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OCLERA 72> A X

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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B departing Flight
Airport orgu Flights [ gepartTime: Time
* | /arrivalTime: Time flights
name: String duration : Interval
* | maxNrPassengers: Integer .
desti- arriving * airline
nation Flights Airline
passengers * {ordered} name: String
Passenger
$minAge: Integer
age: Integer airline| ¢ 4
needsAssistance: Boolean | 0..1 "
book(f : Flight) CEO B
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OCL= & context, inv:, self

»OCLZ 1 (selfdp b)) :

context Flight inv: self.duration < 4

»OCLZ(2 (selfiil) :

context Flight inv: duration < 4

» IS A TIEL:
Flight
<<invariant>> duration: Integer
duraton<4  |-————--
-1
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context Flight
inv: origin <> destination
inv: origin.name = ‘NRT’
context Flight
inv: airline.name = ‘JAL’

y R Flight
: origin ;
Airport g Flights " gepartTime: Time
* | /arrivalTime: Time
name: String duration : Interval
* | maxNrPassengers: Integer
desti- arriving
nation Flights E
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» AL avTx T HIREIK() TIEGRL(->)T!
» collection->operation
collection->collect (e : T | expr)
collection->collect (e | expr)
collection->collect ( expr)

» =L EBERCETIX() HMEZS:
collection.expr
» 5
context Airport inv:
self.arrivingFlights -> collect(airLine) ->notEmpty
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»enum X417

»enum{ vall, val2, val3 }
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Y147 |8E
Integer * +,-,/,abs
Real * +, -, /, floor
Boolean and, or, xor, not, implies, if-then-else
String ToUpper, concat
-1
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»Person self.age
»Person self.age >= 0

[ 3 ﬁ? 1E aPerson:Person, aDate:Date
»aPerson.income(aDate)
» Person.:income(d:Date).Integer

»Company self.stockPrice()
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» BEO—/LDZEEIZHF

»Company
self.manager -- Person

self.employee -- Set(Person)
»ILDF>DTOINTo
» Person
self.employer->size -- # of companies he works for {

» Person
self.emplyer->isEmpty -- no job now?
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»Company
self.manager->size -- aSet.size=1
-- P& DIEE BRI THL T-> (& /H

»BEOSINDIETr—23>
»Person self.job
> BREOSINDEDSEr—232
»Job -- BGEISR
self.employer
self.employee
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BELSFET—2322
> BEF 1122

»Bank

self.customer -- Set(Person)
self.customer[17463] -- aPerson

b/ T—2bINRE
» Packagename::Typename
p X—/N—FISXADF I

»SubClassB
self.SuperClassA::opl()

self.op1()
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£F T ORHEBDEE

» 2T T OB DIEE
»oclType: OclType
»ocllsTypeOf(t : OclType): boolean
»ocllsKindOf(t : OclTYpe): boolean

» S TEHZFADEESE alllnstances

» Person.alllnstances : Set(Person)

» Person.alllnstances->forAll( pl, p2 |
pl <> p2implies pl.name <> p2.name )
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» Collection: Set,Sequence,Bag
»Set{ 1,2, 4,8}
»Set{ ‘apple’, ‘orage’, ‘lemon’ }
»Sequence{ 1, 2,4, 8, 4,2, 1}
»Sequence{ 1..10 }
»Bag{ 1, 1,2 3, 3,3, 1}
» 5EIFIIZZ 5 MESH LT IZ/AE!
»Set{ Set{1, 2}, Set{3, 4}, Set{5,6} }
»Set{ 1,2, 3,4,5 6}
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»Set(Bicycle) ==> Set(Transport)
»Set(Bicycle) ==> Collection(Bicycle)
»Set(Bicycle) ==> Collection(Transport)
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TLOF X T BEEE

»Select, Reject, Collect

»Company
self.employee->select(age > 50)
self.employee->select(p | p.age > 50 )
self.employee->reject( isMarried )
self.employee->collect( birthDate )
self.employee->collect(p | p.birthDate )

»Collect DEGHEE

»self.employee.birthDate --Bag(Date)
»self.employee.birthDate->asSet --Set(Date)
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L oSoq 2, fFHE

wforAll ZE 1F

»Company
self.employee->forAll( forname = ‘Jack’ )

self.employee->forAll( el, e2 |
el <>e2 implies el.forename<>e2.forename )

wexists Z21E

»Company

self.employee->exists( forname = ‘Jack’ )
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REF

witerate FE1E

»collection-
>iterate( elem:Type;acc:Type=<exp>|
<exp-with-elem-and-acc> )
»reject, select, forAll. Exists, collect, elect/ZF"
AN Citerate CEH TEFS
»collection->collect( x:T | x.property )
»collection=>iterate( x:T; acc:T2 = Bag{} |

acc->including(x.property) )
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» OclType

» OclAny

» OclExpression

» Real, Integer, String, Boolean
» Enumeration

» Collection

» Set, Bag, Sequence
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» T ZEH#7
»Person self.age > 0
v ERIEDFBFI R - FERHFDES
»Person::birthdayHappens()
post: age = age@pre + 1
»Company::hireEmployee(p: Person)
pre: not employee->includes(p)

post: employees->includes(p) and
stockprice() = stockprice@pre + 10
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Classifier | (OCL+ B AE)

A isActive  Class®Object DS HIHIAL v FIRFFT2HED>

BRI OCL): |

not self.isAbstract implies
self.allOperations->forAll(op |

IsActive : Boolean self.allMethods->exists(m |

m.specification includes (op)))
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Class
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» {5l: MetaClass, MetaAttribute, MetaOperation

> ARETILE
b AFARETIVDAVAREIUR , ET IV ERRT B-HDEEDNDEH.
» fil: Class, Attribute, Operation, Component

» ETILE
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» {5 : StockShare, askPrice, sellLimitOrder, StockQuoteServer

» A—HF—FTOxHME
> ETIDAVREIVR  FEFADEEHRE,

» f5l: <Acme_Software_Share 98789>, 654.56, sell_limit_order,
<Stock_Quote Svr 32123> .
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UMLHH%#%SC AssociationClass GER

An association class is an association that is also a class. It
not only connects a set of classifiers but also defines a set
of features that belong to the relationship itself and not
any of the classifiers.

Inherited Features

AssociationClass inherits features as specified in both Class and
Association.
In the metamodel, an AssociationClass is a declaration of a
semantic relationship between Classifiers, which has a set of
features of its own. AssociationClass is a subclass of both
Association and Class (i.e., each AssociationClass is both an
Association and a Class); therefore, an AssociationClass has
both AssociationEnds and Features.

87

Copyright © 2002 Mamezou Co.,Ltd. All rights reserved.

AssociationClass @& SR8l

» [1] The names of the AssociationEnds and the
StructuralFeatures do not overlap.
»self.allConnections->forAll( ar |
»self.allFeatures->forAll( f |
f.oclIsKindOf (StructuralFeature) implies
ar.name <> f.name ))
» [2] An AssociationClass cannot be defined between
itself and something else.
» self.allConnections->forAll(ar |
ar.participant <> self)

Copyright © 2002 Mamezou Co.,Ltd. All rights reserved. 88 ‘
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AssociationClass BEHETEFR A

» Additional operations

[1] The operation allConnections results in the set of all
AssociationEnds of the AssociationClass, including all

connections defined by its parent (transitive closure).
allConnections : Set(AssociationEnd);
allConnections = self.connection->union(
self.parent-> select (s |
s.oclIsKindOf (Association))->collect
(a : Association |
a.allConnections))->asSet

Copyright © 2002 Mamezou Co.,Ltd. All rights reserved.

AssociationClass Semanticsig il

» An association may be refined to have its own set of features (i.e., features that do not
belong to any of the connected classifiers) but rather to the association itself. Such an
association is called an association class. It will be both an association, connecting a set of
classifiers, and a class, and as such have features and be included in other associations.
The semantics of such an association is a combination of the semantics of an ordinary
association and of a class.

The AssociationClass construct can be expressed in a few different ways in the metamodel
(e.g., as a subclass of Class, as a subclass of Association, or as a subclass of Classifier).
Since an AssociationClass is a construct being both an association (having a set of
association-ends) and a class (declaring a set of features), the most accurate way of
expressing it is as a subclass of both Association and Class. In this way, AssociationClass
will have all the properties of the other two constructs. Moreover, if new kinds of
associations containing features (e.g., AssociationDataType) are to be included in UML,
these are easily added as subclasses of Association and the other Classifier.

The terms child, subtype, and subclass are synonyms and mean that an instance of a
classifier being a subtype of another classifier can always be used where an instance of the
latter classifier is expected. The neutral terms parent and child, with the transitive closures
ancestor and descendant, are the preferred terms in this document.
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UMLZ#EX Subsystem FR

» A subsystem is a grouping of model elements that represents a behavioral unit in
a physical system. A subsystem offers interfaces and has operations.

» ERERLERRERICOMMSN., WIFETYTORATLOBRERELLICRSE
[S&>TRBSND, DFEYSubsystem® Operation& &% (ZSubsystemlZZ Fh
SIR\BL\OLHRIL. $#£F DModelElement|S&>TRBEh 3, EROEHED
ModelElement (&, A HRERICERBEER(ICLEYS5,

» Subsystem | Packaged & U Classifier®D #7252, L1=h$>T, Operation/
ReceptionsAMAssociation®D LVF M A D il #%E + DFeaturesBEHT 5,

> TRERLRBERZROMOMMRIE. 25RL—a>E ALY wealizer K
FHEICE>TERTHENTED,

» Attributes

» isinstantiable

States whether a Subsystem is instantiable or not. If false, the Subsystem represents

a unique part of the physical system, otherwise there may be several system parts
with the same definition.

Copyright © 2002 Mamezou Co.,Ltd. All rights reserved. 105
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Subsystem E&TEFR B DEE
B MR

Additional Operations

[1] The operation allSpecificationElements results in a Set containing the Model
Elements specifying the behavior of the Subsystem.

allSpecificationElements : Set(ModelElement)

allSpecificationElements = self.allContents->select(c |
c.elementOwnership.isSpecification )

[2] The operation contents results in a Set containing the ModelElements owned by
or imported by the Subsystem.

contents : Set(ModelElement)
contents = self.ownedElement-)>union(self.importedElement)

Copyright © 2002 Mamezou Co.,Ltd. All rights reserved.




Workshop Program Seamail Vol.13, No.6-7

Subsystem E&TEFRB|DEE R

[1] For each Operation in an Interface offered by a Subsystem, the Subsystem itself or at least
one contained specification element must have a matching Operation.
self.specification.allOperations-> forAll(interOpl
self.allOperations->union
(self.allSpecificationElements->select(specEl|
specEl.oclIsKindOf (Classifier))-> forAll(c|
c.allOperations))-> exists( op |
op.hasSameSignature(interOp) ) )
HITORFLIZE>TiRHtEh AInterfaceDFoperationlZHL., YTV ATFLE
BFERIXEFNIZEENDIDLELEB 1 DOEHER(L. HET HoperationZE R4
(FhIEESEL,
[2] For each Reception in an Interface offered by a Subsystem, the Subsystem itself or
at least one contained specification element must have a matching Reception.
[3] The Features of a Subsystem may only be Operations or Receptions.
self.feature->forAll(f | f£.oclIsKindOf(Operation) or
f.0clIsKindOf (Reception))
BT RTF LDFeaturek LTI Operationd 5L \[EReceptionD & Al EFEh 3,
Copyright © 2002 Mamezou Co.,Ltd. All rights reserved. 107

Subsystem E&TERRBIDFCHR

» [4] A Subsystem may only own or reference Packages, Classes, DataTypes,
Interfaces, UseCases, Actors, Subsystems, Signals, Associations, Generalizations,
Dependencies, Constraints, Collaborations, StateMachines, and Stereotypes.

» self.contents->forAll ( c |
c.oclIsKindOf (Package) or

c.oclIsKindOf(Class) or c.oclIsKindOf(DataType) or
c.oclIsKindOf (Interface) or

c.oclIsKindOf (UseCase) or

c.oclIsKindOf (Actor) or c.oclIsKindOf (Subsystem) or
c.oclIsKindOf(Signal) or c.oclIsKindOf (Association) or

c.oclIsKindOf (Generalization) or
c.oclIsKindOf (Dependency) or
c.oclIsKindOf (Constraint) or

c.oclIsKindOf (Collaboration) or
c.oclIsKindOf (StateMachine) or
c.oclIsKindOf (Stereotype) )

Copyright © 2002 Mamezou Co.,Ltd. All rights reserved. 108
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Subsystem SemanticsHB D FE ik
(EIERRDIETE; ERDOAH—ED)

» The purpose of the subsystem construct is to provide a grouping mechanism for specifying
a behavioral unit of a physical system. Apart from defining a namespace for its contents, a
subsystem serves as a specification unit for the behavior of its contained model elements.

» The contentsof a subsystem are divided into two subsets: 1) specification elements and 2)
realization elements.

The specification of a subsystem thus consists of the specification elements together with
the subsystem’s features (operations and receptions).

A subsystem has no behavior of its own.

The correspondence between the specification and the realization of a subsystem can be
specified in several ways, including collaborations and «realize» dependencies.

» Importing and accessing subsystems is done in the same way as with packages, using the
visibility property to define whether elements are public, protected, or private to the
subsystem. Both the specification part and the realization part of a subsystem may include
imported elements.

A subsystem can have generalizations to other subsystems.

A subsystem may offer a set of interfaces.

In cases when the physical system has several parts with the same definition, the

subsystem is specified to be instantiable.
Copyright © 2002 Mamezou Co.,Ltd. All rights reserved. 110
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UMLDOS#&EFEED

» UMLDFwIED/\—3
» UML2.0IZ[R](+T

»EEH
»SE)—X
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UMLMDEIED/N\—3

» UML1.1: #&HTDHOOMGHEZE 1997.1142F
» UML1.3: Efff I E 1999.8 22K
b EEAIETILOFESDRE
> ETILRBE I+ —IVEDEEXML)
» UML1.4: minor upgrade 2001.92} B
» UML2.0: major upgrade 2002? 2003?24
O EFETLRRATI AV ETUTA4IR
» ATLABA T LIRS B REE
> - R EEDOHEHEA
» UMLtEY U T4 ZAD R KB EHREDH® ?
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UML2.0IZm(FT

» IRERTEICRE 9 AR
> TLRBEEZIRENICHR TS
AFEBARET IIVER LB AT HILRBIEBNDRR, SEDH
ABATAZXD=DTaT7(ILEHDFEE,

»T—XTIF¥%
» MOFAZETIVEDEESZERIIT DM THEAZETIVEE
)
» A—FRILEFE.UMLT A7)V REETILSA4TFID
BEREAARTAAERK
» AR—F 2k
» EIB¥°DCOMF I R—R U MAR—RFAFED Y R— LR
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» BE R

b IRREFL—RITH T HERBN G I TAOREEM

P BHOHRLARIWTEAED IV TAIREEET S
p AT—FFY¥—rRETIT1ETAEH

» FNENBD T TAIRATES

» 5 ERDD RETUUBONILEFEDES
»ETILER

P INFEL—RRDI=OHETIVESTORATLDOERES
» —EAD=X L

»ETILDOREBEFEOES

» EZ S
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FEH

» UMLIEHREDZEAHDRA U bERLT
»UMLEEEH AR 1E1TTHK
» UMLEBRERD A XH O SIER DB ZEHENT
» UMLEKIIEEEL TR
» K DUML1.4HSUML2.0~
» UMLF|RIZBEMIZIELT
»S/WHIE TR ELESEETEFRAT LIEELL

»EHFHICEHLNTOTEF
»E DM MERRCERET DIEEICIFOCLLFI A
a8
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UML{E R

» UML, MOFEOMGET V124
»http://www.omg.org/uml/

»http://www.dstc.edu/au/mof

» UML 2.015#R |
»http://www.celigent.com/omg/adptf/wgs/uml2wg.htm
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UMLAZ#ET 3% X MUML1.3R—2X)
» UMLAL#:E

» 2000 March, OMG UML Specification, Version1.3
» 2001, 7 AF—, OMG Japan SIGERIRE S SUMLIEE RS
» 3 AmigosD E{EHYAddison-Wesley k)
» 21— —7# (K Unified Modeling Language User Guide
» 1999, Grady Booch, and Ivar Jacobson, James Rumbaugh
» 1999, E7 V. FER/A—DZERR
» LI7L 2 A =27 )L Unified Modeling Language Reference Manual
» 1999, James Rumbaugh and Grady Booch, Ivar Jacobson
»2002. E7V . BF/BEILIFR
» UMLR—XDFAFE T O+t X The Unified Software Development Process
» 1999, Ivar Jacobson, and Grady Booch, James Rumbaugh
»2000. E7V2 ., EH/BESaFILR
» OCLf#t
» The Object Constraint Language, Precise modeling with UML
» 2000, Addison-Wesley , Jos Warmer, Anneke Kleppe, ISBN 0-201-3794-
H
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M Peter Chen. The entity-relationship
model: Towards a unified view of
data. ACM Transactions on Database
Systems, 1(1), 1976.

BED#%, Rik(attribute)2MZ24E, &
FXFELHE, T

ER'Ei"lbﬂ)W( fRER)

bk i

E M. Ross Quillian. Semantic
memory. In M. Minsky, editor,
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