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Quick recap of class diagrams in UML

UML (Unified " odelling Language) besides other things, permits for a graphical

representation of classes & their relationship

— This shall aid in understanding a

software system'’s class structure & thus facilitate the discussion of software design

patterns ...

Class Diagram

<classname> <«

< private

<functions>  <4—— Functions may

The name of the class

<internal data> Internal data (,,attributes“ in UML lingo), divided here in two sections:

(leading ,-) & public (leading ,+*)

Note: There are other indicators, but these will not be used here!
Functions (,,operations* in UML):

be private (leading ,-) & public (leading ,+) as well ...

Note: There are other indicators, but these will not be used here!

<relationship> 1.%
A & B

<A's role in B> <B’s role in A>
The cardinality (UML lingo) describes the range # of

- .- An association describes the relationship of classes which
Class Association 4« May by directed by .<* or > arrows at line ends

Reference to base (or ,super’) class
from derived class
<<~ - - Dependency/navigation (dashed: Interface)

—< Composition <t - - Implementation

possible instances (where ,** means zero or more)
UNIFIED v

MODELING Ref:
LANGUAGE
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https://holub.com/uml/

What's next’>

* Creational: Singleton Structural: Adapter

* Creational: Decoupling

e Creational: Factory Method

e Structural: Bridge
e Structural: Composite

e Structural: Decorator

* Creational: Abstract Factory

e Structural: Facade

e Creational ignored: Prototype, Builder ...

UNIFIED o
MODELING ®
LANGUAGE

Behavioural: Observer
Behavioural: Strategy
Behavioural: Chain of Responsibility

Behavioural: Command

01.11.25 / kaqu Chapter 1 Contents
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Design Patterns: Singleton

,There can be
only one!*

Class Diagram Example

ClsHighlander

A

UNIFIED o
MODELING ®
LANGUAGE

- cHI:CIsHighlander
- iSingletonDatal:int
- ... other data ...

- new():ClsHighlander
+ getinstance():ClsHighlander
+ dispose()
+ setSingletonDatal(value:int)
+ getSingletonDatal():int

Pros:
1. Declutters namespace

Static Data Dynamic Data

CIsHighIandérkl iSingIetonDataF‘

... other data ..

Only one named Dynamically allocated
object (the memory (lazy/late
instance pointer) initialization),

within module or all access guarded by
global namespace setter/getter methods

2. Minimizes memory footprint (as a singular object):
Use for costly objects (like database connections etc.)

3. Simple (to understand & to control ...)

cons:

1. Simpler/lighter implementations for a similar outcome usually possible/more efficient

01.11.25 / kaqu

Singleton
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Design Patterns: Decoupling

Class Diagram Example

,Reduce or eliminate
dependencies ClsInLib ClsInApp
between different

components by + aFunction() + aFunction()
isolating changes.“/ ;.ZFunction() ;.zFunction()
Externally
(by 3 party)
modified code

Pros:
1. Permits the use of generators for parts of the application with minimal impact on existing code.
2. Permits for partial extensions & the implementation of wrappers for 3" party code.

Cons:
1. Performance overhead

o 2. Debugging complexity
UNIFIED 3. Potential ,over-engineering* (cost)

MODELING
LANGUAGE .
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Design Patterns: Factory Method

Class Diagram Example

»Provide an interface for == CisSpecificFactoryl
creating objects in a
superclass, but allow
subclasses to alter the + factory(): SpecificObjectl
type of objects that will + factory() : GenericObject < s
be created* ClsSpecificFactory<n>
* Cls
(s.b. 'loC & *dependency IW Specific
injection). / O%jectl
Cls + factory(): SpecificObject<n>
Generic | o e D ___ L
Object |
————— X
R Pros:

- Allows for a general treatment via generic objects in a superclass (ex.: apply complex
computations to custom user objects).

Cons:

- Introduces additional derivatives/interfaces & thus complexity

* Inversion-of-control“: Control flow of a program is inverted, a framework or external code takes control and calls into the

UNIFIED
MODELING
LANGUAGE

application code at appropriate spots.
+ ,Dependency Injection”: External code (container/framework) is responsible for providing an object's dependencies rather
I than the object creating them directly.
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Design Patterns: Abstract Factory

A

»,Encapsulate a group of individual
factories that have a common theme,
allowing clients to create families of

related objects without specifying

their concrete classes.”

Pros:

1. Allows for a general treatment via generic objects in a
superclass & still permitting type specific
attributes/methods handling.

2. Enables decoupling of object creation from — say — an
existing library, thus permitting custom types for generic
frameworks.

Cons:

- Introduces additional derivatives/interfaces & thus

. complexity ClsSpecific
Class Dlagram Example I , ClsSpecificFactory _ 1 Object<m>
ClsGenericFactory ClsGenericFactory s TypelObjectl :
<= I
— + factory(): SpecificObject1 : coo
+ factory(): SpecificObjectTypel | ClsSpecificFactory I o
<F— TypelObject2 ! -
+ factory() : GenericObject hd . hd ype 1eC - Sp(_acmc
ClsGenericFactory[Nagis + factory(): Specificobject2 ! | Object2
I o
ClsSpecificFactor !
Cls <]-|— mObject<my> I : Specific
Generic + factory(): SpecificObjectType<n> : | Objectl
o Object [Ft----=-----------------= I + factory(): SpecificObject<m> I :
UNIFIED [Py —— i
MODELING
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Design Patterns: Adapter

» TWO incompatible Class Diagram Example

interfaces, libs or ClsRequired
systems are enabled <« Target
to cooperate by a + theRequiredFunc()
stranslator‘.” zF_l Adaitee

ClsAdapter LegacyCode
R Adapter > >

LegacyFunction() + LegacyFunction()
+ theRequiredFunc()

Pros:
1. Permits for the elegant integration of legacy code (or systems).
2. No legacy code modification & no change in own code base necessary (ideally!) — code reuse

Cons:
1. Performance issues when used w/ heavy transformation (or transfer!) loads.

o 2. Many adapters may pollute code — complexity
UNIFIED

MODELING
LANGUAGE .,
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Design Patterns: Bridge

Class Diagram Example

,Separate hierarchies

for abstraction and ClsAbstraction Clsimplementor
implementation to keep - cImpl : Clsimplementor K>——"]
: + aFunction + implementor_aFunction
code independent.* Y S -p _ 0 |
call clmpl.implementor_aFunction() Solution
? Zr Iteration(s)
ClsAbstraction1 ClsConcretelmplementorl
f \ + aFunction() + implementor_aFunction() v

Pros:
1. Implementation possible in parallel with design phase
2. Compile time independence of code bases, maybe for different target platforms etc.

3. ,Prefer composition over inheritance!*

Cons:

o - Any?
UNIFIED

MODELING
LANGUAGE
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Design Patterns: Composite

Class Diagram Tree Example

, jreat _|nd|V|_duaI & GECoooe
composite objects the _clmpl : Clsimplementor | 0..* (,child®) /
same - codewise." + isTerminal() : boolean
+ anOperation() : void
ClsTerminalObject ClsTreeObject
+ isTerminal() : boolean + isTerminal() : boolean
+ anOperation() : void + anOperation() : void
+ add(cC : ClsComponent)
+ remove(cC : ClsComponent)
+ getChild() : ClsComponent

Pros:
1. Permits working with leafs, lists, trees & similar structures of varying depth & sizes using all the
same interface — ease of handling & flexibility
2. ldentical code for different objects - simple usage
Cons:
o 1. Component functions may grow — function creep/cancer
UNIFIED L 2. Restrictions harder to enforce

MODELING

LANGUAGE .,
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Design Patterns: Decorator

ClsComponent

Adds behaviour Class Diagram Example

dynamically to individual + anOperation()
objects without affecting e N |
class - at runtime!*

ClsComponentl ClsDecorator

- cComponent2 : ClsComponent K—

+ anOperation() + anOperation()
/ \ ClsDecoratorl
Pros: - cComp : ClsComponent
1. Add functionality without affecting (base) class. + anOperation()

2. Permits new object compositions out of existing parts (component & decorators — new one).
3. ,Open/Closed Principle®: Open to additions/extensions/behavioural mods, closed to changes
4. Favours ,composition-over-inheritance” as usually recommended

5. Good for implementing optional features ...

Cons:
1. Be careful with decorator order — if nec. that is!
ONIFIED o 2. Complexity increase (as usual')

MODELING 3. May lead to ,over-engineering“ ...
LANGUAGE -
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Design Patterns: Facade

»,Provide a simple default

view of a subsystem that

is good enough for most
clients.*

A

Pros:

Class Diagram Example

ClsFacade

+ functionl()
+ function2_1()
+ function2_2()

+ function<m>()

(CIs)API1

(CIs)API2

+ function1()

+ function2_1()
+ function2_2()

(Cls)API<n>

+ function<m>()

1. Simplifies programming by hiding complexities of — possibly several - APIs.
2. Promotes modularity, reduces dependencies
3. May aggregate multiple APIs to a single (simplified) one

Cons:

o The usual: Performance, complexity, potential over-engineering
UNIFIED

MODELING
LANGUAGE ..
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Facade
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Design Patterns: Observer

Class Diagram Example

»When a ,subject‘ changes S
state, all its dependent ! . |_ClsObserver
,observers* are notified B e
and update automatica"y.“ + unregisterObserver() + update(data)
+ notifyObservers() 4
______ $ F__---__L_'I'---__---___-|
| ! ! |
| | |
R ClsSubjectActual : :
- ClsObserverl ClsObserver2 ClsObserver<n>
- observerlist][]
- data - data - data ®e®e | -data
+ registerObserver() é‘ + update(data) + update(data) + update(data)
+ unregisterObserver() | | |
+ notifyObservers()
Pros:
Permits ,event-driven‘ processing of observers by still maintaining an only loose coupling to the
subject.
Cons:
o Performance may become an issue. Potential over-engineering: With a fixed # of observers or
UNIFIED

MODELING

too simple objects. Also a fixed processing order may render this solution unuseful.
LANGUAGE - L
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Design Patterns: Strategy

Class Diagram Example

»,Define a family of

g . ClsContext ClsStrategy
algorithms in separate Talgo ClsStrateqy
. O_l_

classes to be swapped at + setAlgorithm(strat) + job(data)
runtime.” + do_job() A

|- - --=-=-=-== Lo e e e e e e e - =

! | |

ClsAlgorithm1 ClsAlgorithm2 ClsAlgorithm<n>
R ( X X J
+ job(data) + job(data) + job(data)

Pros:
Clean de-coupled processing, the context doesn’'t need to know algorithm specifics.

Cons:
1. I'd rather call it (jJump table) function pointers ...
o 2. Application must be aware of the different strategies.
UNIFIED

HODELING I 3. Application requires a context and a separate strategy instance.

LANGUAGE -
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Design Patterns: Chain-of-responsibility

A chain of receiver
objects to either handle a
request and/or forward it

to a successor.”

A

UNIFIED “.;::"
MODELING ®
LANGUAGE

Class Diagram Example

ClsHandler

+job()
+ setnextHandler()

A

successor

ClsHandlerl ClsHandler2
+job() + job()
+ setnextHandler() + setnextHandler()

Pros:
1. Flexible scalable solution — even at runtime!

2. Sender doesn’t need to know anything about receiver processing.

Cons:
1. Performance degradation possible.
2. Debugging may be difficult.

01.11.25 / kaqu Chain-of-responsibility

ClsHandler<n>

+ job()
+ setnextHandler()
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Design Patterns: Command

Class Diagram Example

»TUrNsS a request into a main/invoker ClsCommand
stand-alone object called -cmdList: Command[] _ [6—
a command.“ - cmdList[<i>].execute() + execute()
1
ClsCommand1
- state coe
+ execute()
... receiverfunc() ...
ClsReceiverl

+ receiverfunc()

Pros:
1. Flexible, extendable solution, runtime re-
2. Permits for easy undo/redo integration

UNIFIED o Cons:

LANGUAGE

MODELING L Not for simple, tightly coupled applications (over-engineering!)

01.11.25 / kaqu

configurable

Command

A

ClsCommand<n>

- State

+ execute()
... otherfunc() ...

‘VJ

ClsReceiver<m>

+ otherfunc()
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