new functionality n

m Flexible structures thatcan ®
be changed at run-time u

| ]

| ]

Problems:

m Fixed class for every
composition is required at
compile-time otherwise

V.4 Structural Pattern

Motivation: Patterns:
m Compose objects to realize ® Composite Pattern

University of Paderborn

Software Engineering Group &

Decorator Pattern
Bridge Pattern
Adapter Pattern
Facade Pattern
Flyweight Pattern
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Intent: Compose objects into a
tree to represent part-whole
hierarchies where the o
composition and its parts are
treated uniformly

Related Patterns

m Often the Decorator Pattern is
used combined with the
Composite Pattern.

m The lterator Pattern can be
used to traverse composite
structures.

m The Visitor pattern can be
used to localize behaviour
that would otherwise be
distributed across the
composites and leafs.

Composite Pattern

University of Paderborn

Software Engineering Group &

THerdger
[r——
. | nbskract ) P
M F e e e
™| cRmmosvicomparan Comgonmt; Sadan
e e ] Comporant
= |
T
F E,
THEmede (ECTET=o
Lesl Compuile
Ei=r o [FRddcomparand Comgoned] vad b
ua timmperant L omgorimi] . Bl
5 Wede s @) O e
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Composite Pattern Example

Support a tree (DAG) of similar/uniform treated objects
(Example: Lexi document structure)

Advantages:
m Uniform simply extendable structure
m Implicit operation forwarding

m Simple recursive traversing

Naive OO solution:
m Many classes

m Many casts @ G’ @ @

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture vV-27

Composite Pattern Realization

Glyph
Draw ( Window )

A

Intersects ( Point ) .
Add(g:Glyph, int) children
GetChild (i : int)
Rectangle
Character Composite
c:char Draw (w : Window) ~ ~
Polygon Intersects (p : Point) Y3
Draw (w : Window) Add (g : Glyph,i : int) \\
Intersects (p : Point) — GetChild( i:int) :
1
111 «body»
forall g in children
Column Row g.Draw (w);
I

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture IvV-28
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Composite Pattern Realization

Idea:

Implementation:

Common abstract superclass (Glyph) determines ALL essential properties
For application this rather abstract superclass is often enough

Composite forwards his operations to all children

=> Apply operations uniformly on (sub-)trees

Explicit parent reference? => Better use association instead of simple reference
Sharing components? Later => Design Pattern Flyweigth

Maximizing base-class interface? Yes!
- subclasses may inherit useless methods
+ more uniform classes prevent casts
Where are the child managing operations “Add” and “Remove” declared?
O Composite => type safe, but contradicts "maximizing base-class interface"
O Component => not type safe because leafs will never contain other composites
Child ordering? Often yes!
Who should delete components? Composition or Shared Aggregation? Often
Composition!
IV-29
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Implementation Variant 1

Glyph [—file Glyph java-—-
draw {ordered} void draw () {
. for( ... start... ) { [T~ ""7"773
Eh_"_dr?'j . iter.draw(); !
- == - 4Composite} 7 i
I,' ‘,' Glyph {ordered} i
- N draw children i
Char Composite [ -+ b i
draw draw :' N\ ;
,r/ —————————— ﬁé;m posﬁ%‘
file Composite java------- Tttt
void draw () { Leaf
for( ... start... ) { draw
iter.draw(); } A
Efficient Variant: Clean Variant
m Distinguish char from the rest = Keep uniform treatment

IV-30
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Decorator Pattern

Intent: Attach additional
functionality to objects and not
classes dynamically

Alternative to subclassing!

Also Known As: Contratetmmpanind jovelied
| alepirmid |

Wrapper by | by |

Related Pattern:
m Adapter change interface
m degenerated form of Composite e |

that adds responsibilities .—.t:“"—m- pepr——

. - L o ol
m change skin rather than internals (i) R

such as Strategy

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture
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Decorator Pattern Example

Example:

m Add Frames, Scroll Bars,

Borders, Background,
Shadows, etc. to the
document root

Basic OO:

m Redefine method
Problem:

m Not flexible

m Add/Remove "Decorators”
Leads to complex case
statements

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture

IV-32




A
Decorator Pattern Realization

Idea:

m Use explicit Decoration
objects

m Dynamic changes
possible

Design Goal:
m "seamless" decoration
=> Standard:

O Forward most

operations

o Decorate some

operations and add
functionality and

status where required

for_each g in children
g.draw ()

University of Paderborn
Software Engineering Group

Glyph I

“draw ()
intersects (p : coord)

I

super.draw ();
drawBorder ();
drawScroller ();

Document

Dr. Holger Giese

-draw( )
intersects (p : coord)

-drawBorder ()
-drawScroller ()

WS01/02 - Design Pattern and Software Architecture
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{orderec

children

parent
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Decorator Pattern Realization
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Also Known As:

Bridge Pattern

Intent: Decouple abstraction and T

implementation of class hierarchies Aziraction

Handle/Body

Oparabion(]

P CH ]

Motivation:

Hierarchy of classes with similar e
functionality Fiine dAnstractio
Achieve platform independence using

abstract superclasses and platform

specific subclasses

Explosion of the class hierarchy

Related Patterns:

An Abstract Factory may create and
configure a Bridge

While a Bridge is designed up-front an
Adapter might be used in already
existing systems

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture
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lma e
implemanter
{batvmod |
[ rpemmaringt [Tab] |

x

[ almeme |
Coarwelel sl plomerd o

G
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Bridge Pattern Example

Design Aspects:

"double dispatch”: the kind of

window and its specific

implementation determines the

finally called operation

Flexible separation of interface

objects and implementation

objects

Implementation can be

exchanged without recompilation
=> shared libraries

Windowlmp interface is sufficient

for all specific kind of windows

Windowlmp subclasses often

adapter for the related basic
libraries

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture
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Bridge Pattern Realization

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture IV-37

Adapter Pattern

Intent: Adapt extern

interfaces (libraries, = B "'F:.’::’:
modules, ...) to the i e e
required internal SR
interfaces
Also Known As: ﬁ*u;“.‘.‘ atee | :“?"";-. |
Wrapper
Example: S
. mgrer] |
Type conversions for it psctiie et
parameters

Related Pattern:
The Bridge is used to separate the interface form its implementation
while the adapter is used to change the interface to an existing object

Proxies are representatives for other objects, but do not change the
interface

Decorator keeps the interface and adjusts functionality while the
Adapter adjust the interfacse and keeps the functionality

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture IV-38




Adapter Pattern Realization

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture V-39

Facade Pattern

Intent: Provide a unified interface S
to a set of interfaces in a ME— Facade
subsystem 7]

| "
Motivation: f
Support subsystem J

encapsulation using a single
explicit interface object

Related Patterns:
An Abstract Factory may provide an interface for creating objects in a
subsystem independent way
An Abstract Factory can be used as alternative by hiding subsystem
specific classes
A Mediator has similar functionality, but has two combined systems and
does not abstract form one of them
Often Facade objects are also Singletons

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture IV-40
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Cr Fa
Intent: Use object sharing Mremrene |, tmae)  Teeey
to support huge APl ey | Fremghl T [ bree T T
numbers of fine-grained 0 —'—-—I_u g
objects efficiently : T, P
Gl Ppwmghiion ] | { Y
n I'_':\:i m:j :3::4' I Y
Motivation: e e / \
Benefit from using ' / Y
objects also where their ! 4
unshared usage would / \
be prohibitively T T
eXpenS've CarapebaFhpight e Bt -0 el 6 P gl
Wpedoied e e | | aChperaont wdnros Aa: |
Related Patterns: h
Often combined with ] Ju'
Composite
State and Strategy
objects are often
Flyweights
Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture IV-41
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Flyweight Pattern Example

Problem: —

Number of character objects

becomes a problem when for

each character font attributes

etc. have to be stored (6{{ }ag
rann @ °

Intrinsic state:

Independent of context
Extrinsic state: column
Varies with the context . .
comp05|te comp05|te

Example:
Character (intrinsic)

Font, location (extrinsic) T @l Drere DD
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V.5 Behavioural Pattern

Motivation: Patterns:

Assign responsibilities
between objects to
realize algorithms and
behaviour

Problem:

How to distribute
behaviour between
different classes

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture

Strategy Pattern
Template Method
Iterator Pattern
Visitor Pattern
Command Pattern
Memento Pattern
Hook Pattern
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Strategy Pattern

Intent: Encapsulation of a family of i
dynamically interchangeable
algorithms

Also Known As:
Policy
Problem:

“Best" algorithm can often not
uniquely determined due to
trade-offs: Run-time <->
Memory, Run-time <-> Quality
Best solution depends on
problem characteristics: e.g. for
sorting: data structure, stability,
problem size, ...

Related Pattern:

Strategy objects often make
good flyweights

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture
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Strategy Pattern Example

Formatter:
quick&dirty
slow&fine (TeX)

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture IV-45
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Strategy Pattern Realization

Idea:
explicit algorithm
object
Abstract algorithm
superclass
"Delegation”

dynamically assign
what algorithm
should be used

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture IV-46
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Strategy Pattern Realization

Key Issue: Strategy / Context Interface

Strategy “knows" Context structure:

Strategy has reference of
Context/Document

Context provides “fat" interface =>
tight Context/Strategy coupling

Context propagation via parameter:

information to the Strategy: loosely
coupling

Problem: TEXFormatter requires
more details than Simpleformatter!

=> always provide MAXIMAL
information

See also: Visitor Design Pattern

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture

Context provides ALL required 7
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Strategy Pattern Realization

Pros:
Families of algorithms
An alternative to subclassing

Strategies eliminate conditional (switch)
statements

(dynamic) choice of implementation

Cons:
Delegation => communication overhead

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture
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Template Method Pattern

THewrdga

Intent: Define a skeleton AsirastClass

University of Paderborn
Software Engineering Group

[Gamma+1994]

algorithm with steps deferred ==,
to subclasses

Example:
Sort algorithm parameterised | e~
with iterator, less-op, swap-
op

Related Pattern:

Factory Methods are often
called by Template Methods

Template Methods use
inheritance to vary parts of
the algorithm while Strategy
use delegation to vary the
entire algorithm

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture
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Template Method Example
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Template Method Realization

Design aspects:
An OO classics!
Reuse superclass with extensive implementation

Simple application/context specific subclasses define the
details in deferred operations

Extract “common” code/functionality into superclass

Implementation:
Access control: deferred operations have to be protected
Minimizing the number of required deferred operations
Naming Convention: name deferred operations doXXX

Dr. Holger Giese WS01/02 - Design Pattern and Software Architecture
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