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Context

m=) m Static Structure Modeling
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Static Structure Model

- static structure of the system’s architecture
Represented by:

» Class Diagrams
* Object Diagrams
* Element Descriptions

Supported by:
» Statechart diagrams
* Interaction diagrams

Used (mainly) in:
* Requirements Capture [ domain model
* Analysis [l analytic model
e Design and Implementation [0 design model
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Static Structure Diagrams

Class Diagram
- classes, their internal structure and their relationships
e organized into package

(Static) Object Diagram
- static structure of instances (objects and links)
» a snapshot of the state of the system at a point in time
« compatible with a particular class diagram

[ there are also “dynamic” object diagrams called
Collaboration Diagrams
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Perspectives

Conceptual
e conceptual/domain model
* no (little) regard for the SW implementation
e in Requirements Capture

Specification
 logical application model
* looking at SW
e concerning on types rather than implementation
* in Analysis

Implementation
* implementation model
e in Design
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Example of the Class Diagram
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Class

— an abstraction of set of objects that share a common
structure (attributes, operations and links) and a common
behavior/semantics

o attributes
visibility name [ multiplicity 1 : type = default

e oOperations
visibility name ( parameters ) : return_type

— format of parameters = attributes list
 visibility: ‘+’ public, ‘#’ protected, ‘—’ private
o class attributes and operations are underlined

name

attribute list

operation list
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Examples of Classes

Window
Window
UI: :Window +size:Area=(100,100)
#visibility:Bool=invisible
+defaultSize:Rectangle
Window -xptr:*Xwindow
size: Area +Window () :Window
visibility:Bool +display(dpy:Display=':0.0")
display () +hide ()
hide ()
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Type vs. Implementation Class
Type

- the specification of allowable attributes that an object may

comprise and the set of operations that may be performed
upon the object

« conformance to a common protocol
» notation: as a class with stereotype «type»

Implementation Class

- defines the physical data structure and methods of an object
as implemented in traditional languages (C++, Smalltalk,etc.)

» notation: as a class with stereotype
«ilmplementation class»

* relation between an implementation class and a type is
modelled as the realizes relationship
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Example of Type and Implementation Class

«type»
Set
«type» I elements:Collection
Collection addElement (Object)

removElement (Object)
testElement (Object) :Boolean

realizes relationship

«ilmplementation class»
HashTableSet

elements:Collection

«ilmplementation class» <
HashTable addElement (Object)

removElement (Object)
testElement (Object) :Boolean
setTableSize (Integer)
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Interface

- type describing externally visible operations of a class,
component, package etc. without specification of the internal
structure

e no attributes, states or associations - only operations

[1 no implementation

String Hashable

*

HashTable

isEqual (String) :Bool | contents

hash () : Integer g P S ——

Comparable /
‘\\ //

7
/

N / Kuses»

N\ /
. /
Zﬁ& «interface» 1Z

Comparable

isEqual (String) :Bool
isless (String) :Bool
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Parameterized Class and Bound Element

Parameterized Class (Template)
— the descriptor for a class with unbound formal parameters
» defines a family of classes

» aclass is specified by “binding” the parameters to actual
values

e parameter can represent used type, attribute or operation
« format of parameter list: name: type, name: type, ...

Bound Element

- a class specified by binding of template’s formal parameters
to actual values

o itis fully specified by the template
[1 template’s contents cannot be extended
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Example of a Parameterized Class

Array<Point, 3>

‘o «bind» (Address, 24)

AddressList
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Utility

Utility
— a grouping of global variables and procedures
e notation: as a class with stereotype «utility»

«utility»
MathPackage

sin (Angle) :Real
cos (Angle) :Real
sgrt (Real) :Real
random () :Real




UML Static Structure Modeling 15 of 33

Association and Association Class

Association
- relation among classes describing a set of links
» they are binary and n-ary

[J name is optional; it can include the direction in which to read
an association

Association Class

— an association with class-like properties (attributes,
operations, relations, behaviour)

e an association and its connected association class represent
the same model element

[1they must have the same name
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Association End *

— an end of an association where it connects to a class
« part of the association, not the class

Multiplicity
- the range of allowable cardinalities that a set may assume

o format: a list of values and intervals expressed as
lower limit . . upper limit

* possible values : number or * (many)
1
*
e e *

0
1..%*
2,4,0..10,20..%*

Ordering: {ordered} oOor {unordered}
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Association End 2
Navigability

- Indicates that navigation is supported toward attached class

Rolename

- the role played by the class attached to end of the path near
the rolename

Changeability: {frozen} or {addOnly}

Visibility:  (public} (+)
{protected} (#)
{private} (-)

Qualifier

— an attribute or a list of attributes whose values serve to
partition the set of links
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Examples of Associations
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Aggregation and Composition
Aggregation

— a special association representing the relationship between
the whole and its parts

[1 aggregation can also be treated as an “ownership by a
reference”

Composition

— a special kind of aggregation with “strong ownership” and
coincided lifetime of part with the whole (all parts can be
created after the creation of the whole and they are explicitly
destroyed before the destruction of the whole)

[1 a composition can also be treated as an “ownership by a
value”
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Examples of Aggregations and Compositions

Aggregation

+points

1 )
3..%
Contains p Point

1..5
member

Committee

Person

Composition:

Window

scrollbar[2]:S1lider
title:Header
body: Panel

Polygon <>
Y9 {ordered}

1<T
GC
1
=

color
Ttexture

Window

scrollbar /2

Slider Header Panel
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- the taxonomic relationship between a more general and

more specific elements

e sub-elements inherit structure and/or behaviour from super-

elements

 may be applied to classes, packages or use cases

Vehicle

1

Wind
Vehicle

Motor
Vehicle

Water
Vehicle

Land
Vehicle

Polygon“Ellipse“Spline

Truck

N >

Sailboat
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Dependency

— a semantic relationship between two model elements; it
indicates: “a change of the farget element can cause a
change of the source element”

* relates to model elements themselves; not to their instances

Source f---------- = Target
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Examples of Dependencies
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Derived Element

- an element that can be computed from another one, but is
shown for clarity or for design purposes

« notation: it is shown by placing a slash (/) in front of the
element name

Person

birthday
/,/age

{age = currentDate - birthday} E1
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Navigation Expressions (OCL)

- they allow to express navigation in the class models

item.selector

— the selector is the name of an attribute in the item or the role
name of the target end of a link attached to the item. The result
is the value of an attribute or related object(s).

item.selector [ qualifier-value ]

— a selector designates a qualified association that qualifies the
item. The qualifier-value is a value for the qualifier attribute.
The result is related object selected by the qualifier.

set->select ( boolean-expression )

— the boolean-expression is written in terms of objects within the
set. The result is the subset of objects in the set for which the
boolean-expression is true.
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Example of Navigation 1

Bank

account: Integer
0..1

customer C)

@ Person — Company

employee employer
—rname : String £y s name: String

0..% 0O..* . .
age:Integer o residence:String

@ Name of a person :

Person.name

@ Names of person’s employers :

Person.employer.name
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Example of Navigation 2

Bank

account: Integer

0..1
customer

Person C) Company
- employee employer :
name:String - *}mmme:Strlng
age:Integer 0.. 0.. residence:String

® A customer of the bank with the account num. 8526:
Bank.customer[8526]

@ Employers of an owner of the account 6251:

Bank.customer[6251] .employer.name
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Example of Navigation 3

Bank

account: Integer
0..1

customer

Person () Company

. emp L Oyee smplovens -
name:String name:String

* *
age:Integer « 0. 0. residence:String

@

@® Employees older than 50:
Company .employee -> select(p|p.age>50)

@ Names of employers from Bratislava:

Person.employer ->
select(c|c.residence='Bratislava’) .name
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Object
Object

— a particular instance of a class

e object name:
object_name : class_name

» attribute values list:
name : type = value

tri 1
riangle triangle:Polygon

center=(0,0)

: Polygon vertices=((0,0), (4,0), (4,3))
borderColor=black
fillColor=white

triangle:Polygon
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Link

- a tuple (mostly a pair) of object references

an instance of an association

multiplicity is NOT shown
[1 link is an instance

other association adornments may be shown

stereotypes:
«association» association (default, unnecessary to write)
«parameter» procedure parameter
«local» local variable of a procedure
«global» global variable

«self» self link (sending a message to itself)
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Example of links

officer

Baca:Person
_ member
Lreasurer
member
santaFeRFC: RugbyClub Podmore: Person

president
w‘qﬁ\
Morris:Person

officer
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Process of Static Structure Modeling

B |dentify classes
o from Glossary
e from Business Model
» stored information items
o from use case realizations

B Specify the semantics of classes
* responsibility
o attributes, operations and interfaces

B |dentify relationship among classes
« domain-based associations
» object interactions
« generalization and aggregation relationships

B Structure the model into packages
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Summary
HClass HMAggregation
HType BEComposition

Himplementation Class
Hinterface
BParameterized Class
HEBound Element
mUtility

HBAssociation

B Generalization
HEDependency

HDerived Element
ENavigation Expressions
HObject

HLink

HProcess of Static Structure
Modeling



