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A Brief Guide to UML

1. Diagram Types
Unified Modeling Language (UML) is a modeling language for object oriented software development, systems development and conceptual models like the ISO Address Standard (ISO 19160-1: Addressing-Part 1: Conceptual Model). UML consists of Use Case, Activity, Class, Object, Sequence, Communication, Timing and Component Diagrams. For our address work, the class diagram is used.

2. Class Diagrams
This type of diagram shows the structure of a system by showing the system’s classes, the relationship between the classes and a class’ attributes and operations. A class is the blueprint from which objects can be constructed. The objects constructed from a class are called instances. A class contains information on the class’ state or attributes and the class’ behavior or operations.

 A class is represented in UML diagrams by a rectangle, shown in figures 1 and 2, with three sections. The first or top section is the class name, the second or middle section is the class’ attributes and the third or bottom section is the class’ operations. The attribute and operations sections are optional. An example of a class with both an attribute and an operation is show in Figure 1. In this example, the attribute is SampleAttribute and the operation is sampleOperation. All ISO Address Standard classes, an example of which is shown in Figure 2, have attributes but no operations.

[image: ]
Figure 1: A sample class with attributes and operations

[image: ]
Figure 2: An example of a Class from the ISO Address Standard.

Each attribute consists of four parts: visibility, attribute name, attribute type and multiplicity. For example, the addresseId attribute in Figure 2 has public visibility as indicated by the + sign, an attribute name of addressId, a type of Oid and multiplicity of [0..1].

Each class’ attribute has a visibility indicated by either the +,-, # or ~ character next to the attribute name. Visibility is the class’ selectivity in revealing its operations and other data to other classes. Public visibility, indicated by the + sign, indicates that the attribute or operation is accessible by any other class.  All ISO Address Standard attributes are public. Protected  visibility, indicated by a #, states that these attributes can be used by methods that are part of this class as well as any class that inherits from this class. Package visibility, indicated by a ~, states that only classes within the same package, or logically related group, can access the attribute or operation. Finally, private visibility, indicated by a -, indicates that only the class containing the attribute or operation can use it. All of this is shown in Table 1.

	Type
	Sign
	Description

	Public
	+
	Attribute or operation is accessible by any class.

	Protected
	#
	Attribute or operation can be used by the class containing it and any class that inherits from the class containing it.

	Package
	~
	Only classes within the same package can access the attribute or operation.

	Private
	-
	Only the class containing the attribute or operation can use it.


Table 1: Visibilities of UML Class Attributes

An attribute’s type varies depending on how the class will be used. Generally, the type will be a class or a primitive type, which are fundamental types for representing values. Examples of primitive types are “int” for integer data and “char” for character data. In the addressId attribute shown in Figure 2, the type is Oid, which is a data type from ISO 19152 which states that the “identifier should be unique within the namespace, i.e. no other spatial object should carry the same identifier”.

Multiplicity indicates how many times the attribute is used to represent an object by defining the lower and upper bounds of possible instances. If no number is given, the multiplicity is one. This indicates that the attribute has to be used once and only once. A star (*) indicates that the attribute can be used an infinite number of times. A n indicates that the attribute can be used a specific number of times. For example, the addressId attribute shown in Figure 2 can be used between zero and one time.

3. Class Relationships

IN UML models, classes interact with one another in one of five ways: dependency, association, aggregation, composition and inheritance or generalization. These types of interactions are indicated by the type of line connecting the two classes. These interactions depict how dependent the classes involved in the relationship are to each other and how the classes interact by showing the multiplicity, the named roles of the classes in the relationship, the direction of the relationship and a name that indicates how the relationship works. The multiplicity, named roles of the classes and the relationship are optional and are not shown in every relationship.

 The multiplicity of the relationship between the classes can be shown with numbers on both ends of the transaction.  If no numbers are shown, the classes are in a one to one relationship in which one class is directly connected to only one instance of the other class in the relationship. An example of a one to one relationship is shown in Figure 3. In this example, the User Interface class works with only one BlogEntry class.

The weakest relationship is dependency, which is indicated by a dashed arrow. In this relationship, objects of one class work briefly with the objects of another class. An example of this is shown in Figure 3. In this example, the User Interface class works briefly with the BlogEntry class.
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Figure 3:  An example of a dependency. In this example, the User Interface class works briefly with the BlogEntry class.

After dependency, the next weakest relationship is association. This interaction is indicated by a simple connecting line. In this relationship, the objects of one class work with the objects of another class for a period of time. An example of association is shown in Figure 4. In this example, the AddressSpecification class works with the address class. This figure also states through the multiplicity indicators at either end of the transaction that zero to an infinite number of the Address specification class (indicated by 0… *) can work with 1 to an infinite number of the Address class (indicated by 1..*).   The name of the interaction, specifies, indicates that the AddressSpecification class specifies the Address class. Finally, the role codes at both ends of the transaction indicate that the AddressSpecification class serves as a specification (indicated by +specification) and that the Address class serves as the specified address ( specified by +specified address).

[image: ]
Figure 4: An example of association. In this example, the AddressSpecification class works with the Address class.

Aggregation, indicated by an empty diamond arrow, is the middle strength relationship. In this relationship, one class owns but shares a reference to objects of another class. An example of aggregation is shown in Figure 5. In this example, one to infinite number of Address classes owns one to an infinite number of AddressComponent classes. The Address class also shares the AddressComponent class with the ReferenceObject class. This interaction indicates that the Address class serves as the address, as indicated by the “+ address” next to the Address class box, and that the AddressComponent class serves as the address components, as indicated by the “+ address components” next to the AddressComponent class box. The “comprises of” name for the interaction indicates that the Address class comprises of the AddressComponent class.
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Figure 5: An example of aggregation. In this example, the Address class owns the AddressComponent class and shares the class with the ReferenceObject class.

Composition, one of the stronger relationships, is indicated by a filled diamond arrow. In this relationship, one class contains the objects of another class. An example of this is shown in Figure 6. In this example, the USPSAddress class is composed of the USPSBox and USPSRoute classes.
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Figure 6: An example of composition. In this example, the USPSAddress class is composed of the USPSBox and USPSRoute classes.

[bookmark: _GoBack]The strongest relationship between classes is inheritance or generalization. This is indicated by an empty arrow. In this relationship, one class, called the parent or superclass is a type of another class, called the child or derived class. The child class inherits all the attributes and operations of the parent class. An example of this is shown in Figure 7. In this example, the CompleteAddressNumber class is a type of AddressComponent. Since the CompleteAddressNumber is a child of the AddressComponent class, it inherits the componentId, componentType, componentValue, lifecycle, provenance and locale attributes from the AddressComponent class.
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Figure 7: An example of generalization or inheritance.  In this example, the CompleteAddressNumber class is a type of AddressComponent.

Stereotypes

Stereotypes are UML model elements, such as classes, that have their meaning extended or altered. They are used to specify a special use or intent and to describe the element’s role within the model. In class diagrams, a stereotyped class is indicated by angle brackets, as in <<stereotype_name>>.  Examples of stereotyped classes are shown in figures 8 and 9. 

The most common type of stereotype in the Address Standard is <<codelist>>, an example of which is shown in Figure 8. In this example, the AddressPositionCodelist class has been modified to serve as a codelist, as indicated by <<codelist>>. Codelists are used to identify collections of enumerated values.
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Figure 8: An example of a stereotyped class called a codelist

Another common stereotype in the Address Standard is <<type>>, which contains referenceable objects other than features. It is used for the specification of a domain of instances or objects. An example of the <<type>> stereotype is shown in Figure 9.

[image: ]
Figure 9: An example of the <<type>> stereotyped class.
image2.emf
class Type1

Address::Address

+ addressId  :Oid [0..1]

+ addressClassCode  :AddressClassCodelist [0..1]

+ preferenceLevel  :int [0..1]

+ position  :AddressPositionType [0..n]

+ lifecycle  :AddressLifecycleType [0..1]

+ provenance  :AddressProvenanceType [0..1]

+ locale  :RE_Locale [0..1]

+child address 0..*

parent

+parent address 0..1

0..*

alias

+address alias 0..*
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class Test

User Interface BlogEntry
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class Type1

Address

+ addressId  :Oid [0..1]

+ addressClassCode  :AddressClassCodelist [0..1]

+ preferenceLevel  :int [0..1]

+ position  :AddressPositionType [0..n]

+ lifecycle  :AddressLifecycleType [0..1]

+ provenance  :AddressProvenanceType [0..1]

+ locale  :RE_Locale [0..1]

AddressSpecification

+ citation  :CI_Citation

+ addressClasses  :AddressClassType [0..n]

+specification 0..*

specifies

+specified address 1..*

+child address 0..*

parent

+parent address 0..1

0..*

alias

+address alias 0..*
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class Address model

Address

+ addressId  :Oid [0..1]

+ addressClassCode  :AddressClassCodelist [0..1]

+ preferenceLevel  :int [0..1]

+ position  :AddressPositionType [0..n]

+ lifecycle  :AddressLifecycleType [0..1]

+ provenance  :AddressProvenanceType [0..1]

+ locale  :RE_Locale [0..1]

AddressComponent

+ componentId  :Oid [0..1]

+ componentType  :AddressComponentTypeCodelist

+ componentValue  :AddressComponentValueType [1..*]

+ lifecycle  :AddressLifecycleType [0..1]

+ provenance  :AddressProvenanceType [0..1]

+ locale  :RE_Locale [0..1]

ReferenceObject

+ referenceObjectId  :Oid

+ geometry  :GM_Object [0..1]

+address component 0..*

references

+reference object

0..1

0..*

withinScopeOf

0..1

0..*

alternative

+alternative compoent value 0..*

+address components

1..*

comprises of

+address

1..*

+child address 0..*

parent

+parent address 0..1

0..*

alias

+address alias 0..*
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class Test

USPSBox

+ USPSBoxType

+ USPSBoxID

USPSRoute

+ USPSBoxGroupType

+ USPSBoxGroupID

USPSAddress
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class Test

AddressComponent

+ componentId  :Oid [0..1]

+ componentType  :AddressComponentTypeCodelist

+ componentValue  :AddressComponentValueType [1..*]

+ lifecycle  :AddressLifecycleType [0..1]

+ provenance  :AddressProvenanceType [0..1]

+ locale  :RE_Locale [0..1]

CompleteAddressNumber

+ AddressNumberPrefix [0..1]

+ AddressNumber

+ AddressNumberSuffix

0..*

withinScopeOf

0..1

0..*

alternative

+alternative compoent value 0..*
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class Type3

«codelist»

AddressPositionCodelist

+ AddressXCoordinate

+ AddressYCoordinate

+ AddressLongitude

+ AddressLatitude

+ USNationalGridCoordinate

+ AddressElevation

+ AddressCoordinateReferenceSystemID

+ AddressCoordinateReferenceSystemAuthority

+ AddressCoordinateReferenceSystem
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class Type3

«type»

AddressClassType

+ addressClassCode  :AddressClassCodelist

+ componentList  :AddressComponentType [1..n]


image1.emf
class Type3Diagram

SampleClass

-  SampleAttribute  :int

+ sampleOperation()  :void


