
‘Fortran? C++? Egal!
Ein guter Programmierer kann Spaghetti-Code

in jeder Sprache schreiben!’

Wohl nicht ganz ernstgemeinte Bemerkung eines unbekannten Software-Gurus
(Gehört irgendwann Ende der 90er Jahre)
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Design Patterns

A Design Pattern is:
Description of a Standard Solution for ...
... a Standard Design Problem ...
... in a Certain Context.

Goal:
Re-use of Design Information

Benefits:

Don’t Need to Re-invent the Wheel

Code Structure Easier to Understand

Easier Maintenance

Help for Beginners to Learn Good Practices
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Design Patterns

Many Analogies Exist:
Song Styles and Theater Plays
Novels
Architecture and Engineering

Critical of traditional modern Architecture

Patterns as solution guides

Incremental Building

Empower Laypeople to Create Design
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Design Patterns (A Classification)

Quelle: http://de.wikipedia.org/wiki/Design Patterns
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Design Patterns
Design Patterns Help to Translate Object-Oriented Design Rules

Dependency Management
Components
Re-Use of Code
Ease of Planned (and Unplanned) Changes
Maintenance
Code Quality
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Creational Patterns

Organize Object Creation

Class Creational Patterns
Factory Method
...Defer (Part of) Object Creation to Subclasses

Object Creational Patters
Abstract Factory
Singleton
Defer (Part of) Object Creation to Other Objects
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(Abstract) Factory Pattern (I)

Use Case: Portable Software Applications ...

....Encapsulate Platform Dependencies (e.g. Windowing System, Databases, ...)

Provide an Interface to Create Families of Related or Dependent Objects
WITHOUT Specifying their Concrete Class

Easy to Replace Functionality

Alternative: Prototype
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Factory Pattern (II)

# i n c l u d e <i o s t r eam >

// Produkt
a b s t r a c t c l a s s Mah l z e i t {
} ;

// Konkre te s Produkt
c l a s s Piz za : pub l i c Mah l z e i t {

pub l i c :
P i z za ( ) {

s t d : : cout << ” P i z za gebacken . ” << s t d : : e nd l ;
} ;

} ;

// Noch e i n konk r e t e s Produkt
c l a s s Ros twur s t : pub l i c Mah l z e i t {

pub l i c :
Ros twur s t ( const char ∗ b e i l a g e ) {

s t d : : cout << ”Ros twur s t gebra ten . ” << s t d : : e nd l ;
i f ( b e i l a g e ) {

s t d : : cout << ” S e r v i e r t mit ” << b e i l a g e << s t d : : e nd l ;
}

} ;
} ;
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Factory Pattern (III)

// Erzeuge r
c l a s s Res taurant {

pro tected :
Mah l z e i t∗ mah l z e i t ;

// Die Factory−Methode . H i e r w i rd das konk r e t e Produkt e r z eu
v i r t u a l vo id b e r e i t eMah l z e i t Z u ( ) = 0 ;

v i r t u a l vo id nimmBeste l lungAuf ( ) {
s t d : : cout << ” I h r e B e s t e l l u n g b i t t e ! ” << s t d : : e nd l ;

} ;

v i r t u a l vo id s e r v i e r eM a h l z e i t ( ) {
s t d : : cout << ” H i e r I h r e Mah l z e i t . Guten Appe t i t ! ” << s t d : :

} ;

pub l i c :
// D iese Methode benutz t d i e Factory−Methode .
vo id l i e f e r e M a h l z e i t ( ) {

nimmBeste l lungAuf ( ) ;
b e r e i t eMah l z e i t Z u ( ) ; // Au f r u f de r Factory−Methode
s e r v i e r e Ma h l z e i t ( ) ;

}
} ;
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Factory Pattern (IV)

// Konkre te r Erz euge r f {\”u} r konk r e t e s Produkt ” P i z za ”
c l a s s P i z z e r i a : pub l i c Res taurant {

pub l i c :
v i r t u a l vo id b e r e i t eMah l z e i t Z u ( ) {

mah l z e i t = new Piz za ( ) ;
}

} ;

// Konkre te r Erz euge r f {\”u} r konk r e t e s Produkt ”Ros twur s t ”
c l a s s Rostwurstbude : pub l i c Res taurant {

pub l i c :
v i r t u a l vo id b e r e i t eMah l z e i t Z u ( ) {

mah l z e i t = new Ros twur s t ( ”Pommes und Ketchup ” ) ;
}

} ;

i n t main ( ) {
P i z z e r i a daToni ;
daToni . l i e f e r e M a h l z e i t ( ) ;

Rostwurstbude b runo s Imb i s s ;
b r uno s Imb i s s . l i e f e r e M a h l z e i t ( ) ;

}
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Structural Patterns

Compose Complex Structures from Small Ones

Class Structural Patterns
Compose Interfaces or Implementations Using Class Inheritance
Adapter Pattern

Object Structural Patterns
Compose Objects to Get New Functionality...
... Preferably at Run-Time
Adapter, Composite, Decorator, Proxy
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Composite Pattern (I)

Compose objects into tree structures to represent whole-part hierarchies

Composite lets clients treat individual objects and compositions of objects
uniformly

Recursive composition

Example: Directories contain entries, each of which could be a directory
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Composite Pattern (II)

#i n c l u d e < i o s t r eam>

#i n c l u d e <vec to r >

us ing namespace s t d ;

// 2 . Crea te an ” i n t e r f a c e ” ( l owe s t common denominator )
c l a s s Component
{

pub l i c :
v i r t u a l vo id t r a v e r s e ( ) = 0 ;

} ;

c l a s s Lea f : pub l i c Component
{

// 1 . S c a l a r c l a s s 3 . ” i s a ” r e l a t i o n s h i p
i n t v a l u e ;
pub l i c :
Lea f ( i n t v a l )
{

v a l u e = v a l ;
}
vo id t r a v e r s e ( )
{

cout << v a l u e << ’ ’ ;
}

} ;
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Composite Pattern (II)

c l a s s Composite : pub l i c Component
{

// 1 . Vector c l a s s 3 . ” i s a ” r e l a t i o n s h i p
v e c t o r < Component ∗ > c h i l d r e n ; // 4 . ” c o n t a i n e r ” coup l ed to
pub l i c :
// 4 . ” c o n t a i n e r ” c l a s s coup l ed to the i n t e r f a c e
vo id add ( Component ∗ e l e )
{

c h i l d r e n . push back ( e l e ) ;
}
vo id t r a v e r s e ( )
{

f o r ( i n t i = 0 ; i < c h i l d r e n . s i z e ( ) ; i++)
// 5 . Use polymorphi sm to d e l e g a t e to c h i l d r e n
c h i l d r e n [ i ]−> t r a v e r s e ( ) ;

}
} ;
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Composite Pattern (III)

i n t main ( )
{

Composite c o n t a i n e r s [ 4 ] ;

f o r ( i n t i = 0 ; i < 4 ; i++)
f o r ( i n t j = 0 ; j < 3 ; j++)

c o n t a i n e r s [ i ] . add (new Lea f ( i ∗3+ j ) ) ;

f o r ( i = 1 ; i < 4 ; i++)
c o n t a i n e r s [ 0 ] . add (&( c o n t a i n e r s [ i ] ) ) ;

f o r ( i = 0 ; i < 4 ; i++)
{

c o n t a i n e r s [ i ] . t r a v e r s e ( ) ;
cout << end l ;

}
}

Output

[1 :] main.exe

0 1 2 3 4 5 6 7 8 9 10 11

3 4 5

6 7 8

9 10 11
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Behavioral Patterns

Implement Algorithms

Class Behavioral Patterns
Use Inheritance to Separate Algorithm Invariants from Algorithm Variants
Template Method

Object Behavioral Patters
Use Object Composition to Distribute Algorithm Parts
Chain-of-Responsibility, Iterator, State, Observer Strategy
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Chain of Responsibility (I)

Avoid coupling the sender of a request to its receiver by giving more than one
object a chance to handle the request

Chain the receiving objects and pass the request along the chain until an object
handles it

Launch-and-leave requests with a single processing pipeline that contains many
possible handlers

An object-oriented linked list with recursive traversal
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Chain of Responsibility (II)

c l a s s Base
{

Base ∗ nex t ; // 1 . ” nex t ” p o i n t e r i n the base c l a s s
pub l i c :
Base ( )
{

nex t = 0 ;
}
vo id s e tNex t ( Base ∗n )
{

nex t = n ;
}
vo id add ( Base ∗n )
{

i f ( nex t )
next−>add ( n ) ;
e l s e
nex t = n ;

}
// 2 . The ” cha in ” method i n the base c l a s s a lway s d e l e g a t e s
v i r t u a l vo id hand l e ( i n t i )
{

next−>hand l e ( i ) ;
}

} ;
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Chain of Responsibility (II)

c l a s s Handler1 : pub l i c Base
{

pub l i c :
/∗ v i r t u a l ∗/ vo id hand l e ( i n t i )
{ i f ( rand ( ) % 3)

{
// 3 . Don ’ t hand l e r e q u e s t s 3 t imes out o f 4
cout << ”H1 pa s s s ed ” << i << ” ” ;
Base : : hand l e ( i ) ; // 3 . De l ega te to the base c l a s s

}
e l s e
cout << ”H1 hand l ed ” << i << ” ” ;

} } ;

c l a s s Handler2 : pub l i c Base
{

pub l i c :
/∗ v i r t u a l ∗/ vo id hand l e ( i n t i )
{ i f ( rand ( ) % 3)

{
cout << ”H2 pa s s s ed ” << i << ” ” ;
Base : : hand l e ( i ) ;

}
e l s e
cout << ”H2 hand l ed ” << i << ” ” ;

} } ;
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Chain of Responsibility (III)

c l a s s Handler3 : pub l i c Base
{ pub l i c :

/∗ v i r t u a l ∗/ vo id hand l e ( i n t i )
{ i f ( rand ( ) % 3)

{ cout << ”H3 pa s s s ed ” << i << ” ” ;
Base : : hand l e ( i ) ;

}
e l s e
cout << ”H3 hand l ed ” << i << ” ” ; }

} ;

i n t main ( )
{ s rand ( t ime ( 0 ) ) ;

Handler1 r oo t ;
Handler2 two ;
Handler3 th r ;
r oo t . add(&two ) ;
r oo t . add(& th r ) ;
t h r . s e tNex t (& roo t ) ;
f o r ( i n t i = 1 ; i < 10 ; i++)
{ r oo t . hand l e ( i ) ;

cout << ’ \n ’ ; }
}
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Output

[1:]> main.exe
H1 passsed 1 H2 passsed 1 H3 passsed 1 H1 passsed 1 H2 handled 1
H1 handled 2

H1 handled 3
H1 passsed 4 H2 passsed 4 H3 handled 4

H1 passsed 5 H2 handled 5
H1 passsed 6 H2 passsed 6 H3 passsed 6 H1 handled 6

H1 passsed 7 H2 passsed 7 H3 passsed 7 H1 passsed 7 H2 handled 7
H1 handled 8
H1 passsed 9 H2 passsed 9 H3 handled 9
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Singleton (I)

Ensure a class has only one instance, and provide a global point of access to it.

Application needs one, and only one, instance of an object
e.g. Histogram Manager

Private Constructor

Make the class of the single instance object responsible for creation, initialization,
access, and enforcement

Declare the instance as a private static data member

Provide a public static member function that encapsulates all initialization code,
and provides access to the instance

The ‘static member function accessor’ approach will not support subclassing of
the Singleton class
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Singleton (II)

c l a s s G l o b a l C l a s s
{

i n t m value ;
s t a t i c G l o b a l C l a s s ∗ s i n s t a n c e ;
G l o b a l C l a s s ( i n t v = 0)
{

m value = v ;
}
pub l i c :
i n t g e t v a l u e ( )
{

r e t u r n m value ;
}
vo id s e t v a l u e ( i n t v )
{

m value = v ;
}
s t a t i c G l o b a l C l a s s ∗ i n s t a n c e ( )
{

i f ( ! s i n s t a n c e )
s i n s t a n c e = new G l o b a l C l a s s ;
r e t u r n s i n s t a n c e ;

}
} ;
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Singleton (III)

// A l l o c a t i n g and i n i t i a l i z i n g G l o b a l C l a s s ’ s
// s t a t i c data member . The p o i n t e r i s be i ng
// a l l o c a t e d − not the o b j e c t i n s e l f .
G l o b a l C l a s s ∗ G l o b a l C l a s s : : s i n s t a n c e = 0 ;

vo id f oo ( vo id )
{

G l o b a l C l a s s : : i n s t a n c e ()−> s e t v a l u e ( 1 ) ;
cout << G l o b a l C l a s s : : i n s t a n c e ()−> g e t v a l u e ( ) << ’ \n ’ ;

}

vo id bar ( vo id )
{

G l o b a l C l a s s : : i n s t a n c e ()−> s e t v a l u e ( 2 ) ;
cout << G l o b a l C l a s s : : i n s t a n c e ()−> g e t v a l u e ( ) << ’ \n ’ ;

}

i n t main ( )
{

cout << G l o b a l C l a s s : : i n s t a n c e ()−> g e t v a l u e ( ) << ’ \n ’ ;
f oo ( ) ;
bar ( ) ;

}
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Output

[1 :] main.exe

0

1

2
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Summary and Outlook

Design Patterns Useful to Write and Maintain Re-Usable Software Packages

Design Patterns:
Structural Patterns
Behavioral Patterns
Creational Patterns

HEP: Programs Have Sometimes Special Patterns due to Particular Requirements

High Throughput
Variable Algorithms
Long Lifetime of Code
Programming Interfaces for Users
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Blackboard Pattern

Model Traditional HEP Data Processing with Objects

Event Store Holds Event Data

Processing Module Gets Transient Objects and Puts new Transient Objects

AbsInput and AbsOutput Decouple IO System from Data Processing

ATLAS ‘StoreGate’ BaBar ‘event’
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Thank you for your Attention!!!!!!!!
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