Component
Diagrams
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Classes can be grouped in components. In UML, a
component can be represented as follows:

C

\ AN J
Y Y

UML 2.0 UML 1.4
and 2.0

Components correspond to modules in module-oriented
languages.

C++: Reproduction of modules through .h, .c files
Smalltalk: Groups of classes, no modules

Oberon and Java: Modularity supported directly by the
language

UNIVERSITAT
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e Ports: interaction points
e Interfaces:

+ Provided

+ Required

p[% Cl

c1 —O ) C2 .
e Connectors:
+ Assembly = =
+ Delegation O‘U”m
EMH
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Deployment
Diagrams
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This representation is developed from Booch' s process
diagram. It expresses the assignment of main programs
and/or active objects to processors for distributed
systems running on multiple processors.

greenhouse 1

gardener
workstation

greenhouse 2

UNIVERSITAT
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% IDL Files

gﬂewice Klassen

[P

% Corba Orh

% IDL Files
%Eewice Klassen

% Corba Orh
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e A Webshop is typically a distributed
application, where multiple layers are
Involved.

e How could the topology of the system
look?

e Which components are on which
computational nodes?

UNIVERSITAT
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Ledacy System

middleware

Legacy System
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Client P

% Browser

TCRIP

Databaseserer

DBMS

WehServer

%:statische Hitrml Files

| 1

B
I
I
I
I
I
I
I
I
I

Miebshop jar
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Construction of
Flexible
Software
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e Configuration parameters

e Concepts and contruction principles for
flexible, object-oriented product families

e Design Patterns

UNIVERSITAT
SALZBURG
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Configuration
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e Configuration parameters are placed In
configuration files.

e Configuration parameters correspond to
persistent, global (= static) variables.

UNIVERSITAT
SALZBURG
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Rundungsgenauigkeit 0.01

Konfigurationsdatei

W :Configinterpreter :Converter
roundingParam: float
CurrencyConv ersion

Legende: —

Softwarekomponente

:ObjectName Objekt
B .
externe Datei

UNIVERSITAT
SALZBURG



Komponente

Example:
GUI Configuration file = Resource file
Visual, interactive construction with help from resource editors

UNIVERSITAT
SALZBURG
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Concepts and
Construction Principles
for Flexible Object-
Oriented Product
Families
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' Placeholder for
. a function

____________________________________

DoSomething(...)

DoSomething calls a function which it has received as an
argument. This shows the meaning of the callback style
of programming:

One can conceptually distinguish whether a function or a
procedure is called directly (call) or whether a function
or a procedure passed as a parameter is called
indirectly (by means of callback).

UNIVERSITAT
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void DoSomething(int (*Compare)(void*, void*),
void* eleml, void* elem2 )

int StringCompare(void* stringl, void* string2) {
return strcmp( // C-Bibliotheksfunktion strcmp
(char*)string1,
(char*)string2
);
} I/ StringCompare

DoSomething(StringCompare, “first”®, “second”);

UNIVERSITAT
SALZBURG
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AnyClass

DoSomething(elem1, elem2: Object) 1| = = = int result= Compare(elem1, elem2);
Compare(el, o2: Object): int fe

AN

AnySubClass if (01 is String && 02 is String) {
Commaretor o2 omean - — ] | retum (String)o1) CompareTo((stringjo2);

UNIVERSITAT
SALZBURG
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Product Family: A piece of software from
which different applications can be formed
by the callback style of programming, I.e.

its behavior is changeable and/or
expandable.

UNIVERSITAT
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E- GPS-Komponente E- Galileo-Komponente

Navigationskomponente Nav igationskomponente

~otecker PosSystem n

~ GPS- Komponente
j Galileo- Komponente
call GetPos()

Navigationskomponente

UNIVERSITAT
SALZBURG
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Navigation system example:

posSystem= ps b‘l
T
N
"
. Navigation PRy PosSystem
B
prevPos: Position GetPos(): Position
SetPosSysiem(ps: PosSystem) GetTime(): Time
y CalcMove(...): Vieclor ¢
. .
-
. I
Position newPos; .
".Fumgru moveVec; R GPS Galileo
nEwWrFos= eim. i B .
moveVec= new — prevPos: GetlPos(): Position GetPos(): Position
prevPos= newPos; GetTime(): Time GetTime(): Time
return movevec;
UNIVERSITAT

SALZBURG
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<= intarface »»

M1}
M2()

Eﬁvl.l:l-Fl‘lﬁ SubR2 SubH}
MiQ 45
M20 [ T 1 ]
AD| | B [ D
M1{) .
v hﬂ:] N
™
‘Hm.
Al A2
class Aimplemeants | {
. . . I gither methods of A
M10{...}
) M20{..}
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Navigation system example:

masmem.l

Navigation

previfos: Position

mmpspms |
CalcMovel(...): Vector ye

r -----------
1 1
GPS Galileo
Getfos{): Fositon GetPos(): Position
GetTime): Tirme GeltTime(): Time

== iflefdate ==
PosSystem

GetPos(): Pasition
GetTime{): Time

UNIVERSITAT
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Template
and Hook
Methods
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If a method is called in another method’s
Implementation, then we call the calling
method the Template method and the
called method the Hook method.

The template method addressed here has nothing to do
with the C++ language construct template.

UNIVERSITAT
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v [Mig- - - 4 - MV
h | M2() M2(); // call M2

}

UNIVERSITAT
SALZBURG
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bRef

M2()

M1() {
bRef.M2(); // call M2

}

L

UNIVERSITAT
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M2() {

! WQ I/ call M3

}

UNIVERSITAT
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hRef 0.N
]

hRef

M0

t | M(

Composite

30

M0

M)

Decorator

t=h | M()

Chain-0Of-
Responsibility

UNIVERSITAT
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Hook Method

Construction
Principle
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TH

T0- =~~~
HO

T0OA
HO: / call H
-

UNIVERSITAT
SALZBURG
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T~ = = =

H(

SubTH

H()

TOA{
H(); /# call H
L

UNIVERSITAT
SALZBURG
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Navigation

prevPos: Position

SetPosSystem(ps: PosSystem)

t—-CalcMove(...): Vector

t —I— - CalcSpeed(...): float

h4-GetPos(): Position

—1-GetTime(): Time

/\

GPSNavigation

GetPos(): Position
GetTime(): Time

GalileoNavigation

GetPos(): Position
GetTime(): Time

UNIVERSITAT
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GPSNavigation

prevPos: Position

SetPosSystem(ps: PosSystem) . : .
t +-CalcMove(...): Vector Problem: (_Ba!lleo_ IS
t—I—-Ca'Cspeed(---):ﬂoat not a specialization of
-n I
h +-GetPos(): Position GPS!

h —-GetTime(): Time

/\

GalileoNavigation

GetPos(): Position
GetTime(): Time

UNIVERSITAT
SALZBURG
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+ Simplicity: For an adaptable behavior, one must plan
only a hook method.

- Adaptability requires sub-classing and overwriting of the
hook method.

In many cases, the hook method construction principle
IS sufficient to achieve the flexibility required for
adaptation.

UNIVERSITAT
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The Hook Object
Construction
Principle
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T hRef H
By
'Il'm{) Hm()
|
1
I
[

T™m() { L
hRef.Hm(): / call Hm

UNIVERSITAT
SALZBURG
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hRef
T e H

Tm() Hm()
DefineH(hr: H)

, /\

DefineH(hr: H) { . |
} hRef= hr: H1 H2 |-

Hm() Hm()

= Adaptability at runtime

UNIVERSITAT
SALZBURG
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,Plug” of static type H

AN

,,‘_Hl
call Hm()

T

T sampleT= new T();
sampleT.DefineH(new H1());

UNIVERSITAT
SALZBURG
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hLY
h \ Navigation PosSystem
h ~ | prevPos: Position
FSﬂFmﬁmii: Pn&Sistem} GetTime(): Time
- ; A
~
F
f@éﬂﬂ?&ﬁﬁ:& GPS Galileo
newPos= pos em.getPos();
mwa\!e{-: naﬁyF'ﬁns - graang; GetPos(): Position GetPos(): Position
prevPos= newPos; GetTime(): Time GetTime(): Time
return moveVec;

UNIVERSITAT
SALZBURG
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GPS
call GetPos

Navigation

(@)

Galileo
call GetPos

Navigation

(b)

Composition for achieving a navigation system:

(a) GPS-based
(b) Galileo-based

42
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PosSystem

GetPos(): Position
GelTime(): Time

\

GPS

Galileo

UMTSTriangulation

GetPos(): Position
GetTime(): Time

GetPos(): Position
GetTime(): Time

GetPos(): Position
GetTime(): Time

Navigation navigation= new Navigation(...);

String nameOfAddtiClass= “UMTSTriangulation®;
Object anObj= new nameOfAddtiClass; // not possible

/I correct solution follows

navigation.SetPosSystem((PosSystem)anObj);

UNIVERSITAT
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Navigation navigation= new Navigation(...);

String nameOfAddtiClass= “UMTSTriangulation®,

ClassLoader classLoader = navigation.getClass.getClassLoader();

try {
Class newPosSystCls = classLoader.loadClass(nameOfAddtIClass);

PosSystem newPosSystObj = (PosSystem) newPosSystCls.newlnstance();
navigation.SetPosSystem(newPosSystObj );

} catch (ClassNotFoundException e) { e.printStackTrace(); }

UNIVERSITAT
SALZBURG
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GetType("UMTSTriangulation”) _

Activator.CreatelnstanceJ ) %

Navigation navigation= new Navigation(...);

String nameOfAddtIClass= “UMTSTriangulation®;

Type typeOfAddtiClass= Type.GetType(nameOfAddtiClass);
Object anObj;

PosSystem posSys;

if (typeOfAddtiClass !=null) {
anObj= Activator.Createlnstance(typeOfAddtIClass);
if (anObj != null && anObj is PosSystem)
posSystem= (PosSystem) anObj;
else ... // error handling

}

navigation.SetPosSystem(posSys);

- :UMTSTrlangulatlon

UNIVERSITAT
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+ Simple configuration, also at runtime

- Higher complexity of design and
Implementation than in the hook method
principle

UNIVERSITAT
SALZBURG
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The Composite
Construction
Principle
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hList S
h| M)
for each hObj in hList:
hObj.M() <
‘ t (m M() M()
hList.Add(anH) - - _Ac(IJdH{anH: H) (
RemoveH(anH: H)

The names of template and hook methods are the same

References to H-objects are managed by AddH() and
RemoveH()

UNIVERSITAT
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T root= new T(); T

T subRoot= null;
root.AddH (new H2()) ;

subRoot= new T () ; e = at

root.AddH (subRoot) ; ’///H\\\‘
root.AddH (new H1()) ; :

subRoot.AddH (new T()) ;
subRoot.AddH (new H2()) ;

UNIVERSITAT
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void M() {
for each hObj 1in hList
hObj.M() ;

M () is not a recursive method, however it operates on a
recursive data structure (tree).

UNIVERSITAT
SALZBURG
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cantral 1
¥ Contral

MoveByWac{vec: 3DVector)

1.
segments >

FlightSegment
startPos: Positicn
h [ FIyli} )
CalchextPosiactPos, spaod, navigaion
slapSize). Position
h | CalclLengthi}
b | CabRagTimalzpeed)
h | IsVaiidPattarn(..): bool
h | SetStarPes{pos: Posiion}
GatActualLengthl)
GietActualTime|)
— FlightPattern Line Gircle
. line: 30Vector ... i instance variaoles for
parentPattam: FlightPattam Il storing the plane and
t | Fiylis CalcNextPos{actPos, speed, I circla-specilic cata
Size): Position

t | CalcLefyihi) stap

t 'GEI.k:HEq |m:3paed] E;IGLEH%_‘H'I{!I mﬂp&““zﬂa{g:l EP'%‘T spaed,

t | IsvatigPatisnt.): oool Crviabng '”“?"ﬂf]d CalcLengthf)

t | SetSiartFos| pns_ Rosition) SetLina(: "LI'QC[I:;’i ’ CalcReq Timeispesd)
ActdSagl.) . i |eValidPatem]...): bocl
RemovesSeql.. " Seﬂjuredm: N

r . #f methods for d&fnlrlgl
1.M t # the plane in whichhe
™ | for wach sgmi in segments: ﬁ ﬂmlﬁ mﬁtﬁ am’|
Egrnt.Fl'_-"l[t] Br us crcie
Are
arcLength: float
CalcMexiPos{ac Pos, spaad,
stepSize]: Position
CalkcLangth()
CalcReqTime{spescd)
lsValidPatemi...} . bool
SotLongtnllon: float)
y— UNIVERSITAT

52



FlightPattern loop= new FlightPattern();
loop.SetStartPos(new Position(gL, gB) + new Position(0, 0, 3));

loop.AddSeg(new Circle (horizontalPlane, 7, right)); // radius: 7 m; right dir.
loop.AddSeg(new Circle (horizontalPlane, 7, left)); // radius: 7 m; left dir.

:FllghtPntlem

AN

:Circle :Circle

UNIVERSITAT
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e IsValidPattern () is implemented in FlightPattern in
accordance with the Composite template method

o Similarly: Flylt (), CalcLength (), CalcReqTime ()
e Flylt () is already implemented by using
FlightSegment - > CalcNextPos ()

UNIVERSITAT
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e T and H class merged
e Semantics of the composition changes
e The fundamental characteristic to be able to define an

object hierarchy remains

thList

0..N

super.M(), o
... I specific functionality

th

AddTH(aTH: TH)
RemoveTH(aTH: TH)

for each thObj in thList:
thObj.M()

JAN

TH1

- M()

UNIVERSITAT
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docs 0..N

i | CompoundDoc long size=0; AN
t h [ GetSizeinBytes() - 4 - -| for each doc in docs:
o size += doc.GetSizelnBytes();
AddDoc...) retum size,
RemoveDoc(...)
long size= ... //G' catlg.ovoin ée,ize ‘ TextDoc DrawDoc VoiceDoc
size += super.GetSizelnBytes(); :
return size‘;)e " - - GetSizelnBytes() | | GetSizelnBytes() | | GetSizelnBytes()

A document that comprises text and different other
documents like drawings, audio or video clips, Is
responsible for the administration of the contained

documents and offers additional functionality for editing the
embedded documents.

UNIVERSITAT
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+ Simple formation of flexible object hierarchies

+ New elements (subclasses of the hook class) without
change of the template class

- Complexity of interactions between objects arranged in
the hierarchy, in order to accomplish the automatic
iteration over the tree hierarchy.

Object hierarchies occur very frequently and in many
ranges of application, e.g. in window—grouped GUI
elements, parts lists, workflows.
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