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EB—BREE[EN (Single Responsibility Principle, SRP)

There should never be more than one reason for a class to change.

R. Martin, 1996
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interface Modem {
public void dial (String pno) ;
public void hangup() ;
public void send(Char c);
public char recv();

}

EOERE:
o IEEE: dial #0 hangup FH TGRS AERANE
- EUEE(E: send 1 recv HITEURES
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© TN ARFEAINAIN, EREFINIERRERMFIE?
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<<Linterface>> <<Linterface>>
DataChannel Connection
+ send ( char c ) + dial ( String pno )
+ recv () + hangup ( )

= =

Modem Implementation
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Example

class AgeCalculator {

private val currentYear = Calendar.getinstance().get(Calendar.YEAR)

fun calculate(birthYear: Int): String {

. return (currentYear - birthYear).toString()

funisValid(birthYear: Int): Boolean {

. return currentYear > birthYear



Correction

class AgeCalculator {

. fun calculate(birthYear: Int): String {

. val currentYear = Calendar.getInstance().get(Calendar.YEAR)
. return (currentYear - birthYear).toString()

1}

*}

class AgeValidator {

fun isValid(birthYear: Int): Boolean {

. val currentYear = Calendar.getInstance().get(Calendar.YEAR)
. return currentYear > birthYear
)
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FreEtiFEN (Open-Closed Principle, OCP)

Software entities should be open for extension, but closed for modification.

B. Meyer, 1988 / quoted by R. Martin, 1996

» Be open for extension

BRNTAZYY B, BT AR ERYTIEE,
* Be closed for modification
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201 NEEINFREYEESRE (AIMySQL) BEALIE?

bool createDBConnect(...)

{

switch (dbType)
{
case ORACLE:
N Oracle FHZE;
break;
case SQLSERVER:
#E\7 SQL Server EHE;

break;

-
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<<interface>>
DBConnection

DBConnection Implementation

+ createDBConnect ( )
+ releaseDBConnect ( )

Hat a&#F ik
HedARA RN

4_____

+ createDBConnect ( )
+ releaseDBConnect ( )

JAN

Oracle SQL Server

MySQL
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Example

enum class ShoesBrand {
NIKE, ADIDAS
}
class ShoesFactory {
fun getShoesPrice(shoesBrand: ShoesBrand): Int {
return which (shoesBrand) {
case: ShoesBrand.NIKE -> 200

case: ShoesBrand.ADIDAS -> 150

}

ShoesFactory shoes
shoes.getShoesPrice(ShoesBrand.NIKE).toString()



Correction

» abstract class ShoesBrand {

e abstract fun getShoesPrice(): Int
*}

* class NikeShoes : ShoesBrand() {
 override fun getShoesPrice() = 200
*}

* class AdidasShoes : ShoesBrand() {
 override fun getShoesPrice() = 150
*}

* ShoesBrand shoes = NikeShoes()

* shoes.getShoesPrice().toString()
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LiskovE#a[EN (Liskov Substitution Principle, LSP)

Inheritance should ensure that any property proved about supertype objects also
holds for subtype objects.

B. Liskov, 1987

Functions that use pointers or references to base classes must be able to use
objects of derived classes without knowing it.

R. Martin, 1996
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Rectangle

- width
- height

Square

+setWidth ( double w )
+setHeight ( double h )
+getWidth ( ) : double
+getHeight ( ) : double

BREIEURTER? BHARL?




Liskov a5 U]

void Square: :setWidth (double w)
{
Rectangle: :setWidth (w) ;
Rectangle: :setHeight (w) ;
}

void Square: :setHeight (double h)
{
Rectangle: :setWidth (h) ;
Rectangle: :setHeight (h) ;
}

R NEASTIREL:

void g(Rectangleé& r)

{
r.setWidth (5) ;
r.setHeight (4) ;
assert(r.Area() == 20);

P2AXS?  RE: MWTHABIKRE, Square 4~2 Rectangle,
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A%t (Design by Contract)

LAUNRITHERREZ R ZERIRREFR— N IEIRIMY, BB ERINAIFINX
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SquarefFEEAZIZTHNINE?

« Rectangle: :setWidth (double w)HEESH
assert((width == w) && (height == oldHeight))

« Square::setWidth (double w)HIEERMH
assert((width == w) && (height == w))

- HUAII, Square::setWidth (double w)HEEFHEAEEIE
MRectangle: : setWidth (double w)EEFENBAR,
HWEIENEESELEERISE.
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Quadrangle
+getWidth ( ) : double
+getHeight ( ) : double

AF

Rectangle

+setWidth ( )
+setHeight ( )

: double
: double

Square

+setWidth ( double w )
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EO9SEEN (Interface Segregation Principle, ISP)

Clients should not be forced to depend upon interfaces that they do not use.

R. Martin, 1996
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ScheduledJob

+addPredecessor ( ScheduledJob )
+addSuccessor ( ScheduledJob )
+getDuration( ) : int

+show ( )

+refresh ( )

+run ( )

+pause ( )

+resume ( )

+isRunning ( )

+postMessage ( ) : void
+isVisible ( ) :boolean
+isModified ( ) : boolean
+persist ( )

+acquireResources ( )
+releaseResources ( )
+getElapsedTime ( )
+getActivities ( )




Client A

<<interface>>
Service A

RN

Client A
L Server
Client B +ClientAFunc ( )
+ClientBFunc ( )
_J—%> +ClientCFunc ( )
Client C

Client B

+ClientAFunc ( )

<<interface>>
Service B

Client C

v

+ClientBFunc ( )

<<interface>>
Service C

\4

+ClientCFunc ( )

B

Server

+ClientAFunc ( )
+ClientBFunc ( )
+ClientCFunc ( )
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PR & JR N

1. High-level modules should not depend on low-level modules.
Both should depend on abstractions.

II. Abstractions should not depend on details.
Details should depend on abstractions.

R. Martin, 1996
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<<interface>>
Policy Layer Policy Layer >| Policy Service
Interface
i .
<<interface>>
Mechanism Mechanism Layer >| Mechanism Service
Layer Interface
I 1
\

Utility Layer

Utility Layer
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Trees, Stacks, Queues
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Pattern = Documented experience
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{843t (Singleton)
«  BATHEREEBNNBRERPRE—NELABIXNLAIRT SR TRER
M R REENERRITEE
- ERTHEEREH— LA EBRBE T LUAN— N AHEAGIE
RIHITIRIE]

Singleton

static uniqueInstance singletonData

static Instance ( ) - e e o|= = = = =4 return uniquelnstance
SingletonOperation ( )

GetSingletonData ( )
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Gamma & A IR

GammaF ARHBAEIHE N EEEAE

Gang of Four:
Gamma, Helm, Johnson, Vlissides

Design Patterns

Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissides




Gamma £ A FNR 1T =

EllfELi bae
BIZEBIETEIA 7 SEOMEITRAVBRINR,  (E LRSS
fRIZE, M—TIIREIEREIVGLAINERES — TR,
ZEFBIET
NIRRT B R AP AREMNRNERG L, XA
A LHIRE SO,
1T/9=20
THARARE D ECIRAVERSE, ERMEN SO ET.



Gamma £ A IR ITIRD
Qonze: ) @) @Ere

Adapter
Bridge

Composite
Decorator
Facade
Flyweight

Proxy




Example: A Text Editor

* Describe a text editor using patterns
* A running example

* Introduces several important patterns
* Gives an overall flavor of pattern culture

Note: This example is from the book “Design
Patterns: Elements of Reusable Object-Oriented
Software”, Gamma, et al. : GoF book



http://orbis.library.yale.edu/vwebv/holdingsInfo?searchId=8735&recCount=50&recPointer=1&bibId=9140663
http://orbis.library.yale.edu/vwebv/holdingsInfo?searchId=8735&recCount=50&recPointer=1&bibId=9140663

Text Editor Requirements

A WYSIWYG editor (“Lexi”)
* Text and graphics can be freely mixed

* Graphical user interface

e Toolbars, scrollbars, etc.

* Traversal operations: spell-checking, hyphenation

e Simple enough for one lecture!



Problem 1: Document Structure

A document is represented by its physical structure:
- Primitive glyphs: characters, rectangles, circles, pictures, . ..

Lines: sequence of glyphs

Columns: A sequence of lines
Pages: A sequence of columns
Documents: A sequence of pages

* Treat text and graphics uniformly
* Embed text within graphics and vice versa

* No distinction between a single element or a group of elements
* Arbitrarily complex documents



A Design

e Classes for

* Not so good
* Alot of code duplication

* One (abstract) class of

* Each element realized by a subclass of
e All elements present the same interface

e How to draw
* Mouse hit detection

* Makes extending the class easy
* Treats all elements uniformly

* RECURSIVE COMPOSITION



Example of Hierarchical
Composition

character

lyph
glyp -

picture
{ [ glyph

-— line glyph
(composite)

N

column glyph
(composite)




Logical Object Structure




Java Code

abstract class Glyph { class Character extends Glyph {
List children; charc;
int ox, oy, width, height; // other attributes
abstract void draw(); public Character(char c) {
boolean intersects(int x,int y) { this.c = c;
return (x >= ox) && (x < ox+width) // set other attributes
&& (y >= oy) && (y < oy+height); }
} void draw() {
void insert(Glyph g) { }
children.add(g); boolean intersects(int x, int y) {
}
} }



Java Code

class Picture extends Glyph {
File pictureFile;

public Picture(File

pictureFile){
this.pictureFile =

pictureFile;

}

void draw() {
// draw picture

}

class Line extends Glyph {
ArrayList children;

public Line(){
children = new ArrayList();

void draw() {
for (g : children)
g.draw();

62



Diagram

Glyph

draw()
intersects(int x,int y)

children

Q

Character

Picture

Line

draw()

intersects(int x,int y)

draw()

intersects(int x,int y)

draw()

intersects(int x,int y)




Composites

* This is the composite pattern
 Composes objects into tree structure

* Lets clients treat individual objects and composition of
objects uniformly

e Easier to add new kinds of components

* The GoF says you use the Composite design pattern
to “Compose objects into tree structures to
represent part-whole hierarchies. Composite lets
clients treat individual objects and compositions
of objects uniformly.”



Problem 2: Enhancing the User
nterface

 We will want to decorate elements of the Ul
 Add borders
e Scrollbars

* Etc.

* How do we incorporate this into the physical
structure?



A Design

Object behavior can be extended using inheritance

Not so good

* Major drawback: inheritance structure is static

Subclass elements of

Leads to an explosion of classes



Decorators

* Want to have a number of decorations (e.g.,
) that we can mix
independently

 We have n decorators and 2" combinations



Transparent Enclosure

* Define Decorator
* Implements
* Has one member of type

extend



Java Code

abstract class Decorator extends

Glyph {
Glyph decorated;

void setDecorated(Glyph d) {
decorated = d;

class ScrollBar extends Decorator {
public ScrollBar(Glyph decorated) {
setDecorated(decorated);

void draw() {
decorated.draw();
drawScrollBar();

void drawScrollBar(){
// draw scroll bar



Diagram

Glyph
d = / decorated.draw(w)
raw) drawBorder(w)
Border /
Z S draw() /
decorated r decorated.draw(w)
drawScrollBar(w)
Decorator I
ScrollBat
setDecorated(Glyph g)
draw()

draw()




Decorators

* This is the decorator pattern

* The formal definition of the Decorator pattern from the GoF
book says you can, “Attach additional responsibilities to an
object dynamically. Decorators provide a flexible
alternative to subclassing for extending functionality.”

* A way of adding responsibilities to an object

e Commonly extending a composite

* As in this example



Problem 3: Supporting
ook-and-Feel Standards

e Different look-and-feel standards

e Appearance of scrollbars, menus, etc.

* We want the editor to support them all

 What do we write in code like

72



Possible Designs

ScrollBar scr;
if (style == MOTIF)
scr = new MotifScrollBar()
else if (style == MacScrollBar)
scr = new MacScrollBar()

else if (style == ...)

- will have similar conditionals for menus, borders, etc.



Abstract Object Creation

* Encapsulate what varies in a class

* Here object creation varies
* Want to create different menu, scrollbar, etc
* Depending on current look-and-feel

* Define a class
* One method to create each look-and-feel dependent
object
* One object for each look-and-feel

* Created itself using conditionals



Java Code

abstract class GuiFactory {
abstract ScrollBar CreateScrollBar();
abstract Menu CreateMenu();

}

class MotifFactory extends GuiFactory

{

ScrollBar CreateScrollBar() {

return new
MotifScrollBar();

}
Menu CreateMenu() {

return new MotifMenu();

GuiFactory factory;
if (style==MOTIF)

factory = new MotifFactory();
else if (style==MAC)

factory = new MacFactory();
else if (style==...

ScrollBar scr =
factory.CreateScrollBar();



Diagram

GuiFactory
CreateScrollBar()
CreateMenu()
MotifFactory MacFactory
CreateScrollBar() { CreateScrollBar() {
return new MotifScrollBar();} return new MacScrollBar()}
CreateMenu() { CreateMenu() {
return new MotifMenu();} return new MacMenu()}




Abstract Products

I Glyph I
ScrollBar
scrollTo(int);
MotifScrollBar MacScrollBar ...

scrollTo(int); scrollTo(int);




Factories

* This is the abstract factory pattern

* According to the GoF book, the Factory Method design
pattern should “Define an interface for creating an object,
but let subclasses decide which class to instantiate. Factory
method lets a class defer instantiation to subclasses.”

* A class which
* Abstracts the creation of a family of objects
» Different instances provide alternative implementations of that family

* Note

* The “current” factory is still a global variable
* The factory can be changed even at runtime



Problem 4: Spell-Checking

* Considerations

* Spell-checking requires traversing the document

* Need to see every glyph, in order

* |nformation we need is scattered all over the document

 There may be other analyses we want to perform

* E.g., grammar analysis



One Possibility

* |terators
* Hide the structure of a container from clients

* A method for
e pointing to the first element
e advancing to the next element and getting the current element
* testing for termination



Diagram

Iterator

hasNext()

next()
PreorderIterator ListIterator
hasNext() hasNext()
next() next()




Notes

Iterators work well if we don’t
need to know the type of the
elements being iterated over

e E.g., send kill message to all
processes in a queue
Not a good fit for spell-checking
e Uglyx

e Change body whenever the
class hierarchy of Glyph changes

lterator i = composition.getlterator();
while (i.hasNext()) {
Glyph g =i.next();
if (g instanceof Character) {
// analyze the character
} else if (g instanceof Line) {
// prepare to analyze children
of
// row
} else if (g instanceof Picture) {
// do nothing
}elseif (...) ...

82



Visitors

* The visitor pattern is more general
* |terators provide traversal of containers

* Visitors allow
* Traversal

* And type-specific actions

e The idea

e Separate traversal from the action
* Have a “do it” method for each element type

* Can be overridden in a particular traversal



Java Code

abstract class Glyph {
abstract void accept(Visitor vis);

class Character extends Glyph {

void accept(Visitor vis) {
vis.visitChar (this);

class Line extends Glyph {

void accept(Visitor vis) {
vis.visitLine(this);

abstract class Visitor {
abstract void visitChar (Character c);
abstract void visitLine(Line |);
abstract void visitPicture(Picture p);

class SpellChecker extends Visitor {
void visitChar (Character c) {
// analyze character}
void visitLine(Line I) {
// process children }
void visitPicture(Picture p) {
// do nothing }



Java Code

abstract class Visitor {
abstract void visitChar (Character c);
abstract void visitLine(Line |);

SpellChecker checker = new abstract void visitPicture(Picture p);

SpellChecker();

Iterator i =
composition.getlterator(); }
while (i.hasNext()) {

| .
Glyph g = i.next(); class SpellChecker extends Visitor {

void visitChar (Character c) {
// analyze character}
void visitLine(Line I) {

g.accept(checker);

// process children }
void visitPicture(Picture p) {
// do nothing }



Diagram

Glyph Visitor
accept(Visitor) visitChar(Character)
visitPicture(Picture)

visitLine(Line)

. Line
Character Picture —
accept(Visitor v) {
accept(Visitor v) { accept(Visitor v) { vvisitLine(this)
v.visitChar(this); } v.visitPicture(this); } for each ¢ in children

c.accept(v) }

Prof. Majumdar CS 130 Lecture 6



Visitor Pattern

* According to the GoF book, the Visitor design
pattern should “Represent an operation to be
performed on the elements of an object structure.
Visitor lets you define a new operation without
changing the classes of the elements on which it
operates.”

* Semantic analysis of an abstract syntax tree



Problem 5: Formatting

* A particular physical structure for a document
e Decisions about layout
* Must deal with e.g., line breaking

* Design issues
* Layout is complicated

* No best algorithm
* Many alternatives, simple to complex



Formatting Examples

We've settled on a way
to represent the
document’s physical
structure. Next, we
need to figure out how
to construct a
particular physical
structure, one that
corresponds to a
properly formatted
document.

We've settled on a way
to represent the
document's physical
structure. Next, we
need to figure out how
to construct a
particular physical
structure, one that
corresponds to a
properly formatted
document.



A Design

* Add a format method to each class
* Not so good

* Problems

e Can’t modify the algorithm without modifying

e Can’t easily add new formatting algorithms



The Core Issue

* Formatting is complex
 We don’t want that complexity to pollute

* We may want to change the formatting method

* Encapsulate formatting behind an interface
* Each formatting algorithm an instance

only deals with the interface



Java Code

abstract class Composition extends Glyph {
Formatter formatter;

void setFormatter(Formatter f){
formatter =f;
formatter.setComposition(this);

void insert(Glyph g) {
children.add(g);
formatter.Compose();

abstract class Formatter {
Composition composition

void setComposition(Composition c){

composition = ¢;

abstract void Compose();

class FormatSimple extends Formatter {
void Compose() {

// implement your formatting algorithm

}



Diagram

FormatSimple
Compose()

Glyph
draw()
intersects(int x,int y) Glyph::insert(g)
. formatter.Compose()
insert(Glyph)
Z> | | Formatter |
=1 Compose()
Composition
_—omP formatter
draw() O_
intersects(int x, int y/ -
insert(Glyph g) . composition

FormatJustified

Compose()




Formatter

Formatter-
enerate




Strategies

This is the strategy pattern
* |solates variations in algorithms we might use

* Formatter is the strategy, Composition is context

* The GoF book says the Strategy design pattern should: “Define a family
of algorithms, encapsulate each one, and make them
interchangeable. Strategy lets the algorithm vary independently
from clients that use it.”

* General principle
encapsulate variation

* In OO0 languages, this means defining abstract classes for things that are
likely to change



Problem: one-to-many-
dependency

* Many objects are dependent on object o

* If o changes state, notify and update all dependent objects

observers
W _window m— ] I vindow — 5]
alblc
x| 60]30]10
y| 50| 30|20
z|80] 10 ] 10

—— change notification
———-= requests, modification



Observer Pattern
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Subject

\_ - [Observer 2 ]
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Observer Pattern

/ : - Observer 1
notification

Subject

\ notification )[Observer 2 ]




Observer Pattern
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Subject
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Java Code

class Subject { abstract class Observer {
Vector observers = new Vector(); abstract void update(Subject s);
void registerObserver(Observer o) { }
observers.add(o);
} Class ClockTimer extends Subject {
void removeObserver(Observer o){ // timer state
observer.remove(o);
} void tick() {
void notifyObservers() { // update timer state
for (int i=0;i<observers.size();i++){ notifyObservers();
Observer o=observers.get(i); }
o.update(this); }
}
}



Java Code

class PrintClock extends Observer {
ClockTimet timer;
public PrintClock(ClockTimer t) {
this.timer = t;
t.registerObserver(this);

}
void update(Subject s) {
if (s == timer) {
// get time from timer
// and print time
}
}

abstract class Observer {
abstract void update(Subject s);

}

Class ClockTimer extends Subject {
// timer state

void tick() {
// update timer state
notifyObservers();

}



Observer Pattern

* According to the GoF book, the Observer design pattern should
“Define a one-to-many dependency between objects so that
when one object changes state, all its dependents are notified
and updated automatically”

* A subject may have any number of dependent observers.

* All observers are notified whenever the subject undergoes a
change in state.

* This kind of interaction is also known as publish-subscribe.

* The subject is the publisher of notifications.



Design Patterns Philosophy

* Program to an interface and not to an
implementation

* Encapsulate variation

* Favor object composition over inheritance



Design Patterns

* A good idea
e Simple
e Describe useful “micro-architectures”

* Capture common organizations of classes/objects

* Give us a richer vocabulary of design

* Relatively few patterns of real generality

* https://www.runoob.com/design-pattern
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