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Before looking at the details of class diagrams, much preparation work is needed.  Some 
use cases should have been done to identify the contexts within which the class diagram 
exists, as well as providing candidate classes.  Scenarios and sequence diagrams will have 
built upon these candidate classes, adding attribute, operation and association detail.

In this chapter we will further refine the class diagram, looking at the topics shown above.
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An association is a semantic relationship between two or more classes, in turn this will mean 
that the objects of that type can be linked. Most relationships connect two classes.  Ternary 
relationships are also allowed.

Temporary links are established when an object is created (between the creator and created 
object) and when an object is passed as a parameter to another object.

Just as an object is an instance of a class, a link is an instance of an association.
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AssociationsAssociations

Objects which collaborate are linkedObjects which collaborate are linkedObjects which collaborate are linkedObjects which collaborate are linked
Their classes are associatedTheir classes are associatedTheir classes are associatedTheir classes are associated

PackagePackagePackagePackage

requestPlacerequestPlacerequestPlacerequestPlace()()()()

requestPlacerequestPlacerequestPlacerequestPlace()()()()

requestPlacerequestPlacerequestPlacerequestPlace()()()()
::::BookingMgrBookingMgrBookingMgrBookingMgr

CBB1/Rome/1/11CBB1/Rome/1/11CBB1/Rome/1/11CBB1/Rome/1/11
:Package:Package:Package:Package

CBB1/Prague/25/10CBB1/Prague/25/10CBB1/Prague/25/10CBB1/Prague/25/10
:Package:Package:Package:Package

CBB1/Cardiff/8/11CBB1/Cardiff/8/11CBB1/Cardiff/8/11CBB1/Cardiff/8/11
:Package:Package:Package:Package

ObjectsObjectsObjectsObjects

ClassesClassesClassesClasses

::::BookingMgrBookingMgrBookingMgrBookingMgr

BookingMgrBookingMgrBookingMgrBookingMgr
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Associations should be named.  The activity of finding an appropriate name should help in 
understanding the reason for the association, as well as recording this for posterity.  The 
underlying reason why particular objects are linked to each other should be sought, rather 
than simply documenting the name(s) of the operation(s) that are invoked across the link.  
Thus, ask why the Package knows about its Clients, (because it maintains or owns them), 
rather than simply recording that it adds and deletes them.
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AssociationsAssociations

Association name describes why links existAssociation name describes why links existAssociation name describes why links existAssociation name describes why links exist

�HighHighHighHigh----level abstract description, covering all operationslevel abstract description, covering all operationslevel abstract description, covering all operationslevel abstract description, covering all operations

�Written in one direction, readable in both (with adjustments)Written in one direction, readable in both (with adjustments)Written in one direction, readable in both (with adjustments)Written in one direction, readable in both (with adjustments)

If reading direction is not obvious, add an arrowheadIf reading direction is not obvious, add an arrowheadIf reading direction is not obvious, add an arrowheadIf reading direction is not obvious, add an arrowhead

�hostsis booked on
ClientClientClientClient PackagePackagePackagePackage HotelHotelHotelHotel
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Role names are read in both directions.

A Person plays the role of ‘employee’ in his/her relationship to a Company.

A Company plays the role of an employer to a Person.

Reflexive associations exist where two or more objects of the same class can be linked. 
Association names on reflexive associations can be ambiguous with regard to reading 
direction. In the slide above, it is not clear whether one employee manages many 
employees, or many employees manage one unfortunate individual. Role names remove this 
ambiguity.
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Roles and Reflexive AssociationsRoles and Reflexive Associations

A role is the face that class shows to another classA role is the face that class shows to another classA role is the face that class shows to another classA role is the face that class shows to another class

�Read in appropriate directionRead in appropriate directionRead in appropriate directionRead in appropriate direction

PersonPersonPersonPerson

traineetraineetraineetrainee

managermanagermanagermanager

Example Reflexive AssociationExample Reflexive AssociationExample Reflexive AssociationExample Reflexive Association

PersonPersonPersonPerson

managesmanagesmanagesmanages

1111 1111

**** ****

PersonPersonPersonPerson CompanyCompanyCompanyCompany
employeremployeremployeremployeremployeeemployeeemployeeemployee

Example RolesExample RolesExample RolesExample Roles
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There are two multiplicity decisions to be made for a normal binary relationship as shown above.

Assuming the classes are A and B, the two decisions are:

One A object is associated with how many B objects?

One B object is associated with how many B objects?

These are dependent on the business rules.  Some applicable ones may be:

An ItemLine must be on exactly one Invoice (An ItemLine with no Invoice is illegal)

An Invoice must always have at least one ItemLine (is there a maximum number?)
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MultiplicityMultiplicity

Captures the business rules of the relationshipCaptures the business rules of the relationshipCaptures the business rules of the relationshipCaptures the business rules of the relationship

� If I have one of these, how many of those must I have?If I have one of these, how many of those must I have?If I have one of these, how many of those must I have?If I have one of these, how many of those must I have?

Look at each relationship and decide how many objects are Look at each relationship and decide how many objects are Look at each relationship and decide how many objects are Look at each relationship and decide how many objects are 

involvedinvolvedinvolvedinvolved

�From each end, decide how many objects at the other endFrom each end, decide how many objects at the other endFrom each end, decide how many objects at the other endFrom each end, decide how many objects at the other end

InvoiceInvoiceInvoiceInvoice

total: Money

ItemLineItemLineItemLineItemLine

lineAmount: Money

hashashashas

How many How many How many How many ItemLinesItemLinesItemLinesItemLines does an Invoice have?does an Invoice have?does an Invoice have?does an Invoice have?

How many Invoices is an How many Invoices is an How many Invoices is an How many Invoices is an ItemLineItemLineItemLineItemLine connected to?connected to?connected to?connected to?
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The multiplicity is read from a single object at one end, across the association to the 
multiplicity marker at the other end, which specifies how many of those objects there may be 
in association.

One Invoice has one or more ItemLine, it can never have no ItemLine.

One ItemLine is for exactly one Invoice.

The general expression for multiplicity is a set of comma-separated ranges.  Each range may 
specify either a minimum and a maximum number, or a single number.  An asterisk as the 
maximum means no upper limit, an asterisk on its own is read as ‘many', and means from 
zero upwards.  Note that a single number means just that number, not from zero to the 
number. 
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Multiplicity NotationMultiplicity Notation

An An An An ItemLineItemLineItemLineItemLine is for one is for one is for one is for one 
InvoiceInvoiceInvoiceInvoice

1111

1..*1..*1..*1..*

General expressionGeneral expressionGeneral expressionGeneral expression

ExamplesExamplesExamplesExamples

An Invoice has one An Invoice has one An Invoice has one An Invoice has one 
or more or more or more or more ItemLinesItemLinesItemLinesItemLines

1 . . 51 . . 51 . . 51 . . 5 1 to 5 inclusive1 to 5 inclusive1 to 5 inclusive1 to 5 inclusive
0 . . 0 . . 0 . . 0 . . nnnn Optional Optional Optional Optional ((((n=any positive integer)n=any positive integer)n=any positive integer)n=any positive integer)

0 , 10 , 10 , 10 , 1 Zero or 1 Zero or 1 Zero or 1 Zero or 1 ((((same as same as same as same as 0 . . 10 . . 10 . . 10 . . 1))))

6666 Exactly 6 Exactly 6 Exactly 6 Exactly 6 ((((same assame assame assame as 6 . . 6)6 . . 6)6 . . 6)6 . . 6)

**** ManyManyManyMany (same as (same as (same as (same as 0 . . *0 . . *0 . . *0 . . * ))))

0 , 4 . . *0 , 4 . . *0 , 4 . . *0 , 4 . . * Zero or 4 or moreZero or 4 or moreZero or 4 or moreZero or 4 or more

lower . . upper , lower . . upper ,lower . . upper , lower . . upper ,lower . . upper , lower . . upper ,lower . . upper , lower . . upper ,

InvoiceInvoiceInvoiceInvoice

total: Money

ItemLineItemLineItemLineItemLine

lineAmount: Money

hashashashas
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Multiplicity constraints specify that the system should never be in a state where an invalid 
multiplicity could be observed.  Obviously in the depths of programming, such a constraint 
could be momentarily broken, say for a one-to-one association.  Where an object must be 
created, the multiplicity will be invalid until both objects exist.

If users or domain experts specify cases where business logic requires that the constraints are 
broken, the multiplicity (or the experts!) must be incorrect.

The class diagram does not, of course, specify the behaviour required when attempts are 
made to break the constraints. These must be handled in the dynamic models, Use Cases, 
scenarios, sequence diagrams, collaboration diagrams and state diagrams. E.g. the above 
model would imply the need for scenarios (and use case alternate flows) to handle situations 
where an attempt was made to delete the last ItemLine from an Invoice, or to add a twenty-
first.
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Multiplicity ImplicationsMultiplicity Implications

The multiplicities define a The multiplicities define a The multiplicities define a The multiplicities define a validvalidvalidvalid systemsystemsystemsystem

� (not necessarily a (not necessarily a (not necessarily a (not necessarily a usefulusefulusefuluseful system) system) system) system) 

They are the Business RulesThey are the Business RulesThey are the Business RulesThey are the Business Rules

Must plan for attempts to break the constraintsMust plan for attempts to break the constraintsMust plan for attempts to break the constraintsMust plan for attempts to break the constraints

�Need to identify Use Cases/scenarios that make attemptsNeed to identify Use Cases/scenarios that make attemptsNeed to identify Use Cases/scenarios that make attemptsNeed to identify Use Cases/scenarios that make attempts

Must never have an Must never have an Must never have an Must never have an ItemLineItemLineItemLineItemLine that is not on an Invoicethat is not on an Invoicethat is not on an Invoicethat is not on an Invoice

Must never have an Invoice that has no Must never have an Invoice that has no Must never have an Invoice that has no Must never have an Invoice that has no ItemLinesItemLinesItemLinesItemLines

Must never have an Invoice that has more than 20 lines Must never have an Invoice that has more than 20 lines Must never have an Invoice that has more than 20 lines Must never have an Invoice that has more than 20 lines 

1111

1..201..201..201..20InvoiceInvoiceInvoiceInvoice

total: Money

ItemLineItemLineItemLineItemLine

lineAmount: Money

hashashashas
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Existing business rules are not always appropriate requirements for a new system.  There 
may be scope for  improvement. 

Changing multiplicity after deployment is usually a tall order, and is more expensive than 
implementing it initially.  For example, the cost of implementing a to-many  multiplicity at 
initial design time may cost twice as much as implementing a to-one or optional multiplicity 
at that time, but changing after deployment from a to-one or optional multiplicity, to a to-
many multiplicity may cost ten times as much.
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Determining MultiplicityDetermining Multiplicity

Multiplicity captures the business rulesMultiplicity captures the business rulesMultiplicity captures the business rulesMultiplicity captures the business rules

�But consider impending/possible/reasonable changesBut consider impending/possible/reasonable changesBut consider impending/possible/reasonable changesBut consider impending/possible/reasonable changes

Restrictive multiplicity will limit growth and extensibilityRestrictive multiplicity will limit growth and extensibilityRestrictive multiplicity will limit growth and extensibilityRestrictive multiplicity will limit growth and extensibility

�A system implemented with 'person works for one company', would A system implemented with 'person works for one company', would A system implemented with 'person works for one company', would A system implemented with 'person works for one company', would have have have have 

difficulty upgrading to many companiesdifficulty upgrading to many companiesdifficulty upgrading to many companiesdifficulty upgrading to many companies

TooTooTooToo----expansive multiplicity will introduce complexityexpansive multiplicity will introduce complexityexpansive multiplicity will introduce complexityexpansive multiplicity will introduce complexity

� Implementing many companies but only ever using one, has wasted Implementing many companies but only ever using one, has wasted Implementing many companies but only ever using one, has wasted Implementing many companies but only ever using one, has wasted 

development effort, and probably impacted user interactiondevelopment effort, and probably impacted user interactiondevelopment effort, and probably impacted user interactiondevelopment effort, and probably impacted user interaction

Multiplicity must allow Multiplicity must allow Multiplicity must allow Multiplicity must allow onlyonlyonlyonly legal situationslegal situationslegal situationslegal situations

Getting it right is best, but too many is the next bestGetting it right is best, but too many is the next bestGetting it right is best, but too many is the next bestGetting it right is best, but too many is the next best
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Without a definition of Race, almost any multiplicity could be argued, each using a different 
understanding of what a Race is.  Alternatively, a Race could be 'The Cheltenham Gold Cup', 
allowing all years to be included, or future Races to be considered also.  Each of these would 
have different effects on the multiplicity.  Similarly, we must be careful with the naming and 
definition of the associations. Definitions of the classes and associations should appear in 
the data dictionary.  Normally, the definitions and the multiplicity will be refined together.

10©τecaδemy

Multiplicity InMultiplicity In--Situ ExerciseSitu Exercise

ran in

won

rode

HorseHorseHorseHorse RaceRaceRaceRace

JockeyJockeyJockeyJockey

Multiplicity is dependent on the meaning of the association and Multiplicity is dependent on the meaning of the association and Multiplicity is dependent on the meaning of the association and Multiplicity is dependent on the meaning of the association and 

classesclassesclassesclasses

� Are we maintaining history?Are we maintaining history?Are we maintaining history?Are we maintaining history?

�How would the system change if we only considered the current race?

� Are the objects/associations complete?Are the objects/associations complete?Are the objects/associations complete?Are the objects/associations complete?

�How would the multiplicity change if we allowed races that had not yet been run?
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Constraints should be used freely on all the diagrams of the UML, where the graphical 
format cannot easily be adapted to capture the constraint requirement.  Constraints are first-
class elements in the model, and should be captured in the data dictionary with references 
from all the constrained elements.  Notes are not generally part of the model, and have no 
model semantics, except where a note contains a constraint. 

11©τecaδemy

Constraints and NotesConstraints and Notes

Any modelling element(s) can be constrainedAny modelling element(s) can be constrainedAny modelling element(s) can be constrainedAny modelling element(s) can be constrained

�Constraints are modelling elements that may appear on diagramsConstraints are modelling elements that may appear on diagramsConstraints are modelling elements that may appear on diagramsConstraints are modelling elements that may appear on diagrams

Visible form is a dashed lineVisible form is a dashed lineVisible form is a dashed lineVisible form is a dashed line

�Constraint text must be within braces { }Constraint text must be within braces { }Constraint text must be within braces { }Constraint text must be within braces { }

ran inran inran inran in

wonwonwonwon

1..*1..*1..*1..*2..*2..*2..*2..*

****1..*1..*1..*1..*
HorseHorseHorseHorse RaceRaceRaceRace{ subsetsubsetsubsetsubset }

{ A horse can only run in one { A horse can only run in one { A horse can only run in one { A horse can only run in one 
race at a time }race at a time }race at a time }race at a time }

This is a note, i.e. part of this This is a note, i.e. part of this This is a note, i.e. part of this This is a note, i.e. part of this 
diagram, not the model.  Notes diagram, not the model.  Notes diagram, not the model.  Notes diagram, not the model.  Notes 
may contain constraints.may contain constraints.may contain constraints.may contain constraints.
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The attribute ‘bookingNumber’ could not be associated with the Client class only, as a Client
may have many bookings, and the relationship between the booking and the Event would be 
lost.  Similarly, the booking number could not be associated with the Event class only, as an 
Event will have many bookings, and the relationship between the booking and the Client 
would be lost.  It would be possible for the booking number to be associated with both the 
Client class and the Event class, but this is essentially a duplication of the ‘booking’ relation, 
and may therefore confuse matters.

In this case, it is the concept of a ‘Booking’ that properly describes the relationship between 
a Client and an Event, and so ‘bookingNumber’ is actually a property of the association, not 
either of the participating classes. The association can therefore be modelled as a class, 
where an instance of the association class defines the link between instances of the two 
classes. These association classes can also have behaviours – a Booking can only be 
cancelled if a link exists between a Client and an Event.

To summarise, the Booking association class specifies that for each ‘is booked on’ link 
(instance of the association) between a Client and an Event,  one instance of the Booking 
class will exist.
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is booked onis booked onis booked onis booked on

Association ClassesAssociation Classes

An association class defines properties of the associationAn association class defines properties of the associationAn association class defines properties of the associationAn association class defines properties of the association

********ClientClientClientClient PackagePackagePackagePackage

is booked onis booked onis booked onis booked on
********ClientClientClientClient PackagePackagePackagePackage

On which class does the attribute ‘bookingNumber’ appear?

BookingBookingBookingBooking

bookingNo

cancelPlace()
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Association ClassesAssociation Classes

Association Classes can exist regardless of multiplicityAssociation Classes can exist regardless of multiplicityAssociation Classes can exist regardless of multiplicityAssociation Classes can exist regardless of multiplicity…………

………… and can be used like any other classand can be used like any other classand can be used like any other classand can be used like any other class

AirportAirportAirportAirport

0..1

0..1

start

end

FlightFlightFlightFlight

PlanePlanePlanePlane

assigned

Association classes are not simply products of a many-to-many relationship between classes. 
They can exist regardless of the multiplicity of the association. They can exist also on reflexive 
relationships. The slide shows a reflexive optional relationship between two airports – it is an 
instance of the ‘Flight’ class that defines the relationship between a ‘start’ airport and an ‘end’
airport.

Association classes are classes in every respect, and can associate with, be aggregated into, 
or be sub/superclasses of other classes.
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There is much debate about the exact semantics of aggregation.  In the absence of a 
definitive, unambiguous, cohesive definition of aggregation, we raise the issues involved.  
Each use of aggregation implies that 'some' of these issues are involved, but will need to be 
investigated and specified independently. 
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AggregationAggregation

A wholeA wholeA wholeA whole----part relationshippart relationshippart relationshippart relationship

Aspects of ownershipAspects of ownershipAspects of ownershipAspects of ownership

� The whole owns the part(s)The whole owns the part(s)The whole owns the part(s)The whole owns the part(s)

� The parts belong to one, and usually just one, wholeThe parts belong to one, and usually just one, wholeThe parts belong to one, and usually just one, wholeThe parts belong to one, and usually just one, whole

Aspects of lifetimeAspects of lifetimeAspects of lifetimeAspects of lifetime

� The whole creates and/or deletes the partThe whole creates and/or deletes the partThe whole creates and/or deletes the partThe whole creates and/or deletes the part

� If the whole dies, the parts dieIf the whole dies, the parts dieIf the whole dies, the parts dieIf the whole dies, the parts die

� The parts normally don't exist without a wholeThe parts normally don't exist without a wholeThe parts normally don't exist without a wholeThe parts normally don't exist without a whole

Aspects of accessibilityAspects of accessibilityAspects of accessibilityAspects of accessibility

� Associates of the parts access the parts via the wholeAssociates of the parts access the parts via the wholeAssociates of the parts access the parts via the wholeAssociates of the parts access the parts via the whole

Aspects of propagationAspects of propagationAspects of propagationAspects of propagation

� Some operations on the whole cause the same operations on the paSome operations on the whole cause the same operations on the paSome operations on the whole cause the same operations on the paSome operations on the whole cause the same operations on the partsrtsrtsrts
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The diamond is shown next to the class designated as the whole. The other object is the 
part.  There is no need for an association name or role names; the aggregation defines that 
the whole 'is made up of', or 'contains', or 'has' the parts, and the parts 'are part of', 'are 
contained by' or 'belong to' the whole.

To take another example, say that of a Car to Chassis relationship, there is aggregation, 
because:

There is a whole-part relationship; the Car is a whole, the chassis part of it.

Chassis’ don't normally exist independently (except in a manufacturing situation).

If the Car is crushed in a junk yard, the Chassis would be crushed too.

To check a chassis number, you would first identify the Car.

If you drive the Car to Glasgow, the Chassis would go too.

Whereas in the Car to Driver relationship, there is not aggregation, because:

There is no whole-part relationship.

Each exists without the other.

Cars and Drivers are created and destroyed independently.

Access to Cars is independent of access to drivers.

Although the Car may be driven to Glasgow, and the Driver would probably go with 
it, the Driver could also take the train to Edinburgh.
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Aggregation NotationAggregation Notation

balance: Money = 0 amount: Money

1111 1..*1..*1..*1..*
InvoiceInvoiceInvoiceInvoice ItemLineItemLineItemLineItemLine

An An An An ItemLineItemLineItemLineItemLine is part of an Invoiceis part of an Invoiceis part of an Invoiceis part of an Invoice

The Invoice owns its The Invoice owns its The Invoice owns its The Invoice owns its ItemLineItemLineItemLineItemLines

ItemLineItemLineItemLineItemLines don't exist without an owning Invoicedon't exist without an owning Invoicedon't exist without an owning Invoicedon't exist without an owning Invoice

An InvoiceAn InvoiceAn InvoiceAn Invoice is responsible for creating its is responsible for creating its is responsible for creating its is responsible for creating its ItemLineItemLineItemLineItemLines

If the InvoiceIf the InvoiceIf the InvoiceIf the Invoice is not needed, neither are its is not needed, neither are its is not needed, neither are its is not needed, neither are its ItemLineItemLineItemLineItemLines

Access to the Access to the Access to the Access to the ItemLinesItemLinesItemLinesItemLines should be through the Invoiceshould be through the Invoiceshould be through the Invoiceshould be through the Invoice

Archiving a InvoiceArchiving a InvoiceArchiving a InvoiceArchiving a Invoice should cause its should cause its should cause its should cause its ItemLinesItemLinesItemLinesItemLines to be archivedto be archivedto be archivedto be archived
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If I delete an invoice, the item lines will be deleted with it, because they are part of the 
invoice. When an object is subjected to an operation that also gets ‘passed down’ or 
propagated to other objects, it can be taken as evidence to support the existence of an 
aggregation relationship between the objects.

Propagation of operations can take place across standard associations or aggregation 
relationships however it is commonly found in aggregation relationships.  As another 
example, when sending the request to a document object to copy it may in turn send 
messages to the paragraph objects it owns and then in turn to character objects owned by 
the paragraph. This has the advantage of decoupling the original sender from the receiver. 
E.g. in the above example document has no direct knowledge of the character operations.  
When operations are propagated in this manner within a aggregation relationship it is 
common that one of the objects sending the message is acting as an agent.  It simply 
receives messages and sends them on.  Propagating operations can also add flexibility in 
assigning responsibilities to objects.  As the responsibilities can be distributed among objects.
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Propagation of OperationsPropagation of Operations

1111

1..*1..*1..*1..*

InvoiceInvoiceInvoiceInvoice

ItemLineItemLineItemLineItemLine

Object InteractionObject InteractionObject InteractionObject Interaction
:Invoice:Invoice:Invoice:Invoice

convertCurrencyconvertCurrencyconvertCurrencyconvertCurrency
(newCurrency)(newCurrency)(newCurrency)(newCurrency)

::::ItemLineItemLineItemLineItemLine

Causes the message to be Causes the message to be Causes the message to be Causes the message to be 
propagated to propagated to propagated to propagated to InvoiceItemInvoiceItemInvoiceItemInvoiceItem

Sending the message Sending the message Sending the message Sending the message 
convertCurrency to convertCurrency to convertCurrency to convertCurrency to 
InvoiceInvoiceInvoiceInvoice

convertCurrencyconvertCurrencyconvertCurrencyconvertCurrency
(newCurrency)(newCurrency)(newCurrency)(newCurrency)

"Propagation of operations  to
parts is often a good indicator 
of aggregation" Rumbaugh et al

Static ModelStatic ModelStatic ModelStatic Model

1..*1..*1..*1..*
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Although the aggregation does not mandate that any specific rule is true, it is useful, 
because it highlights the fact that each issue should be addressed. But the bottom line is – if 
the Customer says it’s an aggregation, you are duty-bound to model it as such (you can 
always tinker with it during design!)
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Aggregation: Why?Aggregation: Why?

Makes a decision about abstraction explicitMakes a decision about abstraction explicitMakes a decision about abstraction explicitMakes a decision about abstraction explicit

� Identifies that the parts could be omitted (from a diagram) withIdentifies that the parts could be omitted (from a diagram) withIdentifies that the parts could be omitted (from a diagram) withIdentifies that the parts could be omitted (from a diagram) without losing the out losing the out losing the out losing the 

big picture: the parts are subservient to the wholebig picture: the parts are subservient to the wholebig picture: the parts are subservient to the wholebig picture: the parts are subservient to the whole

� Identifies that the whole object should be responsible for managIdentifies that the whole object should be responsible for managIdentifies that the whole object should be responsible for managIdentifies that the whole object should be responsible for managing the partsing the partsing the partsing the parts

May help with design decisionsMay help with design decisionsMay help with design decisionsMay help with design decisions

�Parts should normally be in the same ownership unitParts should normally be in the same ownership unitParts should normally be in the same ownership unitParts should normally be in the same ownership unit

�Parts should normally be in the same deployment unitParts should normally be in the same deployment unitParts should normally be in the same deployment unitParts should normally be in the same deployment unit

�Parts only accessed through the whole (encapsulation)Parts only accessed through the whole (encapsulation)Parts only accessed through the whole (encapsulation)Parts only accessed through the whole (encapsulation)

�May lead to physical object composition at implementationMay lead to physical object composition at implementationMay lead to physical object composition at implementationMay lead to physical object composition at implementation

�Often identifies a reusable group of componentsOften identifies a reusable group of componentsOften identifies a reusable group of componentsOften identifies a reusable group of components

Because thatBecause thatBecause thatBecause that’’’’s the way the Customer sees it!s the way the Customer sees it!s the way the Customer sees it!s the way the Customer sees it!
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Aggregation really just specifies a closer than usual relationship between classes and objects.  
Each of the criteria or rules should be examined to determine if it is to be used.

If there’s any argument about whether it’s aggregation or association, default to association 
– it’s the more flexible option.
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Aggregation: Why Not!Aggregation: Why Not!

Aggregation signifies a stronger relationship than simple Aggregation signifies a stronger relationship than simple Aggregation signifies a stronger relationship than simple Aggregation signifies a stronger relationship than simple 

associationassociationassociationassociation

But it does not require ALL of the criteriaBut it does not require ALL of the criteriaBut it does not require ALL of the criteriaBut it does not require ALL of the criteria

�The whole may not own the part(s)The whole may not own the part(s)The whole may not own the part(s)The whole may not own the part(s)

�The parts may exist independentlyThe parts may exist independentlyThe parts may exist independentlyThe parts may exist independently

�The whole may not create or delete the partThe whole may not create or delete the partThe whole may not create or delete the partThe whole may not create or delete the part

�The part may not die if the whole diesThe part may not die if the whole diesThe part may not die if the whole diesThe part may not die if the whole dies

�Parts may be accessed directly, not via the wholeParts may be accessed directly, not via the wholeParts may be accessed directly, not via the wholeParts may be accessed directly, not via the whole

�There may not be any operations propagated from the wholeThere may not be any operations propagated from the wholeThere may not be any operations propagated from the wholeThere may not be any operations propagated from the whole

If none of the criteria are met, it probably isn't aggregationIf none of the criteria are met, it probably isn't aggregationIf none of the criteria are met, it probably isn't aggregationIf none of the criteria are met, it probably isn't aggregation
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Aggregation InAggregation In--Situ ExerciseSitu Exercise

ObjectiveObjectiveObjectiveObjective

�To practice differentiating aggregation from associationTo practice differentiating aggregation from associationTo practice differentiating aggregation from associationTo practice differentiating aggregation from association

Task:Task:Task:Task:

�As a group , decide for each of the following whether each aggreAs a group , decide for each of the following whether each aggreAs a group , decide for each of the following whether each aggreAs a group , decide for each of the following whether each aggregation or gation or gation or gation or 

association would be most appropriateassociation would be most appropriateassociation would be most appropriateassociation would be most appropriate

› A track on a CDA track on a CDA track on a CDA track on a CD

› A mobile phone has a battery and A mobile phone has a battery and A mobile phone has a battery and A mobile phone has a battery and simsimsimsim

› An author of a documentAn author of a documentAn author of a documentAn author of a document

› A car parked in a car parkA car parked in a car parkA car parked in a car parkA car parked in a car park

› An organisation has many departmentsAn organisation has many departmentsAn organisation has many departmentsAn organisation has many departments

› A plan has many tasks and milestonesA plan has many tasks and milestonesA plan has many tasks and milestonesA plan has many tasks and milestones

› A person driving a carA person driving a carA person driving a carA person driving a car

› A guitar has stringsA guitar has stringsA guitar has stringsA guitar has strings



Association and Aggregation

©Tecademy page 20

20©τecaδemy

Chapter SummaryChapter Summary

Analyse each association Analyse each association Analyse each association Analyse each association 

to determine multiplicity into determine multiplicity into determine multiplicity into determine multiplicity in

both directionsboth directionsboth directionsboth directions

Analyse each associationAnalyse each associationAnalyse each associationAnalyse each association

to determine whether it is to determine whether it is to determine whether it is to determine whether it is 

association or aggregationassociation or aggregationassociation or aggregationassociation or aggregation

Do not be surprised if your class diagram requires revisionDo not be surprised if your class diagram requires revisionDo not be surprised if your class diagram requires revisionDo not be surprised if your class diagram requires revision

Class diagrams often require multiple iterations to clarify nameClass diagrams often require multiple iterations to clarify nameClass diagrams often require multiple iterations to clarify nameClass diagrams often require multiple iterations to clarify names, s, s, s, 

add details, repair errors, reduce redundancy and simplifyadd details, repair errors, reduce redundancy and simplifyadd details, repair errors, reduce redundancy and simplifyadd details, repair errors, reduce redundancy and simplify

.                         .                         

.
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. won ****1..*1..*1..*1..*
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ran in 1..*1..*1..*1..*2..*2..*2..*2..*

InvoiceInvoiceInvoiceInvoice

1111
1..*1..*1..*1..*

ItemLineItemLineItemLineItemLine
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Use CaseUse CaseUse CaseUse Case

name {unique}
author
actor[1..*]
pre-condition
main flow[1]
post-condition
alternate flow[n]

1..*

1..*

1
ActorActorActorActorSystemSystemSystemSystem BoundaryBoundaryBoundaryBoundary

1

invoked by

1..*

1..*

0..*

0..*

base DependencyDependencyDependencyDependency

« include include include include »

« extend extend extend extend »

/primary/primary/primary/primary /secondary/secondary/secondary/secondary

generalisegeneralisegeneralisegeneralise1

1+n..*

1..*

1..*

1..*

Scenario ClauseScenario ClauseScenario ClauseScenario Clause

/Object Noun/Object Noun/Object Noun/Object Noun

VerbVerbVerbVerb

to

/Subject Noun/Subject Noun/Subject Noun/Subject Noun

d
o
e
s

1

1..*

1

1

SubSubSubSub----ScenarioScenarioScenarioScenario

1..*

ScenarioScenarioScenarioScenario

1..*

1..*

NounNounNounNoun

1

1

1

1

d
eta
iled

 b
y

/Client Object/Client Object/Client Object/Client Object
11

InteractionInteractionInteractionInteraction
1..*

1

1..*

Sequence DiagramSequence DiagramSequence DiagramSequence Diagram

1..*

1 1

11

/Supplier Object/Supplier Object/Supplier Object/Supplier Object
11

1

EventEventEventEvent

sen
d
s

to

11 1

1..*

1..*

1..*

1..*

represents

represents

represents

can be transformed into

can be transformed into

1

1

1

1

Interaction BlockInteraction BlockInteraction BlockInteraction Block

1 1

1

can b
e tran

sform
ed int

o

client

supplier

0..*

LinkLinkLinkLinkCommunication DiagramCommunication DiagramCommunication DiagramCommunication Diagram

1 1

1..*

1..*

ObjectObjectObjectObject
1

1..*

1..*

ca
rrie

s

can be transformed into

0..*

1

1..*

0..1

AssociationAssociationAssociationAssociation

name

AggregationAggregationAggregationAggregation

RelationshipRelationshipRelationshipRelationship

ObjectObjectObjectObject----basedbasedbasedbased

multiplicity
constraints

Class DiagramClass DiagramClass DiagramClass Diagram

is th
e
 su
m
 o
f

1

1

1..*

0..1

role

role
ClassClassClassClass

attribute[0..*]
operation[1..*]1..*

Problem StatementProblem StatementProblem StatementProblem Statement
It all starts here...

1

Use Case DiagramUse Case DiagramUse Case DiagramUse Case Diagram

1

Scoped by

1

Associations and Aggregations Associations and Aggregations -- SummarySummary

«i
n
st
a
n
ce
 o
f»

« i
n
st
a
n
ce
 o
f»

1..*

Activity DiagramActivity DiagramActivity DiagramActivity Diagram

TransitionTransitionTransitionTransition

ActivityActivityActivityActivity
0..1

1

TaskTaskTaskTask

DecisionDecisionDecisionDecision

0..1

0..1

OperationOperationOperationOperation

1..*

StateStateStateState

InitialInitialInitialInitial Final Final Final Final 
1 1..*

The class diagram consists of classes (showing their attributes and operations) and the object-
based relationships between them (association or aggregation, showing the multiplicity). 
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Case Study Case Study -- Exercise 11Exercise 11

ObjectivesObjectivesObjectivesObjectives

� To practice refining the objectTo practice refining the objectTo practice refining the objectTo practice refining the object----based relationships in a class diagram based relationships in a class diagram based relationships in a class diagram based relationships in a class diagram 

� To consolidate understanding of multiplicity, role names, associTo consolidate understanding of multiplicity, role names, associTo consolidate understanding of multiplicity, role names, associTo consolidate understanding of multiplicity, role names, association ation ation ation 

and aggregationand aggregationand aggregationand aggregation

Turn to and complete exercise 11 in the exercise bookletTurn to and complete exercise 11 in the exercise bookletTurn to and complete exercise 11 in the exercise bookletTurn to and complete exercise 11 in the exercise booklet


