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What We Are Going to Do

 This material is an excarfrom our Pattern
Oriented Degjn courses

e Discuss a real worlgroblem and solve it usm
‘'standard’ OO

e Learn what degn patterns are

e Learn several degn patterns
— adapter, facade, bridge, abstract factory

o Getinsghts into Christpher Alexander’s thinkig

e Learn to usgatterns as a conptelal desgn tool --
“Thinking in Patterns”

e Reuvisit theproblem usiig desgn patterns

 Demonstrate howrinciples drivegood pattern
desgn - Open-closedirinciple
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Pattern Oriented Design

 Integrates five dis@lines
— Object-Oriented Principles
— Design Patterns
— Commonality-Variability Analysis
— Analysis Patterns
— Architectural Pattern Languages (a la Alexander)

e |s mosty about degn, not inplementation
o Attempts to chage ourparadgms of degyn
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Pattern Oriented Design and
Changing Requirements

o Pattern Oriented Dag is about antigating and

nandlirg charging requirements.

|t focuses on relationgts more thang@ecific
entities and behaviors.

* Relationshps vay more slowy than do our
entities and the behaviors of these entities.

* Focusimg on relationsips allows us to disentgle
the dependencies between tigs
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Pattern Oriented Design Vs
Object-Oriented Design

 |s obect-oriented degn.
* |Integrates advanced teclgaies into its pproach.

o Goes bgond merey finding the nouns iryour
functional gecifications and hang insight and
experience will take over.

» Uses relationsbs between the entities your
problem domain to idengfthe olpectsyou need
to define.

 |s iterative, so agou define more relationgbs,
olject definition becomes easier.
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Pattern Oriented Design Vs OOD - cont'd

 Makes use of advanced dgsitechngues
egooused in Gagof Four Degyn Patterns book:
— find what varies and encapsulate it
— favor composition over inheritance

 However, use of degm patterns makes this
straghtforward, not corplicated.
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Learning Pattern Oriented Design

 POD, is sinple since it follows an intuitive

approach.
 We must look at our deg problem from a
differentpergective, however.

|t requires the samparadgmatic shift of lookim
at ohjects that oject-oriented degn reguires.

|t also reyuires lookimg at relationsips between
these ofects easl in the dedin.
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In the Old Days ...

* “Two things In life are certain -- death and taxes.”
-- Ben Franklin

* In the information ge, there is a third ...
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In the Information Age ...

* Three thigs In life are certain --
— death
— taxes
— requirements will change
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The Problem to Solve

o Start with CAD/CAM designs of sheet metal parts
* Need to be able to analyze the parts

 The strategy used to analyze the parts is dependent upon
the equipment used to machine the parts

e This equipment will change more slowly than will the
CAD/CAM systems used

 We therefore need to make our software independent of the
CAD/CAM system in use
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Example Piece of Sheet Metal
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Sheet Metal Described as
Combination of Features

Cutouts
Slots
Hole Special Irregular

TYPES OF FEATURES
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High View of Desired Architecture

1/14/00

L

Expert System

=

/

/

M ain
inits
controls
V1 model of piece
Ag
— — — —getinfo on model- — — =

|
—
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High Level Class Diagram

M ain

Expert System
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AN
AN

instantiates proper version
AN

N

N\

Model

V1 Model V2 Model
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We Get One or The Other

When we
have model
of type 1

When we
have model
of type 2
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mymain :
Main
1: create strategy : create proper
/
myExpert : 3: Expert_Sys uses .
C = myModeI .
Expert Sys V1 Model
mymain :
Main
1: create strate 2: create proper
T
mvEXxpert - 3. Expert_Sys uses Model -
yEXxpert : < myModel :
Expert_Sys V2 Model
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Model Feature
<
1 0..* Zk
Slot_Feature Cutout_Feature
Hole Feature Irregular_Feature
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The CAD/CAM Model

Special _Feature
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A Little More Detall

Feature
- X_loc
-y _loc
Model
<>
1 0..* |+ feature_type()
+ get_xloc()
+ get_yloc()
‘ \
Special_Feature
Slot_Feature Cutout_Feature
. + get_num_components()
+ get_length() + get_size()() + get_component_i()
+ feature_type() + feature_type() + feature type() )
Hole_Feature Irregular_Feature
+ get_diameter() + get_num_segs|()
+ feature_type() + get_segment_i()
+ feature_type()
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Our CAD/CAM Systems

 One ystem consists of a set of function calls to

Implement our features.

* The other gstem consists of a set of classes
representiig our features.
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Our OO Based CAD/CAM System
(Version 2)

OOG _Feature

B

OOG _Slot OOG _Cutout OOG _ Special

OOG _Hole OOG _Irregular
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Finding a First Solution

e We know we will have different flavors of each

feature

e When we have a V1 model, we will interface to
the libray routines

 When we have a V2 model, we will interface to
olbjects that rpresent the features in our model

1/14/00
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We Know We’'ll Specialize First

Vbdel P Feature
1 OH*T
Slot_Feature Hole Feature Cutout_Feature Iregular_Feature Special_Feature
VL Slot || \2_Slot VI_Hole | | \2 Hole | = VI_Qutout V2 _Cutout | | VA Iregular || V2_Imegular | | VI Spedal || V2_Spedal
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Model

One Possible Solution

Feature

+ feature_type()

+ get_x
+gety

loc()
loc()

|

Slot_Feature
+ get_length()

&

|

Hole Feature

+ get_diameter()

-

Cutout_Feature

+ge

t size()()

L

Irregular_Feature

Special_Feature

+ get_num_segs()
+ get_segment i()

+ get_num_components()
+ get_component_i()

]

[

B

[

!

V1_Slot V2_slot V1 Hole || V2_Hole V1 Cutout || V2_Cutout V1 _Irregular || V2_Irregular || V1_Special V2_Special
| \ | I | \ I |
\ \Vi \ \ [ A \ /] \V I \V]
\ OOG_Silot \ | OOG_Hole /| |\ \ | OOG_Cutout | / | \ OOG_Irregular | OOG_Special
\ \ [ \\ SV /
N
\ D P \ /
\ A\ \// o~ N\ = \/
\ “= > v1_System = /
\77777774:if7777t/7 gngfff::>/
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Three Levels of Perspective

o Conceptual Perpective
» Specification Pergective
* Implementation Pepective

e From Martin Fowler’'s UML Distilled
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Conceptual Perspective

e Describesvhatyou want
 Nothowyou'll get it
« Can be vey detailed

« Exanple: want house with lots of bedrooms and
baths should bedht and aly, big kitchen

1/14/00
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Specification Perspective

* We talk abouhowthings behave

 What are the relationghs between entities

 \We have identified behaviors, but not

Implementations. That is, we have classes and
Interfaces, not code.

 For exanple: have 3BR, 2BA, and all bedrooms

on t floor, kitchen overlookgarden, connected
to dining room, ...
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Implementation Perspective

 We have classes and how we goeg to
Implement it.

 Methods (internal and external) are gesid and
laid out

e Language Fecific, actual modules, code

* For exanple: detailed bluprints from whichyou
could build a house
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Using Patterns to Learn Principles

* Throughout thisprocess we will:
— Review core object-oriented terms
— Review some object-oriented design
principles/strategies and see how patterns utilize them
* Practice has shown this to be the best tedearn

OO concets
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What Are Patterns?
‘1‘A pattern is a solution to@oblem in a context”

“Eachpattern describes@oblem which occurs
over and overg@ain in our environment, and then
describes the core of the solution to fhratlem,
In such a wg thatyou can use this solution a
million times over, without ever dagt the same
way twice.” !

L Christopher Alexander - A Pattern Language
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Elements of Patterns

e Pattern name.Gives us a way to refer to the pattern.

 The problem. A particular pattern is applicable to certain
types of problems. Part and parcel of a pattern is a descrip-
tion of what types of problems for which it is useful.

 The solution. Patterns define a particular conceptual
solution to the problen.

o Consequencesimplementation decisions have certain
tradeoffs. The consequences of these decisions and the
forces underlying the pattern are essential aspects of the
pattern 2

» 2 Design Patterns: Elements of Reusable Object-Oriented Software,
Gamma, Helm, Johnson, Vlissides.
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Common Reasons to Study Patterns

* Re-uses existop quality solutions
e Use common terminogry

« Shift to new level of thinking
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The Courtyard Pattern -
Christopher Alexander

In the same way, a courtyard which is properly formed, helps people
come to life in it.

Consider the forces at work in a courtyard. Most fundamental of all,
people seek some kind of private outdoor space, where they can sit under
the sky, see the stars, enjoy the sun, perhaps plant flowers. This is
obvious. But there are more subtle forces too. For instance, when a
courtyard is too tightly enclosed, has no view out, people feel
uncomfortable, and tend to stay away ... they need to see out into some
larger and more distant space. Or again, people are creatures of habit. If
they pass in and out of the courtyard, every day, in the course of their
normal lives, the courtyard becomes familiar, a natural place to go ... and
It is used. But a courtyard with only one way in, a place you only go
when you “want” to go there, is an unfamiliar place, tends to stay unused
... people go more often to places which are familiar. Or again, there is a
certain abruptness about suddenly stepping out, from the inside, directly to
the outside ... it is subtle, but enough to inhibit you. If there is a
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Courtyard cont'd

transitional space, a porch or a veranda, under cover, but open to the air, this is
psychologically half way between indoors and outdoors, and makes it much
easier, more simple, to take each of the smaller steps that brings you out intp
the courtyard ...

When a courtyard has a view out to a larger space, has crossing paths from
different rooms, and has a veranda or a porch, these forces can resolve
themselves. The view out makes it comfortable, the crossing paths help
generate a sense of habit there, the porch makes it easier to go out more often
... and gradually the courtyard becomes a pleasant customary place to be.

What we’ve done:
|dentified the pattern.
Discussed what we were trying to accomplish.
State how we could accomplish this.
Talked about the forces that would hurt what we were trying to accomplish.
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e Let

A Pattern in Carpentry

'S s two capenter’s are #ing to decide on

how to build a dresser.

* One s§s to the other: “should we build thant
by first cutting down, then cuttig up at a 45

de

ree agle...” \l

e “then back down and baclpu
the other wy, then back down”

1/14/00
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We Are Describing a Dove-Tall Joint

« And ke this y until done.
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Focusing on Detall
Loses the Big Picture

* By havirg to describe how we iplement the
dove-tailjoint, we can lose ght of why we mght
want to use it in the firgilace.

e Dove-tailjoint Vs miterjoint enphasizes:

— do we want a strong, relatively expensive joint that is of
high quality and will last forever

— or do we want a weak, relatively inexpensive joint that
IS easy to make but not of high quality
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Other Reasons to Study Patterns

e« Common terminolgy assists learngacross all
levels

e Desgns inproved for modifiabiliyy (expand on
good solutions)

 We will find that degyn is not gorocess of
synthesis, but one of differentiation.

« Desgn patterns can be used to peis build our
desgns better than normal methods.
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he Adapter Pattern

* Intent: Convert the interface of a class into another
Interface clients epect. Adapter lets classes work
together that couldn’t otherwise because of
incompatible interfaces’

- 3Design Patterns, Elements of Reusable Object-Oriented
Software, Gamma, Helm, Johnson, Vlissides
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Our Problem

Shape

Point

1/14/00

Line

Square

Copyright © 1998-1999 Net Objectives

38




his Is an Example of Polymorphism

e Allows for different behavior

e Calling olject does not need to know the exact
type of ohect involved

e Calling oyect ony needs to know the conueal
type of ohect

 In this case, afbody havirg points lines and
squaresonly knows it hashapes.
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More Detall

Shape

+ + + + + +

set location()
get location()
display=0()
fill=0()
set_color()
undisplay =0()

Point

+ display()
+ fill()
+ undisplay()

Line

+ display()
+ fill()
+ undisplay()

Square

+ display()
+ fill()
+ undisplay()

Copyright © 1998-1999 Net Objectives
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What We Have

XX _Circle

+ set
+get_
+ disp

ocation()
ocation()

ay it()

+ fill_1t()
+ set _its_color()
+ undisplay_it()

Copyright © 1998-1999 Net Objectives

41




How Client Behaves With a Square

1: set location of shape

aSquare

2. display shape

aClient works with aSquare but
only knows it'sa Shape
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What We Want

1: set location of shape

2. display shape

want aClient to work with
aCircle in the same wa y
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Our Problem

e Our client can’t behave with our XX _Circle in the
same wg it does with the §uare because
XX _Circle is not a Shae

o Author of XX_Circle m& not be willing or able to
chamge XX_Circle’s interface
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Composition

 \When one oject ‘contains’ another géct.
e Like an emine in a car.
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How to Implement the Pattern

XX_Circle

Circle + set _location()
+ get _location()
+ display_it()

+ fill_it()

+ set_its_color()
+ undisplay_it()

If circle contained an XX_circle, it could
handle the ‘communication’ with the client
and let XX _circle handle the work

Copyright © 1998-1999 Net Objectives

46




The Pattern in its Context

Shape

+ + + + + +

set_location()
get_location()
display=0()
fill=0()
set_color()
undisplay=0()

1

Point

+ display()
+ fill()
+ undisplay()

1/14/00

Line

Square

Circle

+ display()
+ fill()

XX _Circle

+ undisplay()

+ display()
+ fill()
+ undisplay()

+ + + + + +

display()

fill()
get_location()
set_location()
set_color()
undisplay()

Copyright © 1998-1999 Net Objectives

+ set_location()
+ get_location()
+ display_it()

+ fill_it()

+ set_its_color()
+ undisplay_it()
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A C++ Example

IN HEADER
class circle : public shape

{ooo

private:
XX _circle *pxc;

}

IN CONSTRUCTOR
Instantiate and initialize XX_circle
point to it with pxc

IN CODE
void circle::display ()

{
}

pxc->display _it();
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A Java Example
class circle extends shape {
|.:).r.ivate XX_circle pxc;
[.).l.JbliC shape () { pxc= new XX_circle(); }
void public display() {
pxc.display it();

}
}
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A Smalltalk Example

Shape subclass: #Circle
Instance Variables: ‘xCircle..|
class Variables: *’
pools: *

display
xCircle display it

Copyright © 1998-1999 Net Objectives
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Are these the same??

Mop Broom Sponge
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As Any Good Consultant Will Tell You:

“IT DEPENDS!”

* As ecific ojects: thg are different

* As a concpt: they are all Cleanig Utensils
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Where does “Cleaning Utensil” exist?

Not in the real world, but in our thoughts as an
abstraction classification!
A “Cleaning Utensil” does not exist, but specific kinds do!
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Abstract Class

e A class that is never instantiated

« Used to define an interface for the real-world
classes (i.e., used to define how to communicate
with the olpects that are derived from the
abstraction)

» Represents a conpe

* For exanple, a ‘cleaniig utensil’ was an abstract
class for ‘m@s, ‘brooms’, and ‘songes’.

* |n the adater pattern, a ‘shpe’ was an abstract
class for points’, ‘lines’, ‘squares’, and ‘circles’.
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his Is an Example of Polymorphism

Allows for different pecific behavior that is
concetually defined ly the abstract class

The callirg oject does not need to know the exact
type of obhect involved - it on} needs to know the
concetual type of ohect

In our ‘shae’ exanple, arybody havirg points
lines, andsquaresonly knows it hashapes.

Both hides inplementation detalls and allows for
new types of inplementations

Allows for new occurrences of ge without
having to chame the software that uses lit.
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Open - Closed Principle

o |var Jacobson said: “Allystems chage durirg

develming systems egected to last loger than
the first version.

* Bertrand Mger summarized this aSoftware

their life gycles. This must be borne in mind when

entities (classes, modules, functions, etc.) should

be open for extension, but closed for
modification.

 In English this meansdesign modules so that they
never change. When requirements change, add

new modules to handle things.

* (good article on Open-Closed Principle at www.oma.com under publications)

1/14/00 Copyright © 1998-1999 Net Objectives
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How Do We Implement the OCP?

o Abstraction is the keconcetually, abstract
classes are the kemplementational).

* Abstract classes peesent a fixed behavior
definition with an unlimited number @ossible
Implementations.
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How’'d We Do Re Principles?

* Did we follow the @en-closedrinciple?
« Specifically:

— were we open for extension? (i.e., were we able to
make the changes we wanted to?)

— were we closed for modification? (i.e., did we avoid
changing anything we had?)
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Encapsulation

o Often called data-hidm
e Can also hide behavior
« Means can’t see what is bgiancasulated

1/14/00 Copyright © 1998-1999 Net Objectives
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The Facade Pattern

* Intent: Provide a unified interface to a set of
Interfaces in a sulgstem. Facade defines a
higher-level interface that makes the sygiem
easier to usé.

« 4 Design Patterns, Elements of Reusable Object-Oriented Software,
Gamma, Helm, Johnson, Vlissides
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Our Situation

aClient

aDB, aModel, anElement are all needed to
Many different methods are used, often in the same wa

Copyright © 1998-1999 Net Objectives

get the job done

y.
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Our Problem

 Whoever writes the clients must legmetty much
the same thigs.

o Also, there is considerable plication in the
clients.

 We want to lower the learmgcurve and eliminate

the dyplication

1/14/00 Copyright © 1998-1999 Net Objectives
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Our Solution

e Create a new class that both clients can use
e |t handles the most common functions

o |t allows clients tayo directly to the undeyling
methods when needed

1/14/00 Copyright © 1998-1999 Net Objectives
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Our Solution

The Facade class creates a new interface for the
commonly used classes that is easier to use.

Copyright © 1998-1999 Net Objectives
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Class Diagrams

Client Database Client Database Facade
Model x—
Element Model . Database |
Element
Before Facade Using Facade
1/14/00 Copyright © 1998-1999 Net Objectives
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Comparing Fa cade With Object Adapter

simplify things?

Client > t) B Pre-Existing
which pattern?
Facade Object Adapter
Have pre-existing Yes Yes
classes?
Have an interface No Yes
we must design to?
Have to make an
object behave No Probably
polymorphically?
Want to make a
new interface to Yes No

1/14/00 Copyright © 1998-1999 Net Objectives
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e First find what iIs common across domain

Commonality/Variability Analysis

 |dentify where thigs vay
 |dentify how thirgs vay

e T

1/14/00

nis Ispreparation for identying potential classes

Copyright © 1998-1999 Net Objectives
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Find What Varies and Encapsulate It

|dentify valying behavior
Define abstract class that allows for

communicatig with olgects that have one case of

this vaying behavior

1/14/00 Copyright © 1998-1999 Net Objectives
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Favor Composition Over Inheritance

 |f can define a class that empsalates variation,
contain (via corposition) an instance of a
concrete class of the abstract class defined earlier

* Allows for decopling of concets
* Allows for deferrirg decisions until runtime
o Smallperformance hit
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The Bridge Pattern

* Intent:. De-couple an abstraction from its
Implementation so that the two can vary
independently 3

e 3 Design Patterns, Elements of Reusable Object-Oriented
Software, Gamma, Helm, Johnson, Vlissides
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Client

1/14/00

Our Starting Situation

Square
~ >+ draw() BN Vi
# drawLine(x1, y1, x2, y2) + draw_a_line(x1, y1, x2, y2)
a R
Square
draw:

drawLine(x1,yl,x2,y1)
drawlLine(x2,yl,x2,y2)
drawlLine(x2,y2,x1,y2)
\ drawLine(x1,y2,x1,yl) |

drawLine calls draw_a_line in V1

Notes on UML (Unified Modeling Language):
+ before methods means it is a public metho
# before methods means it is a protected method
- before methods means it is a private metho
Italics means class or method is abstract

Copyright © 1998-1999 Net Objectives
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Handling Requirement for New Class

Client

Square

>

+ draw()
# drawLine(x1, y1, x2, y2)
# fillBox(x1, y1, x2, y2)

—

B

RegularSquare

RegularSquare

V1

+ fill_area(x1, y1, x2, y2)

draw (from Square):
drawLine(x1,yl,x2,y1)
drawLine(x2,y1,x2,y2)
drawLine(x2,y2,x1,y2)

1/14/00

L drawLine(x1,y2,x1,y1)

FilledSquare
+ draw()
Y é W
FilledSquare
draw:

Square::draw()
fillBox()

J \ J

drawlLine calls V1's draw_a_line as

draw_a_line(x1,yl,x2,y2)

fillBox calls V1's fill_area as

fill_area(x1,yl,x2,y2)

Copyright © 1998-1999 Net Objectives
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Handling Requirement

for New Framework

a4 R
Square
draw:
: Square drawLine(x1,yl,x2,y1)
Client | >+ draw() drawLine(x2,y1,x2,y2)
: drawLine(x2,y2,x1,y2)
# drawlLine(x1, y1, x2, y2) | drawline(x1y2.x1y1) |
4& draw will be used
by all Squares
f V1S )
quare
YlSquare YZSquare Tanlne.
# drawlLine(x1, y1, x2, y2) | # drawLine(x1, y1, x2, y2) call DP1's draw_a_line()
\/ \/ passing parameters
DP1 DP2 _through J
+ draw_a_line(x1, y1, x2, y2)| |+ drawline(x1, x2, y1, y2) r N
V2Square
drawlLine:
calls DP2's drawline()
with parameters
| transposed )
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Handling Both New Requirements

Square

Clent .« + draw()

# drawLine(x1, y1, x2, y2)

# fillBox(x1, y1, x2, y2)

| |
RegularSquare FilledSquare
+ draw()
{ { \ Z> 4

V1RegularSquare V2RegularSquare V1FilledSquare V2FilledSquare

# drawLine(x1, y', X2, y2)

# drawLine(x1, y1, x2, y2)

# drawLine(x1, y1, x2, y2)

N

# fillBox(x1, y1, x2, y2)

# drawLine(x1, y1, x2, y2)
# fillBox(x1, y1, x2, y2)

AN

V1

+ draw_a_line(x1, y1, x2, y2)
+ fill_area(x1, y1, x2, y2)

1/14/00

e
e

L

V2

+ drawline(x1, x2, y1, y2)
+ fil_it_up(x1, x2, y1, y2)
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How This Works

. Client

mySquare : V1
V1FilledSquare

. \
When Running
)
In this example we have a thisuses

draw() in

V1FilledSquare object calledf!edsavare

1: draw() | |

/
/
/
/

mySquare by Client. ?
mySquare knows to use a V1
object. Note: Client only
knows that mySquare is a
Square, it doesn’t know what
type of Square it is.
\
\
\
\
\
\
\
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2: drawlLine(x1, y1, x2, y1)
| ; |

\ \
3: dr@w a_line(x1, wl, x2,y1)

4: drawLine X2, y1, x2, y@)
\ \

5: dr?w_a_line(xz, (1 X2,y2)

\ \
6: drawLine(x1, y1, x2, y2)

[P
7: dr%{w_a_line(xz, @,l x1,y2)
| |
| |

8: drawLine(x1,y2,x1,y1)
| |

9: draw_a_line(x1,y2/x1,y1)
| |

10: fiIIBox(xl,ﬁll,XZ,yZ)
|

11% fill area(xl,yl,x?,yZ)
\ \

| | 75
| |
\ \




Problems With This Approach

 Doesn’t scale well
— If add another type of Square, we have 6 implementations
— number of implementations will equal # types of Squares
times # of drawing programs
 Redundang

— clearly accessing each of the drawing programs across the
different types of Squares will involve duplication or
require greater modularization

* Confusirg and conplex
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Handling Requirements for
New Class and New Platform

Client SGUEG
T = — >+ draw()
# drawlLine(x1, y1, x2, y2)
# fillBox(x1, y1, x2, y2)
m ? ,
V1Square V2Square
# drawLine(x1, y1, x2, y2) # drawLine(x1, y1, x2, y2)
# fillBox(x1, y1, x2, y2) # fillBox(x1, y1, x2, y2)
| | T | |
RegularViSquare FilledV1Square | RegularV2Square FilledV2Square
+ draw() | + draw()
|
N
V1 V2

+ drawline(x1, x2, y1, y2)

+ draw_a_line(x1, y1, x2, y2) + fill_it_up(x1, x2, y1, y2)

+ fill_area(x1, y1, x2, y2)
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How This Works glen

mySquare : V2
V2FilledSquare

When Running L:grawg
|

/
/
|/
/|
/

In this example we have a i drawunéj
\
\
|
\
\
\
|
|
|

and fillBox() in

V2FilledSquare object calletva_square
mySquare by Client.

mySquare knows to use a V2
object. Note: Client only

knows that mySquare is a
Square, it doesn’t know what

type of Square it is.
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\

| |
2: drawLine(x1,y1,x2,y1)

e ] |
3: draw_line(x1, x2,'y1, y1)
4: drawLine(x2, y1, x2, y2)
5: draw_line(x2, x2,y1, y2)

\ \

6: drawLine(x2, y2, x1, y2)
1

7: draw_line(x2, xl,:yz, y2)

| |
8: drawLine(x1,y2,x1,y1)

1
9: graw_line(xl,xl,yz,yl)
| |

\ \
10: fiIFBox(xl,yl,xZ,yg)

e |

111 fill_it_up(x1,x2,y1,y2)

\ |

\

\

\

\
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Data Abstraction

e A common term in oject-oriented technodfy is
data abstraction.

o Data abstractions are ys&of thinkirg about our
oroblem domain. The abstractiogise us the
Keys to lookimg at ourproblem domain -- seemn
what are the conpes yoon which our
entities/olpects are based.

o ‘Data abstraction’ is usugllused to refer to our
entities - we need somethibroader

 We will use another more degative term- the
differentiator.
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The Differentiator

e A differentiator iIs an abstraction that creates a
distinction in oumproblem domain.

| prefer the term differentiator over data
abstraction because it pires the congat creates
distinctions in our wia of looking at ourproblem.
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What Are the Differentiators Present
Here?
* In current example, we have two differentiators:

— the concept of squares
— different implementations

e Itis best to state it in terms of gonoblem
domain, not in terms of a solution.
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Differentiators for Earlier Patterns

o Adapter. we have the ght olgect, but the wrog
Interface.

 Facade: we have a set ofetts that will do our
job, but we need a spier interface.
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Discovering The Bridge Pattern

 In discoverim the bridye pattern we’ll follow the
following approach
— find what is common in the problem domain

— find which of these commonalities vary, and how they
vary

— Identify the concept of what is varying -- that is, what
concept can incorporate all of the variation

1/14/00 Copyright © 1998-1999 Net Objectives 83




Discovering the Bridge Pattern cont'd

— define an abstract class to represent each common
concept

— define concrete classes for each of these abstractions
that represent a particular variation

— see how these different abstractions relate to each other
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We Have the Following Commonalities

e Our guare class @resents our commonatiof
abstraction. In fact, this class is alreatbstracted
and derived.

 We also have an ipementation which varies.
e Thisgives us:

Square Drawing
+ drawLine(x1, y1, x2, y2)
+ draw() + fillBox(x1, y1, X2, y2)
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Derive Variations

Square

+ draw()

.

|

RegularSquare

1/14/00

|

Drawing

+ drawlLine(x1, y1, x2, y2)
+ fillBox(x1, y1, x2, y2)

!

FilledSquare

V1Drawing

V2Drawing

+ draw()

+ drawLine(x1, y1, x2, y2)
+ fillBox(x1, y1, x2, y2)

+ drawLine(x1, y1, x2, y2)
+ fillBox(x1, y1, x2, y2)

Copyright © 1998-1999 Net Objectives
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Show Relationship

Square

+ draw()

Drawing
1 + drawlLine(x1, y1, x2, y2)

1

L+ filBox(x1, y1, x2, y2)

| |

RegularSquare FilledSquare _ _
+ draw() V1Drawing V2Drawing
+ drawLine(x1, y1, x2, y2), |+ drawLine(x1, y1, x2, y2)
+ fillBox(x1, y1, x2, y2) + fillBox(x1, y1, X2, y2)
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Finished Pattern

Square - | Drawing
+ draw() 1 + drawLine(x1, y1, x2, y2)
L+ filBox(x1, y1, x2, y2)

!

RegularSquare

FilledSquare

|

+ draw()

1/14/00

V1Drawing

V2Drawing

Copyright © 1998-1999 Net Objectives

+ drawLine(x1, y1, x2, y2)
+ fillBox(x1, y1, x2, y2)

+ drawLine(x1, y1, x2, y2)
+ fillBox(x1, y1, x2, y2)

I

Vv

vV

V1

V2

+ draw_a_line(x1, y1, x2, y2)
+ fill_area(x1, y1, x2, y2)

+ drawline(x1, x2, y1, y2)
+ fill_it_up(x1, x2, y1, y2)
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lllustrating the Separation

Square
+ draw()

!

RegularSquare| | FilledSquare
+ draw()
ABSTRACTION

1/14/00

Drawing

+ drawlLine(x1, y1, x2, y2)
+ fillBox(x1, y1, x2, y2)

|

V1Drawing

V2Drawing

+ drawLine(x1, y1, x2, y2)
+ fillBox(x1, y1, X2, y2)

+ drawLine(x1, y1, x2, y2)
+ fillBox(x1, y1, x2, y2)

I

Vv

vV

V1

V2

+ draw_a_line(x1, y1, x2, y2)
+ fill_area(x1, y1, x2, y2)

+ drawline(x1, x2, y1, y2)
+ fill_it_up(x1, x2, y1, y2)

IMPLEMENTATION

Copyright © 1998-1999 Net Objectives
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How It Works

RegularSquare V1DrawSquare

*drawLine(x1,y1,x2,y1) drawll_ine:l |
*drawLine(x2,y1,x2,y2) use's V1's draw_a_line
*drawL?ne(xZ,yZ,xl,yZ) fillBox: |
*drawLine(x1,y2,x1,y1) use's V1's fill_areal()

* use DrawSquare

V1DrawSquare and
V2DrawSquare just

look like an
DrawSquare

FilledSquare to the Squares V2DrawSquare

draw: drawLine:
Square::draw() use's V2's drawline
then call DrawSquare's fillBox:
fillBox(x1,y1,x2,y2) use's V2's fill_it_up()
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Another Way To Look At It

Square object

This is actually a
RegularSquare or a
FilledSquare but the
Client can't tell since

they both act the

same

1/14/00

DrawSqgaure
= object

This is actually a
DrawSquareV1 or a
DrawSquareV?2 but
the Square object
can't tell since they
both act the same

Copyright © 1998-1999 Net Objectives

V1 or V2 object

This must be the
correct type of object,
but the DrawSquare
that uses it will know.
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Example Implementation in C++

void main (String argv[]) { class Square {
Square *s1,; public:
Square *s2; Square (Drawing *dp, double x1, double y1, double x2, double y2);
Drawing *dp; virtual void draw();
private:
dp= new V1Drawing; double x1, yi1, x2, y2;
s1l=new RegularSquare( dp,1,1,2,2); Drawing *_dp;
3
dp= new V2Drawing; Square::Square (Drawing *dp, double x1, double y1, double x2, double y2) {
s2= new FilledSquare( dp,2,2,4,4); _dp=dp;
_X1=x1;
sl->draw(); _yl=yl,
s2->draw(); _X2=X2,;
_y2=y2;
delete s1; }
delete s2; void Square::draw () {
} drawLine( _x1, y1, x2, yl);
drawLine( _x2, yl, x2, y2),
NOTE: Memory management not tested. drawLine( _x2, y2, x1, y2),
Includes not shown. drawLine( _x1, y2, x1, yl),
b}

void Square::drawLine( double x1, double y1, double x2, double y2)
_dp->drawLine( x1, y1, x2, y2);
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C++ Example cont’d

classDrawing {

classRegularSquare: public Square { public:
public: virtual void drawLine (double x1,double y1,double x2,double y2)=0;
RegularSquare (Drawing *dp, double x1, double virtual void fillArea (double x1, double y1, double x2, double y2)=0;
y1, double x2, double y2); };
I
RegularSquare::RegularSquare (Drawing *dp,  classV1Drawing : public Drawing {
double x1, double y1, double x2, double y2) : public: void drawLine (double x1, double y1, double x2, double y2);
Square(dp, X1, y1, x2, y2) { } void fillArea( double x1, double y1, double x2, double y2);
I3
classFilledSquare : public Square { void V1Drawing::drawLine (double x1,double y1,double x2,double y2){
public: DP1.draw_a_line( x1, y1, x2, y2); }
FilledSquare ( Drawing *dp, double x1, double
y1, double x2, double y2); void V1Drawing::fillArea (double x1, double y1, double x2, double y2){
% DP1.fill_area( x1, y1, x2, y2); }
FilledSquare::FilledSquare (Drawing *dp, double x1,
double y1, double x2, double y2) : classV2Drawing : public Drawing {
Square(dp, x1, y1, x2, y2) { } public: void drawLine (double x1, double y1, double x2, double y2);
void fillArea( double x1, double y1, double x2, double y2);
void FilledSquare::draw () { h
Square::draw(); void V2Drawing::drawLine (double x1,double y1,double x2,double y2){
_dp->fillArea( _x1, yl1, x2, y2), DP2.drawline( x1, x2, y1, y2); }
}

void V2Drawing::fillArea (double x1, double y1, double x2, double y2){
DP2 fillitup( x1, x2, y1, y2); }
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C++ Example cont’d

classDP1 {
public:
static void draw_a_line ( double x1, double y1, double x2, double y2);
static void fill_area ( double x1, double y1, double x2, double y2);

classDP2 {
public:
static void drawline ( double x1, double x2, double y1, double y2);
static void fillitup ( double x1, double x2, double y1, double y?2);

/I Implementations given to us
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Memory Management in C++

e Sometimes each classresentig the abstraction
(the gluares) will have its own iplementation.
In this case, it can be m@msible for deletig its
Implementation.

 However, inplementations can be shared across
objects r@resentig the abstractions. In this case,
some hgher level of control is needed.

1/14/00 Copyright © 1998-1999 Net Objectives 95




Example Implementation in Java

abstract clasSquare {

classClient {
double x1;
. . . . : double _y1;
public static void main (String argv[]) {
Square s1; double x2;
Square s2; doubl.e Y2
Drawing dp; Drawing _dp;

dp= new V1Drawing(); Square (Drawing dp, double x1, double y1, double x2,

s1= new RegularSquare( dp,1,1,2,2); double y2) {
_dp=dp;

dp= new V2Drawing (); _x1=x1;

s2= new FilledSquare( dp,2,2,4,4); _yl=y1;
_X2=X2;

s1.draw(); _y2=y2;

s2.draw(); }

} public void draw () {
} drawLine( _x1, yl1, x2, yl),

drawLine( _x2, yl, x2, y2),
drawLine( _x2, y2, x1, y2),
drawLine( _x1, y2, x1, yl),
}
public void drawLine (double x1,double y1,double x2,double y2)

{

NOTE: imports not included

_dp.drawLine( x1, y1, x2, y2);
}
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Java Example cont’d

classRegularSquareextends Square { abstract clasBrawing {
RegularSquare (Drawing dp, double x1, double y1, abstract void drawLine (double x1, double y1, double x2, double
double x2, double y2) { y2);
super( dp, x1, y1, x2, y2); abstract void fillArea (double x1, double y1, double x2, double
} y2);
} }
classFilledSquare extends Square { classV1Drawing extends Drawing {
FilledSquare (Drawing dp, double x1, double y1, void drawLine (double x1, double y1, double x2, double y2) {
double x2, double y2) { DP1.draw_a_line( x1, y1, x2, y2);
super( dp, x1, y1, x2, y2); }
} void fillArea (double x1, double y1, double x2, double y2) {
DP1.fill_area( x1, y1, x2, y2);
public void draw () { }
super.draw(); }
_dp-fillArea( _x1, yl, x2, y2),
} classV2Drawing extends Drawing {
} void drawLine (double x1, double y1, double x2, double y2) {
DP2.drawline( x1, y1, x2, y2);
}

void fillArea (double x1, double y1, double x2, double y2) {
DP2 fillitup( x1, y1, X2, y2);
}
}
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Java Example cont’d

classDP1 {
static void draw_a_line ( double x1, double y1, double x2, double y2)

{

// draw_a_line implementation

}

static void fill_area ( double x1, double y1, double x2, double y2) {
/I fill up between point

}
}

classDP2 {
static void drawline ( double x1, double y1, double x2, double y2) {
I/l draw_a_line implementation
}
static void fillitup ( double x1, double y1, double x2, double y2) {
/I fill up between points

}
}
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Defer Decisions Until Run-time

 Allows for addirg new classes later
* Has minimalperformance hit
* Increases flexibily

1/14/00

Copyright © 1998-1999 Net Objectives

99




The Abstract Factory Pattern

Intent: Provide an interface for creating
families of related or dependent objects
without specifying their concrete classes. 4

4 Design Patterns, Elements of Reusable Object-Oriented
Software, Gamma, Helm, Johnson, Vlissides
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An Example of Where It Applies

C

Client

Main Window

1/14/00

(Motif)
Dialog Window
& (Motif)
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An Example of Where It Applies (cont’d)

Client
Main Window

(Windows)

Main Window
(Windows)

Dialog Window
(Windows)

1/14/00 Copyright © 1998-1999 Net Objectives
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The Factory Object In Action

1. Ineeda
main window

. Factory 1

2. create thg window

Main Window
(Windows)

Step 1: Client asks for and creation
object (factory 1) makes a main

. Factory 1
X >

tell client about new window

Main Window
(Windows)

Step 2: Creation object tells client
where this is

Factory 1
(Windows)

client use

new window . .
Main Window

(Windows)

Step 3: Client uses the new object

window
. 1. I need a Factory 1 . Factory 1 Factory 1
dialog window \ (Windows) \ (Windows) (Windows)
—

2. create the window
Main Window
Dialog Window (Windows)
(Windows)

Step 4: Client asks for and creation
object makes a dialog window
(making sure it is of the same type)

tell client about new window
Main Window
Dialog Window (Windows)
(Windows)

Step 5: Creation object tells client
where this is

Main Window
(Windows)

(Windows)

Step 6: Client uses newly created
objects

1/14/00

Copyright © 1998-1999 Net Objectives

103




Classes of The Abstract Factory

abstract creation class

this class makes Windows windows this class makes Motif windows

1/14/00
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Classes of The Abstract Factory
In Context of Their Use

Client

Dialog window

A

Windows Dialog window

Motif Dialog window

1/14/00

0\ Main window

_ T

Windows Main window

Motif Main window

abstract creation class

| A

this makes Windows windows

this makes Motif windows
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A Little More Accurate

Dialog window /

Client

‘\

|

-

Windows Dialog window

Motif Dialog window

1
N
~
1

\/

1 -

Real Windows Dialog

Real Motif Dialog /

Main window

1

1

Windows Main window Motif Main window

-7 YJ—
\\ 1

=7 Yl
e
/| 1

\ 1

1/14/00

\ /

. /'l abstract factory |\

Real Windows Main / Real Motif Main

/

\

~ /

~ /

&

\

- |

' —

\ —

this makes Windows windows

this makes Motif windows
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Class Diagram of Abstract Factory

AF

+ make_main() : Main_Window
+ make_dialog() : Dialog_Window

A

AF_Windows

+ make_main() : Windows_M ain
+ make_dialog() : Windows Dialog

AF_Motif

+ make_main() : Motif_Main
+ make_dialog() : Motif_Dialog
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C++ Example of The Abstract Factory

class AF_Windows : public AF; class AF_Motif : public AF;

Main_Window * Main_Window *
AF_Windows::make main() { AF_Motif::make_main() {
return new Windows_Main; return new Motif Main;

} }

Dialog_Window * Dialog_Window *
AF_ Windows::make_dialog() { AF_Motif::make dialog() {
return new Windows_Dialog; return new Motif Dialog;

} }
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Java Example of The Abstract Factory

class AF_Windows extends AF { class AF_Motif extends AF {

Main_Window make main() { Main_Window make_ main() {
return new Windows_Main(); return new Motif Main();
} }
Dialog_Window make_dialog { Dialog_Window make_dialog {
return new Windows_ Dialog(); return new Motif Dialog();
} }
} }
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Abstract Factory Conceptually

rAbstract Creation Class )

All methods are pure virtual
make _new_main_window ():
make new dialo g_window ():

(i.e., they must be overriden )

This defines which

\, y

thin gs we create

These im plement

the methods to
create the ob jects

r

. . A [ . .
windows creation class motif creation class

make _new dialo g_window ():

make _new_main_window (): make _new_main_window ():
make a Windows main window make a Motif main window

make _new_dialo g_window ():
\_Make a Windows dialog window \_nake a Motif dialog window )
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Thinking In Patterns

We've conpleted the baajround:
o we've learned foupatterns

e we'vegot a solution (albeit bad) without them
e we know there is a better solution

1/14/00
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Re-Thinking Our Solution

o Our Initial design focused on classes
e Our solution had several problems

 \We knew of several patterns that were
Involved

* \We used the patterns to solve local
problems that existed in our class-based
design
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Design According To

Christopher Alexander

e Despn is often thoght of as beig aprocess of

synthesis

 The best degns cannot be made this ywa
 The best degns are @rocess of differentiation

Excerpt from_The Timeless Way of Buildily Christopher Alexander (italics his).

1/14/00
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Differentiating Space

More from Alexander

... every individual act of building Is a process in which
space gets differentiated. It is not a process of addition, in
which pre-formed parts are combined to create a whole:
but a process of unfolding, like the evolution of an embryo,
In which the whole precedes its parts, and actually gives
birth to them, by splitting.

Each part is slightly different, according to its position In
the whole.

Design is often thought of as a process of synthesis, a
process of putting together things, a process of
combination.
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Differentiating Space - Cont’d

According to this view, a whole is created by putting
together parts. The parts come first: and the form of the
whole comes second.

But it is impossible to form anything which has the
character of nature by adding preformed parts.

When parts are modular and made before the whole, by
definition then, they are identical, and it is impossible for
every part to be unique, according to its position in the
whole.

It is only possible to make a place which is alive by a
process in which each part is modified by its position in
the whole.
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Differentiating Space - Cont’d

In short, each part is given its specific form by its existence
In the context of the larger whole.

This Is a differentiating process.

It views design as a sequence of acts of complexification;
structure is injected into the whole by operating on the
whole and crinkling it, not by adding little parts to one
another. In the process of differentiation, the whole gives
birth to its parts: the parts appear as folds in a cloth of
three dimensional space which is gradually crinkled. The
form of the whole, and the parts, come into being
simultaneously.

The image of the differentiating process is the growth of an
embryo.
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Differentiating Space - Cont’d

The unfolding of a design in the mind of its creator, under
the influence of language, is just the same.

Each pattern is an operator which differentiates space: that
IS, It creates distinctions where no distinction was before.

And in the language the operations are arranged in
sequence: so that, as they are done, one after another,
gradually a complete thing is born, general in the sense that
It shared its patterns with other comparable things; specific
In the sense that it is unique, according to its
circumstances.

The language is a sequence of these operators, in which
each one further differentiates the image which is the
product of the previous differentiations.




Using Thinking in Patterns to Define Our
Application Architecture

 Based on Chrisfmner Alexander'ohilosaphy of
using apattern [as] an jperator which
differentiates gace: [creatig] distinctions where
no distinction was before.

o Start at hghest concgtual level.

 Decide whichpatterns create the context for the
otherpatterns.

* Apply patterns in this ordepgetting more detailed
asyou go.
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Which Patterns Create
Context for Others?

e Object Adapter: local - doesn’t create context for
anything
e Facade:local - doesn’t create context forydining

e Bridge: creates context for both jaot adater
and facade

« Abstract Factory: involved in creatig
everthing, but needs to see what to create before
It can be inplemented
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How To Determine Context

e Sincepatterns are interrelated, we can’t plgnask
which pattern, if goplied, would affect another
one?

e Onepattern ypically will define the context of the
other.

* Try it both wa/s and see which makes more sense.

e Sometimes, it Is not clear and tbegtterns are
colpled.
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Decide What to do Before Deciding How
to Instantiate Your Objects

 We should trust that after we’ve decided what our
classes should be that we can instantiate them

properly
e This sinplifies the thinking process
e De-couples action from instantiation

1/14/00 Copyright © 1998-1999 Net Objectives 121




Model
<
1 0..*
Slot_Feature
Hole Feature
1/14/00

Start at the Highest Level

Feature

/A

Cutout_Feature

Special Feature

Irregular_Feature
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Model

Apply Bridge Distinction

Feature

0..*

i

Imp_Feature

|

0

Slot_Feature

Cutout_Feature

Special_Feature

V1 Imp V2_Imp

1/14/00

Hole Feature

Irregular_Feature
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Apply Facade Distinction

Model Feature Imp_Feature
1 0..* Zﬁ 1 1 4
’ X Vi Imp V2 Imp
Slot_Feature Cutout_Feature Special_Feature
Hole_ Feature Irregular_Feature V1 Facade
V1 modl V1 mod2 V1 mod3
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Model

Apply Adapter Distinction

Feature

Imp_Feature

1 0.* 1 Z>
‘ 5 V1 Imp V2_Imp
Slot_Feature Cutout_Feature Special_Feature OOG_Feature
| 1o
\ z x
Hole_Feature Irregular_Feature V1_Facade [ [ ‘
OOG_Silot OOG_Cutout OOG_Special
\
e N
L \ A
V1 modl V1 _mod2 V1 _mod3 OOG_Hole OOG_Irregular

1/14/00
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Solution with Patterns

Bridge
Abstraction Implementation

Mol Featurg -> Imp_Faatuna

Adapter
W1_Imp W2_lmp

ot Feature Lutout Feature Special Feature il LHHz Feature

E’ .-_-_.'
Hiale_Featurs riegular_Featurg iEj,{):-" W1_Facada
e

S SR e
Q DOG_Slot | | QOG_Cutout

e W =i
Vi mod 1 W1 mod2 W1 mod3 000G Hole
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Model

The Original Solution

Feature

+ feature_type()

+ get_x
+gety

loc()
loc()

|

Slot_Feature
+ get_length()

&

|

Hole Feature

+ get_diameter()

-

Cutout_Feature

+ge

t size()()

L

Irregular_Feature

Special_Feature

+ get_num_segs()
+ get_segment i()

+ get_num_components()
+ get_component_i()

]

[

B

[

!

V1 Slot V2_slot V1 Hole || V2 _Hole V1 _Cutout | V2_Cutout V1 Irregular || V2_Irregular || V1_Special V2_Special
| \ | I | \ I |
\ VA \ \ [ VA \ /N \V4 I \Vi
\ OOG_Silot \ | OOG_Hole /| |\ \ | OOG_Cutout | / | \ OOG_Irregular | OOG_Special
\ \ I \\ AV /
N
\ D P \ /
\ SN = N = \
\ “= > v1_System = /
\77777774:if7777t/7 gngfff::>/
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How To Do Pattern Oriented Design

e Study yourproblem domain
* Discover whapatterns exist there

o See If thgoroblemyou are tying to solve can be
discussed in terms of thegatterns

* |f so,you are reaglto proceed to the next gigelf
not, continue to look fopatterns, or describe the
relationshps present

 Find thatpattern that defines th@imary context
 Apply that, and continue thjgocess
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How To Learn More

Net OQhectives offers trainigin Pattern Oriented Deagi
both for those new to géct-oriented technoffy and
those eperienced in OO.

Training also available in OOA, Java, C++ and CORBA.
Mentoring and consultig can bgorovided.
On-site courses available.

www.netopectives.com
alshall@netojectives.com -- 425-260-8754
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