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Design Patterns

« \Writing objects is easy
e Designing how objects communicate Is
the new challenge

e Design patterns are a set of tested approaches
for specifying these interactions




What Are Design Patterns?

e Recurring solutions to design problems you see
over and over (Alpert et al, 1998)

« A set of rules describing how to accomplish
certain tasks in the realm of software development
(Pree, 1994)

* Focus on reuse of recurring architectural design
themes (Coplien and Schmidt, 1995)

« Address a recurring design problem that arises
In a specific context and presents a solution to
It (Buschmann et al, 1996)

 |dentify and specify abstractions that are above
the level of single classes or instances, or of E
components (GoF)
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Design Pattern Lingua Franca

* The field has developed its own jargon

e Some writing on this subject has been
a bit obscure

* Learning about design patterns entitles you to
join an elite fraternity with its own language
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Design Patterns
from Gang of Four

Creational Structural Behavioral

Abstract Factory I Adapter Chain of Responsibility
Builder Bridge Command

Factory Composite Interpreter
Prototype Decorator Iterator
Singleton Facade
Flyweight Memento
Proxy
State
Strateg
Visitor

Design Paterns. Henents d Reusalde (g ed-Oiented
Software Gamma, Hdm Johnson, \1s3 des

(Add son e ey) E
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The Command Pattern

e Let’s begin our study by looking at the
powerful, but simple command design pattern

* Used to implement user commands, such
as buttons and menus




Setting Up Menu and Buttons

muFile = new Menu("File", true);
nmbar . add( muFi | e); //File item on nenu bar

muQOpen = new Menulten("Open...");

mufFi | e. add( muQpen) ; [IFile | Open
mMuExit = new Menulten("Exit");
muFi | e. add( MmuExi t); [l File | Ext

muQOpen. addAct i onLi stener (this);
mMuExi t . addAct i onLi st ener (this);

bt nRed=new Button("Red"); /1" Red" button
bt nRed. addAct i onLi stener (this);
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The Problem: Menus and Buttons in
Java™ Technology All Call Same Method

[/ conplicated actionPerforned nethod
public void actionPerformed(Acti onEvent evt) {

(bj ect obj = evt.get Source(); / I get obj ect
[/menu itemFile | Exit
I f (obj] == Exit)

Systemexit(0); //if this is the exit command exit

[/ some OK button

I f (obj] == OK)

OK Cicked(); [//if OK pressed call that nethod
/letc., etc. /[ may be many nore such tests
}

e This is clearly rather awkward
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We Want to Eliminate This If-Else Chalin
Testing In the Event Listener

 We create a command object interface

 All this means Is that any object with a
Command interface must have an
Execute() method

public abstract interface Conmand
{
abstract public void Execute();

}




Then We Extend the Menu
Class to Implement Command

ublic class fil eExitCommand extends Menultem i npl enents Command

public fileExitCommand(String caption)

{
super (caption); /|l parent class sets up nenu
}
public void Execute()
{

Systemexit(0); //exit when call ed
}
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How Do We Create
This Menu ltem?

mMuExit = new fil eExit Command("Exit");
mufFi | e. add( MmuExi t) ; //add to nenu bar
mMuExi t . addAct i onLi stener (this);
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Then the Action Routine
Is Simplified to This

//sinple actionPerfornmed net hod usi ng command obj ects
public void actionPerfornmed(Acti onEvent evt)

{
/1 get the object which caused the event

Command obj = (Command) evt. get Source();
obj . Execut e() ; /| execute that command

}

e You don't have to know which command it I1s
to execute It
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You Can Do the
Same Thing with Buttons

|| ====- - - - ====_ -1 nner cl ass- —====-
public class btnRedCDnnand extends Button | npl ement s Conmand

{
publ i c bt nRedCommand(String caption)

{
super (caption);
}
public void Execute()
{
p. set Backgr ound( Col or. red);
}

}

* Note that in order to set the background of a Panel,
you need to have access to that Panel as an

— Inner class, or
— Argument E
JavaOne
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Another Take
on Command Objects

e Suppose every button or menu item were
given Its own ActionListener

mMuQpen. addAct i onLi stener(new fil eOpen());
mMuExi t . addActi onLi stener(new fileExit());
bt nRed=new Button("Red");

bt nRed. addAct i onLi st ener (new bt nRed() ) ;




Typical ActionListeners

« Each of these ActionListeners is in fact a kind
of Command pattern

public class btnRed i nplements ActionLi stener

{
public void actionPerfornmed(Acti onEvent e)
{
p. set Background( Col or.red);
}
}
B e
public class fileExit inplenents ActionListener
{

public void actionPerforned(Acti onEvent e)
{
Systemexit(0);

} <
}
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Giving Each Action
ltem Its Own Actionlistener

 Means each action Is sent to its own object
e This is the intent of the Command pattern

e Since there Is not an Execute method this may
not be as obvious

« Still generates a lot of little classes




Problems with
This Implementation

* The invoking class (menu, button) knows about
the detalls of the command that I1s executed

 While the actionListener does not know about
the kind of action, the Ul object does

* A better way would be to have the Ul object
hold a reference to a command object
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We'll Create
a CommandHolder

It keeps and returns the actual command

public interface CommandHol der {
public void set Command( Conmand cond) ;
public Conmand get Command();

}
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Then We Create
a Cmdmenu Object

Can create several instances for each
actual menultem

public class cndMenu extends JMenultem
| npl enent s ConmandHol der {
protected Command nenuConmand,
protected JFrane frane;

public cnmdMenu(String nane, JFranme frm {
super ( nane) ;
frame = frm

public void set Command( Command cond) {
menuConmand = cond;

publ i c Command get Command() {
return menuComrand;
}




We Create the Menus
and Put In the Commands

muOpen = new cndMenu("Open...", this);
mufFi | e. add( muQpen) ;

muQOpen. set Conmand (new fil eCommand(this));
mMuExit = new cndMenu("Exit", this);
mMuExi t. set Command (new Exit Conmmand() ) ;

mufFi | e. add( MmuExi t) ;
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Our FileCommand
Is Then Very Simple

public class fil eCommand i npl ements Comrand {
JFrame frane;

public fileComand(JFrame fr) {
frame = fr;

public void Execute() {
FileDialog fDig = new FileD al og(frane, "Qpen file");
fDl g. show() ;

}
}
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The ExitCommand and
RedCommand Are Even Simpler

public class ExitCommand i npl ements Comrand {
public void Execute () {
Systemexit(0);

public class RedCommand i npl enents Command {
private JFrane frane;
private JPanel pnl;

publ i c RedCommand(JFranme fr, JPanel p) {
frame = fr;
pnl = p;

}

public void Execute() {
pnl . set Backgr ound( Col or.red);

}
}

e B e




And Our actionPerformed Is Not
Much More Complicated

public void actionPerformed(Acti onEvent e)
CommandHol der obj = (CommandHol der) e. get Sour ce();
obj . get Conmand() . Execut e();

}




The Class Diagram
for This Pattern

<<interface>> <<interface>>
CommandHolder Command

from default

( ) (from default) .
+getCommand . +Execute 0"
+setCommand *

*
btnCommand ’,
.
. ’0
. . *
“ “ Q’
* L 3 o

cmdButton cmdMenu ExitCommand FileCommand
(from default) (from default) (from default) (from default)

btnRed 0..1

mnuExit extc O.. flc 0..1
mnqu .
RedCommand
(from default)
redc 0..1

fullCommand
(from default)
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The Command Pattern
Can Also Help Us With

* Providing a simple method for Undo

* Providing command logging

e Let’s consider how we could carry out Undo
— Revise Command interface definition

public interface Command {
public void Execute();
public void unbDo();

}
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Both Red and Blue Line Buttons
Can Be Undone

ga Undo Commands

Fed Lndo




The cmdButton Is the
Button Class

public class cndButton extends JButton
| npl enment s ConmandHol der {
private Command bt nCommand,;
private JFrane frane;

public cndButton(String name, JFrane fr) {
super ( nane) ;
frame = fr;
}
public void set Conmand( Command cond) {
bt nCommand = cond;
}

publ i ¢ Command get Command() {
return bt nConmmand;
}

}
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One for Red, Blue and Undo

bt Red = new cndButton("Red", this);
red command = new r edCommand(cp);
bt Red. set Command (red_command) ;

bt Red. addAct i onLi stener (this);

bt Bl ue = new cndButton("Blue", this);
bl ue_command = new bl ueConmmand(cp);
bt Bl ue. set Conmand ( bl ue_command) ;

bt Bl ue. addAct i onLi stener (this);

bt Undo = new cndButton("Undo", this);
u cnd = new undoConmand() ;

bt Undo. set Command (u_cnd) ;

bt Undo. addAct i onLi stener (this);
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Inside the
undoCommand Object

* In order to perform Undo we must keep a
list of the commands

e We decide we can't Undo an Undo

public class undoCommand i npl enents Conmand {
Vect or undolLi st;

publ i ¢ undoCommand() {
undoLi st = new Vector(); //1ist of commands to undo
}

I e
public void add(Command cnd) {
1 f(! (cmd i nstanceof undoCommand))
undolLi st . add(cnd) ; //add conmands into |i st

}

I
public void unDo() { / / does not hi ng E
}

} JavaOne




The Undo Execute Calls the unDo
Method of the Last Stored Command

public void Execute() {
I nt I ndex = undoList.size () -1;

i f (index >= 0) {
//get |ast command executed
Command cmd = (Conmmand) undolLi st. el enent At (i ndex);
cnd. unDo (); /[/undo it
undoLi st. renove (i ndex); //and renove fromli st
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Each Button’s
Command Object

« Stores a list of lines drawn
e Uses a small drawData object

public class drawbData {
private int x, y, dx, dy;

public drawbData(int xx, int yy, int dxx, int dyy) {
X = XX; Yy = VYy;
dx = dxx; dy = dyy;

}

public int getX() {return x;}

public int getY() {return vy;}

public int getDx() {return dx; }

public int getDy() {return dy; }

| <
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drawCommand ODbject

publ i ¢ drawConmmand(JPanel pn) {
drawlLi st = new Vector();
p = pn; /| | save panel we draw on
}
I i
public void Execute() {
drawli st. add(new drawbat a(x, y, dx, dy));

X += dx; //increment to next position
y += dy;
p.repaint();

}

I

public void unDo() {
i nt index = drawkist.size() -1;
//renmove | ast-drawn line fromli st
i f (i ndex >= 0)
drawbData d = (drawbDat a)drawkLi st. el enent At (i ndex);
drawlLi st.renove (index); //Renoves lines fromli st
x = d.getX ();
y = d.getY ();

i).repai nt(); E
}
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Must Redraw Lines
On Repaint

public void draw Graphics g) {

/[/draw all remaining lines in |ist

//called by panel's paint nethod

Di mension sz = p.getSize();

g. set Col or (color);

for (int i=0; I < drawList.size (); i++) {
drawbData d = (drawbDat a)drawLi st. el enentAt (i);
g.drawLine (d.getX (), d.getY (),

d. get X() +dx, d.getY()+sz. height );
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Class Structure for Undoables

<<interface>>

Command
(from default)

<<interface>>
CommandHolder

P

(from default)

[ |
+getCommand +Execute -
+setCommand +unDo n drawData
A - Keeps (from default)
- A drawCommand array of
u -dx
n - (from default)
m - -dy
[ | -
O - A X
= - u * -y
] - *
] - u ’.
[ |
m - : 0.
- _ - .
cmdButton cmdMenu BlueCommand RedCommand

(from default) (from default) (from default) (from default)




In Summary,
a Command Pattern

* Adds an Execute method to each object

 The event listener can then call the Execute
event on the object without worrying about
what type It Is

* Cleanly separates the event processing from
the actions to be carried out
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Implications of
Command Pattern

e Separates action from Ul

« Keeps actions associates with
individual objects

e Requires that every button be its own class

 All Command objects need access to
Ul somehow

— Inner classes
— Constructor or set...methods

JavaOne
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Now Let’s Consider the
Factory Pattern

« A Factory pattern is one that returns an
Instance of one of several possible

classes depending on the data which it
IS presented with

« Usually each of these classes is derived
from a common parent class




Simple Factory Pattern

« Xis abase class
— Xy and xz are derived from it
* Getclass sends argument to factory
e Factory returns one derived class of x
e Since all have same methods it doesn't matter which

X
(from default)
+X()
+dolt()
XY XZ
(from default) (from default)
+XY() +XZ()

+dolt() +dolt()

XFactory

(from default)

+Xfactory()
+getClass(int): X

Produces different instance of X
depending on value of argument




Consider a
Name Splitting Class

e Should recognize
— First, last or
— Last, first

cl ass Naner {

/[/la sinple class to take a string apart into two nanes
protected String last; //store |last nane here
protected String first; //store first nanme here

public String getFirst() {
return first; [/return first nane

}
public String getlLast() {

return | ast: [/ return | ast nane

| <
}
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First Name First

public class FirstFirst extends Naner {
[lextracts first nanme froml ast nanme when sep’d by a space
public FirstFirst(String s) {
int I = s.lastlndexO (" ");
i f (i>0)
{
first = s.substring(0, i).trinm();
| ast =s.substring(i+1).trim);
}

el se

{

first ="";
| ast = s; /[l 1f no space, put all in |ast nane

}
JavaOne
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Last Name First

public class LastFirst extends Naner
//extracts |ast nane fromfirst nane when sep’d by comm
public LastFlrst(Strlng S) {
int 1 = s.indexOF(",");
if (i > 0)
{
| ast = s.substring(0, i).trim);
first = s.substring(i + 1).trim);
}

el se

{

| ast = s; [/if no comma, put all in |ast
first ="";

}

JavaOne

e B e




The Factory

Public class NanmeFactory {
/] Factory deci des which class to return based on

/| presence of a comm
public Namer getNanmer(String entry) {

int i = entry.indexOF(","); // comma det nane order
if (i > 0)

return new LastFirst(entry);
el se

return new FirstFirst(entry);
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How to Use the Factory

private void conmput eNanme()

{
nanmer = nfactory. get Nanmer (entryFi el d. get Text());
//get the right class fromthe factory
t xFi r st Nane. set Text (naner.getFirst());
t xLast Nane. set Text (naner. get Last ());
}
Eéf’,g Mame Divider H=]
Enter name:

| schiunks, Seymaur

First name Seyrmaour

Last name Schlunks

Clearl Close |
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The Factory Method Pattern

* Defines an interface for creating an object,
but lets the subclasses decide which one
to Instantiate

e Parent class Is abstract

— Each subclass may instantiate a different
class of a different class hierarchy




Consider a Series of
Swimming Championship Races

« Short events are swum in preliminaries and the
top swimmers return to swim finals

e Long events are swum only once because
— they tire the competitors too much
— watching them is like watching paint dry

* Preliminary events are “circle seeded”
— Top 3 heats mix fastest competitors

* Long (timed final) events are “straight seeded”
— Seeded slowest to fastest
— Fastest In each heat are in middle lanes
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There are Two
Hierarchies of Classes

 Event classes can be
— TimedFinalEvent
— PrelimEvent
e Seeding can be
— StraightSeeding
— CircleSeeding




Classes In
Seeding Swimmers

Event
(from default)

Seeding

(from default)

+Event

+Seeding
+getSeeding
+isFinal
+isPrelim
+isTimedFinal

+getCount
+getHeats
+getSwimmers

A

|

Swimmer StraightSeeding
(frOm defaUIt) (from defaU|t) PrelimEvent TimedFinalEvent
-age (from default) (from default)
-club A Returns Straight
:ErezttName - Seeding +PrelimEvent +TimedFinalEvent

: - ' +getSeedin
-Igst Name CircleSeeding +getSeeding 9 ' g
-time +isFinal +isFinal

(from default) _ _
+isPrelim +isPrelim

+isTimedFinal +isTimedFinal




Each Class Starts
With an Abstract Definition

public abstract class Event
{
protected int nunianes;
protected Vector sw mers;
public Event(String filenanme, int |anes) {
nunLanes = | anes;
swmers = new Vector();
//read in swmers from dat abase or file
}
publ i c abstract Seedi ng get Seedi ng();
public abstract boolean isPrelinm);
publ i c abstract bool ean isFinal ();
publ i c abstract bool ean i sTi medFi nal ();

publ i c abstract class Seeding {
publ i ¢ abstract Enuneration getSw mrers();
public abstract int getCount();

public abstract int getHeats();
}
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Derived Event Classes

public class Ti medFi nal Event extends Event ({
//creates an event that wll be straight seeded
public Ti medFi nal Event(String filenane, int |anes) {
super (fil enane, | anes);
}

public Seeding getSeeding() {
return new Strai ght Seedi ng(sw ners, nunianes);
}

public boolean isPrelim) {return false;}
public boolean isFinal () {return false;}
publ i c bool ean isTinmedFinal () {return true;}

public class PrelinEvent extends Event {
//creates a prelimnary event which is circle seeded
public PrelinEvent(String filename, int |anes) {
super (fil enane, | anes);
}

public Seeding getSeeding() {
return new G rcl eSeedi ng(swi mmers, nunianes);

}

public boolean isPrelim) { return true;}
public boolean isFinal () { return false;}
publ i c bool ean isTinmedFinal () {return fal se;}

} JavaOne-
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Derived StraightSeeding Class

public class Straight Seedi ng extends Seeding {

protected Vector Swinmers; //swinmmers here

protected Swi mer[] asw; //sorted here
protected int nunlLanes; /1 # of |anes
protected int[] | anes; /|l order of | anes
protected int count; / I nunber of sw mmers
protected int nunHeats; /I nunber of heats

publ i c Straight Seedi ng(Vector sw, int |anes) {
SW mrers = sw

nunLanes = | anes;
count = sw. size();
cal cLaneOrder () ; // determ ne | ane order
seed(); //seed into order
}
I e

protected void seed() {
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Derived Circle Seeding Class

public class Circl eSeedi ng extends
St rai ght Seedi ng {

public G rcl eSeedi ng(Vector sw, int |anes)

{

super (sw, | anes);

super. seed(); [/ strai ght seed

seed(); //circle seed top heats
}
I
protected void seed() { //do circle
seedi ng
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Result of Seeding

00 Free

100 Free

gﬁ Factory Method Seeding =] E3

13 3 Emily Fenn 459.54 -
13 4 Kathryn Miller 501,35 |
13 2 Melissa Sckolnik 501 .58
135 Sarah Bowman 502.44
131 Caitlin Klick 502549

13 6 Caitlin Healey 503.62

12 3 Kim Richardson 504 .32
12 4 Beth Malinowski 504 77
12 2 Patricia Finnerty 205.76
12 8 Caralyn Bowman 20574

E

A00 Free

100 Free

gﬁ Factory Method Seeding - [Of ]

|12 3 Tarey Thelin 55.03

13 3 Kelly Harrigan 54.13 ﬂ
11 3 Lindsay Mclkenna 55.1
13 4 Jen Pittrman 54.67

12 4 Annie Goldstein 55.82
11 4 Kyla Burruss 56.04

13 2 Kaki Dudley 56.06

12 2 Lindsay Woodward 56.3
11 2 Margaret Hamsey 56.4
138 KaleiWalker 56.63
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Now Let’'s Consider
the Abstract Factory

e Itis a Factory object that returns several
possible Factories

e Use when you want to return one of several
related classes of objects

 Examples
— GUI Factory for variable look and feel
— Auto Factory for different kinds of cars
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Consider a
Garden Maker Factory

 Program to plan the layout of gardens
— Vegetable gardens
— Annual gardens
— Perennial gardens
* In all cases you ask the same questions
— List good border plants
— List good central plants
— List good partial-shade plants




The Base Garden Class

public abstract class Garden

{
public abstract Plant get Shade();
public abstract Plant getCenter();
public abstract Plant getBorder();

e B e




Simple Plant Object

public class Plant

{

String nane;
public Plant(String pnane)

{
nane = pnane, /| save nanme
}
public String getName()
{
return nane, [/ return name
}

}
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Simple Vegetable Garden

« Just returns the name of one plant of each kind

public class Vegi eGrden extends Grden {
public Plant get Shade()

{ return new Pl ant ("Broccoli");
puLIic Pl ant get Center ()
{ return new Pl ant (" Corn");
Lublic Pl ant get Border ()
{ return new Pl ant (" Peas");
}

}




Garden Maker

cl ass Gar denMaker
{

/| Abstract Factory which returns one of three gardens
private Garden gd;

public Garden getGrden(String gtype)

{
gd = new Vegi eGarden(); / [ def aul t
| f (gtype. equal s("Perennial "))
gd = new Perenni al Garden();
| f (gtype. equal s("Annual "))
gd = new Annual Garden();
return gd,
}

JavaOne
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The Abstract Factory
INn Action

gﬁ Garden planner =]

Garden type Broccoli
arn

e Vegetahle

Feas

i Annual
Quitl

i~ Perennial
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Abstract Factory
Class Structure

Annual Garden

(from default)

+Annual Garden

Garden VegieGarden
(from default) (from default)

PR

+Garden +VegieGarden

+
getBorder ﬁ +getBorder +getBorder
+getCenter

+getShade

Returns
instances

of Garden

+getCenter +getCenter
+getShade +getShade
-gd 0..1

PerennialGarden
(from default)

GardenMaker +Perennial Garden
(from default) +getBorder
{local to package} +getCenter
+getShade
GardenMaker
+getGarden

Plant

(from default)

name

+Plant
+getName
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Summary of
the Abstract Factory

e Use when you want to return one of several
related classes of objects, each of which can
return a group of objects

* |solates the actual classes that are generated

« Can change or replace generated classes
without affecting program




The Builder Pattern

e Constructs a complex object from several
component objects

e Constructs different complex objects based
on some Iinput data

e Consider an E-mall program Address book
— One format for people
— Another format for groups
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Consider an
Investment Tracker Program

e ...since this is a simpler example to
Implement...

 We want to display a list of our holdings In
— Stocks
— Bonds
— Mutual funds

e The number of each we have determines the
kind of display we see
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Variable Display

 List box for large number of holdings
* Check boxes for small number of holdings
e Can multi-select in either case

f=3 Wealth Builder _ O] %] =3 Wealth Builder _ O] x]
Mutual Funds Coca Cola Mutual Funds [¥ {Mew Fark GO Z005!

GEHE[’E' ElEl:tril: .....................................................

Harley Davidson |_ iZE Corp Bonds

Harley Davidson

Pl [
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The MultiChoice
Abstract Class

abstract class nulti Choice
{
[/ This is the abstract base cl ass
//that the |istbox and checkbox choi ce panel s
/lare derived from
private Vector choi ces; [larray of |abels

public mul ti Choi ce(Vector choicelLi st)

{

choi ces = choi celi st; /] save |i st
}
//to be inplenented in derived cl asses
abstract public Panel getU (); //return a Panel of conponents
abstract public String[] getSel ected(); //get list selected
abstract public void clearAll(); /[/clear all itens

JavaOne
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The Class Structure

checkBoxChoice
(from default)
{local to package}

Count p
+checkBoxChoice
+clearAll
+getSelected
+getUl

e

multiChoice listboxChoice
(from default) (from default)
{local to package} {local to package}
Choices * BE st

+multiChoice +listboxChoice
+clearAll +clearAll
+getSelected +getSelected
+getUl +getUl

choiceFactory
(from default)
{local to package}

+choiceFactory
+getChoiceUl
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The Choice Factory

Public class choi ceFactory
{
private nulti Choice ui;
/1 This class returns a Panel containing
//a set of choices displayed by one of
[/ several U nethods.
public nulti Choice get Choi ceUl (Vector choices)

{
| f (choi ces. size() <=3)
[/ return a panel of chec(kboxes
ui = new checkBoxChoi ce(choi ces);
el se
[/return a multi-select |istbox panel
u = new | istboxChoi ce(choices);
return ui;

| <
}

JavaOne
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The Checkbox
Interface Builder

publ i c class checkBoxChoi ce extends nulti Choice {
/1 This derived class creates
/lvertical grid of checkboxes

i nt count; / I nunber of checkboxes
Panel p; //contained in here
e
publ i c checkBoxChoi ce(Vect or choi ces) {

super (choi ces) ;
count = O;
p = new Panel ();
}
i
publ i c Panel getU () {

String s;
//create a grid layout 1 colum by n rows
p. set Layout (new Gi dLayout (choi ces. size(), 1));
// and add | abel ed check boxes to it
for (int i=0; i< choices.size(); I++)
{
s =(String)choices. el ementAt (i);
p. add( new Checkbox(s));
count ++;
}
return p;
} JavaOne
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The List Interface Builder

public class |istboxChoice extends nulti Choice {
private List |ist;

public |istboxChoi ce(Vector choices) {
super (choi ces);

public Panel getU () {
//create a panel containing a |list box
Panel p = new Panel ();
| i st = new List(choices.size());
| i st.setMultipleMdde(true);
p.add(list);
for (int i=0; i< choices.size(); i++)

list.addlten((String)choices.elenmentAt(i));
return p;

| 33
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Calling the Builder

choi cePanel .renoveAl | (); //renove previous ui panel

[/this just swtches between 3 different Vectors
// and passes the one you select to the Buil der pattern
sw t ch(i ndex)

{
case O:
v = Stocks; break;
case 1:
v = Bonds; br eak;
case 2:
v = Mutual s;
}
nchoi ce = cfact. get Choi ceUl (v); //get one of the U's
choi cePanel . add( nchoi ce. get Ul ()); /[/insert in rt panel
choi cePanel . val i dat e() ; [/ re-layout and display

Pl ot . set Enabl ed(true); [/allow plots E

JavaOne
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Consequences of
the Builder Pattern

e Lets you vary the internal representation of the
object you build

— Hides how it iIs assembled
« Each builder is independent of the others

— Improves modularity and makes other
builders easy to add




Differences Between Patterns

e Factories  Builders
— Return one of several — Construct classes
related classes from components and

return the right one

— Often, a Factory is
used to pick the right
one

e Abstract Factories

— Returns families of
related classes

JavaOne
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The Observer Pattern

* Helps you separate data objects from
display objects

« Can have several displays of the
data at once

Graphical

display
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Display Changes In
Data in Two Or More Views

Green -
Blue

Green

Fed -

v Red
™ Green
i Blue

Zlose |




An Observer Pattern

* Assumes that the data object is separate from
the display objects

 We call the data the Subject and the display
windows the Observers

e Each observer registers its interest in changes
In the data

— There could be several types of changes

e Each observer has a known interface the
subject can call

JavaOne



The Observer and
Subject Interfaces

abstract interface Cbserver

{
public void sendNotify(String s);
}
/ / -_ XYY -
abstract interface Subject
{

public void registerlnterest(Observer obs);

}
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The Main Program Is Subject

 The data are the list of color changes

* The observer windows register their

Interest in these changes

 Red

public class Watch2L extends JFrane ~

| npl ement s Subj ect, ActionLi stener, | tenLi stener “rEeM
{ " Blue

Butt on C ose;

JRadi oButton red, green, Dbl ue; Close

Vect or observers;
I e I I

publ i c Wat ch2L() {
super (" Change 2 other franes");
observers = new Vector(); /[/1ist of observing franes

JavaOne
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Register Interest
and Notify Observers

public void registerlnterest(Cbserver obs)

/ / adds observer to |i st
observers. addEl enent ( obs) ;
}
I I
private void notifyQObservers(JRadi oButton rad)

[/ sends text of selected button to all observers
String color = rad. get Text();
for (int i=0; i< observers.size(); i++)

((Cbserver) (observers.elenentAt(i))).sendNotify(color);

JavaOne
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Notify Observers
When Color Changes

public void itenfttateChanged(ltenkvent e)
{
//responds to radio button clicks
[/1f the button is sel ected
| f (e. get St at eChange() == ItenkEvent. SELECTED)
noti fyObservers((JRadi oButton)e. getSource());

JavaOne
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Observers Recelve Notification

class ListFrame extends JFrame — .

implements Observer E'E_."j Color List !IEI
{ JList list; reen

JPanel p; Red

JScrollPane Isp; Blue

JListData listData; Green

public ListFrame(Subject s)
{

super("Color List");
s.registerinterest(this);

Il etc.

[f-mmmmm -
public void sendNotify(String s)
{

listData.addElement(s);

| 33
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Color Window Observer

cl ass Col or Frane extends JFrane inplenents Cbserver
{

Col or col or;

String col or _nanme="bl ack";

Font font;

JPanel p = new JPanel (true);

publ i c Col or Franme( Subj ect s)

super (" Col ors");
get Cont ent Pane() . add("Center", p);
s.registerlinterest(this);
/letc..

public void sendNotify(String

{

(7]

)

col or _nane = s;

I f(s.toUpperCase().equal s("RED"))
color = Col or.red;

I f(s.toUpperCase().equal s("BLUE"))
col or =Col or. bl ue;

I f(s.toUpperCase().equal s("GREEN"))
color = Col or. green;

[lp.repaint();

set Background(col or);

JavaOne
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Problems to Resolve

« Data formats may vary
— Color list wants text strings
— Color frame wants Color objects
 There may be more than one interesting event
— Data added
— Data deleted
— Data changed
— Each might need its own kind of Notify

JavaOne
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The JList class Iin the Java™
Foundation Classes APl (JFC)

o Differs from the List class in the AWT
e You put your data in an array or Vector
— Inside a class derived from AbstractListModel
e Put that data in the JList constructor
* (You are also responsible for the scroller)
[/ Create the |i st
|istData = new JListData(); //the list nodel
list = new JList(listData); //the visual |i st

| sp = new JScrol | Pane(); [/the scroller
| sp. get Vi ewport (). add(list);

p.add(" Center", |sp); E

JavaOne
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Using the JListData Class

cl ass JLi st Dat a ext ends AbstractLi st Mbdel
{

private Vector data;
public JListData()

{
data = new Vector();
}
public int getSize()
{
return data.size();
: }
This event tells publ i c Object getEl ement At (int index)
the JList that {
return data. el enent At (i ndex) ;
new data has )
been added public void addEl ement(String s)
{
dat a. addEl enent (s) ;
firelnterval Added(this, data.size()-1, data.size());
}

JavaOne
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In Other Words JList Is Itself an
Observer of the JListModel Data!

Data
Added

Add Data




Overall Class Structure

ColorFrame
(from default)
{local to package}

+ColorFrame _
<<interface>>

+paint .
+sendNotify Observer
(from default)
JListData _ {local to package}
(from default) ListFrame
{local to package} -l (from default) +sendNotify
s {local to package}
+JlistData
+addElement +ListFrame
+getElementAt +sendNotify
+getSize
Watch2L <<interface>>
(from default) Subject
+Watch2L

(from default)

+actionPerformed {local to package}

+itemStateChanged
+main
-notifyObservers
+registerinterest
-setCloseClick

-setLF JavaOne
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A Case Study:
A Search Applet

[*E’,%Applet Yiewer: KnOBlSearch.class

Applet

DS 2dles)% 3= 28

Applet started.

wireless communication

=

B¢ Terms Comrents

Gl
:‘@'— Documents

_Awireless communication
H-_ | ¥Wireless Communications
A Wireless Communication Hardware Marke
----- # wireless market

----- & YWireless

----- # Wireless Communication Service Mark
----- # Wireless Communications

-] Communication Service Market

= _4 wireless data communication system
----- # wireless data netwark

----- # Teklogix

----- # Data Communications

- | Wireless

= |'Wireless Communications Companies

I+
e}

O s O |
L nl g i}

e

3

033098
Author:

Dan Merriman
Catalyst:

Inguirg from a client that is researching leading-edge Internet browsing
capahilities.

Question:

What is the slimmest device that will enable Internet browsing via a
wireless connection?

Answer:

The slimmest devices that enable Internet browwsing would bhe the digital
wireless phones that support the Unwired Planet micro-browser. These
devices are suitahle forvaice-centric {i.e., wantto use a device that is
prirmarily a phone) mohile workers who wantto access high-value, succinet,
and dynamic infarmatian. With this technology, Web pages are accessed
through a frant-end server that suppaorts specialized protocals optimized for
awireless link and the small-form factor of a portable phone.
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. wireless communication
Query Erlltry Field

4] 3
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Like Many Programs,
This Grew By Attrition

o Started with toolbar and treelist In a “lets
learn the JFC” program

e Added communication to search engine

« Added tabbed dialog and displays of
documents and abstracts

« Added document viewer




The Action Toolbar

e Each tool button affects several other objects
on the display

® ® ¢
Search Add to View
Query
CIearI Explainx PlotI

Remove From
Query




Problem of Tangled Events

e Tool button events call searches, clear panels
and send data to display windows

* Every button needs to know about internals of
several windows

e Can lead to a long tangle of inner classes so
they can all access the Ul elements

JavaOne
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Define the Major Objects

* Visual objects

— Toolbar

_Query field | -
— Tabbed dlalog —— )
— View area e

e B e




One Possible Object Model

e But how do

buttons

communicate e

with data u | . e —
and displays? -

Data
Server
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Buttons Could
Be Command PDbjects

e Toolbar can be an actionListener

 But whose methods do the Execute
methods call?




One Scenario

e Toolbar “Search95” is clicked

o Search Execute method gets text from
input field

e Pass text to search server
o (Gets terms

— Loads terms into first tab of tabbed window
e Gets documents

— Loads doc titles into list in 2nd tab

JavaOne
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The Following Connections
Are Needed Just for the Search

111111




And If We Add
Document Viewing...

Data Connection

And this is just
the beginning

||||||




Let’s Consider
the Mediator Pattern

* Defines how a set of objects interact
« Keeps coupling between objects loose

* Allows interface/method changes without each
object needing to be aware of them




Using a Mediator

Toolbar Catches Button Actions

Mediator

e T R R N e B i
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But How Do We
Show a Wait-Cursor?

e The mediator has no window to set the
cursor to Walit in

 The Applet window Is also an object In
this system




Including the Applet

Toolbar Catches Button Actions

Mediator

e T R R N e B i
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The Mediator Class

public class Medi ator

{
Dat aModel dnodel ; /I hol ds data and conmuni cates with server
checkText ctx; /1'hold current query
knf TabbedPane t ab; /1holds results
Mar kKupHTMLPanel html ;//displays docunments
JAppl et appl et; [/ User interface el enent
String current URL; /I current docunent
String selectedTerm //termjust clicked on
I e
publ i c Medi at or ( Dat aMbdel dm JAppl et app)
dnodel = dm
applet = app;
public void registerTabPanel (knf TabbedPane tb) {tab=tb;}
public void registerText(checkText tx) {ctx=tx;}
public void register HTM_.Pane( Mar kupHTM_Panel htnm) {htm = htmn
B e e
public void clear() {
ctx.setText("");
dnodel . cl earDat a() ;
t ab. cl ear Panel s();
B e e
public void search()
{
appl et.set Cursor(Wait);
searchResul t[] src = dnodel . searchContext (get Text());
tab. | oadTree(src);
String[] titles = dnodel.searchDocs(getText());
tab. | oadList(titles);
appl et . set Cursor (Defaul t);
}

JavaOne
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The Toolbar Class

public class knTool bar extends JTool Bar i nplenents Acti onLi stener

{
knf Tool Button cl ear, search, explain, markup, addTerm renoveTerm
pl ot, view,

publ i ¢ knTool bar (JAppl et app, Medi ator nd)
{

/'l clear button

add(cl ear = new C earButton(app, this, nd));

/| search button

add(search = new SearchButton(app, this, md));
/| separate buttons

addSeparator () ;

/I expl ain button

add(expl ain = new Expl ai nButton(app, this, nd));
/I mar kup button

add(mar kup = new Mar kupButton(app, this, nd));
//add and renove buttons

add (addTerm = new AddTer nButton(app, this, md));
add (renoveTerm = new RenoveTer nButton(app, this, nd));
/| separate buttons

addSepar at or () ;

//plot related terns

add (plot = new PlotButton(app, this, nmd));

/| separate buttons

addSepar at or () ;
/'1view URL

dd i = Vi ewBut t , this, md)); 2
\ a (view = new Vi ewButt on(app IS )) Ja\faﬁne
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Then the Action
Routine Is Simplified to This:

e You don’t have to know which command it is
to execute It

//sinmple actionPerforned nethod usi ng conmand obj ects
public void actionPerforned(Acti onEvent evt)
{
// get the object which caused the event
Command obj = (Command) evt . get Source();
obj . Execut e(); /| | execute that command

}

JavaOne
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The Template Pattern

e Occurs whenever you
— Write a parent class

— Leave some methods to be implemented Iin
derived classes

 Formalizes the idea of defining an algorithm
at the base level

— And leaving details for the subclasses

JavaOne




Suppose We
Have Two Plot Classes

Eﬁf-_,% Bar Plot !IEI E




Both Plots Require
Similar Basic Methods

e But the plot method will vary

Ou
OuU
Ou

Ou

D

0
0
0

IC VOIO
IC VOIO

IC VOIO

setSize(Dimension sz)
setPenColor(Color c)
findBounds()

ic abstract void plot(x[], y[]);




In Our Simplest Case...

 The Template pattern simply says

e Put the common code In the base
class and

* Put the unique code in each derived class




Kinds of Methods In Templates

 Concrete methods In base class
 Abstract methods filled in later

 Methods with a default implementation that
subclasses may override

— Known as Hook methods

 Methods which call a sequence of abstract,
hook and concrete methods

— These define an algorithm
— Referred to as Template methods

JavaOne



Drawing a Triangle

public abstract class Triangle {
private Point pl, p2, p3;

I e
public Triangle(Point a, Point b, Point c) {
/| save
pl = a;, p2 = b; p3 = c;
}
I

public void draw G aphics Q) {
/1 This Tenpl ate nethods draws a general triangle
drawLi ne(g, pl, p2);
Poi nt current = draw2ndLi ne(g, p2, p3);
cl oseTriangl e(g, current);

public void drawLi ne(Graphics g, Point a, Point b) {
g.drawLi ne(a.x, a.y, b.x, b.y);

}
I e e T
//this routine is the "Hook" that has to be inplenented for each triangle type.
abstract public Point draw2ndLi ne(G aphics g, Point a, Point b);
I R
public void closeTriangl e(G aphics g, Point c)
{
//draw back to first point
g.drawLi ne(c.x, c.y, pl.x, pl.y);
}

} JavaOne
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The Standard Triangle

public class stdTriangl e extends Triangle

{
public stdTriangl e(Point a, Point b, Point c)
{
super(a, b, c);
}
public Point draw2ndLi ne( G aphics g, Point a, Point b)
{
g.drawLi ne(a.x, a.y, b.x, b.y);
return b;
}
}

JavaOne
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The Isoceles Triangle

public class Isocel esTriangl e extends Triangle

{

Poi nt newc;
i nt newcx, newcy;
int incr;

public Isocel esTriangl e(Point a, Point b, Point c)

{
super(a, b, c);
doubl e sidel = cal cSide(dxl, dyl);
doubl e side2 = cal cSide(dx2, dy2);
if (side2 < sidel) incr = -1; else incr =1
doubl e sl ope = dy2 / dx2;
doubl e intercept = c.y - slope* c.x;
/I move point ¢ so that this is an isoceles triangle
newcx = C.X; hewcy = C.Y;
.. ..
newc = new Poi nt (newcx, newcy);
}
N R R

//calculate length of side
private doubl e cal cSi de(doubl e dx, doubl e dy)

{
return Math.sqgrt (dx*dx + dy*dy);

//draws 2nd |ine using saved new poi nt

public Point draw2ndLi ne(G aphics g, Point b, Point c)
{

g.drawLi ne(b.x, b.y, newc.x, newc.y);

return newc;

, JavaOne
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Derived Classes of Triangle

« All implement draw2ndLine differently
— Standard triangle
— Isoceles triangle
— Right triangle

ga Draw tnangles Hi=] Ei

g

AN




Template Class Diagram

Triangle
(from default)

+Triangle
+closeTriangle
+draw

+draw2ndLine
_ +drawLine
IsocelesTriangle
(from default)

+IsocelesTriangle
—calcSide

stdTriangle

(from default)

+stdTriangle

+draw2ndLine +draw2ndLine
/
it 0.1 TriangleDrawing /--1
0.1

(from default)

+TrinagleDrawing
+main 0..1
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Consider the Problem
of Indexing Web Pages

« HTML writers are devilishly clever and diverse

* You never know what you are going to find in
the HTML source code

* Suppose we want to index a set of HTML
documents and save their titles in a table




From the IBM Patent Server

<HTML><HEAD>

<META NAME="TITLE" content="Software version management system">
<META NAME="PUBDATE" content="12/10/1985">

<META NAME="ABSTRACT" content="A software version management
system, also called system modeller, provides for automatically collecting
and recompiling updated versions of component software objects
comprising a software program for operation on a plurality of personal
computers c">

<TITLE>Patent Server: 4558413 Detailed View </TITLE>
<META NAME="owner" CONTENT="patserv@almaden.ibm.com">
</HEAD>

JavaOne
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From the JDK™ 1.2 Release

<htm >

<head>

<title>Untitled Docunent</title>

<meta http-equiv="Content-Type" content="text/htmnml; charset=i so-8859-1">
</ head>

<body bgcol or =" #FFFFFF" >

<p><font col or="#0000FF"><a href="../servl et/ Cooki eExanpl e" >

<ing src="../images/execute.gif" align="right" border="0"></a>

<a href="index.htm "><ing src="../images/return.gif" w dth="24"

hei ght ="24" align="right" border="0"></a></font></p>

<h3>Sour ce Code for Session Exanpl e<font col or="#0000FF" ><br >
</font> </ h3>

JavaOne
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From the JavaServer
Pages™ (JSP) Development Kit

<I DOCTYPE HTM. PUBLIC "-//WBC// DTD HTM. 4.0/ /EN'>

<l --NewPage- - >

<HTM_>

<HEAD>

<I-- Cenerated by javadoc on Tue Apr 20 23:19:54 PDT 1999 -->
<TlI TLE>

Java Servlet APl Docunentation: Cass Cookie

</ Tl TLE>

<LI NK REL ="styl esheet" TYPE="text/css" HREF="../../../styl esheet.css"
TI TLE="Styl e" >

</ HEAD>

<BODY BGCOLOR="whi te" >

JavaOne
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Document Titles
Vary in Their Location

e Locations we have just seen
— Inside a <META tag
— Inside a <TITLE> tag
— Inside an <H3> tag

 How to write an indexing program to handle all
these cases

 First we write a base class

JavaOne




A Base HTMLDoc Class

public abstract class HTMLDoc {
InputFile fl;  //local file variable

/Iconstructor
public HTMLDoc(String filename) {
fl = new InputFile(filename);

}

[Iread next line from file
public String getNextLine() {
return fl.readLine();

}

//get title in various ways
public abstract String getTitle();

}

JavaOne
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Parsing a Patent
Server Document

public class PatentDoc extends HTMLDoc {
//[documents from IBM Patent server
public PatentDoc(String filename) {
super(filename);
}
/lIn Patent server documents,
/lthe title is in the first META tag
public String getTitle() {
String s="";
do {
s = getNextLine();
} while (s.indexOf ("<META") <0 );
int index = s.indexOf ("content=") + 9;
S = s.substring (index);
int last = s.indexOf ("\"");
s = s.substring (0, last);

return s;
} E
}

JavaOne
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A Calling Program

public class Titler {
public Titler() {
HTMLDoc ht; //instance of base class
//print out titles from 3 different HTML doc types
ht = new PatentDoc("4558413.html");
System.out.printin(ht.getTitle());

ht = new JavaDoc("Cookie.html");
System.out.printin(ht.getTitle());

ht = new HowTo("sessions.html");
System.out.printin(ht.getTitle());

static public void main (String[] argv) {
new Titler();

}
} 73
JavaOne-
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These lllustrate
a Template Design Pattern

e Concrete methods are complete in the base
class

— used by all the derived classes (readLine)

e Abstract methods are not implemented at all in
the base class

— Each derived class must provide and
Implementation

 Hook methods have a default implementation
INn the base class but are expected to be
overridden
JavaOne




Example of Concrete Method

[/read next line fromfile
[/ This Is a concrete nethod
public String get NextLine() {
return fl.readLi ne();

}




Template Pattern (Cont.)

 Template methods
— Call a combination of
e Concrete methods
e Abstract methods
 Hook methods
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Example of a Template Method

 Remove extra spaces between title words

//get words in title without extra spaces
//This is a template method
public String getCompactTitle() {
StringTokenizer tok = new StringTokenizer(getTitle());
Vector words = new Vector();
while(tok.hasMoreTokens ()) {
words.addElement(tok.nextToken ());
}
String newTitle ="";
for(int i=0; i< words.size(); i++)
newTitle += (String)words.elementAt (i) + " ";
return newTitle;

JavaOne
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A Template Method

Calls an abstract method

The implementation in the derived
class is called

— Apparently from the base class
This is called the “Hollywood Principle
— “Don’t call us, we'll call you”




JavaOne

s 2000 Worldwide Jav veloper Confer

Design Patterns
You Use Every Day

Java™ Technology-based Design
Patterns—Part Il




Some Design
Patterns Are Very Common

e |terator

— For moving through an arbitrary
collection of objects

 Template
— Provides an abstract definition of an algorithm
* |Interpreter

— Describes a grammar for a language and
Interprets statements in that language

e Singleton

— Assures that there will be only one
Instance of a class and provides a
global point of access to it E
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The lterator Pattern

o Simplest, most frequently used pattern
« Use it to move through a collection of data

— Without knowing the detailed internal
representation of that collection

— Could also do special filtering and only
return certain elements




The lterator Is Just
an Interface

* You can implement it any way you'd like

* Design Patterns proposes the following simple
Interface:

public interface Iterator {
public Object First();
public Cbject Next();
publ i ¢ bool ean i sDone();
public Object currentlten();




The lterator of Choice Is the
Enumeration Interface

e Enumeration is much like the Iterator interface
we Just suggested.:

public interface Enuneration {
publ i ¢ bool ean hasMor eEl enent s();
public Object nextEl ement();

}

* Note that there is no First() method

 However In the Java programming language
we usually get a new instance instead

JavaOne
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One Disadvantage in the
Java Programming Language

* Since the language is strongly typed
— You have to cast the results of nextElement()
— String name = (String)v.nextElement();




Enumeration Is Built Into

 Vector class

e Hashtable class

— The Hashtable has a second Enumeration
keys()

Vect or vector = new Vector();
/l...load vector....
Enunmerati on e = vector. el enents()
//print out contents of Vector
whi | e e. hasMor eEl enent s()

—{

=String nane = (String)e. nextEl enent();

—System out . printl n(nane); E
-}

JavaOne
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A Simple Example

public class KidData {
private Vector KkKids;
public KidData(String filenanme) {
ki ds = new Vector();
InputFile f = new InputFile(fil enane);
String s = f.readLi ne();
while (s !'= null) {
kid = new Kid(s);
ki ds. addEl enment (ki d) ;

}
public Enuneration elenents() { //we just return the
return kids.elenments(); [/ enuneration fromthe Vector

}

JavaOne
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Filtered Enumeration

* Return only some elements based on
some criteria

* Our Kid object contains kid names and the
names of their teams

* We could return only those kids on a
particular team




A KidData
Filtered Enumeration

public class kidd ub
| npl ements Enunerati on

{
String cl ubMask; /I name of club
Kid kid; /I next kid to return
Enuner ati on ke; //gets all kids
Ki dDat a kdat a; [/ cl ass contai ni ng kids
I e e
public kidd ub(KidData kd, String cl ub)
{
cl ubMask = cl ub; /|l save the club
kdata = kd; /|l copy the class
kid = null; / [ def aul t
ke = kdata.elenents(); //get Enunerator
}
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The Methods...

publ i ¢ bool ean hasMor eEl enment s()
{
[/return true if there are any nore kids
/I bel onging to the specified club
bool ean found = fal se;
whi | e( ke. hasMor eEl enents() && ! found)
{
kid = (Kid)ke. next El enent () ;
found = kid.getd ub().equal s(cl ubMask);

}
1 f(! found)
kid = null; [/set to null if none |eft
return found;
}
B I
publ i c Object nextEl enent ()
{

1 f(kid !'= null)
return Kkid;

el se
//throw exception if access past end
t hr ow new NoSuchEl enent Excepti on();

} JavaOne
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Returns a Filtered Enumeration

 Add to the KidData class

public Enuneration kidslnC ub(String club)

{
return new ki dC ub(this, club);

}




Example

ﬁg Enumeration demo !E[

Amanda MoCarthy |

Jamie Falco W

Meaghan O'Donnell Rhiannon Jeffrey
Greer Gibhs Sarah Treichel
Fhiannon Jeffrey __| |Tara Schoen
Sophie Connolly Elizabeth Rice
Dana Helyer Caitlin Gillen
Lindsay Marotto Havley Wolfgruber

Sarah Treichel
Ashley McEntee
Fachel Brookman
Michelle Ducharme
karleen Danais
Megan Loock
kaitlyn Ament ;l
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Consequences of
the Iterator Pattern

« What should happen if another thread changes
the data while an iterator Is active?

 Enumerators need privileged access to the
data structure in a class

— This usually means make some internal
methods public
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Now Let's
Consider Interpreters

e Some programs can benefit from having a
language to describe operations they
can perform

 Interpreter defines a grammar for that
language and how to use that grammar to
execute statements In that language

e Simple cases
— Macro language
— Using VBA




Recognizing When an
Interpreter May Be Helpful

 When the program must parse an
algebraic statement

 When the program must produce varying kinds
of output




Let’'s Consider Some Results
From a Swim Meet

* Report results sorted by time
By club

By last name

 In various column orders

1 Amanda McCart hy 12 WCA 29. 28
2 Jam e Falco 12 HNHS 29. 80
3 Meaghan O Donnel | 12 EDST 30. 00
4 Greer G bbs 12 CDEV 30. 04
5 Rhi annon Jeffrey 11 Ww 30. 04
6 Sophie Connol |y 12 WAC 30. 05
7 Dana Hel yer 12 ARAC 30. 18
8 Lindsay Marotto 12 QOAK 30. 23
9 Sarah Treichel 12 WwW 30. 35
10 Ashl ey MEntee 12 RAC 30. 47
11 Rachel Brookman 12 CAT 30. 51
12 M chel | e Duchar ne 12 LEHY 30. 51

51 Katie Duffy 12 MGAT 34. 24




Define a Simple Grammar

Print I nane frnanme club tine sortby club thenby tine

Verbs Variables
Print H nane
Sort by Lname
Thenby Age

d ub

T me

Print var [var] [satby var [thenby var]]
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Note There Is No Other
Easy Way to Accomplish This

 The order and number of columns is difficult
to specify simply in a Ul
« A simple language makes more sense
— Parse the language symbols into tokens
— Reduce the groups of tokens to actions

— Execute the actions




How Interpreting Proceeds

e Store data on stack and reduce stack

Ti me
Thenby
C ub
Sor t by
Ti me
G ub
Fr nane
Lnane

Print




We Put Parseobjects on Stack

public class Parse(bject

{
public static final int VERB=1000, VAR = 1010, MJUTVAR =

1020;
protected int val ue;
protected int type;

public int getValue() {return val ue;}
public int getType() {return type;}

}

JavaOne
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Parsevar and
Parseverb Classes

ParseObject

—

ParseVerb ParseVar

— 1

Print Sort




Reducing the Parsed Stack

Verb
Time

MultVar

:

Var

Club
SortBy
Var
MultVar 1

Time
var MultVar

Var
Lname

:

Var
Club




The Interpreter Class Diagram

Gl e2>2 1.0 chain

Chain InterpChain
(from default) * EEEEEEEEEHN (from default)
+addChain
+getChain )
ParseObject +sendToChain
(from default)
MultvarVarParse VerbMultVarParse VarVarParse VerbAction VerbMultVarParse | VerbVarParse
(from default) (from default) (from default) (from default) (from default) (from default)
ParseVerb ParseVar actionList
from default from default
( ) ( ) 1..0 stk
<<interface>> Stack
eI EEENEEEEESN * Command (from default)
R 4 (from default)
verb Multvar o om
(from default) (from default) stk
multVec actionList
data
ptable
Print Sort I tdata
(from default) (from default)
multVec pindex KidData

(from default)
kid\ /kids Kids
Kid

(from default)

Age
Club
Frname
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An Interpreter in Action

gﬁ Interpreter Demo

|print Iname club time sorthy time

mMcCarthy WA 29.28 -
Falco HMHS 29.8

C'Donnell EDST 300

Gibhs CDEY 30.04

Jeffrey W 30.04

Connaolly WAC 30.05

Helyer ARAC 3013

Marotto OAK 30.23

Treichel WA 30.35

McEntee RAC 3047

Brookman CAT 30.81

Ducharme LEHY 30.51

Danais MES 307

Loock WwAC 309

Ament HMHS 30.93

Schoen Wy 31.01

Clshefski MNCY 31.01 -
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Consequences of
the Interpreter Pattern

e You must provide a simple way to enter and
edit the language statements

* Extensive error checking can be required

 May want to consider generating a language
automatically from Ul component states

* Languages are easily extended
* But can eventually become hard to maintain
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The Singleton Pattern

« Assures that there is only one instance
of a class

* Provides a global point of access to it
— Window manager
— Print spooler
— Database engine
— Serial ports




Singleton Using Static Method

e Constructor Is private

— Static Instance method only allows one
Instance

public class iSpooler {
//this is a prototype for a printer-spooler class
//such that only one instance can ever exi st
static boolean instance flag = false; //true if 1 instance

private i Spooler() {} [l private constructor

static public i Spooler Instance() {
if (! instance _flag) { //only allow one instance
I nstance_flag = true;
return new i Spool er();

}

el se

return null; //or return none
}
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Advantages of
Static Instance Method

e Get anull return iIf It fails

* Trying to create instances will fail at
compile time




Another Approach
Is to Throw an Exception

public class Printer
//this is a prototype for a printer-spooler class
//such that only one instance can ever exi st
static bool ean instance flag=false; //true if 1 instance

public Printer() throws SingletonException {
I f (instance_fl ag)
t hrow new Si ngl et onException("Only one printer allowed");
el se
I nstance_f | ag=true; /lset flag for 1 instance
Systemout.println("printer opened");

cl ass Singl etonException extends Runti neException {
/I new exception type for singleton classes
public SingletonException() {
super () ;

public SingletonException(String s) {

super (s);
}
}

JavaOne
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The javax.comm
Package as Singletons

e Controls serial ports for various computers
o Separately downloadable from JDK™ software
e Two possible Singletons

— One manages collection of ports

— One manages each port




CommPortldentifier

e Has static method for returning an enumeration
of all the ports in a system

Enuneration port Enum = CommPortldentifier.getPortldentifiers();
whil e (port Enum hasMoreEl enents()) {
portld = (CommPortldentifier) portEnum nextEl ement();

i f (portld.getPortType() == CommPortldentifier. PORT_SERI AL)
{
ports. addEl ement (portld. getNane());
}

JavaOne
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Find Out If Port Is Available

o Attempt to open it

e If It doesn’t exist, It throws
NoSuchPortException

o Ifitisin use, it throws PortinUseException




Opening a Port

try {
/[/try to get port ownership

portld = CommPortlidentifier.getPortldentifier(portNane);

/1i1f successful, open the port
CommPort cp = portld. open("Si npl eComnt', 100);

/] report success
port QpenLi st. addEl enent (port Nane) ;
cp. cl ose();

}
cat ch( NoSuchPort Exception e){}

cat ch(Portl nUseException e){}
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Getting COM Ports

E:'nf’,i.[:umm Manager _|O) x|
2T COMT assighed
m COMZ assianed
COM3 COMZ inuse
ComM4 COM4 inuse
COMS COMS in use
COMZ inuse
" Awailahle ports o All ports




After This Many Patterns

* You see a general use for
this level of abstraction

* You may be listing to port...




Conclusion

e Design Patterns can help you write simpler and
more elegant programs

 They provide a level of indirection that keeps
classes from having to know about each
other’s internal workings

 Many are really ways to communicate between
objects effectively

 They have been catalogued and are widely
known In the field

JavaOne
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