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OCL Intro

Flight 0..* 1 Airplane

enum of cargo, passenger enum of cargo, passenger

{context Flight
inv: type = #cargo implies airplane.type = #cargo
inv: type = #passenger implies airplane.type = #passenger}
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OCL Intro I

Flight

context Flight

- departing
Airport | °M9" {1 Flights
name: String
*
destination arriving
Flights

inv: origin <> destination

inv: origin.name =

context Flight

‘Amsterdam’

inv: airline.name = ‘KLM’

departTime: Time
/arrivalTime: Time
duration : Interval

maxNrPassengers: Integer

flights

airline

Airline

name:String




OCL Intro I

: Flight
o departing
. origin -
Airport § <:|”" Flights departTime: Time flights
* | /arrivalTime: Time
name: String duration : Interval
* | maxNrPassengers: Integer
destination arriving
Flights
airline
context Flight Airline
inv: origin <> destination name:String
inv: origin.name = ‘Amsterdam’
context Flight
inv: airline.name = ‘KLM’

inv: airline.name.tolower = ‘klm’




OCL Intro Il

context Person inv:
if employer.name = ‘CVUT’ then
job.type = #lecturer
else
job. type = #programmer

endif

Job
type : {lecturer, programmer}

* E£G> 1 Company

employee employer | name : String

Person




Definition of constraint

= “Aconstraint is arestriction on one or more values of (part of)
an object-oriented model or system.”




History

= 1995 IBEL IBM
= Soucast UML 1.1




UML diagram nedostacuje

= Potrebujeme jazyk pro specifikaci
= Potifebujeme néco pro Objektovy navrh

= ne novy jazyk
= Potrebujeme néco standardizovaného




Uéel OCL

= Jazyk formalni specifikace

= ->implementovatelny

Objektovy navrh

= Intuitivni syntax pro OO jazyk

= Pozor neni to programovaci jazyk!




Vyhody formalni specifikace

= Lepsi dokumentace

= Omezeni modelu
s Informace navic
= Presnost

= Zamezi dvojznacnosti
= Komunikace bez nedorozumeéni

= Komunikace mezi vyvojarem a analytikem bez
nedorozumeni

I¥reg



Kam s OCL

= Specifikace invariantu trid a typ

= Cosmiacone
= Vymezeni legalnich hodnot

= Pre-apost-conditions pro metody
= Navigacni jazyk
= Omezeni/lvymezeni operaci

= Test pozadavku a specifikace




Example: A Mortgage System
(Hypoteka)

House Person
value : Money 0. 1I'socSecNr : Integer
houses owner | salary : Money
security | 1 getMortgage(sum  : Money,
security : House )

1 | borrower

Mortgage
0. principal : Money 0.*
— monthlyPayment : Money =
mortgages | startDate : Date mortgages
endDate : Date

1. A person may have a mortgage only on a house she owns.
2. The start date of a mortgage is before its end date.
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OCL specification of the constraints:

House Person
value : Money 0. 1I'socSecNr : Integer
houses owner | salary : Money
security | 1 getMortgage(sum  : Money,
security : House )

1 | borrower

Mortgage
. | principal : Money .
0. monthlyPayment : Money 0.
mortgages | startDate : Date mortgages
endDate : Date
1. context Mortgage context Mortgage
invariant: se/f.security.owner = self.borrower invariant: security.owner = borrower
2. context Mortgage context Mortgage
invariant: se/f.startDate < self.endDate invariant: startDate < endDate

1. A person may have a mortgage only on a house she owns.
2. The start date of a mortgage is before its end date.
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value : Money 0. 1I'socSecNr : Integer
houses owner | salary : Money
security | 1 getMortgage(sum  : Money,
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1 | borrower

/ Mortgage
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OCL specification of the constraints:

House Person
value : Money 0. 1I'socSecNr : Integer
houses owner | salary : Money
security | 1 getMortgage(sum  : Money,
security : House )

1 | borrower

Mortgage
. | principal : Money .
0. monthlyPayment : Money 0.
mortgages | startDate : Date mortgages

endDate : Date

1
1. context Mortgage context Mortgage

invariant: se/f.security.owner = self fporrower invariant: security.owner = borrower

2. context Mortgage context Mortgage

invariant: se/f.startDate < self. endDate invariant: startDate < endDate




More Constraints Examples

All players must be over 18.

Player

context Player invariant: self.age >=18

age: Integer

The number of guests in each room doesn’t

exceed the.numbher of heo §0Lrgnth8u£glnm
Room |

*

Guest

numberOfBeds: Integer

context Room invariant: guest -> size() <= numberOfBeds




Constraints/Omezeni (invariants),
Contexts and Self

Constraint (invariant)
Boolean OCL vyraz — vyhodnotitelny do true/false

Kazdy constraint je vazan na specificky typ

(class, association class, interface) v UML modelu
Ma svuj context.

Context objektu muze byt vyty€en pres keyword ‘self’.

Context Ize specifikovat pres:
o Context <context name>
o Prerusovanou carou spojujici objekt v UML modelu

Constraint mize mit nazev za kliCovym slovem
invariant.




1 * LoyaltyProgram Customer
0. * 0. name: String
1.* partners title:Strin
enroll(c:Customer) program isMéIe' B%olean
ProgramPartner 1 dateOfBirth: Date
numberOfCustomers: Integer 0.* i
g Membership age(): Integer
partner| 1 {ordered} |1.* 1| actualLevel 01 1 1 | owWner
ServicelLevel 0..* card
LoyaltyAccount card
- Stri CustomerCard
deliveredServices | 0..* name: String points: Integer 1
: 1| level earn(i: Integer) valid: Boolean
Service 0 * - Ihteg validForm: Date
burn(i: Integer) goodThru: Date
condition: Boolean availableServices ISEmpty(): Boolean color: enum{silver
pointsEarned: Integer 1 Taccount ' gok’j}
ointsB ; - : :
ge;cript?cz?\?gt:irr]]tgeger transactions |0..* printedName: String
Transaction
card
generatedBy |1 0.* | points: Integer 1
. *
transactions | date:Date 0-

Date program(): LoyaltyProgram transactions
$now: Date

isBefore(t:Date): Boolean |
iIsAfter(t:Date): Boolean | |

=(t:Date): Boolean Burning Earning




Using OCL in Class Diagrams

LoyaltyAccount class invariant
points: Integer { points >= 0} 1
............................................. earn(l Integer)

<<precondition>> burn(i: Integer)
i >= 0 T — <<precondition>>

isEmpty(): Booleari-._ points >=iandi>=0

precondition for burn operation

<<postcondition>>
points = points@pre + i

<<postcondition>>
points = points@pre - i

result = (points=0)

<<postcondition>> — _
postcondition for burn operation
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Customer

Invarianty AtribUtﬁ name: String

title: String
: _ . isMale: Boolean
Invarianty atributu: dateOfBirth: Date
context Customer age(): Integer
invariant age-restriction: age >= 18 1 | owner
0..* | card

context CustomerCard
CustomerCard

invariant

correctDates: validFrom.isBefore (goodThru) || vald: Boolean
validForm: Date

goodThru: Date

color: enum{silver,
gold}

i1sBefore(Date) :Boolean 1s a Date operation. | printedName: String

The type of validFrom and goodThru 1s Date.

The class on which the invariant must be put is the invariant context.

For the above example, this means that the expression is an invariant of
the Customer class.
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Customer

Invarianty : Navigace pres "

. iIsMale: Boolean
aS S O C I aC e — rO I e dateOfBirth: Date

Navigation over associations is used to refer to agey): Integer

Associated objects, starting from the context object:

1 owner

card

context CustomerCard

. . CustomerCard
invariant: owner.age >= 18

valid: Boolean

: validForm: Date
owner =2 a Customer instance. goodThru: Date

owner.age =2 an Integer. Co'o“e””m{s”g‘]’glra}

printedName: String

Note: This is not the “right” context for this constraint!

If the role name is missing — use the class name at the other
end of the association, starting with a lowercase letter.
Preferred: Always give role names.

21



Invarianty : Navigace pres
assoclace —roles

context CustomerCard
invariant printedName:
printedName = owner.title.concat(‘ ‘) .concat(owner.name)

printedName 2 a String.
owner —» a Customer instance.
owner.title > a String.
owner.name 2> a String.

String IS arecognized OCL type.
concat Isa String operation, with the signature
concat (String) : String.
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1 * LoyaltyProgram Customer
0. * 0. name: String
1.* partners title:Strin
enroll(c:Customer) program isMéIe' B%olean
ProgramPartner 1 dateOfBirth: Date
numberOfCustomers: Integer 0.* i
g Membership age(): Integer
partner| 1 {ordered} |1.* 1| actualLevel 01 1 1 | owWner
ServiceLevel 0.* | cards
LoyaltyAccount card
- Stri CustomerCard
deliveredServices | 0..* name: String points: Integer 1
: 1| level earn(i: Integer) valid: Boolean
Service 0 * - Ihteg validForm: Date
burn(i: Integer) goodThru: Date
condition: Boolean availableServices ISEmpty(): Boolean color: enum{silver
pointsEarned: Integer 1 Taccount ' gok’j}
ointsB ; - : :
ge;cript?cz?\?gt:irr]]tgeger transactions |0..* printedName: String
Transaction
card
generatedBy |1 0.* | points: Integer 1
. *
transactions | date:Date 0-

Date program(): LoyaltyProgram transactions
$now: Date

isBefore(t:Date): Boolean |
iIsAfter(t:Date): Boolean | |

=(t:Date): Boolean Burning Earning




Invarianty : Navigace pres associace

Navigation from a class through an association class uses the association
class name to obtain all tuples of an object:

“The cards of the memberships of a customer are only the customer’s cards™:

context Customer
invariant correctCard:
cards—->includesAll (Membership.card)

This is exactly the same as the previous constraint:
“The owner of the card of a membership must be the customer in the membership”:

context Membership
invariant correctCard: card.owner = customer

The Membership correctCard constraint is better!
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Invariants using Navigation through

Associations with “Many” Multiplicity
Navigation over associations roles with multiplicity greater
than 1 yields a Collection type. Operations on collections are

accessed using an arrow “->”, followed by the operation name.

“A customer card belongs only to a membership of its owner”:

context CustomerCard
invariant correctCard:
owner.Membership->includes (membership)

owner =2 a Customer instance.

owner.Membership =2 a set of Membership instances.
membership =2 a Membership instance.

includes 1s an operation of the OCL Collection type.
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Navigating to collections

Customer Account Transaction

context Customer
account produces a set of Accounts

context Customer
account.transaction| produces a bag of transactions

If we want to use this as a set we have to do the following

account.transaction —-> asSet




1 * LoyaltyProgram Customer
0. * 0. name: String
1.* partners title:Strin
enroll(c:Customer) program isMéIe' B%olean
ProgramPartner 1 dateOfBirth: Date
numberOfCustomers: Integer 0.* i
g Membership age(): Integer
partner| 1 {ordered} |1.* 1| actualLevel 01 1 1 | owWner
ServiceLevel 0.* | cards
LoyaltyAccount card
- Stri CustomerCard
deliveredServices | 0..* name: String points: Integer 1
: 1| level earn(i: Integer) valid: Boolean
Service 0 * - Ihteg validForm: Date
burn(i: Integer) goodThru: Date
condition: Boolean availableServices ISEmpty(): Boolean color: enum{silver
pointsEarned: Integer 1 Taccount ' gok’j}
ointsB ; - : :
ge;cript?cz?\?gt:irr]]tgeger transactions |0..* printedName: String
Transaction
card
generatedBy |1 0.* | points: Integer 1
. *
transactions | date:Date 0-

Date program(): LoyaltyProgram transactions
$now: Date

isBefore(t:Date): Boolean |
iIsAfter(t:Date): Boolean | |

=(t:Date): Boolean Burning Earning




Navigation to Collections

“The partners of a loyalty program have at least one delivered service”:
context LoyaltyProgram

invariant minServices:

partners.deliveredservices—->size() >= 1

“The number of a customer’s programs is equal to that of his/her valid cards™:
context Customer

invariant sizesAgree:

Programs->size() = cards->select(valid=true)->size()
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Navigation to Collections

“When a loyalty program does not offer the possibility to earn or burn points,
the members of the loyalty program do not have loyalty accounts. That is, the
loyalty accounts associated with the Memberships must be empty”:

context LoyaltyProgram

invariant noAccounts:

partners.deliveredservices—>

forAll (pointsEarned = 0 and pointsBurned = 0)
implies Membership.account->1isEmpty ()

and, or, not, implies, xor are logical connectives.
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The OCL Collection types

Collection is a predefined OCL type

o Operations are defined for collections
o They never change the original

Three different collections: Collection(T)

o Set (no duplicates) £

o Bag (duplicates allowed)

o Seqguence (ordered Bag) | |
With collections type, an OCL SetiT) Sequence(T) Bag(T)

expression either states a fact
about all objects in the collection or
states a fact about the collection
itself, e.g. the size of the collection.

Syntax:
o collection->operation
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Collection Operations

<collection>— size ()
— ISEmpty ()
— notEmpty ()
—sum ()
— count ( object)
— includes (object)

— includesAll ( collection)




Collections cont.

<collection>— select (e: T | <b.e.>)
—>reject (e:T | <b.e.>)
— collect (e:T| <v.e.>)
— forAll (e:T* | <b.e.>)
—> exists (e:T | <b.e.>)

— iterate (e:Ty; r:T, =<v.e.> | <v.e.>)

b.e. stands for: boolean expression
v.e. stands for: value expression




Changing the context

Customer StoreCard
name:String 1.~ | printName:String
title: String owner __cards| points: Integer

golduser: Boolean

earn(p:Integer)

age( ):Integer

context StoreCard
Invariant: printName = owner.title.concat(owner.name)

context Customer
cards — forAll (
printName = owner.title.concat(owner.name) )




Example UML diagram

Student

0.*  1.*|

Module

name: String

taken_by takes‘

0.* submitted_by

code: String
credit: Integer

for_module

*
set_work 1.

submits

Assessment

1.*

weight: Integer

JAN

Exam

hours: Integer

Coursework

date: String




Constraints

Modules can be taken iff they have more than
seven students registered

The assessments for a module must total 100%
Students must register for 120 credits each year

Students must take at least 90 credits of CS
modules each year

All modules must have at least one assessment
worth over 50%

Students can only have assessments for
modules which they are taking




Constraint (a)

Modules can be taken iff they have more than seven students
registered

Note: when should such a constraint be imposed?

Student 0..* 1.*| Module
name: String  |/@ken.by.  takes| code: String
0.. % ~submitted_by credit: Integer

invariant: taken_by-—»size > 7 Jor- ot

set work

context Module

1.*

submits Assessment

1..% | weight: Integer

Exam Coursework
hours: Integer date: String




Constraint (b)

The assessments for a module must total 100%

Student 0.* 1..*| Module
taken by takes| code: String

name: String
0..F ~submitted by credit: Integer
Sfor_module L
set_work "
context Module S [ ssessment
. . 1..* | weight: Integer
Invariant: 4&
set_work.weight—sum( ) = 100 Eme Comsiwork
hours: Integer date: String




Constraint (c)

Students must register for 120 credits each year

Student 0..* 1..*| Module
taken by . takes| code: String
credit: Integer

name: String
0..% ~~submitted by

Sfor_module

1..*

set_work

submits Assessment
1..% | weight: Integer

JAN

context Student | |
Exam Coursework

Invariant: takes.credit—=sum() = 120

hours: Integer date: String
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Constraint (d)

Students must take at least 90 credits of CS modules each year

context Student

Invariant:

takes —»

Student

0..* 1.*

Module

name: String

taken by takes

0..* ~~submitted by

for

submits

code: String
credit: Integer

' module
1 *
set_work .-

Assessment

1..*

weight: Integer

Exam

hours: Integer

Coursework

date: String

select(code.substring(1,2) = ‘CS’).credit>sum( ) >= 90




Constraint (e)

All modules must have at least one assessment worth over 50%

context Module
invariant: set_work—sexists(weight > 50)

Student

0..* 1.*

Module

name: String

0..*

submitted by

taken by takes

code: String
credit: Integer

Jor_module

sef_work

1..*

submits

Assessment

1..*

weight: Integer

Exam

Coursework

hours: Integer

date: String
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Constraint (f)

Students can only have assessments for modules which they are
taking

Student 0..* 1..*| Module
taken by takes| code: String
credit: Integer

name: String
0..% - submitted by

Jor_module

1.*

set_work

submits Assessment
1..*% | weight: Integer

JAN
I |

Exam Coursework
date: String

hours: Integer

context Student
Invariant: takes sincludesAll(submits.for_module)

A5
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IS

OCL Constraints

A constraint is a restriction on one or more values of (part of) an
object model/system.

Constraints come in different forms:

o invariant

constraint on a class or type that must always hold
o pre-condition

constraint that must hold before the execution of an op.
o post-condition

constraint that must hold after the execution of an op.
o guard

constraint on the transition from one state to another.

We studied only class constraints (invariants).



Further Resources for OCL

= The Object Constraint Language

= ISBN 0-201-37940-6
= OCL home page

TrE OBJECT
CONSTRAINT
LANGUAGE

PRECISE MODELING WiTH UML

BOOCH
JACOBSON
RUNBAVGH



http://www.klasse.nl/ocl/index.htm

Further Resources for OCL

The Amsterdam Manifesto on OCL

In Object Modeling with the OCL (LNCS2263) p115-149

The Object Constraint Language, Precise Modeling with UML,
Addison-Wesley, 1999.

The Object Constraint Language, Precise Modeling with UML 2nd

Response to the UML 2.0 OCL RfP (ad/2000-09-03) Revised
Submission, Version 1.6 January 6, 2003

B&Te Shortcomings of OCL, the Object Constraint Language of
Mandana Vaziri and Daniel Jackson,1999
UML CENTER
Informal formality? The Object Constraint Language and its
application in the UML metamodel
Anneke Kleppe, Jos Warmer, Steve Cook
A Pratical Application of the Object Constraint Language OCL

Kjetil Moage

The UML's Object Constraint Language: OCL Specifying
Components, JAOO Tutorial — September 2000

Jos Warmer & Anneke Kleppe



http://www.klasse.nl/english/uml/

