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GoF patterns

» Design patterns are descriptions » Various popular sources on the
of communicating objects and Web .....
classes that are customized to solve
a general design problem in a
particular context.

Design Patterns

Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissid

o
=
=)
=)
)
=
m
(V2]
©
m
)
=
=
(@)
=
o
&
=%
(©)
Z
5
=
@)
(@)
Z
=
=
=
Z
(2}
o
=
o
&

tutoint java%oi nt

SIMPLY EASY LEARNING

Foreword by Grady Booch
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GoF patterns & the unfortunate student...

Sometimes, the information we find on the
Web about the GoF patterns deviates from the
original pattern definitions ......
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Research goal

Design Patterns

Elements of Reusable
Object-Oriented Software

REFACTORING

*GURU-

—

Assess the compliance of pattern
definitions and examples we find on
the Web to the original GoF pattern
definitions.
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Setup of the study

Source Making Refactoring Guru Tutorials Point Java T Point ALL
Corpus Patterns' . . - _—— _——
Definitions and Examples Definition Example(s) Definition | Example(s) Definition|Example(s)| Definition | Example(s) Definitions| Examples
_  |Abstract Factory v 7 v 10 v 1 v 1 4 19
€  |Builder v 5 v 10 v 1 v 1 a4 17
*  |Factory Method v 6 v 10 v 1 v 1 4 18
S |Prototype v 7 v 10 v 1 v 1 4 19
Singleton v 4 v 10 v 1 v 1 4 16
Adapter v 6 v 10 v 1 v 1 4 18
Bridge v 5 v 10 v 1 v 1 4 17
®  |Composite v 9 v 10 v 1 v 1 4 21
£  |Decorator v 8 v 10 v 1 v 1 4 20
= |Facade v 5 v 10 v 1 v 1 a 17
Flyweight v 7 v 10 v 1 v 1 4 19
Proxy v 6 v 10 v 1 v 1 4 18
Chain of Responsibility v 6 v 10 v 1 v 1 4 18
Command v 8 v 10 v 1 v 1 4 20
Interpreter v 5 x 0 v 1 v 1 3 7
- Iterator v 6 v 10 v 1 v 1 4 18
£ |Mediator v 6 v 10 v 1 v 1 4 18
= |Memento v 5 v 10 v 1 v 1 4 17
G [Observer v 8 v 10 v 1 v 1 a 20
State v 9 v 10 v 1 v 1 4 21
Strategy v 5 v 10 v 1 v 1 4 17
Template Method v 5 v 10 v 1 v 1 4 17
Visitor v 6 v 10 v 1 x 0 3 17
[Total 23 144 22 220 23 | 23 22 22 90 409
P 5 ER 2023, Lisbon




Setup of the study

Objectives Comparison protocol

» ldentify kinds of deviations. » Intent of pattern

» Quantify compliance: definitions/
» # of deviations in pattern » Participants in definitions
definitions/examples. and examples.
» % of deviating » Methods in definitions and
definitions/examples. examples.
» Density of deviations in » Method

pattern definitions/examples. implementations in

# of deviations / cardinality examples

of examined set.
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Kinds of deviations in pattern
definitions & examples
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Intent deviations

GoF definrtion Site definition

Pattern Intent: Pattern Intent:
e ? ? ?
S,

y ~
/ AN il S
s N s A
s Y s Y
Participant A Participant B Participant A Participant B
+methodAd() +methodB1() +methodAd() +methodB1()
+methodAZ() +methodB2() +methodAZ() +methodB2()

The pattern definition given in the Web site does not
reflect the original purpose of the pattern....
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T

rroneous participants

GoF definition Site definition/example
methodA1() { methodA1() { .
/I ParticipantA should behave like this !! /i ParticipantA DOES NOT behave as it should !!
--------------------- _
} }
. y P
F i P
Fa Fd
o Participant B 2 £ Participant B
Participant A +methodB1() Participant A +methodB1()
+methodB2() +methodB2()
::ﬁﬂ:;:; +methodB3() :mmgﬂg +methodB3()
+methodB4() +methodB4()
+methodB5() +methodB5()

Participants do not behave as they should according to
the original pattern definition.
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Missing participants

GoF definition Site definition/example
Participant B Participant B
—+methodB1() “+methodB1()

+methodB2() +methodB2()

Participant A | Participant A |

+methodAl() n +methodAl1()

+methodA2() Participant C +methodA2() P c
+methodC1() +methodC1()
+methodC2() +methodC2()

Definitions/examples do not include all the participants
specified in the original pattern definition.
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Incomplete participants

GoF definition Site definition/example
Participant B Participant B

Participant A +methodB1() Participant A +meﬂ1ﬂd§;{]
+methodB2() +methodB2()

+methodA1() +methodAl{) ,
+methodA2() HMehodB() +methodA2() metadiag
+methodB4() +methodB4()

+methodB5() +methodB5()

Participants do not provide a complete and exact set of
methods as specified in the original pattern definition.
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VS.

REFACTORING
*GURU-

Builder Pattern
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GoF Builder

Design Patterns
Elements of Reusable
Object-Oriented Software

“Separate the construction of a complex object from its
representation so that the same construction process can create
different representations.”

%
Director Builder
+construct() | <" |+buildPart()
[
, AN
I
construct() { B
ConcreteBuilder
for all objects in structure { +huildPart() —%| Product
builder.buildPart(); +getResult() : Product

}

}

p I3 ER 2023, Lisbon



Intent Deviation:

o ), . "
Design Patterns |
Elements of Reusable g |
Object-Oriented Software
Erich Gamma

"Separate the construction of a complex object from
its representation so that the same construction process
can create different representations."

i

"Builder pattern builds a complex object using

simple objects and using a step by step approach.
This type of design pattern comes under creational

pattern as this pattern provides one of the best ways

REFACTORING
“CURU? to create an object.A Builder class builds the final

object step by step.This builder is independent of
other objects."
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Erroneous Participants:
Builders the do not build!!

Director realizes 3 (clone) construction processes
which depend on the internal representation of the

: " —
constructed objects !!! REFACTORING
*GURU-

public void constructSportsCar(Builder builder) { N

builder.setCarType(CarType.SPORTS_CAR);

Eu!::er.sezgea!su(j; Engine(3.0, 0)) Director

uilder.setEngine(new Engine(3.0, 0)); - - ——

builder.setTransmission(Transmission.SEMI_AUTOMATIC); - +c°n9tmctSP°ﬂsc?mn b u"d?r . lBunIder)

. . . i _ - [+constructCityCar(in builder : Builder)
builder.setTripComputer(new TripComputer()); +constructSUV(in builder : Builder)
builder.setGPSNavigator(new GPSNavigator()); v .

} «interface»

public void constructCityCar(Builder builder) { Builder
builder.setCarType(CarType.CITY_CAR); +setCarType()
builder.setSeats(2); +setSeats(in seats : int)
builder.setEngine(new Engine(1.2, 0)); +....()
builder.setTransmission(Transmission. AUTOMATIC); ZI‘:\
builder.setTripComputer(new TripComputer()); F—————_——— |
builder.setGPSNavigator(new GPSNavigator()); | |

} CarBuilder ManualCarBuilder

+setCarType +setCarType

public void constructSUV(Builder builder) { +5et$eal:(?n geats :int) +set5eat:r(?n (ieats :int)
builder.setCarType(CarType.SUV); +getResult() : Car +getResult() : Manual
builder.setSeats(4); +....() +....()
builder.setEngine(new Engine(2.5, 0));
builder.setTransmission(Transmission.MANUAL);
builder.setGPSNavigator(new GPSNavigator());

}
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sion Patterns
Elements of Reusable
ed Software
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VS.

SOURCE MAKING

Command Pattern
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GoF Command

« Design Patterns
en CGPSU’ate a req uest as an Elements of Reusable

object, thereby letting you

_ parameterize clients with
command.execute();
° »»
different requests

1 3

l )

I

Client Invoker > Command
: +execute()
I
I
I
| void execute() {
I
I ConcreteCommand . . . i
__________________ — — —| receiver.actionReceiver();
+execute()
}
- Receiver
+actionReceiveri()

p 17 ER 2023, Lisbon



Missing Participant:
Parameterization is Gone !!!

MISSING Invoker!

Callbackinterface token = new CallbackTwo(new Receiver(), "dothis");
// the token object is passed to another object and that object calls
token.execute();

-
-
-
=
- -
Cli; nt Callbackinterface targetObject = receiverObject;
" [+execute() targetMethod methodPointer;
)
1
|
1
CallbackOne CallbackTwo
+execute() +execute()
+constructor(in receiverObject, in methodPointer)

-7 % ik
il Use Java reflection or C++ or Delphi pointer to member function Receiver
targetObject.targetMethod(); +doThis()

+doThat()
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sion Patterns
Elements of Reusable
ed Software

THd AT
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VS.

Composite Pattern
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GoF Composite

« . : Design Patterns
compose Ob]ECtS INtO tree structures to| e oikeusanie

represent part-whole hierarchies”

Component

+operation() >
+add(in p : Component) —
+remove(in p : Component)

+getChild(in index : int) : Component

él‘s

Client =

i

Composite
+operation()
Leaf +add(in p : Component) &
+operation() +remove(in p : Component)
+getChild{out p1 : Component, in p2 : int)
4
void operation(} { B

forall(component : components) {
component.operation();

p 20 ER 2023, Lisbon



Incomplete participant:
Retrieving/removing parts not possible !!!

«interfaces *
AbstractFile
+/s()
File Directory
=name
‘hame -includedFiles F_— MISSING
+Is() I .
raan() ! remove(), getChild()!
f
public void Is{) {
AN

for (Object includedFile : includedFiles) {
Il Leverage the "lowest common denominator”
AbstractFile obj = (AbstractFile) includedFile;
obj.Is();

p 21 ER 2023, Lisbon
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Compliance of pattern
definitions & examples
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Compliance of definitions

Deviations in pattern definitions

Patterns Source Making| Refactoring Guru| Tutorials Point|Java T Point
Sum 8 7 3 1

F

0.35 0.32 0.13 0.05

Density of deviations
in pattern definitions
% Patterns with
deviating definitions

30.43% 27.27% 13.04% 9.09%

» The majority of the definitions adhere to the original
pattern definitions.

» Patterns with deviating definitions are not frequent.

» The density of deviations in the definitions is low.

p 23 ER 2023, Lisbon



Compliance of definitions

Kinds of deviations in pattern definitions

Source Making Refactoring Guru Tutorials Point Java T Point
# deviations| density |# deviations| density | # deviations | density | # deviations | density
Intent
o 0 0.00 0 0.00 3 0.13 1 0.05
Deviations
Missing
. . 7 0.30 4 0.18
Participant
I let
R 1 0.04 3 0.14
Participant

» The density of intent deviations is low.

» The density of missing participants is higher than the density of
incomplete participants.

» 3/11 missing participants = incorrect definitions.

ER 2023, Lisbon




Compliance of examples

Deviations in pattern examples

Source Making Refactoring Guru Tutorials Point Java T Point
Patterns # deviations |# examples |# deviations| # examples | # deviations | # examples |# deviations|# examples
Sum 154 143 104 220 21 23 24 22
Density of deviations 108 0.47 0.91 1.09
in pattern examples
% Patterns with
86.36% 52.17% 50.00% 63.64%

deviating examples

» Patterns with deviating examples are quite frequent.

» The density of deviating examples is medium high.

> In all sites the % of patterns with deviating examples is higher
than the % of patterns with deviating definitions.

ER 2023, Lisbon




Compliance of examples

Kinds of deviations in pattern examples
Source Making Refactoring Guru Tutorials Point Java T Point
# deviations| density |# deviations| density | # deviations | density | # deviations | density
Missing

o 108 0.76 49 0.22 14 0.61 15 0.68
Participant
Incomplete 28 0.20 45 0.20 4 0.17 5 0.23
Participant
Errorneous

o 17 0.12 10 0.05 3 0.13 6 0.27
Participant

» Missing participants occur more often, then we have incomplete
and erroneous participants.

» The number of missing participants is high.
» The numbers of incomplete and erroneous participants are low.
> 60/186 of missing participants = incorrect examples.

» 20/82 of incomplete participants = incorrect examples.

p 26 ER 2023, Lisbon
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Takeaway messages for the
developers
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Takeaway messages
Pattern definitions/examples you find on the Web
may deviate from the original.

Watch out for different kinds of deviations: intent
deviations, missing, incomplete, and erroneous
participants.

» Their impact varies:

» Intent deviations and erroneous participants result to
incorrect definitions/examples.

» Missing and incomplete participants may result to
incorrect or incomplete definitions/examples.

» Be more concerned about deviating examples than
definitions.

» The choice of the site is important, depending on
what you are looking for.

p 28 ER 2023, Lisbon
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Auxiliary slides
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Deviations in pattern definitions

Patterns

Source Making

Refactoring Guru

Tutorials Point

Java T Point

Abstract Factory

0

0

1

0

Builder

Factory Method

Prototype

Singleton

Adapter

Bridge

Composite

Decorator

Facade

Flyweight

Proxy

Chain of Resp

Command

O0O|ON|O|O = O|0O|0|0 |0 |0

Interpreter

Iterator

Mediator

Memento

Observer

State

Strategy

Template Method

C|O|0ORrIOD|0O|0O|0O|0|0 OO0 |0|O0O(Oj0 | OO

Visitor

=IOo|0o0KR O N|OIO|R = O = 0| o0o|=0o0oloo|0|o

O|0|0|0 KR O k=N

HIO|0OI000|0|0|0|0|0/0 0|C|0|0|C|0(0(0|O|K

Sum

Density of deviations
in pattern definitions

0.35

0.32

0.13

0.05

% Patterns with
deviating definitions

30.43%

27.27%

13.04%

9.09%




Deviations in pattern examples

Source Making Refactoring Guru Tutorials Point Java T Point

Patterns # deviations |# examples |# deviations| # examples | # deviations | # examples |# deviations |# examples
Abstract Factory 12 7 0 10 2 1 3 1
Builder 1 5 1 10 3 1 3 1
Factory Method 5 6 1 10 1 1 1 1
Prototype 5 7 7 10 0 1 1 1
Singleton 1 4 0 10 0 1 0 1
Adapter 8 6 7 10 1 1 1 1
Bridge 0 5 0 10 0 1 0 1
Composite 19 9 20 10 4 1 3 1
Decorator 2 8 1 10 0 1 0 1
Facade 0 5 0 10 0 1 0 1
Flyweight 13 7 20 10 1 1 0 1
Proxy 3 6 0 10 0 1 0 1
Chain of Resp 10 6 0 10 1 1 1 1
Command 9 7 1 10 0 1 0 1
Interpreter 8 5 0 1 3 1
Iterator 17 6 23 10 2 1 2 1
Mediator 15 6 0 10 3 1 2 1
Memento 3 5 11 10 1 1 1 1
Observer 16 8 12 10 2 1 1 1
State 4 9 0 10 0 1 2 1
Strategy 3 5 0 10 0 1 0 1
Template Method 0 5 0 10 0 1 0 1
Visitor 0 6 0 10 0 1

Sum 154 143 104 220 21 23 24 22

Density of deviations 1.08 0.47 0.91 1.09
in pattern examples
% Patterns with 86.36% 52.17% 50.00% 63.64%

deviating examples

ER 2023, Lisbon
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