingDecorator extends SortbhDecorator<String> {
public EncryptAfterSortingDecorator (final ISort<String> aSortAlgorithm) {
super (aSortAlgorithm) ;

@Override

public List<String> sort (final List<String> ist) |
final List<String> sortedList = this.getbDecoratedSortAlgorithm() .sort (alList);
final List<String> newlist = new ArrayLAst<String>();

final Iterator<String> iterator = sortgdList.iterator();
while (iterator.hasNext ()) {

final String s = iterator.next();

newlList.add (String.valueOf (s.hashCode()))

}

return newlist;
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Usage

m The Client can declare and combine the
decorators at will

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 = Arrays.asList(new String[] { "Venus", "Earth", "Mars" });
final SimpleObserver<String> observer = new SimpleObserver<String>();

final ISort<String> s = Factory.getlInstance().getBubbleSortAlgorithm() ;
s.addObserver (observer) ;
System.out.println(s.sort(1l));

final ISort<String> dl = new ToLowerCaseDecorator (s);
dl.addObserver (observer) ;
System.out.println(dl.sort (1))

final ISort<String> d2 = new EncryptAfterSortingDecorator(dl);

d2.addObserver (observer) ;
System.out.println(d2.sort (1))
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Usage

m The Client can declare and combine the

decorators at will

Comparison of
Swap of venus
Comparison of
Swap of venus
Comparison of
Comparison of

venus with earth
with earth

venus with mars
with mars

earth with mars
mars with venus

[96278602, 3344085, 112093821]

24/33



Usage

m The Client can declare and combine the
decorators at will, including Composites

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 = Arrays.asList(new String[] { "Venus", "Earth", "Mars" });
final SimpleObserver<String> observer = new SimpleObserver<String>();

/]

final ISort<String> t = Factory.getInstance().getInternalSortAlgorithms ()

t.addObserver (observer) ;
final ISort<String> d3 = new TolLowerCaseDecorator (t);

d3.addObserver (observer) ;
System.out.println(d3.sort (1))
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Usage

m The Client can declare and combine the
decorators at will, including Composites

Comparison of venus with earth
Swap of venus with earth
Comparison of venus with mars
Swap of venus with mars
Comparison of earth with mars
Comparison of mars with venus
[earth, mars, venus]
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Conclusion

m The Decorator design pattern allows
modifying the behaviour of methods of
objects at runtime

— Without subclassing
— Pre- and post-treatments

— Allows to intercept and to proxy methods, see
reflection and aspect-oriented programming
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Conclusion

m The Decorator design pattern allows
modifying the behaviour of methods of
objects at runtime

— Without subclassing
— Pre- and post-treatments

— Allows to intercept and to proxy methods, see
reflection and aspect-oriented programming
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Conclusion

m Yet again, we added one level of indirection
to provide more flexibility to the design and
Implementation!
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Conclusion

m The Decorator design pattern is very much
used In libraries and frameworks

— JScrollPane In Java

B Example of J5crollPane =10 x|
JiIV/ 111N/ 1ILALLAINVLL

corators extends SortDecorator at
plement sort ()

package kr.ac.yonseil.it.cse3009%.sort.decorator;

public elass TolowerCaseDecorator extends SortDecorator<String> |
public TolowerCaseDecorator (final ISort<String> aSortAlgorithm) {
super [aSortAlgorithm) ;
}

Boverride
public List<String> sort{final List<String> alList) |
final List<String> newlist = new ArrayList<String>{);
final Tterator<String> iterator = alList.iterator{};
while (iterator.hasNext{}} |
final String s = iterator.next();
newList.add(s. toLowerCase());

Example of J5crollPane

=101

Implementation

m Decorators extends SortDe
implement sort ()

package kr.ac.yonsel.it.cse3009.sort.decorator;l |

public class TolLowerCaseDecorator extends SortD
public ToLowerCaseDecorator (final ISort<str
super {aSortAlgorithm) ;
'

Aoverride
public List<String> sort{final List<String>

[4]

Tl [ [»]




Conclusion

m The Decorator design pattern is very much
used In libraries and frameworks
— JScrollPane In Java

public class Example {
public static void main(final String[] args) {
EventQueue. invokeLater (new Runnable () {
public void run () {
final JFrame frame = new JFrame ("Example of JS¢rollPane");
frame.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
frame.setLocation (50, 50);
frame.setSize (800, 600);
frame.setVisible (true) ;

try {
final Image image = ImagelO.read(new Filg("rsc/Slide.png"));
final JLabel imagelabel = new JLabel (new Imagelcon (image));
final JScrollPane scrollPane = new JScrollPane (imagelabel) ;
frame.getContentPane () .add(scrollPane) ;

/] ..
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Conclusion

m Caveat: what is happening?

package ca.polymtl.gigl.log6306.sort.decorators;

public class YetAnotherDecorator extends SortDecorator<String> {
public YetAnotherDecorator (final ISort<String> aSortAlgorithm) {
super (aSortAlgorithm) ;

@Override

public List<String> sort(final List<String> alList) {
final List<String> sortedList = this.getDecoratedSortAlgorithm() .sort (aList);
final List<String> newlList = new ArrayList<String>();

final Iterator<String> iterator = alist.iterator();
while (iterator.hasNext()) {

final String s = iterator.next();

newlList.add (String.valueOf (s.hashCode()));

}

return newlist;
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Conclusion

m Caveat: what Is happening?

package ca.polymtl.gigl.log6306.sort.decorators;

public class YetAnotherDecorator extends SortDecorator<String> {
public YetAnotherDecorator (final ISort<String> afSortAlgorithm) {
super (aSortAlgorithm) ;

@Override

public List<String> sort(final List<String> aljist) {
final List<String> sortedList = this.getDecoratedSortAlgorithm() .sort (alist);
final List<String> newlList = new ArrayLisft<String>();

final Iterator<String> iterator = alList.iterator();

while (iterator.hasNext ()) {
final String s = iterator.next();
newlList.add (String.valueOf (s.hashCode()));

}

return newlist;
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Context

m From The Composite DP
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Context

package ca.polymtl.gigl.log6306.sort.impl;

class TypeOfSort<E extends Comparable<E>> extends AbstractSort<E> implements ITypeOfSort<iE> ({
private final List<ISort<E>> listOfSortAlgorithms;
private final String typeName;

public TypeOfSort (final String aTypeName) {
this.listOfSortAlgorithms = new ArrayList<ISort<E>>();
this.typeName = aTypeName;

}

public void addSortAlgorithm(final ISort<E> aSortAlgorithm) {
this.listOfSortAlgorithms.add (aSortAlgorithm) ;

}

public String getTypeName () {
return this.typeName;

}

// ... Continued on the next slide
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Context

package ca.polymtl.gigl.log6306.sort.impl;
class TypeOfSort<E extends Comparable<E>> extends AbstractSort<E> implements ITypeOfSort<E> {

// ... Continued from the previous slide

public List<E> sort (final List<E> alist) {
// Call each sort algorithm of this type one after the other...
final Tterator<ISort<E>> iterator = this.listOfSortAlgorithms.iterator():;
List<E> sortedList = null;
while (iterator.hasNext ()) {
final ISort<E> sortAlgorithm = (ISort<E>) iterator.next();
sortedList = sortAlgorithm.sort (alList);
}

return sortedList;

}
public List<ISort<E>> getSortAlgorithms () {

return this.listOfSortAlgorithms;
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Context

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 =
Arrays.asList(new String[] { "Venus", JEarth", "Mars" });

final ISort<String> s = Factory.getlInsténce () .getBubbleSortAlgorithm() ;
System.out.println(s.sort (1)) ;

final ISort<String> t = Factory.ge¥lInstance().getInternalSortAlgorithms();
System.out.println(t.sort (1)) ;

final ITypeOfSort<String> ¢ =/(ITypeOfSort<String>) t;
final List<ISort<String>> i = c.getSortAlgorithms{();
System.out.println(i.get (0));
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Context

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 =
Arrays.asList(new String[] { "Venus", "Earth", "Mars" });

final ISort<String> s = Factory.getlInstance() .getBubbleSortAlgorithm()
System.out.println(s.sort(1l));

final ISort<String> t = Factory.getlInstance() .getInternalSortAlgorithms ()
System.out.println(t.sort(1l));

final ITypeOfSort<String> c = (ITypeOfSort<String>) t;
final List<ISort<String>> i = c.getSortAlgorithms{();
System.out.println(i.get (0));

System.out.println (i.remove (0));
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Context

package ca.polymtl.gigl.log6306.sort.impl;
class TypeOfSort<E extends Comparable<E>> extends Abstr

tSort<E> implements ITypeOfSort<E> {

// ... Continued from the previous slide

public List<E> sort(final List<E> alList) {
// Call each sort algorithm of this Xype one after the other...
final Tterator<ISort<E>> iterator # this.listOfSortAlgorithms.iterator():;
List<E> sortedlList = null;

while (iterator.hasNext ()) {
final ISort<E> sortAlgofithm = (ISort<E>) iterator.next();

sortedlList = sortAlgerithm.sort (alist);

}

return sortedList;

public List<ISort<E>> getSortAlgorithms() {
return this.listOfSortAlgorithms;
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Context

m Returning a mutable collection (or copy
thereof) Is dangerous (or waste resources)

<4 Problem: How to let clients access algorithms,
' }f’ hiding the underlying collection?
~~4  Solution: lterator design pattern
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[terator (1/9)

m Intent

— Provide a way to access the elements of an
aggregate object sequentially without exposing
Its underlying representation
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[terator (2/9)

m Applicability
— To access an aggregate object's contents
without exposing its internal representation

— To support multiple traversals of aggregate
objects

— To provide a uniform interface for traversing
different aggregate structures
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|[terator

m Design

Aggregale

Lreatelterator])

ConcreteAggregate

Createlterator() ¢
1

(3/9)

terator

First(}
MNexti)
IsCornef)

Currentitermy)

:

relLrn new Gnﬂmmelrnratml{rhm}a

Concretelterator
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[terator (4/9)

m Implementation

package ca.polymtl.gigl.log6306;
public interface ISortIterator<E> {
boolean hasNext();
ISort<E> getNext();

}

package ca.polymtl.gigl.log6306.sorts.impl;
public class ConcreteSortIterator<E> implements ISortIterator<E> {
private final List<ISort<E>> privateCopyOfList;
private int cursor;
public ConcreteSortIterator(final List<ISort<E>> alListOfItems) {
this.privateCopyOfList = alListOfItems;
}

public boolean hasNext() {
return this.cursor < this.privateCopyOfList.size() - 1;

}

public ISort<E> getNext () {
final ISort<E> currentSortAlgorithm =

this.privateCopyOfList.get (this.cursor);
this.cursor++;

return currentSortAlgorithm;

} 12/19



[terator (5/9)

m Implementation

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 =
Arrays.asList(new String[] { "Venus", "Earth", "Mars" });

final ISort<String> s = Factory.getlInstance() .getBubbleSortAlgorithm()
System.out.println(s.sort(1l));

final ISort<String> t = Factory.getInstance() .getInternalSortAlgorithms ()
System.out.println(t.sort(1l));

final ITypeOfSort<String> ¢ = (ITypeOfSort<String>) t;
final ISortIterator<String> i = c.getSortAlgorithms();
System.out.println (i.hasNext ())

.
4
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[terator (6/9)

m Implementation

public class TypeOfSort<E> extends AbstractSort<E> implements ISort<E> {
private final List<ISort<E>> listOfSortAlgorithms;
private final String typeName;
public TypeOfSort(final String aTypeName) {
this.listOfSortAlgorithms = new ArraylList<ISort<E>>();
this.typeName = aTypeName;

}
/] ...

public ISortIterator<E> getSortAlgorithms() {
return new ConcreteSortIterator<E>(this.listOfSortAlgorithms);

}
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|[terator

= Implementation

public class TypeOfSort<E> extends AbstractSort<E> implements ISort<E> {
private final List<ISort<E>> listOfSortAlgorithms;
private final String typeName;
public TypeOfSort(final String aTypeName) {
this.listOfSortAlgorithms = new ArrayLiSt<ISort<E>>();
this.typeName = aTypeName;

/] ...

public ISortIterator<E> getSortAlgorithms() {
return new ConcreteSortIterator<E>(this.listOfSortAlgorithms);
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Beware of
lterator co-modifications

m Implementation

package ca.polymtl.gigl.log6306.sorts.impl;

import java.util.lList;
import ca.polymtl.gigl.log6306.Iterator;

public class ConcreteSortIterator<E> implements ISortIterator<E> {

private final List<ISort<E>> privateCopyOfList;

private int cursor;

public ConcreteSortIterator(final List<ISort<E>> alListOfItems) {
this.privateCopyOfList = alListOfItems;

}

public boolean hasNext() {
return this.cursor < this.privateCopyOfList.size() - 1;

}

public ISort<E> getNext () {
final ISort<E> currentSortAlgorithm =
this.privateCopyOfList.get (this.cursor) ;
this.cursor++;
return currentSortAlgorithm;

16/19



|[terator

= Implementation

package ca.polymtl.gigl.log6306.sorts.impl;

import java.util.lList;
import ca.polymtl.gigl.log6306.Iterator;

public class ConcreteSortIterator<E> implements ISortIterator<E> {
private final List<ISort<E>> privateCopyOfList;
private int cursor;
public ConcreteSortIterator(final List<ISort<E>> alListOfItems) {
this.privateCopyOfList = alListOfItems;
}

public boolean hasNext() {
return this.cursor < this.privateCopyOfList.size() - 1;

}

public ISort<E> getNext () {
final ISort<E> currentSortAlgorithm =
this.privateCopyOfList.get (this.cursor);
this.cursor++;
return currentSortAlgorithm;
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Conclusion

m The Iterator design pattern
— Again, adds one level of indirection!

— Hides underlying collection
— Provides access to elements

— Allows
 Lazy initialisation / instantiation
« Caching and performance tuning
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Other Implementation

m Using Java Iterator Interface

public Iterator<ISort<E>> getSortAlgorithms() {
return this.listOfSortAlgorithms.iterator();

}
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Context

m From The Decorator DP
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Context

package ca.polymtl.gigl.log6306.sort.decorators;

public class YetAnotherDecorator extends SortDecorator<String> {
public YetAnotherDecorator (final ISort<String> aSortAlgorithm) {
super (aSortAlgorithm) ;

@Override

public List<String> sort (final List<String> alist) {
final List<String> sortedList = this.getD€coratedSortAlgorithm() .sort (alList);
final List<String> newlist = new ArrayList<String>();

final Iterator<String> iterator = aList.iterator();

while (iterator.hasNext ()) {
final String s = iterator.next();
newList.add (String.valueOf (s.hashCode())):;

}

return newlist;
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Context

m The Client may misuse, overuse, or not use
at all the methods provided by a framework

<4 Problem: Let the framework decided when/how
¥ 3 }Jf’ to call some user-defined methods
~~4  Solution: Template Method design pattern

4143



Template Method (1/11)

“[In] a framework [...] the methods defined by the
user [...] will often be called from within the
framework itself, rather than from the user's [...]
code. The framework [...] plays the role of the main
program [and coordinates method calls]. This
Inversion of control gives frameworks the power to
serve as extensible skeletons. The methods
supplied by the user tailor the generic algorithms
defined in the framework [...].”

—~Ralph Johnson and Brian Foote

http://www.laputan.org/drc/drc.html 5/43



Template Method (1/11)

“[In] a framework [...] the methods defined by the
user [...] will often be called from within the
framework itself, rather than from the user's [...]
code. The framework [...] plays the role of the main
program [and coordinates method calls]. This
Inversion of control gives frameworks the power
to serve as extensible skeletons. The methods
supplied by the user tailor the generic algorithms
defined in the framework [...].”

—~Ralph Johnson and Brian Foote

http://www.laputan.org/drc/drc.html 6/43



Template Method (2/11)

m Name: Template Method

m Intent: "Define the skeleton of an algorithm
In an operation, deferring some steps to
subclasses. Template Method lets
subclasses redefine certain steps of an
algorithm without changing the algorithm's
structure.”
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Template Method (3/11)

m Motivation: “A template method defines an
algorithm in terms of abstract operations
that subclasses override to provide concrete
behaviour.”
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Template Method (4/11)

m Motivation (cont’'d): "By defining some of the
steps of an algorithm using abstract
operations, the template method fixes their
ordering, but it lets [...] subclasses vary
those steps to suit their needs.”
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Template Method (5/11)

m Motivation (cont'd): “Template methods are a
fundamental technique for code reuse. They
are particularly important in class libraries
[and frameworks], because they are the
means for factoring out common behaviour.”
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Template Method (6/11)

m Applicability
— To implement the invariant parts of an algorithm
and let subclasses implement varying behaviour

— To refactor to generalize as described by
Opdyke and Johnson

— To control subclasses extensions
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Template Method

m Structure

AbstractClass

TamplateMathad{} G-
PrimitiveQoperation i)
PrimitiveOperalionsy)

ConcreteClass

PrimitiveCperation1()
PrimitiveCperation2()

if*'rim;tix.'nOper.qTiuﬂ'l )

-F.-‘Irlrnstive(_)pera lion2()

Tl

(7/11)
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Template Method (8/11)

m Participants

— AbstractClass — ConcreteClass
» Defines abstract primitive * Implements the primitive
operations that concrete operations to carry out
subclasses define to subclass-specific steps
Implement steps of an of the algorithm
algorithm

* Implements a template
method defining the
skeleton of an algorithm



Template Method (9/11)

m Collaborations

Abgstract Class

Tl
TemplateMethod{) &--f------------ PrimitiveQperation ()
PrimifiveOpearation i)
PrimitiveOperation2() Primitive Operalion2()

;

ConcreteClass

PrimitiveOperation1()
PrimitiveCpearation2()

“ConcreteClass relies on AbstractClass to
implement the invariant steps of the algorithm.”
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Template Method (10/11)

m Conseguences

“Template methods lead to an inverted control
structure that's sometimes referred to as “the
Hollywood principle”, that is, “Don't call us, we'll
call you™. This refers to how a parent class calls
the operations of a subclass and not the other
way around.”
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Template Method (11/11)

m Conseguences

“It Is Important for template methods to specify
which operations are hooks (may be
overridden) and which are abstract operations
(must be overridden). To reuse an abstract class
effectively, subclass writers must understand
which operations are designed for overriding.”
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Frameworks vs. Libraries

m Framework are extensible skeletons
— Tailored by users’ methods

m Libraries are collection of classes
— Used In users’ methods
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Frameworks vs. Libraries

® Remember
— Reflection in OO Programming Languages

— Interconnections

— Subclassing
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Frameworks vs. Libr

m Subclassing

— Hooks and templates
« Hot spots = hooks
* Frozen spots = template

— Hooks are typically
« Default implementations
* Or abstract methods

— Templates use hooks
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Frameworks vs. Libraries

m Subclassing

— Hooks and templates

e JUnit

gu Junit 3 G{FnEEH%E'o =R

Finished after 454.672 seconds

Runs: 867/667 H Errors: 131 B Failures: 12

HiE] Test ACL Creator (0.563 5)
PEI Test for padl.creator, test.aspect (34,219 =)

'L—E padl. test. TestCreatorCpp (0.562 5]

Ej padl. test, TestCreatorClassFile (2,155 s)

'—E padl. test. example TestClassFileCompleteCreator (1,573 =)
FE.I padl. test, visitor, TestVisitor {0,016 s)

padl. test.innerclasses. TestInnerAndvembreClasses (7.515 =)
'—E.I padl. test.innerclasses. TestInnerClasses {0,281 s)
Eie padl. test.innerclasses TestiMemberClasses (0,251
3] padl. test.innerclasses. TestMemberClasses2 (6,610 s)
g?'j testMemberEntities (6.610 <)

'—E.I padl. test.innerclasses. TestMemberEntities (0.2

|| padl. test.innerclasses TestMemberInterfaces (0.045 <)

LbJ

= Failure Trace

JQ java.lang, QutofMemoryError
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Frameworks vs. Libraries

public abstract class TestCase

extends Assert implements Test {

//’/’——-—_———_____ public void runBare () throws Throwable {

setUp () ;
try {

m Template —— runtest 0

}
finally {

tearDown () ;

\\\\55______________ }
protected void setUp() throws Exception ({
}

. I IOO kS 1 protected void tearDown() throws Exception {
}

//
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Frameworks vs. Libraries

m JUnit Is a typical framework

— Uses Template Method to control the testing
process but let client implement their own tests

m Frameworks typically uses template
methods to provide inversion of control
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Frameworks vs. Libraries

m Inversion of control
— Dependency injection

« Constructor injection: the dependency is provided
through a class constructor

 Setter injection: the dependency is provided through
setter method (called by the injector)

* (Interface injection: the injectee implements a specific
Interface to perform setter injection)

— Subclassing
* Template Method design pattern

http://stackoverflow.com/questions/6550700/inversion-of-control-vs-dependency-injection 23/43



Frameworks vs. Libraries

m Inversion of control
— Dependency injection
* Visitor design pattern

— Subclassing
* Template Method design pattern

24/43



Frameworks vs. Libraries

m Inversion of control
— Dependency injection
* Visitor design pattern

— Subclassing
 Template Method design pattern
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Implement

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 = Arrays.asList(new String]| {/"Venus", "Earth", "Mars" });
final SimpleObserver<String> observer = new Sim bserver<String> () ;

final ISort<String> s = Factory.getInstance()/gétBubbleSortAlgorithm()
s.addObserver (observer) ;
System.out.println(s.sort (1)),

final ISort<String> dl = new TolLowerCaseDecdrat/or (s);
dl.addObserver (observer) ;
System.out.println(dl.sort (1))

final ISort<String> d2 = new EncryptAfterSortingDecorator (dl);
d2.addObserver (observer) ;
System.out.println(d2.sort (1))

final ISort<String> t = Factory.getlInstancge() .getInternalSortAlgorithms ()
t.addObserver (observer) ;

final ISort<String> d3 =
d3.addObserver (observer) ;
System.out.println(d3.sort (1))

new ToLowerCaseDecorator (t);
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Implement

Comparison of
Swap of Venus
Comparison of
Swap of Venus
Comparison of
Comparison of
[Earth, Mars,

Comparison of
Swap of venus
Comparison of
Swap of venus
Comparison of
Comparison of
[earth, mars,

Comparison of
Swap of venus
Comparison of
Swap of venus
Comparison of
Comparison of

Venus with Earth
with Earth

Venus with Mars
with Mars

Earth with Mars
Mars with Venus
Venus]

venus with earth
with earth

venus with mars
with mars

earth with mars
mars with wvenus
venus |

venus with earth
with earth

venus with mars
with mars

earth with mars
mars with wvenus

[96278602, 3344085, 112093821]
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Implementation

m Two “decorable” methods
— addObserver (...)

—sort (...)

package ca.polymtl.gigl.log6306.sort;

import java.util.List;
import ca.polymtl.gigl.log6306.sort.observer.ISortObserver;

public interface ISort<E extends Comparable<E>> {
List<E> sort (final List<E> alList);

void addObserver (final ISortObserver<E> anObserver);
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Implementation

m Two “decorable” methods
— addObserver (...)

- sort(..)

package ca.polymtl.gigl.log6306.sort;

import java.util.List;
import ca.polymtl.gigl.log6306.sort.observer.ISortObserver;

public interface ISort<E extends Comparable<E>> {
List<E> sort (final List<E> alList);

void addObserver (final ISortObserver<E> anObserver);
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Implementation

extends Comparable<E>> implements ISort<E> {

public abstract class SortDecorator<g
private final ISort<E> decoratedSortAlgorithm;

public SortDecorator (final ort<E> aSortAlgorithm) {
this.decoratedSortAlgor¥ithm = aSortAlgorithm;
}

@Override
public final void addObserver (final ISortObserver<E> anObserver) {

this.decoratedSortAlgorithm.addObserver (anObserver) ;

}
protected List<E> postProcessOutput (final List<E> sprtedList) {

return sortedList;

}
protected List<E> preProcessInput (final List<E> alList) \{

return alist;

}

@Override
public final List<E> sort (final List<E> alList) {
final List<E> prelist = this.preProcessInput (alist);

this.decoratedSortAlgorithm.sort (prelList);
this.postProcessOutput (sortedList) ;

final List<E> sortedList
final List<E> postList
return postList;
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Implementation

public abstract class SortDecorator<E extends Comparable<E>> dimplements ISort<E> {
private final ISort<E> decoratedSortAlgorithm;

public SortDecorator (final ISort<E> aSortAlgorithm)
this.decoratedSortAlgorithm = aSortAlgorjithm;
}

@Override
public final void addObserver (final ortObserver<E> anObbterver)

this.decoratedSortAlgorithm.addObserver (anObserver) ;

}
protected List<E> postProcessOutpugr(final List<E> sortédList) {

return sortedList;

}
protected List<E> preProcessInput (final List<E> alLigt) {

return alist;

}

@Override
public final List<E> sort (final List<E> alList) {
final List<E> prelist = this.preProcessInput (alist);

this.decoratedSortAlgorithm.sort (prelList);
this.postProcessOutput (sortedList) ;

final List<E> sortedList
final List<E> postList
return postList;
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Implementation

m Decorators extends SortDecorator and
Implement sort (), and override the default
Implementations of the hooks at will

package ca.polymtl.gigl.log6306.sort.decorators;
public class TolLowerCaseDecorator extends SortDecorator<String> {
public TolLowerCaseDecorator (final ISort<String> aSortAlgorithm) {
super (aSortAlgorithm) ;
}

@Override
protected List<String> preProcessInput (final List<String> alist) {
final List<String> newlList = new ArrayList<String>();

final Tterator<String> iterator = alist.iterator();
while (iterator.hasNext ()) {
final String s = iterator.next();

newlList.add(s.toLowerCase()) ;

}

return newlist;
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Implementation

m Decorators extends SortDecorator and
Implement sort (), and override the default
Implementations of the hooks at will

package ca.polymtl.gigl.log6306.sort.decoratgrs;
public class EncryptAfterSortingDecorator extends SortDecorator<String> {
public EncryptAfterSortingDecorator (fimal ISort<String> aSortAlgorithm) {
super (aSortAlgorithm) ;
}

@Override
protected List<String> postProcessOutput (final List<String> sortedList) {
final List<String> newlList = new ArrayList<String>();

final Tterator<String> iterator = sortedList.iterator();
while (iterator.hasNext ()) {
final String s = iterator.next();

newlList.add (String.valueOf (s.hashCode()))
}

return newlist;
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Usage

m The Client can declare and combine the
decorators at will

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 = Arrays.asList(new String[] { "Venus", "Earth", "Mars" });
final SimpleObserver<String> observer = new SimpleObserver<String>();

final ISort<String> s = Factory.getlInstance().getBubbleSortAlgorithm() ;
s.addObserver (observer) ;
System.out.println(s.sort(1l));

final ISort<String> dl = new ToLowerCaseDecorator (s);
dl.addObserver (observer) ;
System.out.println(dl.sort (1))

final ISort<String> d2 = new EncryptAfterSortingDecorator(dl);

d2.addObserver (observer) ;
System.out.println(d2.sort (1))
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Usage

m The Client can declare and combine the

decorators at will

Comparison of
Swap of venus
Comparison of
Swap of venus
Comparison of
Comparison of

venus with earth
with earth

venus with mars
with mars

earth with mars
mars with venus

[96278602, 3344085, 112093821]
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Usage

m The Client can declare and combine the
decorators at will, including Composites

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 = Arrays.asList(new String[] { "Venus", "Earth", "Mars" });
final SimpleObserver<String> observer = new SimpleObserver<String>();

/]

final ISort<String> t = Factory.getInstance().getInternalSortAlgorithms ()

t.addObserver (observer) ;
final ISort<String> d3 = new TolLowerCaseDecorator (t);

d3.addObserver (observer) ;
System.out.println(d3.sort (1))
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Usage

m The Client can declare and combine the
decorators at will, including Composites

Comparison of venus with earth
Swap of venus with earth
Comparison of venus with mars
Swap of venus with mars
Comparison of earth with mars
Comparison of mars with venus
[earth, mars, venus]
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Usage

m The implementors of Decorator cannot forget
to sort the list

package ca.polymtl.gigl.log6306.sort.decorators;

public class YetAnotherDecorator extends SortDecorator<String> {
public YetAnotherDecorator (final ISort<String> aSortAlgorithm) {
super (aSortAlgorithm) ;
}

@Override
public List<String> sort (final Lisj
final List<String> sortedList
final List<String> newlist =

{
tedSortAlgorithm () .sort (alList);

final Tterator<String> itera
while (iterator.hasNext ()) {
final String s = iterator.
newList.add (String.valueOf (
}

return newlist;
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Usage

m The implementors of Decorator cannot forget
to sort the list

package ca.polymtl.gigl.log6306.sort.decorators;

public class YetAnotherDecorator extends SortDecorator<String> {
public YetAnotherDecorator (final ISort<String> aSortAlgorithm)

super (aSortAlgorithm) ;

{

@Override
protected List<String> postProcessOutput (final List<String> sortedList) {

// Cannot forget to sort the list first!

final List<String> newlList = new ArrayList<String>();
= sortedList.iterator();

final Tterator<String> iterator =

while (iterator.hasNext ()) {
final String s = iterator.next();
newList.add (String.valueOf (s.hashCode()));

}

return newlist;

}
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Conclusion

m The Template Method design pattern defines
— The invariant steps of an algorithms

— Hook methods that are part of the steps and
may be overridden by clients

— Abstract methods that are part of the steps and
must be overridden by clients
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Conclusion

m The Template Method design pattern is an
Implementation of inversion of control

— However, must subclass the template class

m Another possible implementation is
dependency injection
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Conclusion

B Some concrete uses

—Java.util.AbstractList.addAll (1int,
Collection<? extends E>)

/] ...

public void add(int index, E element) ({
throw new UnsupportedOperationException () ;

}
/] ...

public boolean addAll (int index, Collection<? extends E> c) {
rangeCheckForAdd (index) ;
boolean modified = false;
for (E e : c) {
add (index++, e);
modified = true;
}
return modified;
}
/] ...

http://stackoverflow.com/questions/1553856/where-should-we-use-template-method-pattern 42/43



Conclusion

B Some concrete uses
—jJavax.servlet.http.HttpServlet

protected void doPost (HttpServletRequest reqg, HttpServletResponse resp)
throws ServletException, IOException ({

String protocol = reqg.getProtocol();

String msg = 1lStrings.getString("http.method post not supported");
if (protocol.endsWith("1.1")) {

resp.sendError (HttpServletResponse.SC METHOD NOT ALLOWED, msg);
}

else {

resp.sendError (HttpServletResponse.SC BAD REQUEST, msg);
}

Called in protected void service (HttpServletRequest,
HttpServletResponse), called in public void
service (ServletRequest, ServletResponse)

http://stackoverflow.com/questions/1553856/where-should-we-use-template-method-pattern 43/43
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Context

m From The Template Method DP
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Context

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) f{
final List<String> 1 = Arrays.asList(new String[] { "Rick Deckard", "Roy
Batty", "Harry Bryant", "Hannibal Chew", "[Gaff", "Holden", "Leon
Kowalski", "Taffey Lewis", "Pris", "Racha¢l", "J.F. Sebastian", "Dr.
Eldon Tyrell"™, "Zhora", "Hodge", "Mary" 1}));
final SimpleObserver<String> observer = new fimpleObserver<String>();

final ISort<String> t = Factory.getInstance/) .getInternalSortAlgorithms/();
t.addObserver (observer) ;

final ISort<String> d3 =
d3.addObserver (observer) ;
System.out.println(d3.sort (1)) ;

new ToLowerCaseDecorator (t);
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Context

m The Client wraps the sort algorithm in the
decorators of its choice when the algorithm
should provide the “decorators”

<) Problem: Let the “decorated” objects decide the
¥ 3 }Jf‘l extensions that they offer
-4 Solution: Extension Object design pattern
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Extension Object (1/11)

“For some abstractions it is difficult to anticipate
their complete interface since different clients can
require a different view on the abstraction.
Combining all the operations and state that the
different clients need into a single interface results
In a bloated interface. Such interfaces are difficult
to maintain and understand. Moreover, a change to
a client specific part of an interface can affect other
clients that use the same abstraction.”

http://www.mif.vu.lt/~plukas/resources/Extension%200bjects/ExtensionObjectsPattern%20Gamma96.pdf



Extension Object (1/11)

“For some abstractions it is difficult to anticipate
their complete interface since different clients can
require a different view on the abstraction.
Combining all the operations and state that the
different clients need into a single interface results
In a bloated interface. Such interfaces are difficult
to maintain and understand. Moreover, a change to
a client specific part of an interface can affect
other clients that use the same abstraction.”

http://www.mif.vu.lt/~plukas/resources/Extension%200bjects/ExtensionObjectsPattern%20Gamma96.pdf



Extension Object (2/11)

= Name: Extension Object

m Intent: “"Anticipate that an object’s interface
needs to be extended in the future.
Additional interfaces are defined by
extension objects.”
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Extension Object (3/11)

= Motivation: “The idea of the Extension
Objects pattern is to anticipate such
extensions. It proposes to package the
[extension] in a separate object. Clients that
want to use this extended interface can
query whether a component supports it.”
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Extension Object (4/11)

m Motivation (cont'd): “ComponentExtension is
the common base class for extensions. It
provides only a minimal interface used to
manage the extension itself.”
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Extension Object (5/11)

m Motivation (cont'd): "Extensions themselves
aren't useful—there needs to be a way to
find out whether a component supports a
specific extension. [...] [W]e [can] name an
extension with a simple string.”
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Extension Object (6/11)

m Applicability
— To support the addition of new or unforeseen
interfaces to existing classes

— To limit impact to clients that do not need these
new interfaces

— To give different roles to a key abstraction for
different clients

— To extend a class with new behaviour without
subclassing from it
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Extension Object

m Structure

Subject

owner

GetExtension()

ConcreteSubject

Extension

VAN

AbstractExtension

Aﬁ

GetExtension()

» ConcreteExtension

(7/11)
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Extension Object (8/11)

m Participants

— Subject — Extension
» Defines the identity of an » Defines some support for
abstraction managing extensions
- Declares the interface to themselves
guery whether an object « Knows its owning subject
has a particular extension _ AbstractExtension
— ConcreteSubject - Declares the interface for
* Implement the operation a specific extension
to return an extension _ ConcreteExtension
object when the client

* Implements the extension
Interface for a particular
subject

asks for it



Extension Object (9/11)

m Collaborations
— A client asks a Subject for a specific extension

— If the extension exists, then the Subject returns
the corresponding extension object

— The client uses the extension object to access
additional functionalities
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Extension Object (10/11)

m Consequences
— Extension Objects facilitates adding interfaces
— No bloated class interfaces for key abstractions

— Modeling of different roles of key abstractions in
different subsystems

— Clients become more complex

— Abuse of extensions for interfaces that should
be explicitly modeled
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Extension Object (11/11)

= Conseguences

— Decorator
 Client control the decorators that they use
* Decorated objects have different identities

— Extension objects

« Objects control the extensions that they provide
— On-demand instantiation (Singleton)
— Un-loading possible

« Extended objects keep their identities
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package ca.polymtl.gigl.log6306.sort;

public interface ISortExtensio
<E extends Comparable<E>> void setExtendedSort (final ISort<E> anExtendedSort);

package ca.polymtl.gigl.log6306.s0or

public interface ISort<E extends Co

List<E> sort (final List<E> alis
void addObserver (final ISortObs
void addExtension (

final String anExtensionName,

final Class<? extends ISortExtension> anExtensionClass);
ISortExtension getExtension (final String anExtensionName) ;
void removeExtension (final String anExtensionName) ;




Implementation
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Implementation

package ca.polymtl.gigl.log6306. t.impl;

abstract class Abstrac rt<E extends Comparable<E>> {
private final p<String, ISortExtension> mapOfExtensionInstances;

public void addExtension (
final String anExtensionName,
final Class<? extends ISortExtension> anExtensionClass) {

final ISortExtension extension = anExtensionClass.newlInstance () ;
final Method dependencyInjector =

anExtensionClass.getMethod ("setExtendedSort", ISort.class);
dependencyInjector.invoke (extension, this);
this.mapOfExtensionInstances.put (anExtensionName) extension);

public final ISortExtension getExtension (final String\anExtensionName) {
return this.mapOfExtensionInstances.get (anExtensiohName) ;

public final void removeExtension (final String anExtensionName) {
this.mapOfExtensionInstances.remove (anExtensionName) ¥

//




Implementation

m Composite design pattern

package ca.polymtl.gigl.log6306.sort.impl;
class TypeOfSort<E extends Comparable<E>> extends AbstractSort<E> implements ITypeOfSort<kE> {

@Override
public final wvoid addExtension (
final String anExtensionName,
final Class<? extends ISortExtension> anExtensionClass) {

final Tterator<ISort<E>> itergtor = this.listOfSortAlgorithms.iterator();
while (iterator.hasNext ()) {

final ISort<E> sortAlgorithm = (ISort<E>) iterator.next():;
sortAlgorithm.addExtension (anExtensionName, ankExtensionClass);

//
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Implementation

m Composite design pattern

package ca.polymtl.gigl.log6306.sort.impl;

public abstract class SortDecorator<E extends Comparable<E>>
extends AbstractSort<E> implements ISort{<LKE> {

@Override
public final void addExtension (
final String anExtensionName,

final Class<? extends ISortExtension> anExtensionClass) {

this.decoratedSortAlgorithm.addExtension (anExtensionName, anExtensionClass);

//
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Usage

m The Client can (add and) use extensions

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 = Arrays.asList(new String[] { "Rick Deckard", "Roy Batty",
"Harry Bryant", "Hannibal Chew", "Gaff", "Holden", "Leon Kowalski", "Taffey
Lewis", "Pris", "Rachael", "J.F. Sebastian", "Dr. Eldon Tyrell", "Zhora",
"Hodge", "Mary" 1});

final ITypeOfSort<String> t2 = Factory.getlInstance() .getInternalSortAlgorithms{():;
t2.addExtension ("Statistics", CountingExtension.class);

t2.sort (1) ;

final ISortIterator<String> iterator = t2.getSortAlgorithms{();

while (iterator.hasNext()) {
final ISort<String> sort = iterator.getNext ();
final CountingExtension countingExtension = sort.getExtension("Statistics");
System.out.println (countingExtension.getCounts{());
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Usage

m The Client can (add and) use extensions

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (final String[] args) {
final List<String> 1 = Arrays.asList(new String[] { "Rick Deckard", "Roy Batty",
"Harry Bryant", "Hannibal Chew", "Gaff", "Holden", "Leon Kowalski", "Taffey
Lewis", "Pris", "Rachael", "J.F. Sebastian", "Dr. Eldon Tyrell", "Zhora",
"Hodge", "Mary" 1});

final ITypeOfSort<String> t2 = Factory.getlInstance() .getInternalSortAlgorithms{():;

t2.addExtension("Statistics", CountingExtension.class);
t2.sort (1) ;
final ISortIterator<String> iterator = t2.getSortAlgorithms{();

while (iterator.hasNext()) {
final ISort<String> sort = iterator.getNext ();
final CountingExtension countingExtension = sort.getExtension("Statistics");
System.out.println (countingExtension.getCounts{());
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Usage
m The Client can (add and) use extensions

TypeOfSort
[Dr. Eldon Tyrell, Gaff, Hannibal Chew, Harry Bryant, Hodge, Holden, J.F. Sebastian,
Leon Kowalski, Mary, Pris, Rachael, Rick Deckard, Roy Batty, Taffey Lewis, Zhora]

BubbleSort Comparisons: 196
Swaps : 51
InsertionSort Comparisons: 61
Swaps : 51
MergeSort Comparisons: 42
Swaps : 59
QuickSort Comparisons: 78
Swaps : 13
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Usage

m The Client can (add and) use extensions

package ca.polymtl.gigl.log6306;

public class Client {
public static void main(final Stri [1 args) {
final List<String> 1 = Arrays.asList(new String[] { "Rick Deckard", "Roy Batty",
"Harry Bryant", "Hanpibal Chew", "Gaff", "Holden", "Leon Kowalski", "Taffey
Lewis", "Pris", "Rd&chael", "J.F. Sebastian", "Dr. Eldon Tyrell", "Zhora",
"Hodge", "Mary“7});

final ITypeOfSort<String> t2 = Factory.getlInstance() .getInternalSortAlgorithms{():;

t2.addExtension("Statistics", CountingExtension.class);
t2.sort (1) ;
final ISortIterator<String> iterator = t2.getSortAlgorithms{();

while (iterator.hasNext()) {
final ISort<String> sort = iterator.getNext ();
final CountingExtension countingExtension = sort.getExtension("Statistics");
System.out.println (countingExtension.getCounts{());
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Usage

m The Client can (add and) use extensions

package ca.polymtl.gigl.log6306;

public class CountingExtension implements ISortExtension {
private ISort extendedSort;
private CountingObserver<?> countingObserver;

@Override

public <E extends Comparable<E>> void setExtendedSort (final ISort<E> anExtendedSort) {
this.extendedSort = anExtendedSort;
this.countingObserver = new CountingObserver<kE> () ;
this.extendedSort.addObserver (this.countingObserver) ;

}

public String getCounts () {
final StringBuilder builder = new StringBuilder ();
builder.append(this.extendedSort.getClass () .getSimpleName ()) ;

builder.append ("\tComparisons: ");
builder.append(this.countingObserver.getNumberOfComparisons()) ;
builder.append ("\n\t\tSwaps ")

(

builder.append(this.countingObserver.getNumberOfSwaps ()) ;
return builder.toString() ;
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Usage

m The Client can (add and) use extensions

package ca.polymtl.gigl.log6306;

public class CountingObserver<E extends Comparable<E>> implements ISortObserver<E> {
private int numberOfComparisons;
private int numberOfSwaps;

@Override

public void valuesCompared (final ComparisonEvent<E> comparisonEvent) {
this.numberOfComparisons++;

}

@Override

public void valuesSwapped(final SwapEvent<E> swapEvent) {
this.numberOfSwaps++;

}

public int getNumberOfComparisons () {
return this.numberOfComparisons;

}

public int getNumberOfSwaps () {
return this.numberOfSwaps;
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Usage

m The Client can (add and)

package ca.polymtl.gigl.log6306;

public class Client {
public static void main (fipdl String[] args) {
final List<String> 1l = Arrays.asList(new String[] { "Rick Deckard", "Roy Batty",
"Harry Bryant"y "Hannibal Chew", "Gaff", "Holden"/ "Leon Kowalski", "Taffey
Lewis", "Prig", "Rachael", "J.F. Sebastian", "D¥. Eldon Tyrell", "Zhora",
"Hodge", ZMary" });

final ITypeOfSort<String> t2 = Factory.getlInsfance() .getInternalSortAlgorithms{():;
t2.addExtension ("Statistics", CountingExtengion.class);
t2.sort (1) ;

final ISortIterator<String> iterator = .getSortAlgorithms () ;

while (iterator.hasNext()) {
final ISort<String> sort = iterator.getNext();
final CountingExtension countifigExtension = sort.getExtension("Statistics");
System.out.println (countingExtension.getCounts{());
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Usage
m The Client can (add and) use extensions

TypeOfSort
[Dr. Eldon Tyrell, Gaff, Hannibal Chew, Harry Bryant, Hodge, Holden, J.F. Sebastian,
Leon Kowalski, Mary, Pris, Rachael, Rick Deckard, Roy Batty, Taffey Lewis, Zhora]

BubbleSort Comparisons: 196
Swaps : 51
InsertionSort Comparisons: 61
Swaps : 51
MergeSort Comparisons: 42
Swaps : 59
QuickSort Comparisons: 78
Swaps : 13
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concerns

m Internal vs. External extensions

m |[dentifying extensions

m On-demand loading of extensions
m Freeing subjects and extensions

30/36



concerns

m Internal vs. External extensions
— In our example, the client add the extension
— Extensions can be internal to the subject

m |[dentifying extensions
m On-demand loading of extensions
m Freeing subjects and extensions
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concerns

m Internal vs. External extensions

m |[dentifying extensions
— In our example, a String to identify extensions

— Risk of name clash; possibly, use reflection
m On-demand loading of extensions
m Freeing subjects and extensions
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concerns

m Internal vs. External extensions
m |[dentifying extensions

m On-demand loading of extensions

— In our example, the extension must be
iInstantiated upon addition to the subject

— Extension could be instantiated on-demand
 Singleton design pattern

m Freeing subjects and extensions
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concerns

m Internal vs. External extensions
m |[dentifying extensions
m On-demand loading of extensions

m Freeing subjects and extensions

— In our example, the subject is injected into the
extension object

— Extension object could be considered internal to
the subject to free extension and subjects
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Conclusion

m The Extension Object design pattern is
related to the Decorator design pattern

— Decorators are “around” the decorated objects
* Decorate composites and leafs similarly

— Extensions are “inside” the extended objects
 Different extensions for composites and leafs
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Conclusion

m The Extension Object design pattern allows
— Extended objects to keep their identities

— Extended objects to control their extensions
* Instantiations
« Garbage collections

— Extended objects keep their (minimal) interface
clean and minimal

— Clients must know about the possible extensions
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