OBJECT-ORIENTED
MODELLING (OOM) - 32536

MODULE 9A

Advanced UML Modelling;
Reusability; Patterns;
System Architecture

(POOD - Chapter 5)
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Module Outline i@

» Advanced topics with Class Diagrams
— Reusability; Granularity;
— Patterns; Robustness;
 Process-Components for:
— Reuse and System Architecture
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Types of Reuse

Code Pesign Analygs

public class Person {
public void setPersonDtls() { };
public void changePersonDtls() { }; p_”e
ubject

Observer
private char Person_ID; aach{Gbseven) obsen : Y \
private date DateOfBirth; s Onsnven o — UC22-MaintainsCalendar
}

public class Patient extends Person { ZT ‘ <fnclude>

public Patient (); {

} Patient Doctor

public void getPatientDtls (); { } patientstat ~doctorstat 'UC24-Ch !
ic voi e atontState octorState -ChecksCalendar

public void calcPatientAge (); { } T oetPatientSaie) | sublect Update(

public void admitPatient (); { }

private char PatientDtls;
private bool Admitted;
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“With” and “For”” Reuse: Part of
Reuse Strategy

Later 7
Project 1 Reﬁ"ef‘}ehr\"/ Project 2
(Producer) ay W
FOR N Reusable A
REUSE | Classes/ REUSE
Components 1
Reuse from Qutside:
: . : Third-party Libraries
' «——— The Reuse Domain —— Language Libraries
: Of an Organization 3 DB Libraries
Published Patterns
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Generalization versus
Specialization

LIVING Generalization

A

Class Animal is GENERALIZED to Living;
This makes the class Living available FOR

AN I MAL Reuse.

Class Animal is SPECIALIZED to Cat;
Here the class Cat is designed WITH Reuse.

A

CAT Specialization
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Granularity of Object-oriented
Designs

Bigger Sized
- Classes lead to
. Coarse Granular

Designs
i ‘i' Coarse Granular
T e IS System Design
= : ’
Concept of Granularity
Facilitates expressing the Smaller Sized

“Same” Functionality with . Classes lead to
Different “Sized” Designs ~ Fine Granular
Designs

Fine Granular
System Design
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Identifying Lack of Robustness

ENTITY
CiAScES
<<entity>> | ASSOCIATING
a WITH
Patient BOUNDARY
0.1
1
<<boundary>> <<entity>>
Patient_Form Schedule
1 0.1
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Rules of Robustness

Based on “Use Case Driven Object Modelling with
UML”
Doug Rosenberg with Kendall Scott (1999, 2001)

A O—O—O

A10-Patient boundary control control2

(from Use Case View)

Allowed connections: entity
actor - boundary
boundary - controller
controller - entity
controller - controller.
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Incorporating Robustness in Design

<<entity>>
Patient
<<control>> <<entity>> ( ) Q
QonsultationManager Schedule
Patient_Form ConsultationMan.
<<boundary>>

Patient_Form

PATIENT, DOCTOR AND CONSULTATIONMANAGER WITH
<<CONTROL>>, <<BOUNDARY>> AND <<ENTITY>> CLASSES,
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@)

Patient

er

@)

Schedule

Effect Of Robustness the Process of Saving Patient’s

Registration Details

2 0 OO O

 ActorStaff : PatientRedgistrationForre: TransacuonManageN : Patient _ DatabaseManager

I
|

update( )

validatePatientDtis( )

savePatient()

savePati

%mrms( )
I

getPatientDtls()

|
7 x I | |
|
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Control classes
ensure Robustness
—— | of Design

il

: PatientTable

a) cPutycntRecor( )
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’ Reuse process-component

v v V ¥

Reusable Reusable
Entities Entities
(Produced) (Consumed)

Patterns

Reuse
>(_pporumty 1
Identification

System
Architect

Reuse
E); .*H Opportunity Requirement Reuse Design Reuse |———>( Code Reuse 7#@
ati /

Identi ion

System Designer/
Business Analyst/

;(): Reuse
\_ support /

Project/Quality
Manager
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System
Architecture

System Architecture process-component

Reuse
Strategy

Prototype
(Architecture)

System
Architecture

Pattern
7S Incorporation

System
Designer
% . > ( Architectural ) System
Surveying
System
Architect

Project Manager/
Quality Manager

"Copyright Practical OO Analysis, 12
Thomson Publishing, 2005".




Basic System Architecture
Considerations

Creating Functionality-based Divisions

v

A

w A
= . . .
2 Patient Staff | Consulting | Accounting
2
[a)
§ Package User
'S Interface
@
>
°
= [
8 Package Business
= Rules
D
.=
=
o Package Database
O
v
A Hospital Management S¥s‘rem
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Technique: Revision of inheritance
hierarchies
Avoid mixing and implementation inheritance
Avoid excessive hierarchy depths
Possible fragmentation
Problem if inheriting unwanted features
Placing of services wrt level in hierarchy
Use of single vs. multiple inheritance
Inherit or buy?

Conceptual model underlying inheritance
hierarchy?
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EXAMPLE

Consider inheritance hierarchy

CLOSED SHAPE ®

POLYGON Q
CIRCLE O
ELLIPSE C D

RECTANGLE I:I

SQUARE | |

TRIANGLE /" \
TRAPEZIUM / \
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FIRST ATTEMPT

TN

Closed
Shape

Polygon

Trianglg Rectangle Trapezium

Circle Zf

Square
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Closed
Shape

[N

Fixed-Sided NonFixed-Sideg
Polygon Polygon
Ellipse /7 %
Zf Trianglg Rectangle Trapeziun
Circle Zf
Square
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MORE GENERALIZATION IS POSSIBLE
Closed
/ Shape v\
Curvilinear Linear
Shape /V Shape
Zr Fixed-Sided NonFixed-Sideg
Polygon Polygon
Ellipse /7 %
Zf Trianglg Rectangle Trapeziun
Circle Zf
Square
Allows easy addition of e.g. CRESCENT .inheriting from CURVILINEAR SHAPE
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Car

1

! I

By manufacturer By engline type By body type
Car by Car by ||Car by Electric|| |.c.E| | car gar WlthbI
Ford GM Chrysler Car Car With Bogvertl e
Sedan 0CY,
Body
By fuel type
Petrol Diesel
Car Car
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Inspired by Christopher Alexander’s “pattern
language” for buildings: a solution to a problem in a
context.

GOF - 23 patterns in 3 categories:
* creational patterns

e structural patterns
 behavioural patterns
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Patterns should be:

» Smart - not obvious to a beginner

» Generic - domain independent

» Well-proven - not dreamed up but gleaned
from practice

o Simple

e Reusable

Object-oriented
(Eriksson and Penker, 1998)
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Using a Design Pattern in HMS

(Based on the Observer Pattern by Gamma et. al’s work)

Subject
Observer
attach(Observer) observers
detach(Observer) * | update()
notify() ~~_ _
for all o in observers
{0 —> update() }
Patient Doctor
- patientState - doctorState
PE—
+ getPatientState() subject update() ~
// \\
doctorState =
Returns the state of policy ->
Patient to any calling getPatientState()
object such as Doctor
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Using pattern notation

ConcreteSubject ConcreteObsery,
GetState() _ Update()

, SLleljea observer
subjectState i | observerState
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Example. Proxy pattern
(structural)

Client |- >| Subject

request()

T

RealSubject.__ "™ Proxy

.......................................... ﬁ.a'fersTo->request();
I’equest() request() .............................
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Proxy especially useful when Proxy
class is cheap and RealSubject is
expensive e.g. needs to be fetched from
a database.

If RealSubject exists, Proxy refers to it;
else it instantiates it and then refers the
request.
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Example: Composite Pattern

 Creates tree structure for whole-part
hierarchy. Clients are now able to treat both
the whole and the part uniformly.

- one of a group of Structural Patterns

(GOF, p8)
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Component

operation()
add(component)
remove(componer
getChild(int)

N

Leaf Composite
KEY ) - pRseton operation()
Here, black diamond is said| | 0 add(component)
(GOF, p22) to mean that ong remove(componet)
object is responsible for or etChild(int)
owns the other; identical 9
lifetimes; one object part of
another; may be possible to
share

"Copyright Practical OO Analysis, 27

Thomson Publishing, 2005".
Consequences

» Composition structure is recursive. When client expects
a primitive object and gets a composite object, all is OK

(but note not the reverse).

[But note that if client invokes add (component) and current
component is leaf, it won’t work, so this would appear to be
implementation inheritance in which Leaf negates some inherited

operations]

» makes client simple - can treat composites and
primitives identically

* easy to add new kinds of components

 can make design overly general since there are no
constraints on the types of object that can be plugged
into the hierarchy
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Conclusions

 Discussed the important concepts of
Reusability and Granularity in OO
Modelling

 Discussed Patterns in Design
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WORKBOOK

EXERCISES

For The Class Room!!
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Workbook Exercises

Draw a class diagram and explain “for’ and ‘with’ reuse in it.
Discuss how a pattern can be incorporated in design.
Demonstrate your understanding of granularity by drawing two
class diagrams — one for granularity and another coarse granular.
Which are the most important activities in Reuse and System
Architecture process component.

Identify two crucial Entity objects whose state change is important
from both a functional and design viewpoint.

Draw the corresponding State Machine Diagrams for these two
objects showing the start state, the various transitions, and one or
more end states.

Comment the diagram with notes for understandability.

Repeat steps 5 to 7 for one <<boundary>>, <<control>> and
<<table>> object each.
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