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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO

memb
comm]

to be represented on that committee. International organizations, governmental and non-governmental,-in liais
so take part in the work. ISO collaborates closely with the International Electrotechnical Comiission (IEC) on all
matterp of electrotechnical standardization.

ISO, a

Interng

The mhpin task of technical committees is to prepare International Standards. Draft Interriational Standards adop

techni
approy

Attent
shall n|

ISO/IH
Object]
of the

ISO/IH
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Object]
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ttees. Each member body interested in a subject for which a technical committee has been established ha

tional Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Part 2.

al committees are circulated to the member bodies for voting. Publication asgan\International Standard
al by at least 75 % of the member bodies casting a vote.

on is drawn to the possibility that some of the elements of this documeft may be the subject of patent 1
ot be held responsible for identifying any or all such patent rights,

C 19507 was prepared by Technical Committee ISO/IEC JTC1, Information technology, in collaboratio
Management Group (OMG), following the submission and¢processing as a Publicly Available Specifica
OMG Object Constraint Language specification Version 223.1.

C 19507, under the general title Information technology - Open distributed processing - Object Constrd
ige specification (OCL), apart from this introductéry material is identical with that for the OMG specifi
Constraint Language, v2.3.1.

s the right
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ted by the
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ights. ISO

h with the
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Introduction

The rapid growth of distributed processing has led to a need for a coordinating framework for this standardization and
ITU-T Recommendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Processing (RM-ODP)
provides such a framework. It defines an architecture within which support of distribution, interoperability, and portability

can be

mtearated
[=]

RM-O
systemy
of casd
(e.g., i
approp
RM-O
foundd

2 of th
specifi

OCLL

OCL i
OCL ¢
of the
used t

OCL i
cannot
place,

OCL i
to the
define

types.

PP Part 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framework for describing
s. The scopes and objectives of the RM-ODP Part 2 and the UML, while related, are not the same Jand, in
s, the RM-ODP Part 2 and the UML specification use the same term for concepts that are related but no
hterface). Nevertheless, a specification using the Part 2 modeling concepts can be expressed,using UMI
riate extensions (using stereotypes, tags, and constraints).

DP Part 3 (ISO/IEC 10746-3) specifies a generic architecture of open distributed Systeéms, expressed usi
tional concepts and framework defined in Part 2. Given the relation between UML ‘as a modeling languag
e RM ODP standard, it is easy to show that UML is suitable as a notation for the individual viewpoint
cations defined by the RM-ODP.

anguage

b a pure specification language; therefore, an OCL expression s guaranteed to be without side effects.
xpression is evaluated, it simply returns a value. It cannot change anything in the model. This means th3
system will never change because of the evaluation of an @CL expression, even though an OCL express
specify a state change (e.g., in a post-condition).

b not a programming language; therefore, it is notpossible to write program logic or flow control in OQ
invoke processes or activate non-query operations within OCL. Because OCL is a modeling language i
(OCL expressions are not by definition directly executable.

5 a typed language so that each OCL expression has a type. To be well formed, an OCL expression mus
ype conformance rules of the language. For example, you cannot compare an Integer with a String. Each
I within a UML model represents\a distinct OCL type. In addition, OCL includes a set of supplementary |
These are described in Clause DI (“The OCL Standard Library™).

Histributed
a number
t identical
with

ng the
e and Part

Vhen an
t the state
on can be

L. You
n the first

t conform
Classifier
predefined
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INTERNATIONAL STANDARD ISO/IEC 19507

:2012(E)

Information technology - Object Management Group
Object Constraint Language (OCL)

This IIternational Standard defines the Object Constraint Language (OCL), version 2.3.1. OCL verSion 2.3.1 i

Versio

2

The U
specifi
define
MOF

The fo
1.

The fo
compl

Scope
of OCL that is aligned with UML 2.3 and MOF 2.0.

Conformance

ML 2.0 Infrastructure and the MOF 2.0 Core specifications that were developed in parallel with this O(
cation share a common core. The OCL specification contains a wellédefined and named subset of OCL
l purely based on the common core of UML and MOF. This allows this subset of OCL to be used with
ind the UML, while the full specification can be used with the UML only.

llowing compliance points are distinguished for both parts.

Syntax compliance: The tool can read and write OCL expressions in accordance with the grammar, includ
validating its type conformance and conformance ofiwell-formedness rules against a model.

XMI compliance: The tool can exchange OCL expressions using XMI.

Evaluation compliance: The tool evaluatesTOCL expressions in accordance with the semantics clause. Thg
additional compliance points are optional for OCL evaluators, as they are dependent on the technical platf
which they are evaluated:

« allInstances()

« pre-values and oclIsNew() in postconditions
* OclMessage

* navigating across non-navigable associations

* accessing‘private and protected features of an object

llowing table shows the possible compliance points. Each tool is expected to fill in this table to specify
ance peints are supported.

s the

L23.1
that is
both the

ing

following
orm on

which
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Table 2.1 - Overview of OCL Compliance Points

OCL-MOF subset Full OCL

Syntax
XMI

Evalyation

- alllpstances

- @pte in postcondtions

- OclMessage

- nav]gating non-navigable associations

- accg¢ssing private and protected features

3 References

3.1 Normative References

The following referenced documents are indispensable for the application of this document. For dated referencep, only the
edition| cited applies. For undated references, the latest.edition of the referenced document (including any amepdments)
applieg.

+ [ISO 639 Codes for the representation of names of languages

» [ISO 3166 Codes for the representation.of names of countries and their subdivisions

« [ISO/IEC 10646:2003 Informatidon-technology -- Universal Multiple-Octet Coded Character Set (UCS)
« |[UML 2.3 Superstructure Specification: http://www.omg.org/spec/UML/2.3/Superstructure/PDF/

« [UML 2.3 Infrastructute Specification: http://www.omg.org/soec/UML/2.3/Infrastructure/PDF/

» IMOF 2.0 Core Specification: http://www.omg.org/spec/MOF/2.0/PDF/

» |UNICODE.5A"Standard: http://www.unicode.org/versions/Unicode5.1.0/

« |Unicode Technical Standard#10: http://www.unicode.org/reports/tr10/

3.2 Hnformative References

The following specifications are referenced in informative text:

« ISO/IEC 19501:2005 Information technology - Open Distributed Processing -- Unified Modeling Language (UML)
Version 1.4.2
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4 Terms and Definitions

There are no formal definitions that are taken from other documents.

5 Notational Conventions

There pre no symbols defined.

6 | Additional Information

6.1 | Changes to Adopted OMG Specifications

This Ipternational Standard replaces the specification of OCL given in OCE,2.2.

The vgrsion of OCL specified in ISO/IEC 19501:2005 in intended for €1se¥in models based on UML 1.4.1 and|[UML 1.5.
Howeyer, use of the OCL specified by ISO/IEC 19501:2005 is not prescribed by this specification.

The vqrsion of OCL specified in this International Standard is n@t directly applicable to models based on ISOJIEC
1950142005.

6.2 | Structure of the Specification

This Inpternational Standard is divided into several-clauses.

+ |The OCL Language Description clause-gives an informal description of OCL. This clause is not normative,|but meant
to be explanatory.

« |Clause 8 (“Abstract Syntax’”) describes the abstract syntax of OCL using a MOF 2.0 compliant metamodel.|This is the
same approach as used in-the'UML specifications. The metamodel is MOF compliant in the sense that it only uses
constructs that are defined’in the MOF.

+ |Clause 9 (“Concrete-Syntax”) describes the canonical concrete syntax using an attributed EBNF grammar. This syntax
is mapped ontOAh€ abstract syntax, achieving a complete separation between concrete and abstract syntax.

+ |Clause 10\(‘‘Semantics Described using UML”) describes the semantics for OCL using UML.

+ [In Clayse 11 (“The OCL Standard Library”) the OCL Standard Library is described. This defines type like Integer,
Boolean, etc. and all the collection types. OCL is not a stand-alone language, but an integral part of the UMIL. An OCL
eXpression needs to be placed within the context ol a UML model.

+ Clause 12 (“The Use of Ocl Expressions in UML Models”) describes a number of places within the UML where OCL
expressions can be used.

« Clause 13 (“Basic OCL and Essential OCL”) defines the adaptation of the OCL metamodel when used in particular
context of Core::Basic infrastructure library package and in the context of EMOF.

« Annex A (Semantics), Annex B (Bibliography), and Annex C (Legal Information)
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OCL Language Description

General

This clause introduces the Object Constraint Language (OCL), a formal language used to describe expressions on UML

model
over o
their e

OCL d
model
specify

Note

7.2

A UM
specifi
constri
to wrif
formall
busine

OCL h
as a by

OCL i
OCL ¢
of the
used t

OCL i
cannot
place,

OCL i
to the
define

types.

. These expressions typically specify invariant conditions that must hold for the system being modeled
bjects described in a model. Note that when the OCL expressions are evaluated, they do not have side, ¢f
aluation cannot alter the state of the corresponding executing system).

xpressions can be used to specify operations / actions that, when executed, do alter the state of the syst
brs can use OCL to specify application-specific constraints in their models. UML modelérscan also use
r queries on the UML model, which are completely programming language independent.

- This clause is informative only and not normative.
Why OCL?

cation. There is, among other things, a need to describe additional constraints about the objects in the m:
lints are often described in natural language. Practice has showni\that this will always result in ambiguitie

languages is that they are usable to persons with a streng-mathematical background, but difficult for th
ks or system modeler to use.

as been developed to fill this gap. It is a formal language that remains easy to read and write. It has been
Isiness modeling language within the IBM In§urance division, and has its roots in the Syntropy method.

5 a pure specification language; therefor€,;an OCL expression is guaranteed to be without side effects.
xpression is evaluated, it simply returns'a value. It cannot change anything in the model. This means th3
system will never change because of the evaluation of an OCL expression, even though an OCL express
specify a state change (e.g., ana‘post-condition).

5 not a programming language; therefore, it is not possible to write program logic or flow control in OQ
invoke processes or activate non-query operations within OCL. Because OCL is a modeling language i
OCL expressions are\iot by definition directly executable.

5 a typed langdage so that each OCL expression has a type. To be well formed, an OCL expression mus
ype conformance rules of the language. For example, you cannot compare an Integer with a String. Eachl
1 within 2 ML model represents a distinct OCL type. In addition, OCL includes a set of supplementary
Thesetare described in Clause 11 (“The OCL Standard Library™).

[. diagram, such as a class diagram, is typically not refined enough-to. provide all the relevant aspects of

or queries
fects (i.e.,

em. UML
OCL to

a
pdel. Such
S. In order

e unambiguous constraints, so-called formal languages have\been developed. The disadvantage of traditional

£ average

developed

Vhen an
t the state
on can be

L. You
n the first

t conform
Classifier
bredefined

Asas

beCification language, all implementation issues are out of scope and cannot be expressed in OCL.

The evaluation of an OCL expression is instantaneous. This means that the states of objects in a model cannot change

during

7.21

evaluation.

Where to Use OCL

OCL can be used for a number of different purposes:

© 180/
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+ to specify invariants on classes and types in the class model,

« to specify type invariant for Stereotypes,

+ to describe pre- and post conditions on Operations and Methods,
« to describe Guards,

» to specify target (sets) for messages and actions,

« | to specify constraints on operations, and

« | to specify derivation rules for attributes for any expression over a UML model.

7.3 | Introduction

7.3.1] Legend

Text written in the typeface as shown below is an OCL expression.

'This| is an OCL expression'

The cdntext keyword introduces the context for the expression. The keyword inv, pre, and post denote the sterpotypes,
respectively «invariant», «precondition», and «postcondition» of the comstraint. The actual OCL expression comes after
the colon.

context TypeName inv:

'this is an OCL expression with stereotype <<invariant>> in the
context of TypeName' = 'another string'

In the ¢xamples the keywords of OCL are written in boldface. The boldface has no formal meaning, but is used to nake the
expressions more readable. OCL expressions are written using ASCII characters only.

Words|in Italics within the main text of the paragraphs refer to parts of OCL expressions.

7.3.2] Example Class Diagram

The dipgram below is used in the,examples in this clause.

6 © ISO/IEC 2012 - All rights reserved
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Bank cenumerations=
Gender
male
accountMumber:integer female
banksccount | 0.F
CustomerAccaunt
0..1 |customer
manager 2
Person : Company

- 1 managedCompanies
isMamied : Boolean name : String
isUnemployed : Boolean numberCfEmployees - Integer
birpDate : Date employse employer
agq : Integer = T o+ stockPrice() : Real
firzsfHame © String 0. | =
lasfame : String |
gerjder - Gender |
= 2 wife i
incpme(Date) : Integer =

0.1 Job

husband | 0..1 title : String
startDate : Date
salary - Integer

T

|

1

Marriage
place : String
date : Date

Figure 7.1 - Class Diagram Example

7.3.3

OCL t
types,

7.4

7.41

Each (
self is
Comps

7.4.2

The cd

beginniing,0f\an OCL expression. The context declaration of the constraints in the following sub clauses is shd

Character Set

ext comprises characters in the UNICODE charaetet set. In particular, string literals, comments, and the
features, and other elements in the UML mode] may contain any valid UNICODE character.

Relation to the UML Metamodel

Self

ny.

Specifying the UML Context

ntext of-an"OCL expression within a UML model can be specified through a so-called context declarati

names of

CL expression is written.in-the context of an instance of a specific type. In an OCL expression, the reserved word
used to refer to the contextual instance. For example, if the context is Company, then self refers to an ipstance of

on at the
wi.

textual

If the

ofStraint 1o chavun 10 o dianrans unth tho nranar otarantynoe and tho dachod linac to connont 1t to 1tc o0
H- Wy <+ A t Prop Ype—aha—+ t —H t

element, there is no need for an explicit context declaration in the test of the constraint. The context declaration is
optional.
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7.4.3 Invariants

The OCL expression can be part of an Invariant, which is a Constraint stereotyped as an «invariant». When the invariant
is associated with a Classifier, the latter is referred to as a “type” in this clause. An OCL expression is an invariant of the
type and must be true for all instances of that type at any time. (Note that all OCL expressions that express invariants are
of the type Boolean.)

For example, if in the context of the Company type in Figure 7.1, the following expression would specify an inyariant that
the number of employees must always exceed 50:

self.pumberOfEmployees > 50

where |self is an instance of type Company. (We can view self as the object from where we start/evaluating thg
exprespion.) This invariant holds for every instance of the Company type.

The type of the contextual instance of an OCL expression, which is part of an invariant)is written with the coptext

keywofd, followed by the name of the type as follows. The label inv: declares the-constraint to be an «invariapty

constrgint.

context Company inv:
self.numberOfEmployees > 50

In modt cases, the keyword self can be dropped because the context.is clear, as in the above examples. As an glternative
for self, a different name can be defined playing the part of self. Eer)¢xample:
context ¢ : Company inv:

c.numberOfEmployees > 50

This irpvariant is equivalent to the previous one.

Optionally, the name of the constraint may be written' after the inv keyword, allowing the constraint to be refefenced by
name. [[n the following example the name of the\constraint is enoughEmployees.
context ¢ : Company inv enoughEmployeges:

c.numberOfEmployees > 50

7.4.4] Pre- and Postconditions

The OCL expression can be part-of a Precondition or Postcondition, corresponding to «precondition» and «post¢ondition»
stereotlypes of Constraintsassociated with an Operation or other behavioral feature. The contextual instance self|then is an
instande of the type thdt 9wns the operation or method as a feature. The context declaration in OCL uses the dontext
keywold, followed by the type and operation declaration. The stereotype of constraint is shown by putting the|labels
‘pre:” and ‘post:bgfore the actual Preconditions and Postconditions. For example:
context Typename::operationName(paraml : Typel, ... ): ReturnType

pre : paraml > ...

post: result=...

The name self can be used in the expression referring to the object on which the operation was called. The reserved word
result denotes the result of the operation, if there is one. The names of the parameters (paramli) can also be used in the
OCL expression. In the example diagram, we can write:
context Person::income(d : Date) : Integer
post: result = 5000

8 © ISO/IEC 2012 - All rights reserved
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Optionally, the name of the precondition or postcondition may be written after the pre or post keyword, allowing the
constraint to be referenced by name. In the following example the name of the precondition is parameterOk and the name
of the postcondition is resultOk. In the UML metamodel, these names are the values of the attribute name of the

metacl

ass Constraint that is inherited from ModelElement.
context Typename::operationName(paraml : Typel, ... ): ReturnType
pre parameterOk: paraml > ...

7.4.5

The af
enviro
can be|

An O(
postcol

7.4.6

An O(

The eX
be use
contex

7.4.7

An O(

post resultOk : result=...

Package Context

ove context declaration is precise enough when the package in which the Classifier belongs)is clear fro
hment. To specify explicitly in which package invariant, pre or postcondition Constraints belong, these d
enclosed between ‘package’ and ‘endpackage’ statements. The package statements(have the syntax:

package Package::SubPackage

context X inv:
... some invariant ...
context X::operationName(..)

pre: ... some precondition ...

endpackage

L file (or stream) may contain any number package statements, thus allowing all invariant, preconditio

m the
onstraints

hs, and

hditions to be written and stored in one file. This filetmay co-exist with a UML model as a separate entjity.

Operation Body Expression

L expression may be used to indicate th€ result of a query operation. This can be done using the follow
context Typename::operationName(paraml : Typel, ... ): ReturnType
body: -- some expression

ng syntax:

pression must conform to theuresult type of the operation. Like in the pre- and postconditions, the paranjeters may

1 in the expression. Pre-,.and postconditions, and body expressions may be mixed together after one op
t. For example:

context Person::getCurrentSpouse() : Person
pre: self.isMarried = true
body: self.mariages->select( m | m.ended = false ).spouse

Initial and Derived Values

bration

5 can be

I&-expression may be used to indicate the initial or derived value of an attribute or association end. Thi

done using the following syntax:

© 180/

context Typename::attributeName: Type

init: -- some expression representing the initial value

context Typename::assocRoleName: Type

derive: -- some expression representing the derivation rule
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The expression must conform to the result type of the attribute. In the case the context is an association end the
expression must conform to the classifier at that end when the multiplicity is at most one, or Set, or OrderedSet when the
multiplicity may be more than one. Initial and derivation expressions may be mixed together after one context. For
example:

context Person::income : Integer

init: parents.income->sum() * 1% -- pocket allowance

derive: if underAge
then parents.income->sum() * 1% -- pocket allowance
else job.salary -- income from regular job
endif

The ddrivation constraint must be satisfied at any time, hence the derivation includes the initialization. Both afe allowed
on the[same property but they must not be contradictory. For each property there should b¢ at most one initial{zation
constrgint and at most one derivation constraint.

7.4.8| Other Types of Expressions

Any OCL expression can be used as the value for an attribute of the UML metaelass Expression or one of its sybtypes. In
that calse, the semantics sub clause describes the meaning of the expression.“A special subclass of Expression,|called
ExpregsionInOcl is used for this purpose. See Clause 12 “The Use of OCL Expressions in UML Models” for a|definition.

7.5 | Basic Values and Types

In OCL, a number of basic types are predefined and available to the modeler at all times. These predefined vallue types
are independent of any object model and are part of the definition of OCL.

The mpst basic value in OCL is a value of one of the basic types. The basic types of OCL, with corresponding| examples
of theif values, are shown in the following tablg,

Table ¥.1- Basic OCL types and their values

type values consistent with implementation definitions
Ocllnvalid invalid

OclVbid null, invalid

Bool¢an true; false (MOF) http://www.w3.org/TR/xmlschema-2/#boolean
Integpr 1,25, 2, 34,26524, ... | (MOF) http://www.w3.org/TR/xmlschema-2/#integer
Real 1.5,3.14, ... http://www.w3.org/TR/xmlschema-2/#double

String "To be or not to be...! | (MOF) http://www.w3.org/TR/xmlschema-2/#string
UnlithifedNatural | 0,1,2,42, ..., * http://www.w3.org/TR/xmlschema-2/#nonNegativelnteger

OCL defines a number of operations on the predefined types. Table 7.2 gives some examples of the operations on the
predefined types. See 11.4, *Primitive Types’ for a complete list of all operations.

Table 7.2- Examples of operations on the predefined types

type operations
Integer *, +, -, /, abs()
Real *, +, -, /, floor()
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Table 7.2- Examples of operations on the predefined types

Boolean and, or, xor, not, implies, if-then-clse

String concat(), size(), substring()

UnlimitedNatural | *,+,/

Collec

clauses.

Multiple adjacent strings are concatenated allowing a long string to be specified on multiple lines.

Unicodle characters are used within single quoted sequences, with the following backslasl based escape sequend

define

where |k is a hex digit: 0to 9, A to F or a to f.

Reserv
prefixd

on, Set, Bag, Sequence, and Tuple are basic types as well. Their specifics will be described in the upcpming sub

'"Thisisa'
'concatenated string' -- 'This is a concatenated string'

backslash and other characters.
\b -- backspace

\t -- horizontal tab

\n -- linefeed

\f -- form feed

\r -- carriage return

\" -- double quote

\ -- single quote

\\ -- backslash

\xhh  -- #x00 to #xFF
\uhhhh -- #x0000 to #xFFFF

ed words such as true and arbitrary awkward spellings may be used as names by enclosing the name in undg
d single quotes.
self.'if' = 'tabbed\tvariable'.'spaced operation()

es used to

TSCore-

7.5.1| Types from the UML-Model

Each (PCL expression is written\inthe context of a UML model, a number of classifiers (types/classes, ...), thejir features
and asfociations, and their generalizations. All classifiers from the UML model are types in the OCL expressiops that are
attachdd to the model.

7.5.2] Enumeration Types

Enumdrations‘are Datatypes in UML and have a name, just like any other Classifier. An enumeration defines a humber of

cnume]
cnume]

ration literals that are the possible values of the enumeration. Within OCL one can refer to the value of]
ration. When we have Datatype named Gender in the example model with values ‘female’ or ‘male’ the

used as follows:

7.5.3

context Person inv: gender = Gender::male

Let Expressions

an
y can be

Sometimes a sub-expression is used more than once in a constraint. The /et expression allows one to define a variable that

can be

© 180/

used in the constraint.

context Person inv:
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A let gxpression may be included in any kind of OCL expression. It is only known within this specific exptes

variab

7.5.4

let income : Integer = self.job.salary->sum() in
if isUnemployed then
income < 100
else
income >= 100
endif

e declaration inside a let must have a declared type and an initial value.

Additional operations/attributes through «definition» expressions

ion. A

The L¢t expression allows a variable to be used in one Ocl expression. To enable reuse of variables/operationg over

multip

e OCL expressions one can use a Constraint with the stereotype «definition», in which helper variables/

bperations

are defined. This «definition» Constraint must be attached to a Classifier and may only'contain variable and/o1] operation

definit]

ons, nothing else. All variables and operations defined in the «definition» constraint are known in the saipe context

as whdre any property of the Classifier can be used. Such variables and operatiohs-are attributes and operatiorfs with
stereotlype «OclHelper» of the classifier. They are used in an OCL expressiondn“exactly the same way as normal

attribul
each a

Operatiions or attributes defined by "definitions expressions" may be static (classifier scoped). In that case the

keywo|

The ngmes of the attributes / operations in a let expression may not conflict with the names of respective attri
associgtionEnds and operations of thetsClassifier.

Using

7.5.5

OCL i
confor

An O(
confor

tribute and operation definition is prefixed with the keyword ‘def™as shown below.

context Person

def: income : Integer = self.job.salary->sum()

def: nickname : String = ‘Little Red Rooster’

def: hasTitle(t : String) : Boolean = self.job->exists(title = t)

rd should be used before "def."
context MyClass
static def : globalld() : Integer = ...

Type Conformance

b a typed language and the basic value types are organized in a type hierarchy. This hierarchy determing
mance of\the different types to each other. You cannot, for example, compare an Integer with a Boolean

L expression in which all the types conform is a valid expression. An OCL expression in which the typ

es or operations are used. The syntax of the attribute or operation definitions is similar to the Let exprdssion, but

static

butes/

this definition syntax is identical to defining an attribute/operation in the UML with stereotype «OclHelper» with
an attached OCL constraint for its derivation.

s
r a String.

es don’t

n 1s’ an invalid expression. It contains a type conformance error. A type typel conforms to a type type2

when an

instance of fypel can be substituted at each place where an instance of fype?2 is expected. The type conformance rules for

types i

12

n the class diagrams are simple.

Each type conforms to each of its supertypes.

Type conformance is transitive: if fypel conforms to type2, and type2 conforms to type3, then typel conforms to type3.
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The effect of this is that a type conforms to its supertype, and all the supertypes above. The type conformance rules for
the types from the OCL Standard Library are listed in Table 7.3., where the third column specifies an additional condition

Table 7.3- Type conformance rules
Type Conforms to/Is a subtype of | Condition
Set(TH Collection2) #H T -eonformsto12
Sequence(T1) Collection(T2) if T1 conforms to T2
Bag(T1) Collection(T2) if T1 conforms to T2
OrdefedSet(T1) Collection(T2) if T1 conforms to T2
Integpr Real
UnlirhitedNatural Integer * is an invalid Integer
which jmust be satisfied by the involved types to verify the type conformance rule

Althoy

results|in invalid.

The cd

gh UnlimitedNatural conforms to Integer, ‘*’ is an invalid Integer, so that the evaluation of the expressipn ‘1 + *’

nformance relation between the collection types only holds if they are collections of element types that donform to

each ofher. See 7.6.13, *Collection Type Hierarchy and Type Conformance Rules’ for the complete conformance rules for
collectiions.
Table §.4 provides examples of valid and invalid expressioas.
Table [.4- Valid and Invalid Expressions
OCI)} expression valid explanation
1+2|*34 yes
1 + 'motorcycle' no type String does not conform to type Integer
23 * false no type Boolean does not conform to Integer
12 +[13.5 yes
7.5.6| Re-typing or-Casting

In sonfe circumstances;it is desirable to use a property of an object that is defined on a subtype of the current k

of the

When

oclAsT]

there 1

it is ceptain that the actual type of the object is the subtype, the object can be re-typed using the operati

object.oclAsType(Type2) --- changes the static type of the expression to Type2

hown type

object. Becatise the property is not defined on the current known type, this results in a type conformande error.

pn

ype(Classifier). This operation results in the same object, but the known type is the argument Classifie When

An object can only be re-typed to a type to which it conforms. If the actual type of the object, at evaluation time, is not
a subtype of the type to which it is re-typed, then the result of oclAsType is invalid.

© 180/
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Casting provides visibility, at parse time, of features not defined in the context of an expression's static type. It does not
coerce objects to instances of another type, nor can it provide access to hidden or overridden features of a type. For this,
the feature call is qualified by the name of the type (a path name, if necessary) whose definition of the feature is to be

accessed.

For example, if class Employee redefines the age() : Integer operation of the Person class, a constraint may access the

Persondefimitiomas 1T

context Employee
inv: self.age() <= self.Person::age()

For clarity, the qualified form may only be used with an explicit source expression.

7.5.7| Precedence Rules
The precedence order for the operations, starting with highest precedence, in OCL is:

« [literal and variable expressions, “(“ and “)”, “if-then-else-endif”

o | “let-in”
. | @pre
« | call expressions: """, "M" " and “->”

T3 L)

* |unary “not” and unary
o |“*”and </

+ | “+” and binary “-”

O R

9 ¢ bb
o o=, e

« [“and”

e | “or”

e | “xor”

o [“implies”
e | “in”

All inffix operators are left-associative, equal precedence operators are evaluated left to right.

A let gxpression is beth high precedence and low precedence; high on the left so that a let expression behaves
atomiq value in gperations, low on the right so that the in-expression can be an arbitrary expression. “a + let ..

... in a]+ a" isaxt (let ... in (a + (let ... in (a + a)))).”

Parentheses™“(“ and “)” can be used to change precedence and associativity.

7.5.8 Use of Infix Operators

as an
in a + let

The use of infix operators is allowed in OCL. The operators ‘+,” - “*.7 ¢/ ‘<’ > ‘<>’ ‘<=’ “>=’ are used as infix
operators. If a type defines one of those operators with the correct signature, they will be used as infix operators. The

expression:

at+b

is equal to the expression:
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a._'t'(b)
that is, invoking the “+” operation on a with b as the parameter to the operation.

The infix operators defined for a type must have exactly one parameter. For the infix operators ‘<,” > ‘<= >= ‘<>7
‘and,” ‘or,” and ‘xor’ the return type must be Boolean.

7.5.9| Keywords

Keywqrds in OCL are reserved words. That means that the keywords cannot occur as a name. A reserved world may be
used ap the name of a package, a type, a feature, a variable or a constraint by enclosing the word in underscorg-prefixed
single jquotes. The list of keywords is shown below:

and
body
context
def
derive
else
endif
endpackage
false

if
implies
in

init

inv
invalid
let

not
null

or
package
post
pre

self
static
then
true
xor

The following words.are restricted. A restricted word can only be used as a name when preceded by a “::”. A [restricted
word rhay also e nsed by enclosing the word in underscore-prefixed single quotes.

Bag
Beolean
Collection
Integer
OclAny
OcllInvalid
OclMessage
OclVoid
OrderedSet
Real
Sequence
Set
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String
Tuple
UnlimitedNatural

Note that operation names such as iterate, forAll, and oclType are not reserved or restricted.

7.5.1p—Goemment
Commients in OCL are written following two successive dashes (minus signs). Everything immediately fellowing the two
dashes|up to and including the end of line is part of the comment.
For expmple:

-{ this is a comment
7.5.11 Invalid Values
Some gxpressions will, when evaluated, have an invalid value. For instance, typecasting with oclAsType() to 4 type that
the object does not support or getting the ->first() element of an empty collection ‘will result in invalid. In genpral, an
exprespion where one of the parts is null or invalid will itself be invalid. There'are some important exceptions tp this rule,
howevpr. First, there are the logical operators:

| True OR-ed with anything is True

« | False AND-ed with anything is False

« | False IMPLIES anything is True

« | anything IMPLIES True is True
The rues for OR and AND are valid irrespective of\the order of the arguments and they are valid whether the value of the
other gub-expression is known or not.
The IF-expression is another exception. It will be valid as long as the chosen branch is valid, irrespective of thle value of
the other branch.
Finally], there is an explicit operation for testing if the value of an expression is undefined. ocllsUndefined() is an
operatjon on OclAny that results)in True if its argument is null or invalid and False otherwise.
7.6 | Objects and Properties
OCL expressions-ean refer to Classifiers, e.g., types, classes, interfaces, associations (acting as types), and datatypes. Also
all attrjbutes, assocCiation-ends, methods, and operations without side effects that are defined on these types, ettc. can be
used. In a elass model, an operation or method is defined to be side effect free if the isQuery attribute of the opprations is
true. Fpiithe purpose of this document, we will refer to attributes, association-ends, and side effect free methods and

operations as being properties. X property 1S one ot

16

an Attribute
an AssociationEnd
an Operation with isQuery being true

a Method with isQuery being true
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The value of a property on an object that is defined in a class diagram is specified in an OCL expression by a dot
followed by the name of the property. For example:

context Person inv:
self.isMarried

If self is a reference to an object, then self.property is the value of the property property on self.

7.6.1| Properties: Attributes

For expmple, the age of a Person is written as self.age:

context Person inv:
self.age > 0

The vglue of the subexpression self.age is the value of the age attribute on the particular/instance of Person id¢ntified by
self. The type of this subexpression is the type of the attribute age, which is the standard\type Integer.

Using fattributes and operations defined on the basic value types, we can express.¢éalculations etc. over the clags model.
For expmple, a business rule might be “the age of a Person is always greater than zero.” This can be stated by the
invarignt above.

Attribytes may have multiplicities in a UML model. Whenever the multiplicity of an attribute is greater than 1] the result
type ig collection of values. Collections in OCL are described later in’this clause.

7.6.2| Properties: Operations

Operafions may have parameters. For example, as showms¢arlier, a Person object has an income expressed as 4 function
of the |date. This operation would be accessed as follows, for a Person aPerson and a date aDate:

aPerson.income(aDate)

The repult of this operation call is a value of\the’return type of the operation, which is Integer in this example| If the

operatfon has out or in/out parameters, the result of this operation is a tuple containing all out, in/out parametdrs and the
return [value. For example, if the income.operation would have an out parameter bonus, the result of the above| operation
call is jof type Tuple( bonus: Integer, result: Integer). You can access these values using the names of the out pprameters,
and the keyword result. For example:

aPerson.income(aDate).bonus = 300 and
aPerson.income(aDate) result = 5000

Note that the out parameters need not be included in the operation call. Values for all in or in/out parameters gre
necesspry.

Defining operations

The opetation itself could be defined by a postcondition constraint. This is a constraint that is stereotyped as
«postcondition». The object that is returned by the operation can be relerred o Dy resuli. It takes the tollowing form:

context Person::income (d: Date) : Integer
post: result = age * 1000

The right-hand-side of this definition may refer to the operation being defined (i.e., the definition may be recursive) as
long as the recursion is not infinite. Inside a pre- or postcondition one can also use the parameters of the operation. The
type of result, when the operation has no out or in/out parameters, is the return type of the operation, which is Integer in
the above example. When the operation does have out or in/out parameters, the return type is a Tuple as explained above.
The postcondition for the income operation with out parameter bonus may take the following form:
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context Person::income (d: Date, bonus: Integer) : Integer
post: result = Tuple { bonus = ...,
result=.... }

To refer to an operation or a method that doesn’t take a parameter, parentheses with an empty argument list are
mandafory:

context Company inv:
self.stockPrice() > 0

7.6.3| Properties: AssociationEnds and Navigation

Starting from a specific object, we can navigate an association on the class diagram to refer to ‘other objects and their
properties. To do so, we navigate the association by using the opposite association-end:

object.associationEndName

The vdlue of this expression is the set of objects on the other side of the associgfionEndName association. If the
multiplicity of the association-end has a maximum of one (“0..1” or “1”), then €he value of this expression is an| object. In
the example class diagram, when we start in the context of a Company (i~ self is an instance of Company), e can

write:

context Company
inv: self. manager.isUnemployed = false
inv: self.employee->notEmpty()

In the [first invariant self.manager is a Person, because the-inultiplicity of the association is one. In the second|invariant
self.employee will evaluate in a Set of Persons. By default, navigation will result in a Set. When the associatidn on the
Class Diagram is adorned with {ordered}, the navigation results in an OrderedSet.

Collections, like Sets, OrderedSets, Bags, and _Sequences are predefined types in OCL. They have a large number of
predeflned operations on them. A property 6f the collection itself is accessed by using an arrow ‘->’ followed by the name
of the property. The following example,is in the context of a person:

context Person inv:
self.employer->size() < 3
This applies the size property on'the Set self.employer, which results in the number of employers of the Person self.

context Person inv:
self.employer->isEmpty()

This applies the isEnipty property on the Set self.employer. This evaluates to true if the set of employers is empty and
false otherwise.

Missihg-Association names

The association name is never missing. If no explicit name is available, an implicit name is constructed in accordance
with the UML style guide. Associations that are not explicitly named, are given names that are constructed according to
the following production rule:

“A_” <association-end-namel> “_” <association-end-name2>

where <association-end-namel> is the name of one association end and lexically precedes <association-end-name2>
which is the name of the other association end.
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Missing Association End names

The name of an association-end is never missing. If no explicit name is available an implicit name is taken from the name
of the class to which the end is attached.

NOTE: To tool vendors: this is a non-normative change from OCL 2.2, where the UML style guidance of converting the first
letter of the implicit name to lowercase was endorsed. The normative text has never defined how implicit names are obtained.
Tool vendors may wish to provide backward/forward compatibility warnings for this change.

El Par } O.° | =l Person 0.1 T role /)

role | 1 'uwner N 1

Figure 7.2 - Ambiguous name example

This may result in an ambiguity between an implicit association end name and another explicit name, unless oply one of
the asgociation ends is navigable. The ambiguous name cannot be used in OCL.

aPerson.role -- ambiguous

Qualifying association ends with association names

An asgociation end name may be qualified with its association name.or its source classifier name to resolve an|ambiguity.

aPerson.Person::role -- still ambiguous
aPerson.A_person_role::role -- some Parts, using,implicit Person to Part association name
aPerson.A_owner role::role -- a Role, using implicit Person to Role association name

Ends pwned by associations

In a UML association, an end may be owned by the"Classifier at that end, or by the association, itself. The ownership of
the endl is not significant to OCL. In either case/ the association end is considered as a property of the Classifigr and can
be naviigated from that end to the other.

Navigation over Associations with Multiplicity Zero or One

Becauge the multiplicity of the role’manager is one, self.manager is an object of type Person. Such a single object can be
used ap a Set as well. It them-behaves as if it is a Set containing the single object. The usage as a set is done through the
arrow ffollowed by a property of Set. This is shown in the following example:

context Company inv:
self.manager-=size() = 1

The syb-expression self.manager is used as a Set, because the arrow is used to access the size property on Set| This
exprespionsevatuates to true.

context Company inv:
self.manager->too

The sub-expression self.manager is used as Set, because the arrow is used to access the foo property on the Set. This
expression is incorrect, because foo is not a defined property of Set.

context Company inv:
self.manager.age > 40

The sub-expression self.manager is used as a Person, because the dot is used to access the age property of Person.
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In the case of an optional (0..1 multiplicity) association, this is especially useful to check whether there is an object or not
when navigating the association. In the example we can write:

context Person inv:
self.wife->notEmpty() implies self.wife.gender = Gender::female

Combining Properties

Properties can be combined to make more complicated expressions. An important rule is that an OCL expressipon always
evaluates to a specific object of a specific type. After obtaining a result, one can always apply anotherpropertly to the
result fo get a new result value. Therefore, each OCL expression can be read and evaluated left-to-right:

Following are some invariants that use combined properties on the example class diagram:

[1] [1] Married people are of age >= 18

context Person inv:
self.wife->notEmpty() implies self.wife.age >= 18 and
self.husband->notEmpty() implies self.husband.age >= 18

[2] [2] acompany has at most 50 employees

context Company inv:
self.employee->size() <= 50

7.6.4| Navigation to Association Classes

To specify navigation to association classes (Job and Marriage.in the example), OCL uses a dot and the name |of the
associgtion class:

context Person inv:
self.Job

The sub-expression self.Job evaluates to a Set pfiall the jobs a person has with the companies that are his/her pmployer.
In the fase of an association class, there is@o e¢xplicit rolename in the class diagram. The name Job used in tHis
navigation is the name of the association class.

In casq of a recursive association, thatyis an association of a class with itself, the name of the association class aJone is not
enougl. We need to distinguish the direction in which the association is navigated as well as the name of the gssociation
class. Take the following model as an example.

Person lhOsEEs
age
*
EmployeeRanking
g¢mploysests o — — — o SCOre

Figure 7.3 - Navigating recursive association classes

When navigating to an association class such as EmployeeRanking there are two possibilities depending on the direction.
For instance, in the above example, we may navigate towards the employees end, or the bosses end. By using the name of
the association class alone, these two options cannot be distinguished. To make the distinction, the rolename of the
direction in which we want to navigate is added to the association class name, enclosed in square brackets. In the
expression
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context Person inv:
self. EmployeeRanking[bosses]->sum() > 0

7:2012(E)

the self. EmployeeRanking[bosses] evaluates to the set of EmployeeRankings belonging to the collection of bosses. And in
the expression

context Person inv:

the sel]
The u
examp

In ang
Theref]

7.6.5

We cai
dot-no

Navig:
isare
can be]

7.6.6

Qualif]
naviga
role-ns
the ass

The nd

self.EmployeeRanking|employees|->sum() > 0

(EmployeeRanking[employees] evaluates to the set of EmployeeRankings belonging to the collection of d
qualified use of the association class name is not allowed in such a recursive situation. Thus,,the follov
le is invalid:

context Person inv:

self. EmployeeRanking->sum() > 0 -- INVALID!

n-recursive situation, the association class name alone is enough, although the qualifi€éd version is allowed 4
bre, the examples at the start of this sub clause could also be written as:
context Person inv:

self.Job[employer]

Navigation from Association Classes

h navigate from the association class itself to the objects that participate in the association. This is done
fation and the role-names at the association-ends.

context Job
inv: self.employer.numberOfEmployees >= 1
inv: self.employee.age > 21

ition from an association class to one of the,abjects on the association will always deliver exactly one ol
ult of the definition of AssociationClassaTherefore, the result of this navigation is exactly one object,
used as a Set using the arrow (->).

Navigation through Qualified Associations

ed associations use one or{more qualifier attributes to select the objects at the other end of the associat
te them, we can add the(values for the qualifiers to the navigation. This is done using square brackets, fol

ociation. The following example results in a Set(Person) containing all customers of the Bank.

context Bank iny:
self.customer

xt example results in one Person, having account number 8764423.

context Bank inv:

mployees.
ing

s well.

using the

bject. This
Ithough it

on. To
owing the

me. It is permissible.toleave out the qualifier values, in which case the result will be all objects at the other end of

self customer[87644231
T T

If there is more than one qualifier attribute, the values are separated by commas, in the order which is specified in the
UML class model. It is not permissible to partially specify the qualifier attribute values.

7.6.7

Using Pathnames for Packages

Within UML, types are organized in packages. OCL provides a way of explicitly referring to types in other packages by
using a package-pathname prefix. The syntax is a package name, followed by a double colon:
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Packagename:: Typename
This usage of pathnames is transitive and can also be used for packages within packages:

Packagenamel::Packagename?2::Typename

7.6.8__Accessing overridden properties of supertypes

Whengver properties are redefined within a type, the property of the supertypes can be accessed using thelocldls Type()
operatjon. Whenever we have a class B as a subtype of class A, and a property pl of both A and B, we can write:

context B inv:
self.oclAsType(A).pl -- accesses the p1 property defined in A
self.pl -- accesses the pl property defined in B

Figure|7.4 shows an example where such a construct is needed. In this model fragment there is an ambiguity yith the
OCL expression on Dependency:

context Dependency inv:
self.source <> self

This cgn either mean normal association navigation, which is inherited frofa’ ModelElement, or it might also mpean
navigation through the dotted line as an association class. Both possibleyhavigations use the same role-name, do this is
alwayq ambiguous. Using ocl4sType() we can distinguish between them"with:
context Dependency

inv: self.oclAsType(Dependency).source->isEmpty()
inv: self.oclAsType(ModelElement).source->isEmpty()

source
target

ModelElement | ,

ol

Note Dependency

valueninterpreted

Figure| 7.4~ Accessing Overridden Properties Example

7.6.9 Predefined properties on All Objects

There are several properties that apply to all objects, and are predefined in OCL. These are:

ocllsTypeOf (t : Classifier) : Boolean
oclIsKindOf (t : Classifier) : Boolean

oclInState (s : OclState) : Boolean

ocllsNew () : Boolean

oclAsType (t : Classifier) : instance of Classifier
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The operation is ocllsTypeOf results in true if the type of self and ¢ are the same. For example:

context Person
inv: self.ocllsTypeOf( Person ) -- is true
inv: self.ocllsTypeOf( Company) -- is false

The above property deals with the direct type of an object. The ocl/lsKindOf property determines whether ¢ is either the
direct [ypc or onc of e Supertypes ot an object.

The ofjeration oclinState(s) results in true if the object is in the state s. Possible states for the operation 0c/InSfate(s) are
all stafes of the statemachine that defines the classifier's behavior. For nested states the statenames gan|be corhbined

€6, .9

using the double colon “:

. r'd Y Y
T Standby | | NoPowar )
| y N .

Figure| 7.5 - Statemachine Example

In the pxample statemachine above, values for s can be On, Off, Off.xStandby, Off::NoPower. If the classifier of|object has
the abgve associated statemachine, valid OCL expressions arg;

object.oclInState(On)
object.oclInState(Off)
object.oclInstate(Off::Standby)
object.oclInState(Off::NoPower)

If ther¢ are multiple statemachines attached tg-the object’s classifier, then the statename can be prefixed with te name of
the stafemachine containing the state and the/double colon ‘::,” as with nested states.

The ofjeration oc/IsNew evaluates to tfue'if, used in a postcondition, the object is created during performing the operation
(i.e., if didn’t exist at precondition-time).

7.6.10 Features on Classes Themselves

All properties discussed until now in OCL are properties on instances of classes. The types are either predefingd in OCL
or defined in the class model. In OCL, it is also possible to use static features, applicable to the types/classes themselves
rather than to theityinstances. For example, the Employee class may define a static operation “uniquelD” that gomputes a
uniqug ID to utserin the initialization of the employee ID attribute:

context Employee::id : String init:

Employee::uniquelD()

Static features are invoked using the '::' operator and are distinct from the features of the Classifier metaclass, which
include the alllnstances operation pre-defined by OCL. If we want to make sure that all instances of Person have unique
names, we can write:
context Person inv:
Person.allInstances()->forAll(p1, p2 |
pl <> p2 implies pl.name <> p2.name)
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Invocation of alllnstances uses the '.' operator rather than '::' because it is not a static operation. It is an operation
applicable to instances of the Classifier metaclass, of which Person is an example.

7.6.11 Collections

Single navigation of an association results in a Set, combined navigations in a Bag, and navigation over associations
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collect

Collec
collect
like a

in whi
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Sets, S
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bracke

A Seqy

A bag]

Becau
inside
Int-exp

including the values of\nt-expril and Int-expr2 themselves:

d with {ordered} results in an OrderedSet. Therefore, the collection types defined in the OCL Standard
| important role in OCL expressions.

be Collection is predefined in OCL. The Collection type defines a large number of predefinedoperations
L expression author (the modeler) to manipulate collections. Consistent with the definition‘of OCL as :
sion language, collection operations never change collections; isQuery is always true. They-may result i
ion, but rather than changing the original collection they project the result into a new one.

ion is an abstract type, with the concrete collection types as its subtypes. OCL distihguishes three diffe
jlon types: Set, Sequence, and Bag. A Set is the mathematical set. It does not Contain duplicate elements
et, which may contain duplicates (i.e., the same element may be in a bag twiceé or more). A Sequence is
Ch the elements are ordered. Both Bags and Sets have no order defined jon.them.

ttion Literals

equences, and Bags can be specified by a literal in OCL. Curly~brackets surround the elements of the ¢
ts in the collection are written within, separated by commas: The type of the collection is written beforg
[s:

Set{1,2,5,88}

Set { 'apple,' 'orange,' 'strawberry’ }

1CNce:

Sequence { 1,3,45,2,3 }
Sequence { 'ape,' 'nut' }

Bag {1,3,4,3,5}

e of the usefulness of a-Sequence of consecutive Integers, there is a separate literal to create them. The
the curly brackets canb¢ replaced by an interval specification, which consists of two expressions of typ
rl and Int-expr2, Separated by °..”. This denotes all the Integers between the values of Int-exprl and In

Sequencef I (6 +4) }
Sequencef1..10 }
-- are/both identical to

Library

to enable
n
na

rent
A Bag is
like a Bag

bllection,
the curly

elements
e Integer,
-expr2,

Sequence{ 1, 2,3,4,5,6,7,8,9,10 }

The complete list of Collection operations is described in Clause 11 (“The OCL Standard Library™).

Collections can be specified by a literal, as described above. The only other way to get a collection is by navigation. To
be more precise, the only way to get a Set, OrderedSet, Sequence, or Bag is:
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a literal, this will result in a Set, OrderedSet, Sequence, or Bag:

Set {2,4,1,5,7,13,11,17 }
OrderedSet {1,2,3,5,7,11,13,17}
Sequence {1,2,3,5,7,11,13,17}
Bag {1,2,3,2,1}

7.6.1

OCL dllows elements of collections to be collections themselves. The OCL Standard Library includes specifig]

operat

7.6.1

In add
the co

Type d

For ex

Note t

a navigation starting from a single object can result 1n a collection:

context Company inv:
self.employee

operations on collections may result in new collections:

collectionl->union(collection2)

2 Collections of Collections

ons for collections. These can be used to flatten collections of collections, _explicitly.

3 Collection Type Hierarchy and Type Conformance Rules

tion to the type conformance rules in 7.5.5, *Type Conformange’ the following rules hold for all types,
lection types:

The types Set (X), Bag (X), and Sequence (X) are all subtypes of Collection (X).
onformance rules are as follows for the collectiontypes:

TBypel conforms to Type2 when they are identical (standard rule for all types).
Typel conforms to Type2 when it is asubtype of Type2 (standard rule for all types).

Collection(Typel) conforms to Collection(Type2), when Typel conforms to Type2. This is also true for Set
Set(Type2), Sequence(Typel)/Sequence(Typel), Bag(Typel)/Bag(Type2).

Type conformance is transitive: if Typel conforms to Type2, and Type2 conforms to Type3, then Typel cont
Type3 (standard rule forall types).

pmple, if Bicycle.and Car are two separate subtypes of Transport:

Set(Bicycle) ‘conforms to Set(Transport)
Set(Bicyele){conforms to Collection(Bicycle)
Set(Bicycl€) conforms to Collection(Transport)

hatSet(Bicycle) does not conform to Bag(Bicycle), nor the other way around. They are both subtypes o

flattened

including

[ypel)/

orms to

—

Collec

fion(Bicycle) at the same level in the hierarchy.

7.6.14 Previous Values in Postconditions

As stated in 7.4.4, Pre- and Postconditions’ OCL can be used to specify pre- and postconditions on operations and
behaviors in UML. In a postcondition, the expression can refer to values of any feature of an object at two moments in

time:
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+ the value of a feature at the start of the operation or behavior
« the value of a feature upon completion of the operation or behavior

The value of an operation call or a property navigation in a postcondition is the value upon completion of the operation.
To refer to the value of a feature at the start of the operation, one has to postfix the property name with the keyword
‘@pre:

context Person::birthdayHappens()
post: age = age@pre + 1

The prpperty age refers to the property of the instance of Person that executes the operation. The preperty age@pre refers
to the yalue of the property age of the Person that executes the operation, at the start of the opefation.

In the fase of an operation call, the '@pre' is postfixed to the operation name, before the paramieters.

context Company::hireEmployee(p : Person)
post: employees = employees@pre->including(p) and
stockprice() = stockprice@pre() + 10

When the pre-value of a feature evaluates to an object, all further properties that are accessed of this object arp the new
values|(upon completion of the operation) of this object. So:

a.b@pre.c -- takes the old value of property b of a, say x
-- and then the new value of ¢ of x.
a.b@pre.c@pre-- takes the old value of property b of a, say x
-- and then the old value of ¢ of x.

The ‘@pre’ postfix is allowed only in OCL expressions that'are part of a Postcondition, and only on invocatigns of the
featurds of model classifiers. Asking for a current propérty of an object that has been destroyed during execution of the
operatjon results in null. Also, referring to the preyvious value of an object that has been created during execut]on of the
operatjon results in null.

7.6.16 Tuples

It is pgssible to compose several values into a tuple. A tuple consists of named parts, each of which can have p distinct
type. Jome examples of tuples ar¢:

Tuple {name: String = ‘John,” age: Integer = 10}
Tuple {a: Collection(Integer) = Set{1, 3, 4}, b: String = ‘foo,” ¢: String = ‘bar’}

This i also the way te“write tuple literals in OCL; they are enclosed in curly brackets, and the parts are separyjited by
commas. The type mames are optional, and the order of the parts is unimportant. Thus:

Tuple {nanies String = ‘John,” age: Integer = 10} is equivalent to
Tuple {name = ‘John,” age = 10} and to
Tuplev{age = 10, name = ‘John’}

Also, note that the values of the parts may be given by arbitrary OCL expressions, so for example we may write:

context Person def:
attr statistics : Set(TupleType(company: Company, numEmployees: Integer,
wellpaidEmployees: Set(Person), totalSalary: Integer)) =
managedCompanies->collect(c |
Tuple { company: Company = c,
numEmployees: Integer = c.employee->size(),
wellpaidEmployees: Set(Person) = c.Job->select(salary>10000).employee->asSet(),
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totalSalary: Integer = c.Job.salary->sum()

}
)

This results in a bag of tuples summarizing the company, number of employees, the best paid employees, and total salary
costs of each company a person manages.

The pgrts of a tuple are accessed by their names, using the same dot notation that is used for accessing attribufes. Thus:
Tuple {x: Integer =5, y: String = ‘hi’}.x =5
is a trye, if somewhat pointless, expression. Using the definition of statistics above, we can write:

context Person inv:
statistics->sortedBy(totalSalary)->last().wellpaidEmployees->includes(self)

This agserts that a person is one of the best-paid employees of the company with the highesttotal salary that hg manages.
In this|expression, both ‘totalSalary’ and ‘wellpaidEmployees’ are accessing tuple parts.

7.7 | Collection Operations

OCL defines many operations on the collection types. These operations-arg specifically meant to enable a flexfible and
powerful way of projecting new collections from existing ones. The diffeérent constructs are described in the following sub
clauses.

7.7.1| Select and Reject Operations

Sometjmes an expression using operations and navigatigns results in a collection, while we are interested only ih a special
subset|of the collection. OCL has special constructsto specify a selection from a specific collection. These are| the select
and refect operations. The select specifies a subset of a collection. A select is an operation on a collection and i$ specified
using the arrow-syntax:

collection->select( ... )

The pdrameter of select has a specialsyntax that enables one to specify which elements of the collection we want to
select.[There are three different forms, of which the simplest one is:

collection->select( booleanjexpression )

This r¢sults in a collection-that contains all the elements from collection for which the boolean-expression evluates to

true. To find the result‘of this expression, for each element in collection the expression boolean-expression is gvaluated.
If this evaluates to ¢riie, the element is included in the result collection, otherwise not. As an example, the following OCL
exprespion specifies that the collection of all the employees older than 50 years is not empty:

context,Company inv:
selfiemployee->select(age > 50)->notEmpty()

The self.employee 1s of type Set(Person). The select takes each person from self.employee and evaluates age > 50 for this
person. If this results in #rue, then the person is in the result Set.

As shown in the previous example, the context for the expression in the select argument is the element of the collection
on which the select is invoked. Thus the age property is taken in the context of a person.

In the above example, it is impossible to refer explicitly to the persons themselves; you can only refer to properties of
them. To enable to refer to the persons themselves, there is a more general syntax for the select expression:

collection->select( v | boolean-expression-with-v )
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The variable v is called the iterator. When the select is evaluated, v iterates over the collection and the boolean-
expression-with-v is evaluated for each v. The v is a reference to the object from the collection and can be used to refer to
the objects themselves from the collection. The two examples below are identical:

context Company inv:
self.employee->select(age > 50)->notEmpty()

reontext-Company-inv:
self.employee->select(p | p.age > 50)->notEmpty()

The repult of the complete select is the collection of persons p for which the p.age > 50 evaluates to True: This amounts
to a subset of self.employee.
As a final extension to the select syntax, the expected type of the variable v can be given. The(select now is Written as:

collection->select( v : Type | boolean-expression-with-v )

The mpaning of this is that the objects in collection must be of type Type. The next example is identical to thd previous
examples:

context Company inv:
self.employee.select(p : Person | p.age > 50)->notEmpty()

The cqmpete select syntax now looks like one of:

collection->select( v : Type | boolean-expression-with-v )
collection->select( v | boolean-expression-with-v )
collection->select( boolean-expression )

The refect operation is identical to the select operation, but:with reject we get the subset of all the elements off the
collectfion for which the expression evaluates to False. (Fhe¢ reject syntax is identical to the select syntax:

collection->reject( v : Type | boolean-expression-with*v )
collection->reject( v | boolean-expression-with*v-)
collection->reject( boolean-expression )

As an pxample, specify that the collection of all the employees who are not married is empty:

context Company inv:
self.employee->reject( isMafried )->isEmpty()

The reject operation is availablein OCL for convenience, because each reject can be restated as a select with tle negated
exprespion. Therefore, the following two expressions are identical:

collection->reject(v : Type | boolean-expression-with-v )
collection->select( v : Type | not (boolean-expression-with-v) )

7.7.2| Collect Operation

As shgwarin the previous sub clause, the select and reject operations always result in a sub-collection of the ofiginal
collection. When we want to specify a collection that is derived from some other collection, but which contains different
objects from the original collection (i.e., it is not a sub-collection), we can use a collect operation. The collect operation
uses the same syntax as the select and reject and is written as one of:

collection->collect( v : Type | expression-with-v )
collection->collect( v | expression-with-v )
collection->collect( expression )

The value of the reject operation is the collection of the results of all the evaluations of expression-with-v.
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An example: specify the collection of birthDates for all employees in the context of a company. This can be written in the
context of a Company object as one of:

self.employee->collect( birthDate )
self.employee->collect( person | person.birthDate )
self.employee->collect( person : Person | person.birthDate )

An important issuc here is that when the source collection s a Sct the resulting collection 1s not a Set but a.Bpg.
Moreoper, if the source collection is a Sequence or an OrderedSet, the resulting collection is a Sequence. When|more than
one employee has the same value for birthDate, this value will be an element of the resulting Bag more‘than ¢nce. The
Bag resulting from the collect operation always has the same size as the original collection.

It is pgssible to make a Set from the Bag, by using the asSet property on the Bag. The followingyexpression reqults in the
Set of [different birthDates from all employees of a Company:

self.employee->collect( birthDate )->asSet()

Shorthand for Collect

Becauge navigation through many objects is very common, there is a shorthand notation for the collect that mgkes the
OCL dxpressions more readable. Instead of

self.employee->collect(birthdate)
we car also write:

self.employee.birthdate

In gengral, when we apply a property to a collection of Objécts, then it will automatically be interpreted as a c¢llect over
the mambers of the collection with the specified propert:

For anly propertyname that is defined as a property: on the objects in a collection, the following two expressions are
identidal:

collection.propertyname
collection->collect(propertyname)

and sof are these if the property is parameterized:

collection.propertyname (parl,par2, ...)
collection->collect (propertyname(parl, par2, ...))

7.7.3| ForAll Operation

Many fimes a constraint is needed on all elements of a collection. The forAll operation in OCL allows specifyjing a
Boolegn expression, which must hold for all objects in a collection:

colléction->forAll( v : Type | boolean-expression-with-v )
coltection->forAll( v | boolean-expression-with-v )
collection->forAll( boolean-expression )

This forAll expression results in a Boolean. The result is true if the boolean-expression-with-v is true for all elements of
collection. If the boolean-expression-with-v is false for one or more v in collection, then the complete expression
evaluates to false. For example, in the context of a company:

context Company
inv: self.employee->forAll( age <= 65)
inv: self.employee->forAll( p | p.age <=65)
inv: self.employee->forAll( p : Person | p.age <=65)
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These invariants evaluate to true if the age property of each employee is less or equal to 65.
The forAll operation has an extended variant in which more than one iterator is used. Both iterators will iterate over the
complete collection. Effectively this is a for4ll on the Cartesian product of the collection with itself.

context Company inv:
self.employee->forAll( el, e2 : Person |

cl ¢Z 1mplics ¢l.1oréename c¢Z.1orename)

This ekpression evaluates to true if the forenames of all employees are different. It is semantically equiyalent fo:

context Company inv:
self.employee->forAll (el | self.employee->forAll (e2 |
el <> e2 implies el.forename <> e2.forename))

7.7.4 Exists Operation

Many fimes one needs to know whether there is at least one element in a collection(for'which a constraint holds. The
exists pperation in OCL allows you to specify a Boolean expression that must hold-for at least one object in a|collection:

collection->exists( v : Type | boolean-expression-with-v )
collection->exists( v | boolean-expression-with-v )
collection->exists( boolean-expression )

This ekists operation results in a Boolean. The result is true if the boolean-expression-with-v is true for at leagt one
element of collection. If the boolean-expression-with-v is false for all v in collection, then the complete expregsion
evaluates to false. For example, in the context of a companys

context Company inv:
self.employee->exists( forename = 'Jack' )

context Company inv:
self.employee->exists( p | p.forename = 'Jack'\)

context Company inv:
self.employee->exists( p : Person | p.forename = 'Jack')

These [expressions evaluate to true if'the forename property of at least one employee is equal to ‘Jack.’

Similafly to forAll expression an eXists expression may declare multiple iterators.

7.7.5 Closure Operation

The itgrators described in the preceding sections return results from the elements of a collection. The closure $upports
returning results(from the elements of a collection, the elements of the elements of a collection, the elements ¢f the
elements of the-elements of a collection, and so forth. This can be useful for iterating over a transitive relationship such
as a UML+generalization. closure operation uses the same syntax as the select and reject iterators and is written] as one of
source>closure( v : Type | expression-with-v )
SOUrce>ClOSUIe( Vv | eXpression-with-v )
source>closure( expression )

The returned collection of the closure iteration is an accumulation of the source, and the collections resulting from the
recursive invocation of expression-with-v in which v is associated exactly once with each distinct element of the returned
collection. The iteration terminates when expression-with-v returns empty collections or collections containing only
already accumulated elements. The collection type of the result collection is the unique form (Set or OrderedSet) of the
original source collection. If the source collection is ordered, the result is in depth first preorder. The result satisfies the
postcondition:
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post: let sourceAndResult : Set(7ype) = source->asSet()->union(result) in
sourceAndResult = sourceAndResult->collect(expression)

For a simple parent-children relationship and known parents

parents->closure(children)

computes the set of parents.children, parents.children.children, parents.children.children.children etc.

In the jopposite direction

computes the maternal line.

For a fnore complex relationship such as UML Classifier generalization

compujtes the set comprising aClassifier and all its generalizations. The closure recurses.over the Generalizatid
compute the transitive set of all Generalizations. The generalized classifier is collected from each of these bef

includ

As with all other iterators, self remains unchanged throughout the recursion, and an implicit source attempts t

featurg

7.7.6

The itd
can all

The v4
accum
expres.
value

operat

Or wriften in Jayaslike pseudocode the result of the iterate can be calculated as:

self->asOrderedSet()->closure(mother)

aClassifier.generalization()->closure(general.generalization).general()->including(aClassifier)

ng the originating aClassifier in the result.

s against iterators.

Iterate Operation

rate operation is slightly more complicated, but is verygeneric. The operations reject, select, forAll, exi.
be described in terms of iterate. An accumulation builds one value by iterating over a collection.

collection->iterate( elem : Type; acc : Type = <expression™ |
expression-with-elem-and-acc )

riable elem is the iterator, as in the definition of select, forAll, etc. The variable acc is the accumulator.
ilator gets an initial value <expression>: When the iterate is evaluated, elem iterates over the collection
bion-with-elem-and-acc is evaluated for each elem. After each evaluation of expression-with-elem-and-q

ns to
bre

resolve

ts, collect

The
and the
cc, its

s assigned to acc. In this way, the*value of acc is built up during the iteration of the collection. The colllect

on described in terms of iterate will look like:

collection->collect(x : T {Xyproperty)
-- is identical to:
collection->iterate(x) T; acc : T2 = Bag{} |
acc->including(x.property))

iterate(elem : T; acc : T2 = value)

{

© 180/

ace = value;

for(Enumeration e = collection.elements() ; e.hasMoreElements(); ){
elem = e.nextElement();
acc.add(<expression-with-elem-and-acc>

}

return acc;

}
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Although the Java pseudo code uses a ‘next element,’ the iferafe operation is defined not only for Sequence, but for each
collection type. The order of the iteration through the elements in the collection is not defined for Set and Bag. For a
Sequence the order is the order of the elements in the sequence.

7.8 Messages in OCL

This siib clause contains some examples of the concrete syntax and explains the finer details of the message |ekpression.
In earljer versions the phrase “actions in OCL” was used, but message was found to capture the meaning mor¢ precisely.

7.8.1| Calling operations and sending signals

To spegify that communication has taken place, the hasSent (‘“*’) operator is used:

context Subject::hasChanged()
post: observer“update(12, 14)

The ofyserver*update(12, 14) results in true if an update message with arguments\}2)and 14 was sent to obseryer during
the ex¢cution of the operation. Update() is either an Operation that is defined in.the class of observer, or it is fa Signal

specified in the UML model. The argument(s) of the message expression (12,and 14 in this example) must confprm to the
paramgters of the operation/signal definition.

If the gctual arguments of the operation/signal are not known, or not.restricted in any way, it can be left unspecffied. This
is shown by using a question mark. Following the question mark is-an optional type, which may be needed to [find the
correc{ operation when the same operation exists with different\parameter types.

context Subject::hasChanged()
post: observer*update(? : Integer, ? : Integer)

This ekample states that the message update has beén sent to observer, but that the values of the parameters gre not
known|.

OCL dlso defines a special OclMessage typé. One can get the actual OclMessages through the message opergtor: "

context Subject::hasChanged()
post: observer™update(12, 14)

This rg¢sults in the Sequence of messages sent. Each element of the collection is an instance of Oc/Message. I1} the
remairlder of the constraint 6ng can refer to the parameters of the operation using their formal parameter namgq from the
operatjon definition. If tHe“pperation update has been defined with formal parameters named i and j, then we ¢an write:

context Subject:;hasChanged()

post: let messages : Sequence(OclMessage) = observer™update(? : Integer, ? : Integer) in
messages->notEmpty() and
méssages->exists(m | m.i > 0 and m.j >=m.i)

The valug ot the parameter i is not known, but it must be greater than zero and the value of parameter j must b larger or
equal to 1.

Because the " operator results in an instance of OcI/Message, the message expression can also be used to specify
collections of messages sent to different targets. For an observer pattern we can write:

context Subject::hasChanged()
post: let messages : Sequence(OclMessage) =
observers->collect(o | o update(? : Integer, ? : Integer) ) in
messages->forAll(m | m.i <=m.j )
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Messages is now a set of Oc/Message instances, where every OclMessage instance has one of the observers as a target.

7.8.2 Accessing result values

A signal sent message is by definition asynchronous, so there never is a return value. If there is a logical return value it
must be modeled as a separate signal message. Yet, for an operation call there is a potential return value. This is only
availahle if the operation has already returned (not necessary if the operation call is asynchronous), and it speIiﬁes a
return [type in its definition. The standard operation result() of OclMessage contains the return value of the\called
operatfon. If getMoney(...) is an operation on Company that returns a boolean, as in Company::getMotieyfamount :
Integet) : Boolean, we can write:

context Person::giveSalary(amount : Integer)
post: let message : OclMessage = company”getMoney(amount) in

message.hasReturned() -- getMoney was sent and returned
and
message.result() = true -- the getMoney call returned true

As with the previous example we can also access a collection of return values fronT a collection of OclMessages. If
message.hasReturned() is false, then message.result() will be invalid.

7.8.3| An example

This spib clause shows an example of using the OCL message expfession.

The Example and Problem

Suppope we have built a component, which takes any form of input and transforms it into garbage (aka encrygts it). The
component GarbageCan uses an interface UsefullnformationProvider that must be implemented by users of thie
companent to provide the input. The operation getNextPieceOfGarbage of GarbageCan can then be used to rdtrieve the
garbledl data. Figure 7.6 shows the component’s_class diagram. Note that none of the operations are marked as] queries.

GarbageCan

SetUsefullnformationProvider(uip:UsefullnformationProvider)
getNextPieceOfGarbage() : Integer

0..1 #datasource

<<interface>>
UsefullnformationProvider

getNextPieceOfData():Integer

Figure 7.6 - OclIMessageExample

When selling the component, we do not want to give the source code to our customers. However, we want to specify the
component’s behavior as precisely as possible. So, for example, we want to specify, what getNextPieceOfGarbage does.
Note that we cannot write:

context GarbageCan::getNextPieceOfGarbage() : Integer
post: result = (datasource.getNextPieceOfData() * .7683425 + 10000) / 20 + 3
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because UsefullnformationProvider::getNextPieceOfData() is not a query (e.g., it may increase some internal pointer so
that it can return the next piece of data at the next call). Still we would like to say something about how the garbage is
derived from the original data.

The solution

las L1 Ol + 4l 1 AL D L0 i N 11
To solye-this-problemwe-eantse-an-OetMessage-torepresentthe-ealtogetextRieceOfPuta—this-aHewsus+tq check for

the regult. Note that we need to demand that the call has returned before accessing the result:

context GarbageCan::getNextPieceOfGarbage() : Integer

post: let message : OclMessage = datasource”"getNextPieceOfData()->first() in
message.hasReturned()
and
result = (message.result() * .7683425 + 10000) / 20 + 3

7.9 | Resolving Properties

For any property (attribute, operation, or navigation) the full notation includes_the object of which the property is taken.
As seen in 7.4.3, ’Invariants’ self can be left implicit, and so can the iteratet, variables in collection operations| At any
place in an expression, when an iterator is left out, an implicit iterator-variable is introduced. For example in:

context Person inv:
employer->forAll( employee->exists( lastName = name) )

three inplicit variables are introduced. The first is self, whichds-always the instance from which the constrain starts.
Secondly an implicit iterator is introduced by the forAll and third by the exists. The implicit iterator variables pre
unnamjed. The properties employer, employee, lastName,(@nd name all have the object on which they are appligd left out.
Resolying these goes as follows:

« | at the place of employer there is one implicit-variable: self : Person. Therefore employer must be a property of self.

« | at the place of employee there are tw@_imiplicit variables: self: Person and iterl : Company. Therefore employer must
be a property of either self or itexl. If employee is a property of both self and iterl, then it is defined to belpng to the
variable in the most inner scope, which is iterl.

« | at the place of lastName and-name there are three implicit variables: self : Person, iterl : Company and iterf : Person.
Therefore lastName andwwame must both be a property of either self or iter! or iter2. In the UML model property name
is a property of iteyd{ ~\Howeves, lastName is a property of both self and iter2. This is ambiguous and therefdre the

lastName refersdoythe variable in the most inner scope, which is iter2.

Both of the followitig invariant constraints are correct, but have a different meaning:

contextPerson
iny: employer->forAll( employee->exists( p | p.lastName = name) )
iny:'employer->forAll( employee->exists( self.lastName = name) )

A closure iteration may introduce an implicit iterator-variable at each level of recursion and so multiple iterator-variable
candidates for consideration as the implicit self. Since all candidates have the same static type, it is only the least deeply
nested candidate, with respect to the iteration body, that need be considered as the implicit iterator-variable for a closure.
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Abstract Syntax

Introduction

This clause describes the abstract syntax of the OCL. In this abstract syntax a number of metaclasses from the UML
metamjodel are imported. These metaclasses are shown in the models with a transparent fill color. All metaclasses defined

as parf of the OCL abstract syntax are shown with a light gray background.

The alstract syntax as described below defines the concepts that are part of the OCL using a MOF compliant
The aljstract syntax is divided into several packages.

8.2

OCL i

Evaludtion of the expression yields a value of this type. Therefore, before we can define expressions, we have

a mod

classeq in the metamodel are the types themselves (e.g., Integer)’not instances of the domain they represent (e

2,3).

The m
Classif

In the

collection types, because there is an infinite-number, especially when nested collections are taken into account.

Conce
expres
names
the saif

jetamodel.

The Types package describes the concepts that define the type system of OCL. It shows which types are pr¢defined in

OCL and which types are deduced from the UML models.

The Expressions package describes the structure of OCL expressions.

The Types Package

b a typed language. Each expression has a type that is either exphcitly declared or can be statically deri

el for the concept of type. A metamodel for OCL types is shown in this sub clause. Note that instances

pdel in Figure 8.1 shows the OCL types. The bagsictype is the UML Classifier, which includes all subty
ier from the UML Superstructure.

model, the CollectionType (and its subclasses) and the TupleType are special. One can never instantiate]
ptually all these types do exist, but such a type should be (lazily) instantiated by a tool, whenever it is ne

baces (such as in a top-level package or within the expression referencing it), however they represent se
he type.

bed.

to provide
bf the
g.,-15,0,

pes of

all

cded in an

sion. For convenience an instance representing a collection type or a tuple type may be replicated in diffferent

mantically
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8.1 - Abstract Syntax Kernel Metamodel for OCL Types

Ipe
be is the metaclass of the special type Ocl4Any, which is the type to which all other types conform. Oc/A

stance of AnyType. This metaclass allows defining the special property of being the generalization of al
iers, including Classes, DataTypes, and PrimitiveTypes.

Ipe

be is a collection type that describes a multiset of elements where each element may occur multiple tim
he elements are unordered. Partyof a BagType is the declaration of the type of its elements.

ttionType

ionType describes(@-list of elements of a particular given type. CollectionType is a concrete metaclass

es are the family of abstract Collection(T) data types. Its subclasses are SetType, OrderedSetType, Sequj
gType, whose instances are the concrete Set(T), OrderedSet(T), Sequence(T), and Bag(T), data types, rd

every eollection type is the declaration of the type of its elements (i.e., a collection type is parameteriz

iogn-on the element type of a collection type. This means in particular that a collection type may be para

ny is the
other

Es in the

hose
enceType,
spectively.

bd with an

t type). In the metamodel, this is shown as an association from CollectionType to Classifier. Note that fhere is no

meterized

with o

ner colliection types allowing collections 1o bE nested arovitrarily decp.

Associations

elementType
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7:2012(E)

InvalidType represents a type that conforms to all types except the VoidType type. The only instance of InvalidType is
Invalid, which is further defined in the standard library. Furthermore Invalid has exactly one runtime instance identified
as Ocllnvalid.

MessageFype
MessageType describes ocl messages. Similar to the collection types, MessageType describes a set of types in the standard
library} Part of every MessageType is a reference to the declaration of the type of its operation or signal,\i’e., gn ocl
message type is parameterized with an operation or signal. In the metamodel, this is shown as an assoeiation from
MessageType to Operation and to Signal. MessageType is part of the abstract syntax of OCL, residing on M2 |evel. Its
instandes, called Oc/Message, and subtypes of OcIMessage, reside on M1 level.
Assodations

referredSignal The Signal that is sent by the message.

referredOperation The Operation that is called by the message.
OrdenedSetType
OrderddSetType is a collection type that describes a set of elements, where each distinct element occurs only ohce in the
set. THe elements are ordered by their position in the sequence.Part of an OrderedSetType is the declaration of the type
of its g¢lements.
SequénceType
SequenceType is a collection type that describes a‘list of elements where each element may occur multiple timles in the
sequer]ce. The elements are ordered by their position in the sequence. Part of a SequenceType is the declaration ¢f the type
of its ¢lements.
SetType
SetTyp is a collection type that describes a set of elements where each distinct element occurs only once in tHe set. The
elements are not ordered. Part{ofl a SetType is the declaration of the type of its elements.
TemplateParameterFype
A TemplateParameterIype is used to refer to generic types in parameterized definitions. It is used in the standard library
to represent the parameterized collection operations. A TemplateParameterType is usually named “T” (or “T2,”[“T3,” and
so on, [when mote than one type parameter is involved).
The TqmplateParameterType is a sub-class of Classifier.
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Attributes

specification An un-interpreted opaque definition of the template parameter type.

TupleType

TupleType (informally known as record type or struct) combines different types into a single aggregate type The parts of
a TupleType are described by its attributes, each having a name and a type. There is no restriction on the kind.of| types that
can be|used as part of a tuple. In particular, a TupleType may contain other tuple types and collection types: Each attribute
of a TypleType represents a single feature of a TupleType. Each part is uniquely identified by its naine.

VoidType

VoidType is the metaclass of the OclVoid type that conforms to all types except the Oclluvalid type. The only ipstance of
VoidType is OclVoid, which is further defined in the standard library. Furthermore Oc/Koid"has exactly one instance called
null - ¢orresponding to the UML NullLiteral literal specification - and representing the absence of value. Note| that in

contragt with invalid, null is a valid value and as such can be owned by collections:

8.2.1| Type Conformance

The type conformance rules are formally underpinned in the Semantics sub clause of the specification. To ensufre that the
rules are accessible to UML modelers they are specified in this sub élause using OCL. For this, the additional|[operation
conforinsTo(c : Classifier) : Boolean is defined on Classifier. It'évaluates to true, if the self Classifier conforms to the

argument c. The following OCL statements define type conformance for individual types.

BagType
[3] [1] Different bag types conform to each other ifitheir element types conform to each other.
context BagType

inv: BagType.alllnstances()->forAll(b |
self.elementType.conformsTo(b.elementType) implies self.conformsTo(b))

Classffier

[4] [1] Conformance is a transitive relationship.

context Classifier

inv Transitivity: Classifier.alllnstances()->forAll(x|Classifier.alllnstances()

->forAll(y|
(self:conformsTo(x) and x.conformsTo(y)) implies self.conformsTo(y)))

[5] [2] Classes‘conform to superclasses and interfaces that they realize.

contextClass
inv’: 'self. generalization.general->forAll (p |
(p.oclIsKindOf(Class) or p.ocllsKindOf(Interface)) implies
self.conformsTo(p.oclAsType(Classifier)))

[6] [3] Interfaces conforms to super interfaces.

context Interface
inv : self.generalization.general->forAll (p |
p.oclIsKindOf(Interface) implies self.conformsTo(p.oclAsType(Interface)))
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[7] [4] The Conforms operation between Types is reflexive, a Classifier always conform to itself.
context Classifier
inv: self.conformsTo(self)

[8] [5] The Conforms operation between Types is anti-symmetric.

context Classifier

v: Classifier.allnstances( )->Tor AT, 1271
(tl.conformsTo(t2) and t2.conformsTo(t1)) implies t1 = t2)

Colle¢tionType
[9] [1] Specific collection types conform to collection type.

context CollectionType
inv: -- all instances of SetType, SequenceType, BagType conform to a
-- CollectionType if the elementTypes conform
CollectionType.alllnstances()->forAll (c |
c.oclIsTypeOf(CollectionType) and
self.elementType.conformsTo(c.elementType) implies
self.conformsTo(c))

[10][2] Collections do not conform to any primitive type.

context CollectionType

inv: PrimitiveType.alllnstances()->forAll (p | not self.conformsTo(p))

[117[3] Collections of non-conforming types do not conform.

context CollectionType
inv: CollectionType.alllnstances()->forAll (c |
(not self.elementType.conformsTo (c.elementType)) implies (not self.conformsTo (c)))

InvalidType
[12]]1] Ocllnvalid conforms to all other types.
context InvalidType

inv: Classifier.alllnstances()->forAll (¢.| self.conformsTo (c))

OrdenedSetType
[13][1] Different ordered set-types conform to each other if their element types conform to each other.

context OrderedSetType
inv: OrderedSetTypealllnstances()->forAll(s |
selfelementType.conformsTo(s.elementType) implies self.conformsTo(s))

PrimitiveType
[14][1] Imteger conforms to Real.

context PrimitiveType

inv: (self.name = 'Integer') implies
PrimitiveType.alllnstances()->forAll (p | (p.name = 'Real') implies
(self.conformsTo(p)))

[15][2] UnlimitedNatural conforms to Integer.
context PrimitiveType
inv: (self.name = 'UnlimitedNatural') implies

Primitive Type.alllnstances()->forAll (p | (p.name = 'Integer’) implies
(self.conformsTo(p)))

© ISO/IEC 2012 - All rights reserved
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Note that * is an invalid Integer and so conversion of * to Integer yields invalid whose type conforms to all types.

SequenceType
[16][1] Different sequence types conform to each other if their element types conform to each other.

context SequenceType

inv- SequenceType alllnstances()->forAll(s |

self.elementType.conformsTo(s.elementType) implies self.conformsTo(s))

SetType

[17][1] Different set types conform to each other if their element types conform to each other.

context SetType
inv: SetType.alllnstances()->forAll(s |
self.elementType.conformsTo(s.elementType) implies self.conformsTo(s))

Tupleflype
[18][1] Tuple types conform to each other when their names and types conform te e¢ach other. Note that allPropejties is an
additional operation in the UML.

context TupleType
inv: TupleType.alllnstances()->forAll (t |
( t.allProperties()->forAll (tp |
-- make sure at least one tuplepart has the same name
-- (uniqueness of tuplepart names will ensure that not two
-- tupleparts have the same name within one tuple)
self.allProperties()->exists(stp|stp.name = tp.name) and
-- make sure that all tupleparts with the same namg/conforms.
self.allProperties()->forAll(stp | (stp.name = tp.itame) implies
stp.type.conformsTo(tp.type))
)
implies
self.conformsTo(t)

VoidType
[19][1] OclVoid conforms to alllother types except Ocllnvalid.
context VoidType

inv: Classifier.alllnstances()->forAll (c | not c.ocllsTypeOf(Ocllnvalid) implies self.conformsTo (c))

8.2.2| Operations and Well-formedness Rules for the Types Package

BagType
[20][1] “The name of a bag type is “Bag” followed by the element type’s name in parentheses.

context BagType
inv: self.name = ‘Bag(‘ + self.elementType.name + )’

BooleanType
allInstances() : Set(Boolean)

Returns Set{true,false}.
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CollectionType
[21]]1] The name of a collection type is “Collection” followed by the element type’s name in parentheses.

context CollectionType
inv: self.name = ‘Collection(‘ + self.elementType.name + )’

InvalidType

alllnstances() : Set(Ocllnvalid)

Returns invalid, since the notional return of Set{invalid} is not well-formed.

MessageType

[22][1] MessageType has either a link with a Signal or with an operation, but not both.

context MessageType

inv: referredOperation->size() + referredSignal->size() = 1

[23]1[2] The parameters of the referredOperation become attributes of the instance ofMessageType.

context MessageType:
inv: referredOperation->size()=1 implies
Set{1..self.ownedAttribute->size() } ->forAll(i | self.ownedAttribute.at(i),cmpSlots(
referredOperation.ownedParameter.asProperty()->at(i)))
[24]1[3] The attributes of the referredSignal become attributes of the.instance of MessageType.

context MessageType
inv: referredSignal->size() = 1 implies
Set{1..self.ownedAttribute->size() } ->forAll(i | self.owaiedAttribute.asOrderedSet().at(i).cmpSlots(
referredSignal.ownedAttribute.asOrderedSet()xat(i)))

OrdernedSetType
[25][1] The name of a set type is “OrderedSet’* followed by the element type’s name in parentheses.

context OrderedSetType
inv: self.name = ‘OrderedSet(‘ + selflelerhentType.name + )’

SequénceType
[26][1] The name of a sequence. type is “Sequence” followed by the element type’s name in parentheses.

context SequenceType
inv: self.name = ‘Sequence(‘ + self.elementType.name + )’

SetType
[27][1] The mame of a set type is “Set” followed by the element type’s name in parentheses.

context'SetType
inv?)self.name = ‘Set(‘ + self.elementType.name + )’

TupleType
[28][1] The name of a tuple type includes the names of the individual parts and the types of those parts.

context TupleType
inv: name =
‘Tuple(‘.concat (
Sequence{1.allProperties()->size() } ->iterate (pn; s: String = *’ |
let p: Attribute = allProperties()->at (pn) in (
s.concat (
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(if (pn>1) then °,” else ** endif)
.concat (p.name).concat (i:1)

.concat (p.type.name)
)
)
)

).concat (1){)

[29][2
context TupleType

[30][3

context TupleType

VoidType
alllnstances() : Set(OclVoid)

Returnjs Set{null}.

8.3

This syib clause defines the abstract syntax of the expressiong\pdekage. This package defines the structure that
exprespions can have. An overview of the inheritance relationships between all classes defined in this package]

in Figyre 8.2.

inv: feature->forAll (f | f.ocllsTypeOf(Property))

The Expressions Package

All parts belonging to a tuple type have unique names.

inv: -- always true, because attributes must have unique names.

A TupleType instance has only features that are Properties(tuple parts).

OCL
is shown

TypedElement
+body A
1 OclExpression +initExpression
0.1 T 0.1
+source
+appliedElement
0.1

CallExp LiteralExp IfExp VariableExp TypeExp | [ MessageExp StateExp
* * 3

+referringExp  +refefredType +referredSt(;at<:

0.1 .

FeatureCallExp LoopExp [11o°PExP _ S

0.1 ) +referredVariable Classifier
+|tera}(o
+loopBodyOwner ’ 0.1
0.1 Variable @ TnTianzedElement
+variable
+representedParameter
IteratorExp IterateExp 0.1 0--1i)\ ﬁw
- +result
+baseExp Parameter

Figure 8.2 - The basic structure of the abstract syntax kernel metamodel for Expressions
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Expressions Core

Figure 8.2 shows the core part of the Expressions package. The basic structure in the package consists of the classes
OclExpression, CallExp, and VariableExp. An OclExpression always has a type, which is usually not explicitly modeled,
but derived. Each CallExp has exactly one source, identified by an OclExpression. In this sub clause we use the term
‘property’ that is a generalization of Feature, AssociationEnd, and predefined iterating OCL collection operations.

A Fea
subtyp

Most (
their s
literal,

CallE

A Call
result

Asso¢

sourc

FeatureCallExp

A Fea

which |this expression is attached. Its result value is the\eévaluation of the corresponding feature.
Attribytes

isPre Boolean indicating whether the expression accesses the precondition-time value of the referrg
IfExp

An IfHxp is defined in 8.3.3,~"1£Expressions’ but included in this diagram for completeness.

IterateExp

An Ite

constriict that iterates over the elements of its source collection and results in a value. An iterate expression eV
body expression for each element of its source collection. The evaluated value of the body expression in each
step bgcomes'the new value for the result variable for the succeeding iteration-step. The result can be of any {

define

s of FeatureCallExp are defined.

f the remainder of the expressions package consists of a specification of the different subclasses of Ca/
becific structure. From the metamodel it can be deduced that an OCL expression always staits with a v4
on which a property is recursively applied.

Kp
[Exp is an expression that refers to a feature (operation, property) or to a predefined iterator for collecti
balue is the evaluation of the corresponding feature. This is an abstract metaclass.

jations

g The result value of the source expression is the inistance that performs the property call.

ureCallExp expression is an expression that refersito'a feature that is defined for a Classifier in the UMI]

rateExp is afizeXpression that evaluates its body expression for each element of a collection. It acts as a

ureCallExp generalizes all property calls that refer to Features in the UML metamodel. In Figure 8.3 tlle various

/Exp and
riable or

ns. Its

L model to

d feature.

loop
aluates its
iteration-
ype and is

i by the result association. The IferateExp is the most fundamental collection expression defined in the

OCL

Expressions package.
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Associations
result The Variable that represents the result variable.

IteratorExp

An ItefatorExp is an expression that evaluates its body expression for each element of a collection. It acts as 4 loop

constrict that iterates over the elements of its source collection and results in a value. The type of the iterater’ ¢xpression
depends on the name of the expression, and sometimes on the type of the associated source expression.|The IferatorExp
repres¢nts all other predefined collection operations that use an iterator. This includes select, collect, rejéect, forfll, exists,
etc. THe OCL Standard Library defines a number of predefined iterator expressions. Their semanti¢s is defined in terms
of the fterate expression in 11.7, *Predefined Iterator Expressions.’

Literal Exp

A LitefalExp is an expression with no arguments producing a value. In general the-result value is identical with the
exprespion symbol. This includes things like the integer 1 or literal strings like¢ this'is a LiteralExp.’

LoopExp

A LoopExp is an expression that represents a loop construct over a colleétion. It has an iterator variable that repfesents the
elements of the collection during iteration. The body expression iscgvaluated for each element in the collection. [The result
of a lopp expression depends on the specific kind and its name.

Assocjations
iteratQr The iterator variables. These variables are, each in its turn, bound to every element value of the source
collection while evaluating\the body expression.
body The OclExpression that is evaluated for each element in the source collection.
MessageExp

MessageExp is defined in “Message Expressions” on page 48, but included in this diagram for completeness.

OclEXpression

An Oc|Expression is anexpression that can be evaluated in a given environment. OclExpression is the abstract puperclass
of all ¢ther expressiens in the metamodel - except for the ExpressionInOcl container class. It is the top-level dlement of
the OQL Expressions package. Every OclExpression has a type that can be statically determined by analyzing |the

exprespion anduts context. Evaluation of an expression results in a value. Expressions with boolean result can pe used as
constraintS(e'g., to specify an invariant of a class). Expressions of any type can be used to specify queries, initigl attribute
values| target sets, etc.

The environment of an OclExpression defines what model elements are visible and can be referred to in an expression. At
the topmost level the environment will be defined by the Element to which the OCL expression is attached, for example
by a Classifier if the OCL expression is used as an invariant. On a lower level, each iterator expression can also introduce
one or more iterator variables into the environment. The environment is not modeled as a separate metaclass because it
can be completely derived using derivation rules. The complete derivation rules can be found in Clause 9 (“Concrete
Syntax”).
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StateExp

A StateExp is an expression used to refer to a state of a class within an expression. It is used to pass directly to the pre-
defined operation ocllsInState the reference of a state of a class defined in the UML model.

7:2012(E)

Associations
referredState The State being referred.
TypeExp
A Typ¢Exp is an expression used to refer to an existing meta type within an expression. It is used\in particular fo pass the
refererjce of the meta type when invoking the operations oclIsKindOf, oclIsTypeOf, and oclAsType.
Assogations
referredType The type being referred.
Variable
Variables are typed elements for passing data in expressions. The vatiable can be used in expressions where the variable
is in s¢ope. This metaclass represents among others the variables self and result and the variables defined usinlg the Let
exprespion.
Assogjations
initExpression The OclExpression thatrepresents the initial value of the variable. Depending on the role that a
variable declarationplays, the init expression might be mandatory.
representedParameter The Parameterin the current operation this variable is representing. Any access to th¢ variable
represents an access to the parameter value.
VariabbleExp
A VarijableExp is an expression-that consists of a reference to a variable. References to the variables self and Aesult or to
variables defined by Let €xpressions are examples of such variable expressions.
Assogjations
referred Variable The Variable to which this variable expression refers.
8.3.2—FeatureCatt Expressions

A FeatureCallExp can refer to any of the subtypes of Feature as defined in the UML kernel. This is shown in Figure 8.3

by the

© 180/

three different subtypes, each of which is associated with its own type of Element.

IEC 2012 - All rights reserved

45


https://standardsiso.com/api/?name=94f46ce5f56c0337822b701405ad1788

ISO/IEC 19507:2012(E)

FeatureCallExp
| \
+parentNav . _
P NavigationCallExp
. 0..1 .
+qualifier
{Srdered
Oc/Expression +navigationSource
0..1
* 0..1 /
ordered] +referringExp
var ¢ PropertyCallExp Property
gument .
referredProperty
+parentCall
0.1 +referringEx|
OperationCallExp o=p +referredOperation Operation
*
0..1

Figure| 8.3 - Abstract syntax metamodel for FeatureCallExp in the Expressions package

Assoc¢iationClassCallExp

An AsjociationClassCallExp is a reference to an AssociationClass defined in a UML model. It is used to detefmine
objectd linked to a target object by an association class:The expression refers to these target objects by the name of the
target fissociationclass.

Assocjations

referredAssociationClass  The AssociationClass to which this AssociationClassCallExp is a reference. This refers to an
AssocidtignClass that is defined in the UML model.

PropgrtyCallExp

A PropertyCallExpression-sa reference to an Attribute of a Classifier defined in a UML model. It evaluates td the value
of the pttribute.

Assocjations

referrpdProperty The Attribute to which this AttributeCallExp is a reference.

NavigationCallExp

A NavigationCallExp is a reference to a Property or an AssociationClass defined in a UML model. It is used to determine
objects linked to a target object by an association, whether explicitly modeled as an Association or implicit. If there is a
qualifier attached to the source end of the association, then additional qualifier expressions may be used to specify the
values of the qualifying attributes.
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Associations
qualifier The values for the qualifier attributes if applicable.
navigationSource The source denotes the association end Property at the end of the object itself. This is used to

resolve ambiguities when the same Classifier is at more than one end (plays more than one role)
1n the same association. In other cases 1t can be derived.

OperationCallExp

An OperationCallExp refers to an operation defined in a Classifier. The expression may contain a(ist of argument
exprespions if the operation is defined to have parameters. In this case, the number and types of the-arguments njust match
the pafameters.

Assodations

argument The arguments denote the arguments to the operation €all: This is only useful when the pperation
call is related to an Operation that takes parameters:

referredOperation The Operation to which this OperationCallExp/is a reference. This is an Operation pf a
Classifier that is defined in the UML model.

8.3.3| If Expressions

This spib clause describes the if expression in detail. Figure 8.4 shows the structure of the if expression.

0.1
I IfExp ‘—‘e
+thenOwner o 1 +elseOwner
0.1
+ifOwner
+thenExpression +eonditih
1 ! +elseExpression
OclExpression |_-

1

Figure| 8.4 - Abstract syntax metamodel for if expression

IfExp

An IfExp results in one of two alternative expressions depending on the evaluated value of a condition. Note that both the
thenExpression and the elseExpression are mandatory. The reason behind this is that an if expression should always result
in a value, which cannot be guaranteed if the else part is left out.
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Associations
condition The OclExpression that represents the boolean condition. If this condition evaluates to true, the
result of the if expression is identical to the result of the thenExpression. If this condition
evaluates to false, the result of the if expression is identical to the result of the elseExpression.
thenHxpression I'he OclExpression that represents the then part of the 1t expression.
elseEkpression The OclExpression that represents the else part of the if expression.

8.3.4] Message Expressions

In the ppecification of communication between instances we unify the notions of asynchronous.and synchronopis
commynication. The structure of the message expressions is shown in Figure 8.5.

UnspecifiedValueExp

V

+target OCIExpression

1 Fargument
Z} {ordered}

MessageExp
0.1 0.1
+calledOperation +sentSignal
0..1 -1
CallOperationAction CallSignalAction

Figure| 8.5 - The abstract syntax of Ocl messages

MessageExp

A MesfsageExp is an expréssion that results in a collection of OclMessage value. An OcIMessage is the unificdtion of a

signal gent, and an operation call. The target of the operation call or signal sent is specified by the target OclExpression.
Argunients are OclExpressions, in particular they may be unspecified value expressions for arguments whose vhlue is not
specified. It cowers both synchronous and asynchronous actions.
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Associations

target The OclExpression that represents the target instance to which the signal is sent.

argument The OclExpressions that represent the parameters to the Operation or Signal. The number and
type of arguments should conform to those defined in the Operation or Signal. The order of the
arguments 1s the same as the order of the parameters of the Operafion or the attribufds of a
Signal.

calledOperation If this is a message to request an operation call, this is the requested CallOperationAgtion.

sentSjgnal If this is a UML signal sent, this is the SendSignalAction.

UnspecifiedValueExp

An UnpecifiedValueExp is an expression whose value is unspecified in an OCL expression. It is used within QCL

messages to leave parameters of messages unspecified.

8.4

This syb clause defines the different types of literal expressions of OCL. It also refers to enumeration types and
enumejation literals. Figure 8.6 shows all types of literal expressions.

Literal Expressions

LiteralExp

+literalgcp + | EnumliteralExp |Pr'imf§ve.[.r'ta'a!£xp| MullLiteralExp InvalidLiteral Exp

e

trefer e dEn bmL it al | MermrericliteralBxp ‘ StringLiteralExp BooleanLiteralExp
0.1 +string Sy mhbal: String +hooleanSymbol: Boolean
EnumerationLiteral Z%

Figurel

RealliteralExp UnlimitedNaturalLiteralExp InmtegerLiteralExp

+realSy mbol: Real +unlimitedraturalSymbol: Unlimitediatural +integerSy mbol: Integer

8.6 - Abstract syntax metamodel for Literal expression
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LiteralExp
; Z% :
CollectionLiteralExp TypedElement TupleLiteralExp
+kind: CollectionKind
1 Z% 0..1
+part | | | « | +part
CollectionLiteralPart TupleLiteralPart
o
| | +attribute\[, 9. .1
CollectionRange Collectionltem Property
' 0..1 0.1 0.1 <<enumeration>>
+H{irstOw ner +lastOw ner CollectionKind
+irst | 1 +ast | 1 +Collection
. +item +Set
OclExpression +OrderedSet
1 +Bag
+Sequence

Figure]| 8.7 - Abstract syntax metamodel for Collection-and Tuple Literal expression

BooleganLiteralExp

A BoolfeanLiteral Exp represents the value frug or false of the predefined type Boolean.

Attribytes
boolepnSymbol The)Boolean that represents the value of the literal.

Colle¢tionltem

A Collectionltem represents an individual element of a collection.

Collec¢tionKind

The CopllectionKind enumeration lists the kinds of collections. Its literals are Collection, Set, OrderedSet, Bag,|and
Sequence:

CollectionLiteralExp

A CollectionLiteral Exp represents a reference to collection literal.

50 © ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=94f46ce5f56c0337822b701405ad1788

Attributes

kind The kind of collection literal that is specified by this CollectionLiteralExp.
Associations

part The parts of the collection literal expression.

ISO/IEC 19507:2012(E)

Colle¢tionLiteralPart

A Col

ectionLiteralPart is a member of the collection literal.

Assodations

type

Colled
A Coll

The type of the collection literal.

ttionRange

ectionRange represents a range of integers.

EnumlLiteralExp

An En

Assod

refern

mLiteral Exp represents a reference to an enumeration literal.
jations
cdEnumLiteral The EnumlLiteral tolwhich the enum expression refers.

IntegerLiteralExp

An Inf

Attriby

integyg

pgerLiteralExp denotes a value\of the predefined type Integer.
tes
rSymbol The Integer that represents the value of the literal.

NumericLiteralExp

A Nunj

Primit

iveliteralExp
p

ericLiteralExp denotes a value of either the type UnlimitedNatural, Integer or Real types.

A PrimitiveLiteral Exp literal denotes a value of a primitive type.

© 1SO/
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Attributes
symbol The String that represents the value of the literal.

RealLiteralExp

A ReallLiteralExp denotes a value of the predefined type Real.

Attribytes
realSymbol The Real that represents the value of the literal.

StringLiteralExp
A StringLiteralExp denotes a value of the predefined type String.

Attribytes
stringSymbol The String that represents the value of the literal.

Tuplel.iteralExp

A TupleLiteralExp denotes a tuple value. It contains a name‘and a value for each part of the tuple type.

Assocjations
part The Variable declarations defining the parts of the literal.

UnIir:]:tedNaturaILiteralExp

An UnllimitedNaturalLiteralExp denotes'a value of the predefined type UnlimitedNatural.

Attributes
unlinfitedNatural Symbol The UnlimitedNatural that represents the value of the literal.

8.4.1| Let Expressions

This syb clause defines the abstract syntax metamodel for Let expressions. The only addition to the abstract syhtax is the
metaclpss-LetExp as shown in Figure 8.8. The other metaclasses are re-used from the previous diagrams.

Note: Let expressions that take arguments are no longer allowed in OCL 2.0. This feature is redundant. Instead, a
modeler can define an additional operation in the UML Classifier, potentially with a special stereotype to denote that this
operation is only meant to be used as a helper operation in OCL expressions. The postcondition of such an additional
operation can then define its result value. Removal of Let functions will therefore not affect the expressibility of the
modeler. Another way to define such helper operations is through the «definition» constraint, which reuses some of the
concrete syntax defined for Let expressions (see 12.5, *Definition’), but is nothing more than an OCL-based syntax for
defining helper attributes and operations.
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Oc/Expression +initExpression
0..1
*in +initializedElement
0..1 0
LetExp *variable Variable
0..1 1

Figure| 8.8 - Abstract syntax metamodel for let expression

LetExp

A LetHExp is a special expression that defined a new variable with an initial value. A variable defined by a LetHxp cannot
changg its value. The value is always the evaluated value of the initial expression_The variable is visible in tHe in
exprespion.

Assodations

varialple The Variable introduced by the Let expression.

in The OclExpression in whose enviroiment the defined variable is visible.

8.4.2 Well-formedness Rules of the Expressions package

The mptaclasses defined in the abstract syntax have\the following well-formedness rules:

PropertyCallExp

The type of the call expression is the type of the referred property.

context PropertyCallExp
inv: type = referredProperty.type

BooleganLiteralExp
[31][1] The type of a boelean Literal expression is the type Boolean.

context BooleanhkiteralExp
inv: self.type.name = ‘Boolean’

Colleg¢tionLiteralExp
[32][1] ©Collection’ is an abstract class on the M1 level and has no M0 instances.

context CollectionLiteralExp
inv: kind <> CollectionKind::Collection

[33]1[2] The type of a collection literal expression is determined by the collection kind selection and the common supertype of
all elements. Note that the definition below implicitly states that empty collections have OclVoid as their elementType.
context CollectionLiteralExp
inv: kind = CollectionKind::Set implies type.ocllsKindOf (SetType)
inv: kind = CollectionKind::OrderedSet implies type.ocllsKindOf (OrderedSetType)
inv: kind = CollectionKind::Sequence implies type.ocllsKindOf (SequenceType)
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inv: kind = CollectionKind::Bag implies type.ocllsKindOf (BagType)
inv: type.oclAsType (CollectionType).elementType = part->iterate (p; c : Classifier = OclVoid | c.commonSuperType (p.type))

CollectionLiteralPart

No additional well-formedness rules.

Colle¢tionltem
[34][1] The type of a Collectionltem is the type of the item expression.

context Collectionltem
inv: type = item.type

Colle¢tionRange
[35][1] The type of a CollectionRange is the common supertype of the expressions taking<¢art’in the range.

context CollectionRange
inv: type = first.type.commonSuperType (last.type)

EnumLiteralExp
[36][1] The type of an enum Literal expression is the type of the referred literal.

context EnumLiteralExp
inv: self.type = referredEnumLiteral.enumeration

IfExp
[371[1] The type of the condition of an if expression must b& Boolean.

context IfExp
inv: self.condition.type.oclIsKindOf(PrimitiveType) and self.condition.type.name = ‘Boolean’

[38][2] The type of the if expression is the most-common supertype of the else and then expressions.

context IfExp
inv: self.type = thenExpression.type.commonSuperType(elseExpression.type)

IntegerLiteralExp
[39]1[1] The type of an integer FEiteral expression is the type Integer.

context IntegerLiteralExp
inv: self.type.name <Integer’

IteratorExp any
[40][1] There is\exactly one iterator.

contextlteratorExp
inv: name = ‘any’ implies iterator->size() = 1

[41][2] Thetype IS The same as the SOurce clement type

context IteratorExp
inv: name = ‘any’ implies type = source.type.oclAsType(CollectionType).elementType

[42][3] The type of the body must be Boolean.

context IteratorExp
inv: name = ‘any’ implies body.type.oclIsKindOf(PrimitiveType) and body.type.name = ‘Boolean’
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IteratorExp closure
[43]]1] There is exactly one iterator.

context [teratorExp
inv: name = 'closure' implies iterator->size() = 1

[44][2] The collection type for an OrderedSet or a Sequence source type is OrderedSet. For any other source the collection

1 Sat
P50t

ty

[45][3

[46][4

Iteratq
[47111

[48][2

context [teratorExp
inv: name = 'closure' implies
if source.type.ocllsKindOf(SequenceType) or source.type.ocllsKindOf(OrderedSetType) then
type.ocllsKindOf(OrderedSetType)
else
type.ocllsKindOf(SetType)
endif

The source element type is the same as type of the body elements or element.

context IteratorExp
inv: name = 'closure' implies
source.type.oclAsType(CollectionType).elementType =
if body.type.oclIsKindOf(CollectionType)
then body.type.oclAsType(CollectionType).elementType
else body.type
endif

The element type is the same as the source element type.

context IteratorExp
inv: name = 'closure' implies
type.oclAsType(CollectionType).elementType
= source.type.oclAsType(CollectionType).elementType

brExp collect
There is exactly one iterator.

context [teratorExp
inv: name = 'collect' implies iterator>size() = 1

The collection type for an OrderedSet or a Sequence type is a Sequence, the result type for any other colleg
is a Bag.
context [teratorExp
inv: name = 'collect™implies
if source.type©eHsKindOf(SequenceType) or source.type.ocllsKindOf(OrderedSetType) then
type.ocllsKindOf(SequenceType)
else
type:oclIsKindOf(BagType)
erdif

T

[49][3

© 1SO/

1 44 rtlhat £filbalod 1 4
Fhe-clement-typets-the-typeof-the-body-elements:
context IteratorExp
inv: name = 'collect' implies

type.oclAsType(CollectionType).elementType =
body.type.oclAsType(CollectionType).elementType

IEC 2012 - All rights reserved
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IteratorExp collectNested
[50][1] There is exactly one iterator.

context IteratorExp
inv: name = 'collectNested' implies iterator->size() = 1

[51]1[2] The type is a Bag.

context Iteratorexp
inv: name = 'collectNested' implies type.ocllsKindOf(BagType)

[52][3] The type is the type of source.

context IteratorExp
inv: name = 'collectNested' implies type = body.type

IteratprExp exists
[53]1[1] The type must be Boolean.

context IteratorExp
inv: name = ‘exists’ implies type.oclIsKindOf(PrimitiveType) and type.name = ‘Boolean’

[54]1[2] The type of the body must be Boolean.

context IteratorExp
inv: name = ‘exists’ implies body.type.ocllsKindOf(PrimitiveType) and body:type.name = ‘Boolean’

IteratorExp forAll
[55]1[1] The type must be Boolean.

context IteratorExp
inv: name = ‘forAll” implies type.oclIsKindOf(PrimitiveType) and type.name = ‘Boolean’

[56][2] The type of the body must be Boolean.

context IteratorExp
inv: name = ‘forAll” implies body.type.ocllsKindOf(Primitive Type) and body.type.name = ‘Boolean’

IteratprExp isUnique

[57]1[1] There is exactly one iterator.

context IteratorExp

inv: name = ‘isUnique’ impligs iterator->size() = 1
[58][2] The type must be Boolean.

context IteratorExp
inv: name = ‘isUnique’ implies type.ocllsKindOf(PrimitiveType) and type.name = ‘Boolean’

IteratorExp.one
[59][1] There'is exactly one iterator.

coftext IteratorExn.
T

inv: name = ‘one’ implies iterator->size() = 1
[60][2] The type is Boolean

context IteratorExp
inv: name = ‘one’ implies type.oclIsKindOf(PrimitiveType) and type.name = ‘Boolean’

[61][3] The type of the body must be Boolean.

context IteratorExp
inv: name = ‘one’ implies body.type.oclIsKindOf(PrimitiveType) and body.type.name = ‘Boolean’
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IteratorExp reject or select
[62]]1] There is exactly one iterator.

context [teratorExp
inv: name = ‘reject’ or name = ‘select’ implies iterator->size() = 1

[63]1[2] The type is the same as the source.

ISO/IEC 19507:2012(E)

[64][3

Iteratq
[65][1

[66][2

[67][3

context Iteratorexp
inv: name = ‘reject’ or name = ‘select’ implies type = source.type

The type of the body must be Boolean.

context [teratorExp
inv: name = ‘reject’ or name = ‘select’ implies
body.type.oclIsKindOf(Primitive Type) and body.type.name = ‘Boolean’

brExp sortedBy
There is exactly one iterator.

context IteratorExp
inv: name = 'sortedBy' implies iterator->size() = 1

is Bag.
context IteratorExp
inv: name = 'sortedBy' implies
if source.type.ocllsKindOf(SequenceType) or source.type.ocllsKindOf(BagType) then
type.ocllsKindOf(SequenceType)
else
type.ocllsKindOf(OrderedSetType)
endif

The element type is the type of the body elemeénts.

context [teratorExp
inv: name = 'sortedBy' implies
type.oclAsType(CollectionType).elementType =
body.type.oclAsType(CollectionType).eclementType

IterateExp

[68][1

[69](2

The type of the iterateiis the type of the result variable.

context IterateExp
inv: type = result.type

context HerateExp
invxbody.type.conformsTo(result.type)

Alresult variable must have an init expression.

The typeofithe body expression must conform to the declared type of the result variable.

The collection type for an OrderedSet or a Sequence type is a Sequenc€, the result type for any other collegtion type

context IterateExp
inv: self.result.initExpression->size() = 1

LetExp
[71][1] The type of a Let expression is the type of the in expression.

© 1SO/

context LetExp
inv: type = in.type
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LiteralExp

No additional well-formedness rules.

LoopExp
[72]1[1] The type of the source expression must be a collection.

context LoopExp
inv: source.type.oclIsKindOf (CollectionType)

[73]1[2] The loop variable of an iterator expression has no init expression.

context LoopExp

inv: self.iterator->forAll(initExpression->isEmpty())

[74]1[3] The type of each iterator variable must be the type of the elements of the source collection.

context IteratorExp
inv: self.iterator->forAll(type = source.type.oclAsType (CollectionType).elementType)

FeatureCallExp

No addlitional well-formedness rules.

NumericLiteralExp

No additional well-formedness rules.

OclExpression

No additional well-formedness rules.

MessageExp
[75]1[1] If the message is an operation call actioh,/the arguments must conform to the parameters of the operation.

context MessageExp
inv: calledOperation->notEmpty() implies
argument->forAll (a | a.typesconformsTo
(self.calledOperation.gperation.ownedParameter->
select( kind = ParameterDirectionKind::in )
->at(argument->indexOf (a)).type))

[76][2] If the message is‘a’send signal action, the arguments must conform to the attributes of the signal.

context MessageExp
inv: sentSignalz>notEmpty() implies
argument->forAll (a | a.type.conformsTo
(self.sentSignal.signal.ownedAttribute
->at (argument->indexOf (a)).type))

[77113 Ifthe message is a call nppmtinn action the npemﬁnn must be an npem‘rinn of the type of the target expre sion.

context MessageExp
inv: calledOperation->notEmpty() implies
target.type.allOperations()->includes(calledOperation.operation)

[78]1[4] An OCL message has either a called operation or a sent signal.

context MessageExp
inv: calledOperation->size() + sentSignal->size() = 1
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[79]1[5] The target of an OCL message cannot be a collection.

context MessageExp
inv: not target.type.ocllsKindOf (CollectionType)

OperationCallExp
[807[1]_All the arguments must conform to the parameters of the referred operation

context OperationCallExp
inv: arguments->forAll (a | a.type.conformsTo
(self.refParams->at (arguments->indexOf (a)).type))

[81]1[2] There must be exactly as many arguments as the referred operation has parameters.

context OperationCallExp
inv: arguments->size() = refParams->size()

[82][3] An additional attribute refParams lists all parameters of the referred operation excéptthe return and out pgrameter(s).

context OperationCallExp

def: refParams: Sequence(Parameter) = referredOperation.ownedParameter->select (p |
p-kind <> ParameterDirectionKind::return or
p-kind <> ParameterDirectionKind::out)

CallExp

No addlitional well-formedness rules.

RealljiteralExp
[83]1[1] The type of a real Literal expression is the type Real:
context RealLiteralExp

inv: self.type.name = iReali
StatelExp

No additional well-formedness rules.
StringLiteralExp

[84]1[1] The type of a string Litesal expression is the type String.

context StringLiteralExp
inv: self.type.name =-String’

Typekxp

No addlitional.well-formedness rules.

Tuplel.iteralExp
[85]1[1] The type of a TupleLiteralExp is a TupleType with the specified parts.

context TupleLiteralExp
inv: type.ocllsKindOf (TupleType)
and part->size() = type.allProperties()->size()
and part->forAll (tlep |
type.allProperties()->exists (tp | tlep.attribute.name = tp.name and tlep.attribute.type = tp.type))
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[86][2] All tuple literal expression parts of one tuple literal expression have unique names.

context TupleLiteralExp
inv: part->isUnique (attribute.name)

TupleLiteralPart
[871[1)_The type of the attribute conforms to the type of the value expression

context TupleLiteralPart
inv: attribute.type.conformsTo(value.type)

UnlimiitedNaturalLiteralExp
[88][1] The type of an unlimited natural Literal expression is the type UnlimitedNatural.

context UnlimitedNaturalLiteralExp
inv: self.type.name = ‘UnlimitedNatural’

UnspecifiedValueExp

No additional well-formedness rules.

Variable
[89]1[1] For initialized variable declarations, the type of the initExpression must conform to the type of the declarqd variable.

context Variable
inv: initExpression->notEmpty() implies initExpression.type.confermsTo (type)

VariableExp
[90]1[1] The type of a VariableExp is the type of the vartable to which it refers.

context VariableExp
inv: type = referred Variable.type

8.4.3| Additional Operations on UML metaclasses

In the ¢lauses “Abstract Syntax,” “Comncrete Syntax,” and “The Use of Ocl Expressions in UML Models” many [additional
operatjons on UML metaclasses are’used. They are defined in this sub clause. The next sub clause defines additional
operatjons for the OCL metaclasses.

Classjfier

The operation commonSuperType results in the most specific common supertype of two classifiers.

context Classifier
def: cammonSuperType (c : Classifier) : Classifier =
Classifier.alllnstances()->select (cst |
c.conformsTo (cst) and
self.conformsTo (cst) and
not Classifier.alllnstances()->exists (clst |
c.conformsTo (clst) and
self.conformsTo (clst) and
clst.conformsTo (cst) and
clst <> cst

)

)->any (true)

The following operations have been added to Classifier to lookup properties and operations.
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context Classifier
def: lookupProperty(attName : String) : Attribute =
self.allProperties()->any(me | me.name = attName)
def: lookupAssociationClass(name : String) : AssociationClass =
self.allAssociationClasses()->any (ae | ac.name = name)
def: lookupOperation (name: String, paramTypes: Sequence(Classifier)): Operation =
self allOperations()->any (op | op name = name and
op.hasMatchingSignature(paramTypes))
def: lookupSignal (sigName: String, paramTypes: Sequence(Classifier)): Signal =
self.allReceptions().signal->any (sig | sig.name = sigName and
sig.hasMatchingSignature(paramTypes))
def: allReceptions() : Set(Reception) =
self.allFeatures()->select(f | f.ocllsKindOf(Reception))
def: allProperties() : Set(Property) =
self.allFeatures()->select(f | f.oclIsKindOf(Property))
def: allOperations() : Set(Property) =
self.allFeatures()->select(f | f.ocllsKindOf(Operation))

eration allFeatures() is defined in the UML semantics.

eration alllnstances()
context Classifier
def: alllnstances() : Set( T ) = -- all instances of self

all instances of the classifier and the classifiers specializing-it. May only be used for classifiers that have a finite
r of instances. This is the case, for example, for user defined classes because instances need to be created|explicitly,
I enumerations, the standard Boolean type, and other‘special types such as OclVoid. This is not the casg, for
le, for data types such as collection types or the standard String, UnlimitedNatural, Integer, and Real types.

tion

itional operation is added to Operation,"which checks whether its signature matches with a sequence of (lassifiers.
hat in making the match only parameters with direction kind ‘in’ are considered.

context Operation
def: hasMatchingSignature(paramh Types: Sequence(Classifier)) : Boolean =
-- check that operation op has ja signature that matches the given parameter lists
let sigParamTypes: Sequiehce(Classifier) = self.allProperties().type in
(
( sigParamTypes=>size() = paramTypes->size() ) and
( Set{1..paramTypes->size() }->forAll (i |
patamIypes->at (i).conformsTo (sigParamTypes->at (1))
)
)

)
def; allProperties() : Set(Property) =

self ownedParameter->asPraperty()

Parameter

The operation asProperty results in a property that has the same name, type, etc. as the parameter.

© 1SO/

context Parameter::asProperty(): Property

pre: -- none
post: result.name = self.name

post: result.type = self.type

post: result.upperValue =1
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post: result.lowerValue =1

post: result.isOrdered = true

post: result.isStatic = false

post: result.visibility = VisibilityKind::private

An additional class operation is added to Parameter to return a Parameter.

post: result.name =n
post: result.kind =k
post: result.type = ¢

Propqrty

The operation cmpSlots returns true if the compared property has identical name and type,

context Parameter::cmpSlots(): Boolean =
result.name = self.name and result.type = self.type

Signal

An addlitional operation is added to Signal, which checks whether its signature matches with a sequence of Classifiers.
Note that in making the match the parameters of the signal are its attributes.

context Signal
def: hasMatchingSignature(paramTypes: Sequence(Classifier)) : Boglean =
-- check that signal has a signature that matches the given parameter lists
let opParamTypes: Sequence(Classifier) = self.ownedParameter->select (p | p.kind <>
ParameterDirectionKind::return)-type in
(
(opParamTypes->size() = paramTypes->size(}-)and
( Set{1..paramTypes->size()}->forAll (i |
paramTypes->at (i).conformsTo (opPdramTypes->at (1))
)
)
)

State

The operation getStateMaching() returns the statemachine to which a state belongs.

context State::getStateMachine() : StateMachine
post: result = container:stateMachine

Transjtion

The operation ‘getStateMachine() returns the statemachine to which a transition belongs.

comtext Transition::getStateMachine() : StateMachine
post: result = container.stateMachine

8.4.4 Additional Operations on OCL Metaclasses
In clauses “Abstract Syntax,” “Concrete Syntax,” and “The Use of Ocl Expressions in UML Models” many additional

operations on OCL metaclasses are used. They are defined in this sub clause. The previous sub clause defines additional
operations for the UML metaclasses.
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OclExpression

The following operation returns an operation call expression for the predefined asSet() operation with the self expression
as its source.

context OclExpression::withAsSet() : OperationCallExp
post: result.name = ‘asSet’

paost: result aroument->isEmnty()
t = +

Tuple

An ad
syntax|

Variable

An ad

An ad

post: result.source = self
Type

clause and need not be specified here.

context TupleType::make(atts : Sequence(Property) ) : TupleType
post: Sequence{1...atts->size() } ->forAll(i | result.ownedAttribute.at(i).cmpSlots(atts.at(i))

litional operation is added to Variable to return a corresponding Parameter.

context Variable::asParameter() : Parameter

post: result.name = self.name

post: result.direction = ParameterDirectionKind::in
post: result.type = self.type

litional operation is added to Variable to return a corresponding Property.
context Variable::asProperty() : Attribute

post: result.name = self.name

post: result.type = self.type

upperValue =1

post: result.lowerValue =1

post: result.isOrdered = true

post: result.isStatic = false

post: result.visibility = VisibilityKind::private

post: result.constraint.specification.bodyExpression = self.initExpression

© ISO/IEC 2012 - All rights reserved
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8.4.5 Overview of class hierarchy of OCL Abstract Syntax metamodel

ModelElement
{from Core)
f.a
I | Jli=s

COIILcﬁonLiteralPart VanableDeclaration cﬁmﬁﬁ:; =

Y

I | UnspecifiedValueExp OclMessagefrg
Collectionltem CollectionRange
OclExpression
1 | [ ] \
E VariableE LetEx rope xp
Xp ariableExp P :pbf
LiteralEx
RameR OciMessageExp
T meE?SQ ModelPropertyCailExp

' P

ColictionLiteralExp TupleLiteralExp EnumLiteralExp | ]
OperationCallExp AttributeCallExp
PrimitiveliteralExp
)
1@@215“, erateExp
® NavigationCalExp
BopleanLiteralExp StringLiteralExp z}
MNumencLiteralExp | |
¢ AssociationEndCallExp AssociationClassCallExp
| - I
InfegerliteralExp Reraa.aeﬁlEIp UnlimitedMaturalliteralExp
Figure| 8.9 - Overview of the abstract syntax metamodel for Expressions
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This clause describes the concrete syntax of the OCL. This allows modelers to write down OCL expressions in a
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rdized way. A formal mapping from the concrete syntax to the abstract syntax from Clause 8 (“Abstraet I
Although not required, 9.6, ’Concrete to Abstract Syntax Mapping’ describes a mapping from the.abstr
concrete syntax. This allows one to produce a standard human readable version of any OCL expression
nted as an instance of the abstract syntax.

tructure of the Concrete Syntax’ describes the structure of the grammar and the motivation-for the use
fe grammar.

Structure of the Concrete Syntax

ncrete syntax of OCL is described in the form of a full attribute grammar \Each production in an attribut
ve synthesized attributes attached to it. The value of synthesized attfibutes of elements on the left hand
tion rule is always derived from attributes of elements at the right.hand side of that production rule. Ea
tion may also have inherited attributes attached to it. The value of.inherited attributes of elements on the
a production rule is always derived from attributes of elements on the left hand side of that production

attribute grammar that specifies the concrete syntax, every’production rule is denoted using the EBNF f
notated with synthesized and inherited attributes, and, disambiguating rules. There are a number of spec
tions, as follows.

esized Attributes

roduction rule has one synthesized attribufe called ast (short for abstract syntax tree), that holds the insta
\bstract Syntax that is returned by thertile. The type of ast is different for every rule, but it always is an
tract syntax. The type is stated with each production rule under the heading “Abstract Syntax Mapping
te constitutes the formal mapping from concrete syntax to abstract syntax.

ptivation for the use of an atfribute grammar is the easiness of the construction and the clarity of this m|
hat each name in the EBNF format of the production rule is postfixed with ‘CS’ to clearly distinguish bq
te syntax elements(and their abstract syntax counterparts.

roductionh rile has one inherited attribute called env (short for environment), that holds a list of names {
from'the expression. All names are references to elements in the model. In fact, env is a name space enl
expression or expression part denoted according to the production rule. The type of the env attribute is
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on the Environment type can be found in “Concrete Syntax” on page 67. The manner in which both the ast and env
attributes are determined is given using OCL expressions.
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Environment
EMPTY_ENV : Environment

lookupLocal()

lookupLocal()

lookup()

addElement()

addNamespace()
nestedEnvironment()
lookuplmplicitAttribute()
lookuplmplicitSourceForAttribute()
lookuplmplicitAssociationEnd()
lookuplmplicitOperation()

+namedElements | 0..n

NamedElement
name : String +referredElement ModelElement
mayBelmplicit : Boolean 1 (from*Core)
getType()

Figure]\9.1 - The Environment type

Note that the contents of the env attribute are fully determined by the context of the OCL expression. When ap OCL
exprespion is used as an invariant to class X, its.environment will be different than in the case the expression i used as a
postcopdition to an operation of class Y. In Clduse 12 (“The Use of Ocl Expressions in UML Models”) the coptext of
OCL ¢xpressions is defined in detail.

Multigle Production Rules

For some elements there is a choiee’of multiple production rules. In that case the EBNF format of each production rule is
prefixdd by a capital letter between square brackets. The same prefix is used for the corresponding determination rules for
the asf and env attributes,

Multiple Occurrences of Production Names

In sone production rules the same element name is used more than once. To distinguish between these occurrgnces the
names|will be postfixed by a number in square brackets, as in the following example.

CeollectionRangeCS ::= OclExpressionCS[1] ‘..” OclExpressionCS[2]

Disambiguating Rules

Some of the production rules are syntactically ambiguous. For such productions disambiguating rules have been defined.
Using these rules, each production and thus the complete grammar becomes nonambiguous. For example in parsing a.b(),
there are at least three possible parsing solutions:

1. aisa VariableExpr (a reference to a let or an iterator variable)
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2.

3.

ISO/IEC 1950

a is an AttributeCallExp  (self is implicit)

a is a NavigationCallExp  (self is implicit)

7:2012(E)

A decision on which grammar production rule to use can only be made when the environment of the expression is taken
into account. The disambiguating rules describe these choices based on the environment and allow unambiguous parsing

of a.b(LIn this case the mles (in plain English) wonld he:
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If a is a defined variable in the current scope, a is a VariableExp.

If not, check self and all iterator variables in scope. The inner-most scope for which as is either
* an attribute with the name a, resulting in an AttributeCallExp, or

* an opposite association-end with the name a, resulting in a NavigationCallExp, defines\the meaning of
If neither of the above is true, the expression is illegal / incorrect and cannot be parsed.

biguating rules may be based on the UML model to which the OCL expressions attached (e.g., does ai
r not). Because of this, the UML model must be available when an OCL. expfession is parsed, otherwis
dated as a correct expression. The grammar is structured in such a way that at most one of the productior
b1l the disambiguating rules, thus ensuring that the grammar as a whole is unambiguous. The disambigu
tten in OCL, and use some metaclasses and additional operations from UML.

A Note to Tool Builders

Parsing

ammar in this clause might not prove to be the most efficient way to directly construct a tool. Of cours
is free to use a different parsing mechanism: He can, for example, first parse an OCL expression using
te syntax tree, and do the semantic validation against a UML model in a second pass. Also, error corred
directed editing might need hand-optimized grammars. This document does not prescribe any specific
ch. The only restriction is that atithe end of all processing a tool should be able to produce the same wq¢
e of the abstract syntax, as would be produced by this grammar.

Visibility
CL specification putS)no restriction on the visibility declared for a property defined in the model (such as

ted,” or ‘public]).An OCL, all modelelements are considered visible. The reason for this is to allow a m
' constraintsjieven between ‘hidden’ elements. At the lowest implementation level this might be useful.

pparate ‘option OCL tools may enforce all UML visibility rules to support OCL expressions to be specif]
siblé modelelements. Especially when a tool needs to generate code for runtime evaluation of OCL exp

this vi

bibility enforcement is necessary.
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Concrete Syntax

In the concrete syntax, names that are reserved words or include punctuation characters can be used by enclosing the
required name in underscore-prefixed single quotes.
'and' '>="
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[In OCL 2.0 and 2.2 a reserved word could be used as a name after prefixing it with an underscore.
and

The subsequent symbol lookup would look first for the spelling with an underscore in the meta-model and if that was not
found would attempt a further lookup after removing the underscore. This behavior was indeterminate, could not access
names that existed both with and without prefixes, and did not support punctuation characters. The simple underscore

A |

- 1 £ 1 1 Pt - 1 111 PRt o
prefix 15 UICTCIOIC depITldiCU 1T UCT L 2.5 dlltd WI1IT DT TCIIOVOU HTM'OUC L J.U. |

9.4.1| ExpressioninOcICS

The ExpressionInOcl symbol has been added to set up the initial environment of an expression.

ExpressionInOcICS ::= OclExpressionCS

Abstract syntax mapping

ExpressionInOcICS.ast : OclExpression

Synthiesized attributes
ExpressionInOcICS.ast = OclExpressionCS.ast

Inherited attributes

The environment of the OCL expression must be defined, but what.exactly needs to be in the environment depepnds on the
contex} of the OCL expression. The following rule is therefore not,complete. It defines the env attribute by addiphg the self
variable to an empty environment, as well as a Namespace containing all elements visible from self. In sub clguse 12.2,

the contextualClassifier will be defined for the various places where an ocl expression may occur. In the context of a pre-
or posfcondition, the result variable as well as variable ‘definitions for any named operation parameters can be added in a
similal way.

OclExpressionCS.env =
ExpressionInOclCS.contextual Classifier.namespace.getEnvironmentWithParents()
.addElement (‘self,” ExpressionInOclCS.contextualClassifier, true)

9.4.2 OclExpressionCS

An Oc]Expression has several(production rules, one for each subclass of OclExpression. Note that Unspecified ValueExp
is handled explicitly in OcliMessageArgCS, because that is the only place where it is allowed.

[A] Og¢lExpressionCS~:»s/CallExpCS
[B] OdlExpressignCS ::= VariableExpCS

[C] OdlExpressionCS ::= LiteralExpCS

[D] OglExpressionCS ::= LetExpCS

[E] OclExpressionCS ::= OclMessageExpCS

[F] OclExpressionCS ::= IfExpCS

Abstract syntax mapping
OclExpressionCS.ast : OclExpression
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Synthesized attributes

[A] OclExpressionCS.ast = CallExpCS.ast

[B] OclExpressionCS.ast = VariableExpCS.ast

[C] OclExpressionCS.ast = LiteralExpCS.ast

[D] OclExpressionCS.ast = LetExpCS.ast

[E] OclExpressionCS.ast = OclMessageExpCS.ast

ISO/IEC 19507:2012(E)

H-OetExpresstonCS-ast=-HExpESast
Inherited attributes

[A] CallExpCS.env = OclExpressionCS.env
[B] VariableExpCS.env = OclExpressionCS.env
[C] LiteralExpCS.env = OclExpressionCS.env
[D] LetExpCS.env = OclExpressionCS.env
[E] OclMessageExpCS.env = OclExpressionCS.env
[F] IfExpCS.env = OclExpressionCS.env

Disambiguating rules

The difambiguating rules are defined in the children.

9.4.3] VariableExpCS

A varigble expression is just a name that refers to a variable or self.
[A] VariableExpCS ::= simpleNameCS
[B] VariableExpCS ::='self'

Abstrpct syntax mapping
VariableExpCS.ast : VariableExpression

SyntHesized attributes

[A] VariableExpCS.ast.referred Variable,=
env.lookup(simpleNameCSast).referredElement.oclAsType(VariableDeclaration)

[B] VariableExpCS.ast.referred Variable =
env.lookup('self').reférredElement.oclAsType(VariableDeclaration)

Inherited attributes

--none

Disambiguating rules

[91][1][A] simpleNameCS must be a name of a visible VariableDeclaration in the current environment

enviookup (simpleNameCS.ast).referredElement.ocllsKindOf (VariableDeclaration)

9.4.4 simpleNameCS

This production rule represents a single name. No special rules are applicable. The abstract syntax of a simpleNameCS
String is undefined in UML 2.3, and so is undefined in OCL 2.3. The reason for this is internationalization.

The concrete syntax of a simpleNameCS String supports a Unicode letter-prefixed identifier (form [A]). Reserved words

and names involving awkward characters such as punctuation may be specified by prefixing a String Literal with an

(form [B] and [C]).

© ISO/IEC 2012 - All rights reserved
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[A] simpleNameCS ::= NameStartChar NameChar*
[B] simpleNameCS ::="_" #x27 StringChar* #x27
[C] simpleNameCS[1] ::= simpleNameCS[2] WhiteSpaceChar* #x27 StringChar* #x27

The identifier form starts with a Unicode letter:

AZIT 1 S T[a-2Z]

[#xCO-#xD6] | [#xD8-#xF6] | [#xF8-#x2FF]
[#x370-#x37D] | [#x37F-#x 1 FFF]

[#x200C-#x200D] | [#x2070-#x218F] | [#x2C00-#x2FEF]
[ |

[

NamedtartChar ::

|
|
|
| [#x3001-#xD7FF] | [#xF900-#xFDCF] | [#xFDFO0-#xFFFD]
| [#x10000-#xEFFFF]

and may continue with a Unicode letter or digit.

NameChar ::= NameStartChar | [0-9]

The StringChar form is defined under StringLiteralExpCS.

Example simpleNameCS values are:
String i3 apetm MAX VALUE isLetterOrDigit 'true' _">='_"\"

Abstract syntax mapping
simpleNameCS.ast : String

Synthesized attributes

[A] simpleNameCS.ast = <CodePoints of NameStartChar NameChar*>
[B] simpleNameCS.ast = <CodePoints of StringChar*>
[C] simpleNameCS[1].ast = simpleNameCS|[2] + <CodePoints of StringChar*>

Inherited attributes

--none

Disambiguating rules

[1][A] the character, if any.following the last NameChar is not a NameChar.
[2]1 [A] simpleNameCS .astis'not a reserved word

[3] [B] No whitespagce ispermitted between the ' ' and the first NameChar.
[4] [C] simpleNameCS[2] is a simpleNameCS [B] or [C].

9.4.5| restrictedKeywordCS

This pfoduction rule represents any name that is not a reserved keyword.

[&restrictedKeywordCS ::= CollectionTypeldentifierCS
[BirestrietedkeywordeS——primittveFype€S

[C] restrictedKeywordCS ::= oclTypeCS

[D] restrictedKeywordCS ::= '"Tuple'

Abstract syntax mapping
restrictedKeywordCS.ast : String
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Synthesized attributes

[A] restrictedKeywordCS.ast = CollectionTypeldentifierCS.ast.name
[B] restrictedKeywordCS.ast = primitiveTypeCS.ast.name

[C] restrictedKeywordCS.ast = oclTypeCS.ast.name

[D] restrictedKeywordCS.ast = "Tuple'

ISO/IEC 19507:2012(E)

Inherited attributes

-- none

Disambiguating rules

9.4.6

This p

Abstr

--none

unreservedSimpleNameCS

roduction rule represents any name that is not a reserved keyword.

[A] unreservedSimpleNameCS ::= simpleNameCS
[B] unreservedSimpleNameCS ::= restrictedKeywordCS

pct syntax mapping
unreservedSimpleNameCS.ast : String

Synthesized attributes

[A] unreservedSimpleNameCS.ast = simpleNameCS.ast
[B] unreservedSimpleNameCS.ast = restrictedKeywordCS.ast

Inherited attributes

-- none

Disambiguating rules

9.4.7

This rjle represents a pathwnarme, which is held in its ast as a sequence of Strings.

Abstr

Synth

Inheri

--none

pathNameCS

[A] pathNameCS ;= simpleNameCS
[B] pathNameCS8y:'</pathNameCS ‘::” unreservedSimpleNameCS

pct syntax.mapping
pathNameCS.ast : Sequence(String)

ized-attribut

[A] pathNameCS.ast = Sequence {simpleNameCS .ast}
[B] pathNameCS.ast = pathNameCS.ast->append(unreservedSimpleNameCS.ast)

ted attributes

--none

Disambiguating rules

© 1SO/
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9.4.8 LiteralExpCS

This rule represents literal expressions.

[A] LiteralExpCS ::= EnumLiteral ExpCS
[B] LiteralExpCS ::= CollectionLiteralExpCS
[C] LiteralExpCS ::= TupleLiteralExpCS

DT EreratExpCS——"PrimitivetiteratExpCSs

[E] LiteralExpCS ::= TypeLiteralExpCS

Abstract syntax mapping
LiteralExpCS.ast : LiteralExp

Synthesized attributes

[A] LiteralExpCS.ast = EnumLiteral ExpCS.ast

[B] LiteralExpCS.ast = CollectionLiteral ExpCS.ast
[C] LiteralExpCS.ast = TupleLiteral ExpCS.ast

[D] LiteralExpCS.ast = PrimitiveLiteral ExpCS.ast
[E] LiteralExpCS.ast = TypeLiteralExpCS.ast

Inherited attributes

[A] EnumLiteralExpCS.env = LiteralExpCS.env
[B] CollectionLiteralExpCS.env = LiteralExpCS.env
[C] TupleLiteralExpCS.env = LiteralExpCS.env
[D] PrimitiveLiteralExpCS.env = LiteralExpCS.env
[E] TypeLiteralExpCS.env = LiteralExpCS.env

Disambiguating rules

--none

9.4.9| EnumLiteralExpCS

The rufle represents Enumeration Literal*expressions.

EnumLiteralExpCS ::= pathNameCS “::> simpleNameCS

Abstract syntax mapping
EnumLiteralExpCS-ast”: EnumLiteralExp

Synthesized attributes
EnumLiteralExpCS.ast.type =
env.lookupPathName (pathNameCS.ast).referredElement.oclAsType (Classifier)

EnumlLiteral ExpCS.ast.referredEnumLiteral =
FromtiteratExpCSasttypeoctAs Type tEmumeration)titerat=
select (1 | l.name = simpleNameCS.ast )->any(true)

Inherited attributes

--none

Disambiguating rules
[92][1] The specified name must indeed reference an enumeration:
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not EnumLiteralExpCS.ast.type.ocllsUndefined() and
EnumLiteralExpCS.ast.type.ocllsKindOf (Enumeration)

9.4.10 CollectionLiteralExpCS

This rule represents a collection literal expression.

ISO/IEC 19507:2012(E)

CollectionLiteralExpCS ::= CollectionTypeldentitierCS
“{* CollectionLiteralPartsCS? ‘}’

Abstract syntax mapping
CollectionLiteralExpCS.ast : CollectionLiteralExp

Synthesized attributes

CollectionLiteralExpCS.ast.parts = CollectionLiteralPartsCS.ast
CollectionLiteralExpCS.ast.kind = CollectionTypeldentifierCS.ast

Inherited attributes

CollectionTypeldentifierCS.env = CollectionLiteral ExpCS.env
CollectionLiteralPartsCS.env = CollectionLiteralExpCS.env

Disambiguating rules
[93][1] In aliteral the collection type may not be Collection.
CollectionTypeldentifierCS.ast <> ‘Collection’

9.4.1{1 CollectionTypeldentifierCS

This rjile represents the type identifier in a collection literal expression. The Collection type is an abstract typg¢ on M1

level, $o it has no corresponding literals.

[A] CqllectionTypeldentifierCS ::= ‘Set’

[B] CqllectionTypeldentifierCS ::= Bag’

[C] CallectionTypeldentifierCS :’=/Sequence’
[D] CqllectionTypeldentifierCS-:= ‘Collection’
[E] CqllectionTypeldentifierCS ::= ‘OrderedSet’

Abstract syntax mapping
CollectionTypeldentifierCS.ast : CollectionKind

Synthesized attributes

[A] CollectionTypeldentitierCS.ast = CollectionKind::Set

[B] CollectionTypeldentifierCS.ast = CollectionKind::Bag

[C] CollectionTypeldentifierCS.ast = CollectionKind::Sequence
[D] CollectionTypeldentifierCS.ast = CollectionKind::Collection
[E] CollectionTypeldentifierCS.ast = CollectionKind::OrderedSet

Inherited attributes

-- none
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Disambiguating rules

--none

9.4.12 CollectionLiteralPartsCS

This production rule describes a sequence of items that are the contents of a collection literal.
CollectionLiteralPartsCS[ 1] = CollectionLiteralPartCS
(’,” CollectionLiteralPartsCS[2] )?

Abstract syntax mapping
CollectionLiteralPartsCS[1].ast : Sequence(CollectionLiteralPart)

Synthesized attributes

CollectionLiteralPartsCS[1].ast =
Sequence{CollectionLiteralPartCS.ast}->union(CollectionLiteralPartsCS[2].ast)

Inherited attributes

CollectionLiteralPartCS.env = CollectionLiteralPartsCS[1].env
CollectionLiteralPartSCS[2].env = CollectionLiteralPartsCS[1].env

Disambiguating rules

--none

9.4.138 CollectionLiteralPartCS

[A] CallectionLiteralPartCS ::= CollectionRangeCS
[B] CqdllectionLiteralPartCS ::= OclExpressionCS

Abstract syntax mapping
CollectionLiteralPartCS.ast : CollectionLiteralPart

Synthesized attributes

[A] CollectionLiteralParfCS-ast = CollectionRange.ast
[B] CollectionLiteralPartCS.ast.oclIsKindOf(Collectionltem) and
CollectionLitetalPartCS.ast.oclAsType(Collectionltem).OclExpression = OclExpressionCS.ast

Inherited attributes

[A] CollectionRangeCS.env = CollectionLiteralPartCS.env
[B1OclExpressionCS.env = CollectionLiteralPartCS.env

Disambiguating rules
-- none

9.4.14 CollectionRangeCS

CollectionRangeCS ::= OclExpressionCS[1] ,” OclExpressionCS[2]
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Abstract syntax mapping

Synth

CollectionRangeCS.ast : CollectionRange

esized attributes

CollectionRangeCS.ast.first = OclExpressionCS[1].ast
CollectionRangeCS.ast.last = OclExpressionCS[2].ast

ISO/IEC 19507:2012(E)

InherJ(ed attributes

OclExpressionCS[1].env = CollectionRangeCS.env
OclExpressionCS[2].env = CollectionRangeCS.env

Disambiguating rules

9.4.1
This i1
internd
[A] Pr
[B] Pr
[C] Pr
[D] Pr

-- none

5 PrimitiveLiteralExpCS

mitiveLiteralExpCS ::= IntegerLiteralExpCS
mitiveLiteralExpCS ::= RealLiteral ExpCS
mitiveLiteralExpCS ::= StringLiteralExpCS
mitiveLiteralExpCS ::= BooleanLiteralExpCS

[E] PrimitiveLiteralExpCS ::= UnlimitedNaturalLiteralEXpCS

[F] Pri
[G] Pr

mitiveLiteralExpCS ::= NullLiteralExpCS
mitiveLiteralExpCS ::= InvalidLiteral Exp€S

Abstrpct syntax mapping

Synth

PrimitiveLiteral ExpCS.ast : PrimitiveLiteralExp

esized attributes

[A] PrimitiveLiteral ExpCS'.ast = IntegerLiteral ExpCS.ast

[B] PrimitiveLiteralExpCS.ast = RealLiteralExpCS.ast

[C] PrimitiveLitetalExpCS.ast = StringLiteral ExpCS.ast

[D] PrimitiveLiteral ExpCS.ast = BooleanLiteralExpCS.ast

[E] PrimitiveLiteralExpCS.ast = UnlimitedNaturalLiteralExpCS.ast
[F] PrimitiveLiteralExpCS.ast = NullLiteralExpCS.ast
[G] PrimitiveLiteral ExpCS.ast = InvalidLiteralExpCS.ast

cludes Real, Boolean, UnlimitedNatural, Integer, and String literals. Especially String literals must take
tionalization into account and might need to remain undefined in this specification.

Inherited attributes

--none

Disambiguating rules

-- none
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9.4.16 TupleLiteralExpCS

This rule represents tuple literal expressions.
TupleLiteralExpCS ::= ‘Tuple’ ‘{‘ variableDeclarationListCS ‘}’

Abstract syntax mapping
TupleLiteralExpCS.ast : TupleLiteralExp

Synthesized attributes
TupleLiteralExpCS.tuplePart = variableDeclarationListCS.ast

Inherited attributes
variableDeclarationListCS[1].env = TupleLiteral ExpCS.env

Disambiguating rules

[1] Thq initExpression and type of all VariableDeclarations must exist.

TupleLiteralExpCS.tuplePart->forAll( varDecl |
varDecl.initExpression->notEmpty() and not varDecl.type.oclIsUndefined()y)

9.4.17 UnlimitedNaturalLiteralExpCS

This ryle represents unlimited natural literal expressions. The lexieal representation is either the lexical representatjon of an
integer| value or the single character * that represents the unlithited value. The -1 representation of the unlimited vaflue is only
visible|in the abstract systax and its serialization.

[A] UnlimitedNaturalLiteralExpCS ::= <Integer Lexical Representation>
[B] UnlimitedNaturalLiteralExpCS ::= “*’

Abstract syntax mapping
UnlimitedNaturalLiteralExpCS.ast : UnlimitedNaturalLiteralExp

Synthesized attributes

UnlimitedNaturalLiteralExpGS.ast.unlimitedNaturalSymbol = <IntegerValue>
UnlimitedNaturalLiteralExpCS.ast.unlimitedNaturalSymbol = -1

Inherited attributes

--none

Disambiguating rules

-vnone

9.4.18 IntegerLiteralExpCS

This rule represents integer literal expressions. The lexical representation of an integer is a sequence of at least one of the
decimal digit characters, without a leading zero; except that a single leading zero character is required for the zero value.

IntegerLiteral ExpCS ::= <Integer Lexical Representation>

Abstract syntax mapping
IntegerLiteralExpCS.ast : IntegerLiteralExp
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Synth

Inheri

ISO/IEC 19507:2012(E)

esized attributes
IntegerLiteralExpCS.ast.integerSymbol = <Integer Value>

ted attributes

--none

Disan||biguating rules

9.4.1

This r
part. T|
expong
fractio
fractio

Abstrpct syntax mapping

Synth

Inherited attributes

Disambiguating rules

9.4.2

This 1
escape
be spli

where

--none

D ReallLiteralExpCS

ile represents real literal expressions. A real literal consists of an integer part, a fractional”part and an e
he exponent part consists of either the letter 'e' or 'E', followed optionally by a '+',or '#' letter followed 1
nt integer part. Each integer part consists of a sequence of at least one of the decimnal digit characters.
hal part consists of the letter ' followed by a sequence of at least one of the de¢imal digit characters. E
h part or the exponent part may be missing but not both.

RealLiteralExpCS ::= <Real Lexical Representation>

RealLiteralExpCS.ast : RealLiteralExp

esized attributes
RealLiteralExpCS.ast.realSymbol = <Real Value>

-- none

--none

D StringLiteralExpCS

ile represents string literal expressions. The concrete syntax comprises a sequence of zero or more char
sequences surrounded by single quote characters. The [B] form with adjacent strings allows a long strin|
t into fragments‘op to be written across multiple lines.

[A] StringLitéralExpCS ::= #x27 StringChar* #x27
[B] StringLiteralExpCS[1] ::= StringLiteral ExpCS[2] WhiteSpaceChar* #x27 StringChar* #x27

StringChar ::= Char | EscapeSequence

Kponent
y an
[he
ither the

icters or
o literal to

© 1SO/

whitedSpaceChar ::= #x0% | #x0a | #xUc | #x0d | #x20
Char ::= [#x20-#x26] | [#x28-#x5B] | [#x5D-#xD7FF] | [#xE000-#xFFFD] | [#x10000-#x10FFFF]

EscapeSequence ::= "\''b' -- #x08: backspace BS
[N\ -- #x09: horizontal tab HT
["\''n' -- #x0a: linefeed LF
[N\t -- #x0c: form feed FF
[N\ -- #x0d: carriage return CR
[ -- #x22: double quote "
A -- #x27: single quote '
[ -- #x5c: backslash \
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|'\"'x' Hex Hex -- #x00 to #xFF
|"\"'u' Hex Hex Hex Hex  -- #x0000 to #xFFFF
Hex ::=[0-9] | [A-F] | [a-f]

Abstract syntax mapping
StringLiteralExpCS.ast : StringLiteralExp

Syntl‘]esized attributes

[A] StringLiteralExpCS.ast.symbol = <CodePoints of StringChar*>
[B] StringLiteral ExpCS.ast.symbol = StringLiteralExpCS[2] + <CodePoints of StringChar*>

Inherited attributes

--none

Disambiguating rules

--none

9.4.21 BooleanLiteralExpCS

This ryle represents boolean literal expressions.
[94][A]] BooleanLiteralExpCS ::= ‘true’
[95][B]] BooleanLiteralExpCS ::= ‘false’

Abstract syntax mapping
BooleanLiteralExpCS.ast : BooleanLiteralExp

Synthesized attributes

[A] BooleanLiteral ExpCS.ast.booleanSymbdl = true
[B] BooleanLiteralExpCS.ast.booleanSymbol = false

Inherited attributes

--none

Disambiguating rules

--none

9.4.22 TypeliteralExpCS

This production rule references a type name.

Abstract syntax mapping
TypeLiteralExpCS ::= typeCS

Synthesized attributes
TypeLiteralExpCS.ast = typeCS.ast
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Inherited attributes
typeCS.env = TypeLiteralExpCS.env

Disambiguating rules

--none

ISO/IEC 19507:2012(E)

9.4.23 CallExpCS

This rjile represents property call expressions.
[96][A] CallExpCS ::= FeatureCallExpCS
[97]1[B]] CallExpCS ::= LoopExpCS

Abstrpct syntax mapping
CallExpCS.ast : CallExp

Synthesized attributes

[A] CallExpCS.ast = ModelPropertyCallCS.ast
[B] CallExpCS.ast = LoopExpCS.ast

Inherited attributes
[A] ModelPropertyCallCS.env = CallExpCS.env
[B] LoopExpCS.env = CallExpCS.env

Disambiguating rules

The dipambiguating rules are defined in the children.

9.4.24 LoopExpCS

This rjle represents loop expressions.

[A] LdopExpCS ::= IteratorExpCS
[B] LgopExpCS ::= IterateExpCS

Abstrpct syntax mapping
LoopExpCS.ast\ToopExp

Synthesized:attributes

[AJALoopExpCS.ast = IteratorExpCS.ast
[BY¥LoopExpCS.ast = IterateExpCS.ast

Inherited attributes

[A] IteratorExpCS.env = LoopExpCS.env
[B] IterateExpCS.env = LoopExpCS.env

Disambiguating rules

--none
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9.4.25 IteratorExpCS

The first alternative is a straightforward Iterator expression, with optional iterator variable. The second and third
alternatives are so-called implicit collect iterators. B is for operations and C for attributes, D for navigations, and E for
associationclasses.

[A] IteratorExpCS—:=OclExpressionCSH]= simpleNameCS

‘( (VariableDeclarationCS[ 1],
(°,” VariableDeclarationCS[2])? ‘| )?
OclExpressionCS[2]

y
[B] IteyratorExpCS ::= OclExpressionCS °.” simpleNameCS ‘(‘argumentsCS?’)’
[C] IteratorExpCS ::= OclExpressionCS °.” simpleNameCS

[D] ItgratorExpCS ::= OclExpressionCS ‘.” simpleNameCS

(‘[* argumentsCS ]*)?

[E] IteratorExpCS ::= OclExpressionCS *.” simpleNameCS

(‘[* argumentsCS ‘]°)?

Abstract syntax mapping
IteratorExpCS.ast : IteratorExp

Synthesized attributes

-- the ast needs to be determined bit by bit, first the source association of IteratorExp

[A] IjteratorExpCS.ast.source = OclExpressionCS[1l].ast
-1 next the iterator association ©f IteratorExp
--4 when the variable declaration  is present, its ast is the iterator of this iteratoxExp
-4 when the variable declaration is not present, the iterator has a default name and
-4 type
-4 In any case, the iterator does not have an init expression

[A] IfteratorExpCS.ast.iterators->at(l).name = if VariableDeclarationCS[1l]->isEmpty ()

then ii

else VariableDeclarationCS[1l].ast.name

endif

[A] IfteratorExpCS.ast.iterator->at(l).type =

if VariableDeclarationCS[1l]->isEmpty() or

(VariableDeclarationCS[1]->notEmpty () and

VariableDeclarationCS[1l] .ast.type.oclIsUndefined() )

tHen

OclExpressionCS[1l].type.oclAsType (CollectionType) .elementType
else

VariableDeclarationCS[1l] .ast. type
endif
- The optional second iterator
[A] if VariableDeclarationCS[2]->isEmpty() then

IteratorExpCS.ast.iterators->size() = 1

else

IteratorExpCS.ast.iterators->at(2) .name = VariableDeclarationCS[2].ast.name
and

IteratorExpCS.ast.iterators->at(2) . type
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if VariableDeclarationCS[2]->isEmpty() or
(VariableDeclarationCS[2] ->notEmpty () and
VariableDeclarationCS[2] .ast.type.oclIsUndefined() )
then
OclExpressionCS[1l].type.oclAsType (CollectionType) .elementType
else
VariableDeclarationCS[2] . ast. type
endif
endif
[A] IjteratorExpCS.ast.iterators->forAll (initExpression->isEmpty ())
-- nekt the name attribute and body association of the IteratorExp
[A] IjteratorExpCS.ast.name = simpleNameCS.ast and
[A] IjteratorExpCS.ast.body = OclExpressionCS[2] .ast
-- Alfternative B is an implicit collect of an operation over a collection
[B] IjteratorExpCS.ast.iterator.type
OclExpressionCS.ast.type.oclAsType (CollectionType) .elementType

[B] IfteratorExpCS.ast.source = OclExpressionCS.ast
[B] IfteratorExpCS.ast.name = icollecti
[B] - the body of the implicit collect is the operation callxreferred to by inamei

IteratorExpCS.ast.body.oclIsKindOf (OperationCallExp) and
let bpdy : OperationCallExp = IteratorExpCS.ast.body.oclAsType (OperationCallExp)
in
body.prguments = argumentsCS.ast
and
body .[source.oclIsKindOf (VariableExp)
and
body.fsource.oclAsType (VariableExp) .referredVariable = IteratorExpCS.ast.iterator
and
body.referredOperation =

OdlExpressionCS.ast.type.oclAsType (CollectionType ) .elementType
lookupOperation( simpleNameCS . ast,

if (argumentsCS->notEmpty\())

then arguments.ast->collect (type)

else Sequence{} endif)
-- Alternative C/D is an implicit collect of an association or attribute over a colleftion
[C, D[] IteratorExpCS.ast.iterator.type =

OglExpressionCS.ast.type.oclAsType (CollectionType) .elementType

[C, D]] IteratorExpCS.astvsource = OclExpressionCS.ast
[C, D|] IteratorExpCS.ast.name = ‘collect’
[C] - the body of the implicit collect is the attribute referred to by ‘name’

lgt refAtt :<Attribute = OclExpressionCS.ast.type.oclAsType (CollectionType) .
elementType.lookupAttribute ( simpleNameCS.ast),

inf
IfteratorExpCS.ast.body.oclIsKindOf (AttributeCallExp) and

19t _body : AttributeCallExp = IteratorExpCS.ast.body.oclAsType (AttributeCallExp)
inf

body . source.oclIsKindOf (VariableExp)

and
body.source.oclAsType (VariableExp) .referredVariable = IteratorExpCS.ast.iterator
and
body.referredAttribute = refAtt
[D] -- the body of the implicit collect is the navigation call referred to by ‘name’

let refNav : AssociationEnd = OclExpressionCS.ast.type.oclAsType (CollectionType).
elementType. lookupAssociationEnd (simpleNameCS.ast)
in
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IteratorExpCS.ast.body.oclIsKindOf (AssociationEndCallExp) and
let body : AssociationEndCallExp =
IteratorExpCS.ast.body.oclAsType (AssociationEndCallExp)
in
body . source.oclIsKindOf (VariableExp)
and

—body . source . oclAsType (VariableFExp) referredVariable = TteratorExpCS . ast. iterator

body.referredAssociationEnd = refNav
and
body.ast.qualifiers = argumentsCS.ast
[E] - the body of the implicit collect is the navigation to the association.class
-+ referred to by inamei
lgt refClass : AssociationClass =
OclExpressionCS.ast. type.oclAsType (CollectionType) .
elementType. lookupAssociationClass (simpleNameCS.ast)
in
IteratorExpCS.ast.body.oclIsKindOf (AssociationClassCallExp) and
let body : AssociationClassCallExp =
IteratorExpCS.ast.body.oclAsType (AssociationClassCallExp)

in
body . source.oclIsKindOf (VariableExp)
and
body.source.oclAsType (VariableExp) .referredVariable = IteratorExpCS.ast.iterator
and
body.referredAssociationClass = refNav
and

body.ast.qualifiers = argumentsCS.ast

Inherfited attributes

[A] OclExpressionCS[1l].env = IteratoxExpCS.env

[A] VhriableDeclarationCS.env = IteratorExpCS.env

-- inEide an iterator expression the\body is evaluated with a new environment that

-- inpludes the iterator variable:

[A] OglExpressionCS[2].env =
IYferatorExpCS.env.nestedEnvironment () .addElement (VariableDeclarationCS.ast.varName,

VariableDéclarationCS.ast,

true)

[B] OclExpressionCS.env

[B] afgumentsCS.env

[C] OglExpressionCSienv

[D] OrlExpression€S.env

IteratorExpCS.env
IteratorExpCS.env
IteratorExpCS.env
IteratorExpCS.env

Disambiguatingrules

[98]1[1] [A] When the variable declaration is present, it may not have an init expression.

—VariableDeelarationCS—>notEmpty {(—mplies

VariableDeclarationCS.ast.initExpression->isEmpty ()

[99][2] [B] The source must be of a collection type.
OclExpressionCS.ast. type.oclIsKindOf (CollectionType)
[100][3] [C] The source must be of a collection type.

OclExpressionCS.ast. type.oclIsKindOf (CollectionType)
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[101][4] [C] The referred attribute must be present.

refAtt->notEmpty ()

[102][5] [D] The referred navigation must be present.

refNav->notEmpty ()

9.4.26 IterateExpCS

IterateExpCS ::= OclExpressionCS[1] ->’ ‘iterate’

‘(“ (VariableDeclarationCS[ 1] ;*)?
VariableDeclarationCS[2] ‘|’
OclExpressionCS[2]

L)’
Abstract syntax mapping

IterateExpCS.ast : IterateExp

Synthesized attributes

-- the ast needs to be determined bit by bit, fixst the source association of IteratefExp
IterateExpCS.ast.source = OclExpressionCS[1l].ast
-- next the iterator association of IterateExp
-- when the first variable declaration is present, its ast is the iterator of this
-- iterateExp, when the variable declaration is not present, the iterator has g default
-- name and type,
-- in any case, the iterator.has an empty init expression.
IterateExpCS.ast.iterator.mame = if VariableDeclarationCS[1l]->isEmpty() then
else VariableDeclarationCS[1l].ast.name
endif
IterateExpCS.ast.iterator.type =
if VariableDeclarationCS[1l]->isEmpty () or
(VariableDeclarationCS[1]->notEmpty () and
VariableDeclarationCS[1l] .ast.type.oclIsUndefined() )

then

OclExpressionCS[1l] . type.oclAsType (CollectionType) .elementType
else

VariableDeclarationCS[1l] .ast. type
endif

IterateExpCS.ast.iterator.initExpression->isEmpty ()

~--“next the name attribute and body and result association of the IterateExp
| _TterateExpCS ast result = VariableDeclarationCS[2] ast
IterateExpCS.ast.name = ‘iterate’
IterateExpCS.ast.body = OclExpressionCS[2] .ast

Inherited attributes

OclExpressionCS[l] .env = IteratorExpCS.env
VariableDeclarationCS[1l] .env = IteratorExpCS.env
VariableDeclarationCS[2] .env = IteratorExpCS.env
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inclu

-- Inside an iterate expression the body is evaluated with a new environment that

des
-- the iterator variable and the result variable.
OclExpressionCS[2] .env =
IteratorExpCS.env.nestedEnvironment () .addElement
(VariableDeclarationCS[1l] .ast.varName,

VariableDeclarationCS[1] . ast

true) .addElement
(VariableDeclarationCS[2] .ast.varName,
VariableDeclarationCS[2] .ast,

true)

Disambiguating rules

[103]

] A result variable declaration must have a type and an initial value.

not VariableDeclarationCS[2] .ast.type.oclIsUndefined() VariableDeclarationCS[2].ast.i

press

[104][]

Varia)

9.4.2

In the
produg

Variab

ion->notEmpty ()

] When the first variable declaration is present, it may not have an init expréssion.

pbleDeclarationCS[1] ->notEmpty () implies
VariableDeclarationCS[1l] .ast.initExpression->isEmpty ()

7 VariableDeclarationCS

variable declaration, the type and init expression are optional. When these are required, this is defined i
tion rule where the variable declaration is used.

eDeclarationCS ::= simpleNameCS (°:” typeCS)?
( =" OclExpressionCS )?

Abstract syntax mapping

Varia)

bleDeclarationCS.ast : /VariableDeclaration

Synthesized attributes

Varia)

bleDeclaration€S. ast.name = simpleNameCS.ast
VariableDeclarationCS.ast.initExpression = OclExpressionCS.ast
-- A well<formed VariableDeclaration must have a type according to the abstract
-- The,wvalue null is used when no type has been given in the concrete syntax.
-- Production rules that use this need to check on this type.
VariableDeclarationCS.ast.type = if typeCS->notEmpty() then

typeCS.ast

else

hitEx-

n the

syntax.

84

if OclExpressionCS.ast.type->notEmpty () then
OclExpressionCS.ast. type
else
null
endif
endif

© ISO/IEC 2012 - All righ

ts reserved


https://standardsiso.com/api/?name=94f46ce5f56c0337822b701405ad1788

ISO/IEC 19507:2012(E)

Inherited attributes

OclExpressionCS.env = VariableDeclarationCS.env
typeCS.env = VariableDeclarationCS.env

Disambiguating rules

== none

9.4.28 TypeCS

A typgname is either a Classifier, or a collection of some type.

[A] typeCS ::= pathNameCS

[B] typeCS ::= collectionTypeCS
[C] typeCS ::= tupleTypeCS

[D] typeCS ::= primitiveTypeCS
[E] typeCS ::= oclTypeCS

Abstrpct syntax mapping

typeCS.ast : Classifier

Synthesized attributes

[A] typeCS.ast = typeCS.env.lookupPathName(pathNameCS.ast) referredElement.oclAsType(Classifier)
[B] typeCS.ast = CollectionTypeCS.ast

[C] typeCS.ast = tupleTypeCS.ast

[D] typeCS.ast = primitiveTypeCS.ast

[E] typeCS.ast = oclTypeCS.ast

Inherited attributes

[B] collectionTypeCS.env = typeCS.env
[C] tupleTypeCS.env = typeCS.eny

Disambiguating rules

[105][1] [A] pathName must be.a'name of a Classifier in current environment.
typeC[S.env. lookupPathName (pathNameCS.ast) .referredElement.oclIsKindOf (Classifier)

9.4.20 primitiveTypeCS

This pfoduction rule denotes a primitive type.

Abstract'syntax-mapping

A] primitiveTypeCS ::='Boolean’

B] primitiveTypeCS ::= 'Integer’

C] primitiveTypeCS ::= 'Real'

D] primitiveTypeCS ::= 'String'

E] primitiveTypeCS ::= '"UnlimitedNatural'

[
[
[
[
[

Synthesized attributes
[A] primitiveTypeCS.ast = Boolean
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[B] primitiveTypeCS.ast = Integer

[C] primitiveTypeCS.ast = Real

[D] primitiveTypeCS.ast = String

[E] primitiveTypeCS.ast = UnlimitedNatural

Inherited attributes

--none

Disambiguating rules

--none

9.4.3D ocliTypeCS

This production rule denotes a built-in OCL type.

Abstract syntax mapping

[A] oclTypeCS ::='OclAny'

[B] ocITypeCS ::= 'Ocllnvalid'
[C] oclTypeCS ::="'OclMessage’
[D] oclTypeCS ::="OclVoid'

Synthesized attributes

[A] oclTypeCS.ast = OclAny

[B] oclTypeCS.ast = OclInvalid
[C] oclTypeCS.ast = OclMessage
[D] oclTypeCS.ast = OclVoid

Inherited attributes

--none

Disambiguating rules

--none

9.4.31 collectionTypeCS

A typaname is either a¢Classifier, or a collection of some type.

bl

collectionTypeCS x=‘collectionTypeldentifierCS “(‘ typeCS °)

Abstract syntax mapping

typeCglast : CollectionType

Synthesized attributes

collectionTypeCS.ast.elementType = typeCS.ast

-- We know that the ‘ast’ is a collectiontype, all we need to state now is which

-- specific collection type it is.

kind = CollectionKind::Set implies collectionTypeCS.ast.oclIsKindOf (SetType)

kind = CollectionKind: :Sequenceimplies collectionTypeCS.ast.oclIsKindOf (SequenceType)
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kind

CollectionKind: :Bag implies collectionTypeCS.ast.oclIsKindOf (BagType)

kind = CollectionKind::Collectionimplies collectionTypeCS.ast.oclIsKindOf (CollectionType)
CollectionKind: :OrderedSetimplies collectionTypeCS.ast.oclIsKindOf (OrderedSetType)

kind

Inherited attributes

typeCS—env = collectionTypeCS env

Disambiguating rules

== none

9.4.32 tupleTypeCS

This r¢presents a tuple type declaration.
tupleTypeCS ::= ‘Tuple’ ‘(* variableDeclarationListCS? *)’

Abstrpct syntax mapping

typeCS.ast : TupleType

SyntHhesized attributes

typeCS.ast = TupleType::make( variableDeclaratioflistCS->collect( v | v.asAttribute(

Inherited attributes

variapleDeclarationListCS.env = tupleTypeCS.env
Disambiguating rules
[106][1] Of all VariableDeclarations the initExpression must be empty and the type must exist.

variapleDeclarationListCS.ast>forAll ( varDecl |
vgrDecl.initExpressionf>notEmpty () and varDecl.type->notEmpty() )

9.4.33 variableDeclarationListCS

This production rule répresents the formal parameters of a tuple or attribute definition.

variableDeclarationLListCS[1] = VariableDeclarationCS
(“,’variableDeclarationListCS[2] )?

Abstrpctsyntax mapping

variableDeclarationListCS[1l] .ast : Sequence( VariableDeclaration )

Synthesized attributes

variableDeclarationListCS[1] .ast = Sequence{VariableDeclarationCS.ast}
->union (variableDeclarationListCS[2] .ast)
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Inheri

VariableDeclarationCS.env = variableDeclarationListCS[1l].env

ted attributes

variableDeclarationListCS[2] .env = variableDeclarationListCS[1l].env

Disambiguating rules

== no

9.4.3

ne

1 FeatureCallExpCS

A FeatureCallExp expression may have three different productions. Which one is chosen depend$-on the disanpbiguating

rules d
[107][4
[108][]
[109]

efined in each of the alternatives.

\ ] FeatureCallExpCS ::= OperationCallExpCS
B] FeatureCallExpCS ::= PropertyCallExpCS
] FeatureCallExpCS ::= NavigationCallExpCS

Abstract syntax mapping

Featuy

reCallExpCS.ast : FeatureCallExp

Synthesized attributes

The v4

[A] FeatureCallExpCS.ast = OperationCallExpCS.ast
[B] FeatureCallExpCS.ast = PropertyCallExpCS.ast
[C] FeatureCallExpCS.ast = NavigationCallExpCS.ast

Inherited attributes

[A] OperationCallExpCS.env = FeatureCallExpCS.env
[B] PropertyCallExpCS.env = FeatuteCallExpCS.env
[C] NavigationCallExpCS.env = FeatiireCallExpCS.env

Disambiguating rules

9.4.3

An op
straigh
additig

These are defined in the ‘¢hildren.

5 OperationCallExpCS

qualifi

lue of this production is the value of its child production.

pration call has many different forms. A is used for infix, B for using an object as an implicit collection}| C is a
tforward\operation call, while D has an implicit source expression. E, F and J are like C, D, and I, with|the @pre
n, G covers the static operation call. Rule H is for unary prefix expressions. I and J use pathNameCS tq permit
cation of operation names in access to redefined operations

[110][A] OperationCallExpCS ::= OclExpressionCS[1] simpleNameCS OclExpressionCS[2]
[111][B] OperationCallExpCS ::= OclExpressionCS ‘->’ simpleNameCS ‘(* argumentsCS? )’

[112][C] OperationCallExpCS
[113][D] OperationCallExpCS ::= simpleNameCS ‘(‘ argumentsCS? )’

== OclExpressionCS °.” simpleNameCS isMarkedPreCS ‘(‘ argumentsCS? )’
::= simpleNameCS isMarkedPreCS ‘(‘ argumentsCS? ©)’

[114][E] OperationCallExpCS
[115][F] OperationCallExpCS

88

== OclExpressionCS °.” simpleNameCS ‘(* argumentsCS? )’
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[116][G] OperationCallExpCS ::= pathNameCS (‘ argumentsCS? )’

[117][H] OperationCallExpCS ::= simpleNameCS OclExpressionCS

[118][I] OperationCallExpCS ::= OclExpressionCS ".' pathNameCS "::' simpleNameCS '(' argumentsCS? ")’

[119][J] OperationCallExpCS ::= OclExpressionCS '.' pathNameCS "::' simpleNameCS isMarkedPreCS '(' argumentsCS? ')'

Abstract syntax mapping

OperaftionCallExpCS.ast : OperationCallExp

Synthesized attributes

-- thiis rule is for binary operators as ‘+,’ '-,’ ‘*,’ etc. It has only one argument.
[A] OperationCallExpCS.ast.arguments = Sequence{OclExpression2[2].ast}
OperationCallExpCS.ast.source = OclExpressionCS[1l].ast

OperationCallExpCS.ast.referredOperation =
OclExpressionCS.ast. type.lookupOperation (
simpleNameCS.ast,
Sequence{OclExpression[2] .ast.type} )
-- The source is either a collection or a single object used as a collection.
[B] OperationCallExpCS.ast.arguments = argumentsCSvast
-- if the OclExpressionCS is a collectiontype, then the source is this OclExprgssionCS.
-- Otherwise, the source must be build up byidefining a singleton set containing
-- the OclExpressionCS. This is done though’inserting a call to the standard
-- operation "asSet ()"
OperationCallExpCS.ast.source =
if OclExpressionCS.ast. type.oclkIsKindOf (CollectionType)
then OclExpressionCS.ast
else OclExpressionCS.ast.withAsSet ()
endif
---- The referred operation:
OperationCallExpCS.ast.referredOperation =
if OclExpressionCS.ast.type.oclIsKindOf (CollectionType)
then -- this is\a collection operation called on a collection
OclExpressionCS.ast. type.lookupOperation (simpleNameCS.ast,
if (argumentsCS->notEmpty () )
then argumentsCS.ast->collect (type)
else Sequence{} endif )
else
-- this i§/a” set operation called on an object => implicit Set with one element
SetType.allInstances ()->any (st | st.elementType = OclExpres-
sionCS.ast. type) . lookupOperation (
simpleNameCS.ast,
if (argumentsCS->notEmpty())
then argumentsCS.ast->collect (type)
else Sequence{} endif )

endif
[C] OperationCallExpCS.ast.referredOperation =
OclExpressionCS.ast. type.lookupOperation (simpleNameCS.ast,
if argumentsCS->notEmpty ()
then arguments.ast->collect (type)
else Sequence{} endif)
OperationCallExpCS.ast.arguments = argumentsCS.ast
OperationCallExpCS.ast.source = OclExpressionCS.ast
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[D] OperationCallExpCS.ast.arguments = argumentsCS.ast and
OperationCallExpCS.ast.referredOperation =
env.lookupImplicitOperation (simpleName.ast,
if argumentsCS->notEmpty ()
then arguments.ast->collect (type)
else Sequence{} endif)
: ionCall or — Lool licits : . (
simpleName.ast,
if argumentsCS->notEmpty ()
then arguments.ast->collect (type)
else Sequence{} endif)
[E] -- incorporate the isPre() operation.
OperationCallExpCS.ast.referredOperation =
OclExpressionCS.ast. type.lookupOperation (simpleNameCS.ast,
if argumentsCS->notEmpty ()
then arguments.ast->collect (type)
else Sequence{} endif)
OperationCallExpCS.ast.arguments = argumentsCS.ast

OperationCallExpCS.ast.source = OclExpressionCS.ast.isPre = true
[F] -- incorporate atPre() operation with the impliecit-source
OperationCallExpCS.ast.arguments = argumentsCShast and

OperationCallExpCS.ast.referredOperation =
env.lookupImplicitOperation (simpleName.ast,
if argumentsCS->notEmpty ()
then arguments.ast->collect (type)
else Sequence{} endif)
)
OperationCallExpCS.ast.source =
env.lookupImplicitSourceForOperation (simpleName.ast,
if argumentsCS->notEmpty ()
then arguments.ast->collect (type)
else-'Sequence{} endif)
) .1sPre = true
[G] OperationCallExpCS.ast.arguments = argumentsCS.ast and
OperationCallExpCStast.referredOperation =
env. lookupPathName (pathName.ast,

e{} endif)
OperationCaXlExpCS.ast.source->isEmpty ()
-- this ruleis for unary operators as ‘-’ and ‘not’ etc. It has no argumen
[H] OperationCallExpCS.ast.arguments->isEmpty ()
OperationCallExpCS.ast.source = OclExpressionCS.ast

OperationCallExpCS.ast.referredOperation =
OclExpressionCS.ast. type.lookupOperation (
simpleNameCS.ast,
Sequence({} )

[I] let owner : Classifier = pathNameCS.env.lookupPathName (pathNameCS.ast) .refe

ment.oclAsType (Classifier) in

90

OperationCallExpCS.ast.referredOperation =
owner.lookupOperation (simpleNameCS.ast,

if argumentsCS->notEmpty ()

then arguments.ast->collect (type)

else Sequence{} endif)
OperationCallExpCS.ast.arguments = argumentsCS.ast
OperationCallExpCS.ast.source = OclExpressionCS.ast
[J] -- incorporate the isPre() operation.

rredEle-
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pathNameCS.env. lookupPathName (pathNameCS.ast) .referredElement.oclAsType (Classifier)

in OperationCallExpCS.ast.referredOperation =
owner . lookupOperation (simpleNameCS.ast,
if argumentsCS->notEmpty ()
then arguments.ast->collect (type)

else Sequence{} endif)

OperationCallExpCS.ast.arguments = argumentsCS.ast
OperationCallExpCS.ast.source = OclExpressionCS.ast.isPre = true

Inherited attributes

[A] OclExpressionCS[1].env= OperationCallExpCS.env
[A] OclExpressionCS[2].env= OperationCallExpCS.env
[B] OclExpressionCS.env= OperationCallExpCS.env
[B] argumentsCS.env = OperationCallExpCS.env

[C] OclExpressionCS.env= OperationCallExpCS.env
[C] argumentsCS.env = OperationCallExpCS.env

[D] argumentsCS.env = OperationCallExpCS.env

[E] OclExpressionCS.env= OperationCallExpCS.env
[E] argumentsCS.env = OperationCallExpCS.env

[F] argumentsCS.env = OperationCallExpCS.env

[I
[
J
J

OclExpressionCS.env= OperationCallExpCS.env
argumentsCS.env = OperationCallExpCS.env
OclExpressionCS.env= OperationCallExpCS.env
argumentsCS.env = OperationCallExpCS.env

Disambiguating rules

[120]

] [A] The name of the referred Operation must-be an operator
Set{+ -’ *°/ ’and’,’or’,’xor’,’=",’<="">="’K* ">’} ->includes(simpleNameCS.ast)

[121][2] [A,B,C,D,E,F] The referred Operatiennmust be defined for the type of source

not OperationCallExpCS.ast.referredOperation.ocllsUndefined()

[122][3] [L,J] pathNameCS must be a name of a Classifier in current environment.

[123][3

9.4.3

This p
for an

OclExpressionCS.ast-type.conformsTo(owner)

6 PropertyCallExpCS

qualifigation of attribute names in access to redefined attributes.

B] Pr
C] Pr

—/ /o

D] PropertyCallExpCS

OperationCallExpCS.env.lookupPathName(pathNameCS.ast).referredElement.oclIsKindOf(Classifier)

H] [LJ] The type of the squrce expression must conform to the owner type of the referenced operation
let owner : Classifier =pathNameCS.env.lookupPathName(pathNameCS.ast).referredElement.oclAsType(Classifier) in

Foduction rule results in a PropertyCallExp. In production [A] the source is explicit, while production [B] is used
implicit source. Alternative C covers the use of a static attribute. Alternative D uses pathNameCS to pefmit

A] PropertyCallExpCS ::= OclExpressionCS °.” simpleNameCS isMarkedPreCS?

opertyCallExpCS ::= simpleNameCS isMarkedPreCS?
opertyCallExpCS ::= pathNameCS

© ISO/IEC 2012 - All rights reserved
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Abstract syntax mapping

PropertyCallExpCS.ast : PropertyCallExp

Synthesized attributes

[A] PropertyCallExpCS.ast.referredAttribute =
OclExpressionCS.ast. type.lookupAttribute (simpleNameCS.ast)
[A] PropertyCallExpCS.ast.source = if isMarkedPreCS->isEmpty ()
then OclExpressionCS.ast
else OclExpressionCS.ast.isPre = true
endif
[B] PropertyCallExpCS.ast.referredAttribute =
env.lookupImplicitAttribute (simpleNameCS.ast)
[B] PropertyCallExpCS.ast.source =
if isMarkedPreCS->isEmpty ()
then env.findImplicitSourceForAttribute (simpleNameCS.ast)
else env.findImplicitSourceForAttribute (simpleNameCS.ast) .isPre = true
endif
[C] PropertyCallExpCS.ast.referredAttribute =
env.lookupPathName (pathNameCS.ast)\ 'oclAsType (Attribute)
[D] let owner : Classifier = pathNameCS.env.looktipPathName (pathNameCS.ast) .refgrredEle-
ment.pclAsType (Classifier) in
PropertyCallExpCS.ast.referredAttribute =owner.lookupAttribute (simpleNameCfE.ast)
[D] PropertyCallExpCS.ast.source = if isMarkedPreCS->isEmpty ()
then OclExpressionCS.ast
else OclExpressionCS.ast.isPre_= true endif
Inherfited attributes
[A] OclExpressionCS.env = PropertyCallExpCS.env
[D] OclExpressionCS.env = PropertyCallExpCS.env

Disambiguating rules

[124][1] [A, B] ‘simpleName’ is name of.an-Property of the type of source or if source is empty the name of an attfibute of
‘s¢lf” or any of the iterator variables;in (nested) scope. In OCL:

not PropertyCallExpCS.ast.referredAttribute.oclIsUndefined()
[125][2] [C] The pathName.refers to a class attribute.
env. lpokupPathName\(pathNameCS.ast) .oclIsKindOf (Attribute)

and
PropefrtyCallExpCS.ast.referredAttribute.ownerscope = ScopeKind: :instance

[126][3] [D] pathNameCS must be a name of a Classifier in current environment.

PropefrtyCallExpCS.env.lookupPathName (pathNameCS.ast) .referredElement.oclIsKindOf (Clasgifier)

[127][4] [D] The type of the source expression must conform to the owner type of the referenced attribute
let owner : Classifier = pathNameCS.env.lookupPathName (pathNameCS.ast) .referredElement.oclAs-

Type (Classifier) in
OclExpressionCS.ast. type.conformsTo (owner)
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9.4.37 NavigationCallExpCS

This production rule represents a navigation call expression.

[A] NavigationCallExpCS ::= PropertyCallExpCS
[B] NavigationCallExpCS ::= AssociationClassCallExpCS

Abstract syntax mapping

NavigationCallExpCS.ast : NavigationCallExp

Synthesized attributes

The vdlue of this production is the value of its child production.

[A] NavigationCallExpCS.ast = PropertyCallExpCS.ast
[B] NavigationCallExpCS.ast = AssociationClassCallExpCS.ast

Inherited attributes

[A] PropertyCallExpCS.env = NavigationCallExpCS.env
[B] AssociationClassCallExpCS.env = NavigationCallExpCS.env

Disambiguating rules

These |are defined in the children.

9.4.38 AssociationClassCallExpCS

This pfoduction rule represents a navigation to an association class.

[A] AgsociationClassCallExpCS ::= OclExpresgionCS °.” simpleNameCS (‘[ argumentsCS ‘]’)? isMarkedPre(S?
[B] AgsociationClassCallExpCS ::= simpleNameCS (‘[* argumentsCS ]”)? isMarkedPreCS?

Abstrpct syntax mapping

AssocliationClassCallExpCS.ast : AssociationClassCallExp

Synthesized attributes

[A] AlssociationClassCallExpCS.ast.referredAssociationClass =
OclExpressionCS.ast. type.lookupAssociationClass (simpleNameCS.ast)
AssociationClassCallExpCS.ast.source = if isMarkedPreCS->isEmpty ()
then OclExpressionCS.ast
else OclExpressionCS.ast.isPre = true
endif
[A] AssociationClassCallExpCS.ast.qualifiers = argumentsCS.ast
[B] AssociationClassCallExpCS.ast.referredAssociationClass =
env.lookupImplicitAssociationClass (simpleNameCS.ast)
AssociationClassCallExpCS.ast.source =
if isMarkedPreCS->isEmpty ()
then env.findImplicitSourceForAssociationClass (simpleNameCS.ast)
else env.findImplicitSourceForAssociationClass (simpleNameCS.ast) .isPre = true
endif
[B] AssociationClassCallExpCS.ast.qualifiers = argumentsCS.ast
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Inherited attributes

[A] OclExpressionCS.env = AssociationClassCallExpCS.env
[A, B] argumentsCS.env = AssociationClassCallExpCS.env

Disambiguating rules

[128][ T simpteiNanme s Tmame of am AssociationC tass of the type of source.

not AssociationClassCallExpCS.ast.referredAssociationClass.oclIsUndefined()

9.4.39 isMarkedPreCS

This pfoduction rule represents the marking @pre in an ocl expression.

isMarledPreCS ::= ‘@’ ‘pre’

Abstract syntax mapping

isMarkedPreCS.ast : Boolean

Synthesized attributes

self.ast = true

Inherited attributes

== none

Disanpbiguating rules

—— none

9.4.4D argumentsCS

This pfoduction rule represents a'sequence of arguments.

argumentsCS[1] ::= OclExptessionCS ( ‘,” argumentsCS[2] )?

Abstract syntax mapping

argumentsCS[1l] .ast : Sequence (OclExpression)

Syntl-]esized attributes

Inherited attributes

OclExpressionCS.env argumentsCS[1l] .env
argumentsCS[2] .env = argumentsCS[1l].env
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Disambiguating rules

—— none

9.4.41 LetExpCS

Thls pﬂnr‘nr\hnn rle rpprpcpnfa alet pvprpcclnﬂ The 1 pfvaQn]«f‘Q nonterminal has the pnrpncﬁ of q"n“nng 1rect1y

nested|let expressions with the shorthand syntax, i.e., ending with one ‘in’ keyword.

LetExpCS ::= ‘let’ VariableDeclarationCS
LetExpSubCS

Abstract syntax mapping

LetExpCS.ast : LetExp

Synthesized attributes

LetExpCS.ast.variable = VariableDeclarationCS.ast
LetExpCS.ast.in = LetExpSubCS.ast

Inherited attributes

LetExpSubCS.env = LetExpCS.env.nestedEnvironment () .addElement (
VariableDeclarationCS.ast.varName,
VariableDeclarationCS.ast,
false)

Disambiguating rules
[129][1] The variable name must be unique in th€ current scope

LetExpCS.env.lookup (VariableDeclarationCS.ast.varName) .oclIsUndefined()

[130][2] A variable declaration inside-a let must have a declared type and an initial value.

not VariableDeclarationCS.ast.type.oclIsUndefined() and
VariableDeclarationCS.ast.initExpression->notEmpty ()

9.4.42 LetExpSubCS

[131][A] LetExpSubCS[1] ::= *,” VariableDeclarationCS LetExpSubCS[2]
[132][B] LetExpSubCS ::= ‘in’ OclExpressionCS
Abstractsyntax mapping

LetExpSubCS.ast : OclExpression

Synthesized attributes

[A] LetExpSubCS[1l].ast.oclAsType (LetExp) .variable VariableDeclarationCS.ast
[A] LetExpSubCS[1l].ast.oclAsType (LetExp) .OClExpression = LetExpSubCS[2].ast
[B] LetExpSubCS.ast = OclExpressionCS.ast
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Inherited attributes

[A] VariableDeclarationCS.env = LetExpSubCS[1l].env

[A] LetExpSubCS[2].env = LetExpSubCS[1l].env.nestedEnvironment () .addElement (
VariableDeclarationCS.ast.varName,
VariableDeclarationCS.ast,
false)

[B] OClExpressionCS.env = LetExpSubCS.env

Disanpbiguating rules

[133][4\] The variable name must be unique in the current scope.

LetExpSubCS[1l] .env.lookup (VariableDeclarationCS.ast.varName) .oclIsUndefined ()

[134][A] A variable declaration inside a let must have a declared type and an initial value.

not VariableDeclarationCS.ast.type.oclIsUndefined() and
VariableDeclarationCS.ast.initExpression->notEmpty ()

9.4.43 OclMessageExpCS

The mpssage Name must either be the name of a Signal, or the name of.an Operation belonging to the target gbject(s).
[135][4\] OclMessageExpCS ::= OclExpressionCS ‘**’ simpleNaméCS ‘(* OclMessageArgumentsCS? ©)’
[136][B] OclMessageExpCS ::= OclExpressionCS “**  simpleNameCS ‘(* OclMessageArgumentsCS? )’

Abstract syntax mapping

[A] OclMessageExpCS.ast : OclMessageExp
[B] OclMessageExpCS.ast : OclMessageExp

Synthesized attributes

[A] OclMessageExpCS.ast.target OclExpressionCS.ast
[A] OclMessageExpCSiast.arguments = OclMessageArgumentsCS.ast
-- first, find the, séquence of types of the operation/signal parameters
[A] let params (i.Sequence (Classifier) = OclMessageArguments.ast->collect (messAxrg |
messArg.getType() ),
-- try to find'either the called operation or the sent signal
[A] operation : Operation = OclMessageExpCS.ast.target.type.
lookupOperation (simpleNameCS.ast, params),
signal : Signal = OclMessageExpCS.ast.target. type.
lookupSignal (simpleNameCS.ast, params)
in
OclMessageExpCS.ast.calledOperation = if operation->isEmpty ()
then invalid
else = operation
endif
OclMessageExXpCS.ast.sentSignal = if signal->isEmpty ()
then invalid
else signal
endif

[B]

-- OclExpression”simpleNameCS (OclMessageArguments) is identical to
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-- OclExpression”“simpleNameCS (OclMessageArguments)->size() =1
-- actual mapping: straigthforward, TBD...

Inherited attributes

OclExpressionCS.env = OclMessageExpCS.env

—QclMessageArgumentsCS env = QclMessageExXpCS . enwv
F

Disambiguating rules

== none

9.4.44 OclMessageArgumentsCS
OclMgdssageArgumentsCS[1] ::= OclMessageArgCS
(¢, OclMessageArgumentsCS[2] )?

Abstrpct syntax mapping

OclMessageArgumentsCS[1l] .ast : Sequence (OclMessageArg)

SyntHhesized attributes

OclMessageArgumentsCS[1l] .ast =
Sequence {OclMessageArgCS.ast}->union (OclMessageArgumentsCS[2] .ast)

Inherited attributes

OclMessageArgCS.env = OclMessageArgumentsCS[1l] .env
OclMessageArgumentsCS[2] .env,K 7 OclMessageArgumentsCS[1l] .env

Disambiguating rules

—=— none

9.4.45 OclMessageArgCS
[137][A] OclMessageArgCS ::= “?* (*:” typeCS)?
[138][B] OclMessagéArgCS ::= OclExpressionCS

Abstrpct syntax mapping

OclMessageArgCS.ast : OclMessageArg

Synthesized attributes

[A] OclMessageArgCS.ast.expression->isEmpty ()

[A] OclMessageArgCS.ast.unspecified->notEmpty ()

[A] OclMessageArgCS.ast.type = typeCS.ast

[B] OclMessageArgCS.ast.unspecified->isEmpty ()

[B] OclMessageArgCS.ast.expression = OclExpressionCS.ast
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Inherited attributes

OclExpressionCS.env = OclMessageArgCS.env

Disambiguating rules

9.4.4

v OO

M=ANOLUY

IfExp(S ::= ‘if” OclExpression[1]

Abstr

‘then” OclExpression[2]
‘else’ OclExpression[3]
‘endif’

act syntax mapping

IfExpCS.ast : IfExp

Synthesized attributes

Inheri

IfExpCS.ast.condition = OclExpression[l].ast
IfExpCS.ast.thenExpression = OclExpression[2].ast
IfExpCS.ast.elseExpression = OclExpression[3] .ast

ited attributes

OclExpression[l] .env
OclExpression[2] .env
OclExpression[3] .env

IfExpCS.env
IfExpCS.env
IfExpCS.env

Disanpbiguating rules

944
This p
[A] Nu

Abstr

Ny

—— none

7 NullLiteralExpCS

Foduction rule results anta/NullLiteralExp.

lILiteralExpCS s= null'

act syntaxxmapping

llLiteralExpCS.ast : NullLiteralExp

Synthesized attributes

== none

98
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ted attributes

—— none

Disambiguating rules

-- nonc
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9.4.4
This p
[A] In

8 InvalidLiteralExpCS

Foduction rule results in an InvalidLiteralExp.

yalidLiteralExpCS ::= 'invalid'

Abstrpct syntax mapping

In

Synth

validLiteralExpCS.ast : InvalidLiteralExp

esized attributes

none

Inherited attributes

none

Disambiguating rules

9.4.4

It is pq
mappif
two fo
with th
comm

9.5

The Ej
additid
exister]

none

D Comments

bnts may be nested.

Environment Definition

ssible to include comments anywhere in a text composed according to the above concrete syntax. There [will be no
g of any comments to the abstract syntax. Comments are simply skipped when the text is being parsed.| There are
fms of comments, a line comment, and a paragraph comment. The line comment starts with the string ‘--f and ends
e next newline. The paragraph comment starts with the string ‘/*’ and ends with the string ‘*/.” Paragrdph

wvironmentvtype used in the rules for the concrete syntax is defined according to the following invariants and
nal eperations. A diagrammatic view can be found in Figure 9.1. Environments can be nested, denoted py the
ce.ofta parent environment. Each environment keeps a list of named elements, that have a name a reference to a
ModelH

9.5.1

The definition of Environment has the following invariants and specifications of its operations.

4
TCTITCITT,

Environment

[139][1] The attribute EMPTY ENV is really just a helper to avoid having to say new Environment (_..).

© 1SO/

context Environment

inv EMPTY ENV_Definition: EMPTY_ ENV.namedElements->isEmpty()
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[140][2] Find a named element in the current environment, not in its parents, based on a single name.

context Environment::lookupLocal(name : String) : NamedElement
post: result = namedElements->any(v | v.name = name)

[141][3] Find a named element in the current environment or recursively in its parent environment, based on a single name.

context Environment::lookup(name: String) : ModelElement

lookupLocal(name).referredElement
else

parent.lookup(name)
endif

[142][4] Find a named element in the current environment or recursively in its parent environment;-based on a path name.

context Environment::lookupPathName(names: Sequence(String)) : ModelElement
post: let firstNamespace : ModelElement = lookupLocal( names->first() ).referredElement
in

if firstNamespace.ocllsKindOf(Namespace)
-- indicates a sub namespace of the namespace in which self is present

then
result = self.nestedEnvironment().addNamespace(
firstNamespace ).lookupPathName( names->subSequence(Z;names->size()) )

else
-- search in surrounding namespace
result = parent.lookupPathName( names )
endif
[143][$] Add a new named element to the environment. Note that this operation is defined as a query operation so
be used in OCL constraints.
context Environment::addElement (name : String,
elem : ModelElement, imp : Boolean) : Environment
pre : -- the name must not clash with names already existing in this environment
self.lookupLocal(name).ocllsUndefined()
post: result.parent = self.parent and
result.namedElements->includesAll (self.namedElements) and
result.namedElements->count-(v v.oclIsNew()) = 1 and
result.namedElements->forAll4v | v.ocllsNew() implies
v.name = name and v.referredElement = elem)
and
v.mayBelmplicit = imp )

hat it can

] Combine two-enyironments resulting in a new environment. Note that this operation is defined as a query[operation

so that it can‘be used in OCL constraints.

context Enwironment::addEnvironment(env : Environment) : Environment
pre : -~.the names must not clash with names already existing in this environment
énf'namedElements->forAll(nm | self.lookupLocal(nm).ocllsUndefined() )

posty result.parent = self.parent and
result.namedElements = selt.namedElements->union(env.namedklements)

[144][¢

[145][7] Add all elements in the namespace to the environment.

context Environment::addNamespace(ns: Namespace) : Environment
post: result.namedElements = ns.getEnvironmentWithoutParents().namedElements->union(
self.namedElements)

post: result.parent = self.parent
[146][8] This operation results in a new environment that has the current one as its parent.
context Environment::nestedEnvironment() : Environment
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post: result.namedElements->isEmpty()
post: result.parent = self
post: result.oclIsNew()

[147][9] Lookup a given attribute name of an implicitly named element in the current environment, including its parents.

context Environment::lookupImplicitAttribute(name: String) : Attribute

pre: -- none

post: result =
lookupImplicitSourceForAttribute(name).referredElement.oclAsType(Attribute)

[148][10] Lookup the implicit source belonging to a given attribute name in the current environment, including the parents.

context Environment::lookupImplicitSourceForAttribute(name: String) : NamedElement
pre: -- none
post: let foundElement : NamedElement =
namedElements->select(mayBelmplicit)
->any( ne | not ne.getType().lookupAttribute(name).ocllsUndefined() ) in
result = if foundAttribute.ocllsUndefined() then
self.parent.lookupImplicitSource ForAttribute(name)
else
foundElement
end

[149][11] Lookup a given association end name of an implicitly named elemént in the current environment, including its
parents.

context Environment::lookupImplicitAssociationEnd(name: String) :*AssociationEnd
pre: -- none
post: let foundAssociationEnd : AssociationEnd =
namedElements->select(mayBelmplicit)
->any( ne | not ne.getType().lookupAssociationEnd(name).ocllsUndefined() ) in
result = if foundAssociationEnd.ocllsUndefined()jthen
self.parent.lookupImplicitAssociatienEnd(name)
else
foundAssociationEnd
end

[150][12]Lookup an operation of an implicitly named element with given name and parameter types in the current
environment, including it§ parents.

context Environment::lookupImplicitOperation(name: String,
params : Sequence(Classifier)) : Operation
pre: -- none
post: let foundOperation : Operation =
namedElenients->select(mayBelmplicit)
->angy(‘ne | not ne.getType().lookupOperation(name, params).ocllsUndefined() ) in
result-=»1f foundOperation.ocllsUndefined() then
self.parent.lookupImplicitOperation(name)
else

end

In OCL 2.0 and 2.2 a reserved word could be used as a name after prefixing it with an underscore. Therefore, for
compatibility, a lookup of simpleNameCS[A] name with a leading underscore may need to be looked up twice. The
symbol is first looked up in the meta-model with the underscore prefix, and if no value is found, the symbol is looked up
gain without the underscore prefix.

A double lookup is not required for a simpleNameCS[B] or [C] name (an underscore-prefixed singly quoted string).
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The second lookup after removing the underscore prefix is deprecated in OCL 2.3 and will be discontinued in OCL 3.0.
Tool implementors should provide a warning message for this deprecated usage.

9.5.2

NamedElement

A named element is a modelelement that is referred to by a name. A modelelement itself has a name, but this is not

alwaysg

The of

9.5.3

The fo
Envirg
Enviro

Becau
consid

The fo
by this

the name that is used to refer to it.

eration getType() returns the type of the referred modelelement.

context NamedElement::getType() : Classifier
pre: -- none
post: referredElement.oclIsKindOf( VariableDeclaration) implies
result = referredElement.oclAsType(VariableDeclaration).type
post: referredElement.oclIsKindOf{Classifier) implies
result = referredElement
post: referredElement.oclIsKindOf(State) implies
result = -- TBD: when aligning with UML 2.0 Infrastructure

Namespace

llowing additional operation returns the information of the conténts of the namespace in the form of an
nment object, where Environment is the class defined in thjs <lause. Note that the parent association of]
nment is not filled.

e the definition of this operation is completely dependent on the UML metamodel, and this model will
erably different in the 2.0 version, the definition issleft to be done.

context Namespace::getEnvironmentWithoutParents()~Environment

post: self.isTypeOf(Classifier) implies -- TBD when.aligning with UML 2.0 Infrastructure
-- include all class features and contained classifiers

post: self.isTypeOf(Package) implies -- TBD\when aligning with UML 2.0 Infrastructure
-- include all classifiers and subpackages

post: self.isTypeOf(StateMachine) implies -- TBD when aligning with UML 2.0 Infrastructure
-- include all states

post: self.isTypeOf(Subsystem)~ implies -- TBD when aligning with UML 2.0 Infrastructure
-- include all classifiers,andsubpackages

lowing operation retufns an Environment that contains a reference to its parent environment, which is its
operation by means/of a recursive call, and therefore contains a parent environment too.

context Namespace::getEnvironmentWithParents() : Environment

post: result.;NamedElements = self.getEnvironmentWithoutParents()

post: if self.namespace->notEmpty() -- this namespace has an owning namespace
thénsresult.parent = self.namespace.getEnvironmentWithParents()
else result.parent = invalid

be

elf created

endif

9.6

Concrete to Abstract Syntax Mapping

The mapping from concrete to abstract syntax is described as part of the grammar. It is described by adding a synthesized
attribute ast to each production that has the corresponding metaclass from the abstract syntax as its type. This allows the
mapping to be fully formalized within the attribute grammar formalism.

102
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9.7 Abstract Syntax to Concrete Syntax Mapping

It is often useful to have a defined mapping from the abstract syntax to the concrete syntax. This mapping can be defined
by applying the production rules in sub clause 9.4 from left to right. As a general guideline nothing will be implicit (for
example, implicit collect, implicit use of object as set) and all iterator variables will be filled in completely. The mapping

is not formally defined in this document but should be obvious.
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Semantics Described Using UML

Introduction

This clause describes the semantics of the OCL using the UML itself to describe the semantic domain and the mapping

betweg

In sub

given ¢nvironment,” and in 8.2, The Types Package it is stated that an “evaluation of the expressionsyields a v

‘meant

enviropment.

To sperify the semantics of OCL expressions we need to define two things: (1) the set of possible values that ¢
of expfessions may yield, and (2) evaluations and their environment. The set of possible‘values is called the s
domaip. The set of evaluations together with their associations with the concepts from)the abstract syntax repij

mappij
with tf

The se]

and atfributes. The real semantic domain is the (infinite) set of instances that can be created according to this

diagra
it, a se
value)
resides
resides

The s¢
with a
value
certain
Mappi
on lay
architg

Figure
syntax

n semantic domain and abstract syntax.

clause 8.3, The Expressions Package an OCL expression is defined as: “an expression that can bg.¢évaly

ng’ (semantics) of an OCL expression, therefore, can be defined as the value yielded by its\evaluation 1

g from OCL expressions to values from the semantic domain. Together the semantic domain and the ey
eir environment will be called domain in this clause.

mantic domain is described in the form of a UML package, contaifiing a UML class diagram, classes, as

m. To represent the evaluation of the OCL expressions in the ‘semantic domain a second UML package
I of so-called evaluation classes is defined (in short eval). Each evaluation class is associated with a valug
and a name space environment that binds names to values. Note that the UML model comprising both
on layer 1 of the OMG 4-layered architecture, while\the abstract syntax defined in Clause 8 (“Abstract
on layer 2.

mantics of an OCL expression is given by association: each value defined in the semantic domain is as
type defined in the abstract syntax, each-evaluation is associated with an expression from the abstract s)
ielded by an OCL expression in a given environment, its ‘meaning’ is the result value of its evaluation|
name space environment. The semaritics are also described in the form of a UML package called “AS-

er 2. The AS-Domain-Mapping/package itself cannot be positioned in one of the layers of the OMG 4-1
cture. Note also that this package contains associations only, no new classes are defined.

10.1 shows how the.packages defined in this clause relate to each other, and to the packages from the §

ated in a
hlue.” The
n a given

valuations
mantic
esent the
yaluations

bociations,
Class

s used. In
(its result
packages,
Syntax”),

ociated
ntax. The
within a
Domain-

hg.” Note that this package links the domain on layer 1 of the OMG 4-layered architecture with the abstijact syntax

hyered

\bstract
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Ocl-AbstractSyntax OCL-Domain

Types —‘

(from Ocl-AbstractSyntax)

\aluas

(from OCL-Domain)

L Expressions /P 4\ Evaluations.
(from Ocl-AbstractSyntax) | (from OCL-Domain)

Figure|

10.2

OCL i

OCL-AS-Domain-Mapping ‘

AN

‘ \

‘ | ‘
| |
‘ Type-Value ‘

L (from OCL-AS-Domain-Mapping) J

Expression-Evaluation
(from OCL-AS-Domain-Mapping)

10.1 - Overview of Packages in the UML-based Semantics

The Domain package describes the values and evaluations. It is subdivided into two subpackages:
* The Values package describes the semantie domain. It shows the values OCL expressions may yield as

* The Evaluations package describesithe evaluations of OCL expressions. It contains the rules that deterr
result value for a given expressions

The AS-Domain-Mapping package describes the associations of the values and evaluations with elements fi
abstract syntax. It is subdiyided into two subpackages:

the abstract syntax.

* The Expression-Evaluation package contains the associations between the evaluation classes and the eX
in the abstract syntax.

The Values Package

result.

hine the

fom the

* The Type-Value package contains the associations between the instances in the semantics domain and the types in

pressions

b an/object language. A value can be either an object, which can change its state in time, or a data type,

which can

not change its state. The model in Figure 10.2 shows the values that form the semantic domain of an OCL expression. The
basic type is the Value, which includes both objects and data values. There is a special subtype of Value called
UndefinedValue, which is used to represent the undefined value for any Type in the abstract syntax.

Figure 10.3 shows a number of special data values, the collection and tuple values. To distinguish between instances of
the Set, Bag, and Sequence types defined in the standard library, and the classes in this package that represent instances
in the semantic domain, the names SetTypeValue, BagTypeValue, and SequenceTypeValue are used, instead of SetValue,
BagValue, and SequenceValue.
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1 LocalSnapshat +bindings Name\alueBinding +value ——
LicC 0..n - Stri
01 . name : String 0..n 1
+pred +history
{ordered}
[ [ |
ObjectValue StaticValue OclVoidValue

Figure 10.2 - The kernel values in the semantic domain

The v4
of an

10.2.
The su

10.2.1

A bag
The v4

lue resulting from an ocl message expression is shown in Figure 10.4. It links ‘an)ocl message value to th
bject.

1 Definitions of Concepts for the Values Package
b clause lists the definitions of concepts in the Values package. in-alphabetical order.

.1 BagTypeValue

type value is a collection value that is a multiset of values, where each value may occur multiple times
lues are unordered. In the metamodel, this list of ¥alues is shown as an association from CollectionValy

generallization of BagTypeValue) to Element.

10.2.1

A coll
to Elef

Assoq

elemg

10.2.1

A dom
this cl

.2 CollectionValue

pction value is a list of values. In the metamodel, this list of values is shown as an association from Colle
jrent.

jations

nts The values of the elements in a collection.

.3 DomainElement

ain element’is an element of the domain of OCL expressions. It is the generic superclass of all classes
huse, ifeluding Value and OclExpEval. It serves the same purpose as ModelElement in the UML meta n

e snapshot

n the bag.
e (a

ctionValue

efined in
hodel.
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+value
Value
FValue
0..n
StaticValue NameValueBinding

name : String

$ +elements 0..n

PrimitiveValue CollectionValue TupleValue o1
0..1
4L +elements = .
EnumValue 0 : (S
- lindexNr : Integer | Q.n
SetTypeValue SequenceTypeValue BagTypeValue

Figure|10.3 - The collection and tuple values in the-semantic domain

10.2.1[.4 Element

An element represents a single component‘of a tuple value, or collection value. An element has an index number and a
value. [The purpose of the index number is to identify uniquely the position of each element within the enclosipg value,
when it is used as an element of a SequenceValue.

10.2.1|.5 LocalSnapshot

A local snapshot is a,demain element that holds for one point in time the subvalues of an object value. It is al

ways part

of an qrdered list of local snapshots of an object value, which is represented in the metamodel by the associat{ons pred,
succ, and history. An object value may also hold a sequence of OcIMessageValues, which the object value has gent, and a
sequenice of OclMessageValues, which the object value has received. Both sequences can change in time, thergfore they
are indludéd in a local snapshot. This is represented by the associations in the metamodel called inputQ, and dutputQ.

A locatsmapshot s two atributes, 33PosTamd 13P7e; that dicate wiether this smapshot 15 taken at postcondition or
precondition time of an operation execution. Within the history of an object value it is always possible to find the local
snapshot at precondition time that corresponds with a given snapshot at postcondition time. The association pre (shown in
Figure 10.3) is redundant, but added for convenience.
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Associations
bindings The set of name value bindings that hold the changes in time of the subvalues of the associated object
value.
outputQ The sequence of OclMessage Values that the associated ObjectValue at the certain point in time has
sent, and are not yet put through to their targets.
input{) The sequence of OclMessageValues that the associated ObjectValue at the certain point in fime has
received, but not yet dealt with.
pred The predecessor of this local snapshot in the history of an object value.
succ The successor of this local snapshot in the history of an object value.
pre If this snapshot is a snapshot at postcondition time of a certain operation’execution, then prp is the
associated snapshot at precondition time of the same operation in the history of an object value.
10.2.1.6 NameValueBinding
A namle value binding is a domain element that binds a name to a value.
10.2.1[.7 ObjectValue
An object value is a value that has an identity, and a certain structure of subvalues. Its subvalues may change pver time,
although the structure remains the same. Its identity may not ¢hange over time. In the metamodel, the structur¢ is shown

as a sdt of NameValueBindings. Because these bindings may, change over time, the ObjectValue is associated ¥

sequer

Assoq

histor

ce of LocalSnapshots that hold a set of NameValudeBindings at a certain point in time.

jations

y The sequence of local.shapshots that hold the changes in time of the subvalues of this objeqd

vith a

t value.
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Value NameValueBinding
0..n +arguments
{ordered}
e yct ‘
1 \b OcIMessageValue
ObjectValue LI © iy
1 isSyncOperation : Boolean +returnMessage
source isAsyncOperation : Boolean 9
isSignal : Boolean 0..1
+inputQ /N0.n - 0.n /] +outputQ
0..n |, +history
LocalSnapshot

isPost : Boolean
isPre : Boolean

+pre 0..1

Figure|10.4 - The message values in the semantic domain

10.2.1|.8 OclMessageValue

An ocl message value is a value that has as target and as sourcéén object value. An ocl message value has a lumber of
attributes. The name attribute corresponds to the name of the‘eperation called, or signal sent. The isSyncOperqtion,
isAsyngOperation, and isSignal attributes indicate respectively whether the message corresponds to a synchrorjous
operatjon, an asynchronous operation, or a signal.

Assodjations
argumpents A sequence 6f name value bindings that hold the arguments of the message from the Jource to
the target:
sourcg Thelobject value that has sent this signal.
targef] The object value for which this signal has been intended.
returfMessage The ocl message value that holds the values of the result and out parameters of a syndghronous

operation call in its arguments. Is only present if this message represents a synchronpus
operation call.

10.2.1[.9 OclVoidValue

An unglefinied value is a value that represents void or undefined for any type.

10.2.1.10 PrimitiveValue

A primitive value is a predefined static value, without any relevant substructure (i.e., it has no parts).
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10.2.1.11 SequenceTypeValue

A sequence type value is a collection value that is a list of values where each value may occur multiple times in the
sequence. The values are ordered by their position in the sequence. In the metamodel, this list of values is shown as an
association from CollectionValue (a generalization of SequenceTypeValue) to Element. The position of an element in the
list is represented by the attribute indexNr of Element.

10.2.1.12 SetTypeValue

A set type value is a collection value that is a set of elements where each distinct element occurs only, once in the set. The
eleme;ﬁts are not ordered. In the metamodel, this list of values is shown as an association from CoflectionValu¢ (a
generalization of SetTypeValue) to Element.

10.2.1[.13 StaticValue

A static value is a value that will not change over time.!

10.2.1.14 TupleValue

A tuplg value (also known as record value) combines values of different types into a single aggregate value. The
components of a tuple value are described by tuple parts each having a mame and a value. In the metamodel, thip is shown
as an gssociation from TupleValue to NameValueBinding.

Assocgjations

elemgnts The names and values of the’élements in a tuple value.

10.2.1.15 Value

A part|of the semantic domain.

10.2.2 Well-formedness Rules for the Values Package

10.2.2.1 BagTypeValue

No addlitional well-formednéss rules.

10.2.2.2 CollectionValue

No addlitional well*formedness rules.

10.2.2.3 DomainElement

. 1 PRI 3 1
NO ad I1O0Idal WCIT-10ITIICUIICSS TUICS.

1. AsStaticValue is the counterpart of the DataType concept in the abstract syntax, the name Data Value would be preferable.
StaticValue is used for historical reasons concerning past versions of UML.
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10.2.2.4 Element

No additional well-formedness rules.

10.2.2.5 EnumValue

No additional well-formedness rules.

10.2.2.6 LocalSnapshot

[151][1] Only one of the attributes isPost and isPre may be true at the same time.

cqdntext LocalSnapshot
ifv: isPost implies isPre = false
ifv: ispre implies isPost = false

[152][2] Only if a snapshot is a postcondition snapshot will it have an associated precondition’snapshot.

cqdntext LocalSnapshot

ifqv: isPost implies pre->size() =1
ifgv: not isPost implies pre->size() = 0
ifqv: self.pre->size() = 1 implies self.pre.isPre = true

10.2.2.7 NameValueBinding

No addlitional well-formedness rules.

10.2.2.8 ObjectValue

[153][1] The history of an object is ordered. The first element does not have a predecessor, the last does not have asuccessor.

cqdntext ObjectValue

ifgv: history->oclIsTypeOf ( Sequence (LocalSnapShot) )
ifgv: history->last() .succ->size = 0

ifgv: history->first() .pre->size = 0

10.2.2.9 OclMessageValue
[154][1] Only one of the attributes isSyncOperation, isAsyncOperation, and isSignal may be true at the same time.

cqntext OclMessageValue

ifgv: isSyncOperation implies isAsyncOperation = false and isSignal false
ifgv: isAsyncOperation implies isSyncOperation = false and isSignal false
ifgv: isSignad- implies isSyncOperation = false and isAsyncOperation = false

[155][2] The return message is only present if, and only if, the ocl message value is a synchronous operation call.

cqntext OclMessageValue

inv: ~isSyncOperation implies returnMessage->size() =1

inv: not isSyncOperation implies returnMessage->size() = 0

10.2.2.10 OclVoidValue

[156]No additional well-formedness rules.

10.2.2.11 PrimitiveValue

No additional well-formedness rules.
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10.2.2.12 SequenceTypeValue

[157][1] All elements belonging to a sequence value have unique index numbers.

self.element->isUnique (e : Element | e.indexNr)

10.2.2.13 SetTypeValue

[158][1] All elements belonging to a set value have unique values.

sg¢lf.element->isUnique (e : Element | e.value)

10.2.2.14 StaticValue

No addlitional well-formedness rules.

10.2.2.15 TupleValue
[159][1] All elements belonging to a tuple value have unique names.

sglf.elements->isUnique(e : Element | e.name)

10.2.2.16 Value

No addlitional well-formedness rules.

10.2.3 Additional Operations for the Values Package

10.2.3.1 LocalSnapshot

[160][1] The operation allPredecessors returns the collection of all snapshots before a snapshot, allSuccessors returns the
collection of all snapshots after a snapshot:

cqntext LocalSnapshot
def: let allPredecessors() « Sequence (LocalSnapshot) =
if pred->notEmpty then
pred->union (pred.allPredecessors())
else
Sequence {}
erjdif
def: let allSuccessors() : Sequence (LocalSnapshot) =
if succ->notEmpty then
succ->union (succ.allSuccessors())
else
Sequence {}
enldif

10.2.3.2 ObjectValue

[161][1] The operation getCurrentValueOf results in the value that is bound to the name parameter in the bindings of the latest
snapshot in the history of an object value. Note that the value may be the UndefinedValue.
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context ObjectValue: :getCurrentValueOf (n: String): Value
pre: -- none
post: result = history->last() .bindings->any(name = n) .value

[162][2] The operation outgoingMessages results in the sequence of Oc/MessageValues that have been in the output queue of
the object between the last postcondition snapshot and its associated precondition snapshot.

cqdntext OclExpEval::outgoingMessages() : Sequence( OclMessageValue )
pye: -- none
pgst:
lgt end: LocalSnapshot =
history->last() .allPredecessors()->select( isPost = true )->first() ‘in
let start: LocalSnapshot = end.pre in
let inBetween: Sequence( LocalSnapshot ) =
start.allSuccessors () ->excluding( end.allSuccessors())->including( start ) fin
result = inBetween.outputQ->iterate (
-- creating a sequence with all elements present once
m : oclMessageValue;
res: Sequence( OclMessageValue ) = Sequence({}
| if not res->includes( m )
then res->append( m )
else res
endif )
endif

10.2.3.3 TupleValue

[163][1] The operation getValueOf results in the value thatis bound to the name parameter in the tuple value.

cqdntext TupleValue::getValueOf (n: String): Value
pye: -- none
pgst: result = elements->any(name = n).value

10.2.4 Overview of the Values Package

Figure|10.5 shows an overview of the inheritance relationships between the classes in the Values package.
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NameValueBinding Value LocalSnapshot Element
I
ObjectValue OcIMessag‘eValue Static\/‘alue OclVoidValue
R
Collection Value‘ ‘ Tuple\‘/alue ‘ Primitive‘-Value
e
SetTy‘peVaIue BagType‘Value EnumValue StringValue

‘ SequenceTypeValue ‘

Figurel 10.5 - The inheritance tree of classes in the Values package

10.3

The Evaluations Package

This s@b clause defines the evaluations of OCL@xpressions. The evaluations package is a mirror image of the ekpressions

packag
The et
(“The
which

DomainElement

e from the abstract syntax. Figure 10.6,shows how the environment of an OCL expression evaluation is
vironment is determined by the placement of the expression within the UML model as discussed in Clause 12

[Use of Ocl Expressions in UMIGiModels”). The calculation of the environment is done in the ExpressionlnOclEval,
will be left undefined heres

structured.

+environment

1

"

+bindings

0..n

ExpressionIinOclEval

OclExpEval

EvalEnvironment

NameValueBinding

0.

1

+context 1

1 0.1

+beforeEnvironment

Figure 10.6 - The environment for ocl evaluations
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Figure 10.6 shows the core part of the Evaluations package. In Figure 10.7 the various subtypes of OclExpEval are

defined. An OclExpEval always has a result value, and a name space that binds names to values.

Figure

Most d
name Y
the ex(
operat

10.7 - Domain model for ocl evaluations

1| +initExp
FbodyEvals T.n
{ordered) OclExpEval +resultValue Value
(from Values)
n 0..n 1
source Z%
0..1
PropertyCallExpEval LiteralExpEval OclMessageExpEval VariableExpEval
$ 0..n
+referredVariable
ModelProperty LoopExpEval +iterators 1
CallExpEval StringValue
0..1 0.n 1.n (from Values)
% : +name
+result
IteratorExpEval lterateExpEval VariableDeclEval | |
0..n 1 0.1

f the OCL expressions can be simply evaluated, i.e., their value can be determined based on a non-changing set of
alue bindings. Operation call expressions, however, need the execution of the called operation. The senpantics of
cution of an operation will.be defined in the UML infrastructure. For our purposes it is enough to assﬂ‘ne that an
on execution will add to_the-environment of an OCL expression the name ‘result’ bound to a certain valug. In order

not to pecome tangled in a mix-of terms, the term evaluation is used in the following to denote both the ‘normpal” OCL

evalua

In Sec

ions and the executions of operation call expressions.

124 special subclasses of Oc/ExpEval will be defined.

10.3.

This st

1 Definitions of Concepts for the Evaluations Package

b elause lists the definitions of concepts in the Evaluations pnr‘l{ngp in ﬂ]phth’rir‘ﬂ] arder.

ion 10.3.1.13¢%Model PropertyCall Evaluations,” on page 119 to Section 10.3.1.26, “Let Expressions,” [on page

10.3.1.1 EvalEnvironment

An EvalEnvironment is a set of NameValueBindings that form the environment in which an OCL expression is evaluated.
An EvalEnvironment has three operations that are defined in “Additional Operations of the Evaluations Package.”
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Associations

bindings The NameValueBindings that are the elements of this name space.

10.3.1.2 IterateExpEval

An [ItefateExpEval is an expression evaluation that evaluates its body expression for each element of a collect{on value,
and acfumulates a value in a result variable. It evaluates an IterateExp.

10.3.1.3 IteratorExpEval

An [ltefatorExp is an expression evaluation that evaluates its body expression for each element(of-a collection.

10.3.1(.4 ExpressioninOclEval

An ExpressionInOclEval is an evaluation of the context of an OCL expression. It is(the' counterpart in the domain of the
ExpregsionInOcl metaclass defined in Clause 12 (“The Use of Ocl Expressions in“"UML Models”). It is merely included
here tq be able to determine the environment of an OCL expression.

10.3.1).5 LiteralExpEval

A Literal expression evaluation is an evaluation of a Literal expressien.
10.3.1.6 LoopExpEval

A loop expression evaluation is an evaluation of a Loop expression.

Assocjations

bodyEvals The oclExpEvalyations that represent the evaluation of the body expression for each|element
in the source collection.

iteratrs The names’of the iterator variables in the loop expression.

10.3.1[.7 ModelPropertyCallExpEval

A model property call expression evaluation is an evaluation of a ModelPropertyCallExp. In Figure 10.8 the viarious
subclagses of ModelPropertyCallExpEval are shown.

Operdtions

atPre The atPre operation returns true if the property call is marked as being evaluated at pre-

condition time.

10.3.1.8 OclExpEval

An ocl expression evaluation is an evaluation of an OclExpression. It has a result value, and it is associated with a set of
name-value bindings called environment. These bindings represent the values that are visible for this evaluation, and the
names by which they can be referenced. A second set of name-value bindings is used to evaluate any sub expression for
which the operation atPre returns true, called beforeEnvironment.
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Note that as explained in Clauses 9 (“Concrete Syntax™) and 12 (“The Use of Ocl Expressions in UML Models™) these

bindings need to be established, based on the placement of the OCL expression within the UML model. A binding for an
invariant will not need the beforeEnvironment, and it will be different from a binding of the same expression when used
as precondition.

Associations
envirpnment The set of name value bindings that is the context for this evaluation of an oclrexpregsion.
beforgEnvironment The set of name value bindings at the precondition time of an operation, t4 evaluate pny sub
expressions of type ModelPropertyCallExp for which the operation atPrejreturns true.
resultiValue The value that is the result of evaluating the OclExpression.

10.3.1

An ocl
this di

10.3.1

A proj]

Assoc

sourc

10.3.1

A vari
OclEx

Assoc

name
initEx
10.3.1

A vari

.9 OclMessageExpEval

message expression evaluation is defined in “Ocl Message Expression Evaluations” on page 121, but if
hgram for completeness.

.10 PropertyCallExpEval

erty call expression evaluation is an evaluation of a PropertyCallExp.

jations

g The result value of the source’¢xpression evaluation is the instance that performs the
call.

.11 VariableDeclEval

hble declaration evaluation represents-the evaluation of a variable declaration. Note that this is not a sul
pEval, therefore it has no resultValué.

jations

The name of the variable.

p The value that will be initially bound to the name of this evaluation.

.12 VariableExpEval

hble‘expression evaluation is an evaluation of a VariableExp, which in effect is the search of the value tha

1cluded in

property

type of

t is bound

to the

ariable name within the environment of the expression.

Associations

variable The name that refers to the value that is the result of this evaluation.
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The subtypes of ModelPropertyCallExpEval are shown in Figure 10.8, and are defined in this sub clause in alphabetical

order.

ModelPropertyCallExpEval

.

AttributeCallExpEval o.n

NavigationCallExpEval | p

.

AssociationClassCallExpEval

+navigationSource

0..n
+referredAssociationClass

+referredAttribute
1

1

+arguments Q..n

OperationCallExpEval

0..n

Figure| 10.8 - Domain model for ModelPropertyCallExpEval and subtypes

10.3.1.14 AssociationClassCallExpEval

An asgociation end callexpression evaluation is an evaluation of an AssociationClassCallExp, which in effect

search|of the value thiat is bound to the associationClass name within the expression environment.
Assodations
referr dAccaciationClacs Thenameofthe decociationClacs tawhich the corresnondina decociationClacs
| o

AssociationEndCallExpEval StringValue
— (from Values)
o.n +referredAssociationEnd 1 )
{ordered} +referredOperation
+qualifiers 0.. 1
OclExpEval

is the

CallExp is

a reference.

10.3.1.15 AssociationEndCallExpEval

An association end call expression evaluation is an evaluation of an AssociationEndCallExp, which in effect is the search
of the value that is bound to the associationEnd name within the expression environment.

© ISO/IEC 2012 - All rights reserved

119


https://standardsiso.com/api/?name=94f46ce5f56c0337822b701405ad1788

ISO/IEC 19507:2012(E)

Associations

referredAssociationEnd

10.3.1

An att

that is

Assocjations

reference.

A6-AttributeGallExpEval

The name of the AssociationEnd to which the corresponding NavigationCallExp is a

bound to the attribute name within the expression environment.

ibute call expression evaluation is an evaluation of an AttributeCallExp, which in effect is the search. of the value

referrpd Attribute The name of the Attribute to which the corresponding A#ributeCallExp is a refgrence.

10.3.1

A navigation call expression evaluation is an evaluation of a NavigationCallExp:

Assodfations
navigptionSource The name of the AssociationEnd 6fwhich the corresponding NavigationCallEX
source.
10.3.1[.18 OperationCallExpEval

An opg¢ration call expression evaluation is an evaluation of an OperationCallExp.
Assodjations
argunmpents Thesarguments denote the arguments to the operation call. This is only useful w
operation call is related to an Operation that takes parameters.
referredOperation The name of the Operation to which this OperationCallExp is a reference. This
Operation of a Classifier that is defined in the UML model.
10.3.1/.19 If Expression Evaluations

If expiession evdluations are shown in Figure 10.9 and defined in this sub clause.

+

-

h

.17 NavigationCallExpEval

lenEXpréssion OclExpEval +elseExpression

1 J1

p is the

hen the

is an

1
+condition

IfExpEval

Figure 10.9 - Domain model for if expression
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10.3.1.20 IfExpEval

An IfExpEval is an evaluation of an IfExp.

Associations
condition The OclExpEval that evaluates the condition of the corresponding IfExpression
thenHxpression The OclExpEval that evaluates the thenExpression of the corresponding IfExpr¢ssion.
elseEkpression The OclExpEval that evaluates the elseExpression of the corresponding 1fExprgssion.

10.3.1.21 Ocl Message Expression Evaluations

Ocl mgssage expressions are used to specify the fact that an object has, or will send somig ‘message to another[object at
some oment in time. Ocl message expression evaluations are shown in Figure 10.10,\and defined in this sub|clause.

DomainElement

0..1
i OclExpEval
\ +expréssion
UnspecifiedValueExpEval 1
+target
1
{unspecified 0.1
1 | OclMessageArgEval
+arguments 0..n
{ordered}
1 1
OclMessageExpEval

name : String

Figurel 10.10 - Domain model for message evaluation

10.3.1.22 OclMessageArgEval

An oc] message arguhient evaluation is an evaluation of an Oc/MessageArg. It represents the evaluation of thq actual
param¢ters to the-Operation or Signal. An argument of a message expression is either an ocl expression, or a yariable
declargtion.
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Associations
variable The OclExpEval that represents the evaluation of the argument, in case the argument is a
VariableDeclaration.
expression The OclExpEval that represents the evaluation of the argument, in case the argument is an
OclExpression.

10.3.1[.23 OclMessageExpEval

An ocl message expression evaluation is an evaluation of an Oc/MessageExp. The only demand we'can put o1] the ocl
message expression is that the OclMessageValue it represents (either an operation call, or a UMI+/signal), has| been at
some time between ‘now’ and a reference point in time in the output queue of the sending instance. The ‘now’[timepoint
is the point in time at which this evaluation is performed. This point is represented by the‘environment link ofthe
OclMdssageExpEval (inherited from OclExpEval).

Assocjations
targef] The OclExpEval that represents the evaluation of the target instance or instances pn which
the action is performed.
arguments The OcIMessageArgEvals that reptesent the evaluation of the actual parameters|to the

Operation or Message.

10.3.1(.24 UnspecifiedValueExpEval

An ungpecified value expression evaluation is an evaluation of an UnSpecifiedValueExp. It results in a randonply picked
instande of the type of the expression.

10.3.1.25 Literal Expression Evaluations

This syib clause defines the different types of literal expression evaluations in OCL, as shown in Figure 10.11. Again it is
a complete mirror image of the abstract syntax.
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| LiteralExpEval |

A}

I |
[ PrimitiveLiteralExpEval | | EnumLiteralExpEval l

[ TupleLiteralExpEval |

| 1 :
BooleanLiteralExpEval StringLiteralExpEval CollectionLiteralExpEval
Kind : CollectionkKind
FuplePart | 0-n 15|
MNumericLiteralExpEval variableDeclEval Vaiue
| | name : String {ordered}
= +parts |, 0..n +elément 1
AF‘ - | CollectionLiteralPartEval

| IhtegerLiteralExpEval I ] RealliteralExpEval | i I |
l CollectionRangeEwval l CollectionltemEwval |

=T - 0.1 [11%) 0.1

| Unlimited M aturalliteral ExpEval |

Figure] 10.11 - Domain model for literal expressions
BooljanLiteraIExpEvaI

A boolean literal expression evaluation represents the.¢valuation of a boolean literal expression.
Colle¢tionltemEval

A collgction item evaluation represents the(€yaluation of a collection item.
Collec¢tionLiteralExpEval

A collgction literal expression evaluation represents the evaluation of a collection literal expression.
Colle¢tionLiteralPartEval

A collgction literal parf eévaluation represents the evaluation of a collection literal part.
Colle¢tionRangeEval

A collgctiongrange evaluation represents the evaluation of a collection range.

EnumlLiteralExpEval

An enumeration literal expression evaluation represents the evaluation of an enumeration literal expression.

IntegerLiteralExpEval

A integer literal expression evaluation represents the evaluation of a integer literal expression.

NumericLiteralExpEval

A numeric literal expression evaluation represents the evaluation of a numeric literal expression.
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PrimitiveLiteralExpEval

A primitive literal expression evaluation represents the evaluation of a primitive literal expression.

ReallLiteralExpEval

A real literal expression evaluation represents the evaluation of a real literal expression.

String

A strin

LiteralExpEval

TuplelLiteralExpEval

A tuplg literal expression evaluation represents the evaluation of a tuple literal expressiony

TupleliteralExpPartEval

A tuple literal expression part evaluation represents the evaluation of a tuple literal-éxpression part.

UnlimiitedNaturalLiteralExpEval

An unl

10.3.1

Let ex

.26 Let Expressions

g literal expression evaluation represents the evaluation of a string literal expression.

pressions define new variables. The structure of the let\expression evaluation is shown in Figure 10.12.

imited natural literal expression evaluation represents the evaluation of an unlimited natural literal exprgssion.

+in

OclExpEval
1
0..1 /N +initExpression
0.1 0..1 +variabl
| etExpEval variable StringValue
0..1
1
Figure]10.12 - Domain model for let expression
LetExpEval
A Let pxproession evaluation is an evaluation of a Let expression that defines a new variable with an initial vajue. A Let
expreshi . . . . .
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Associations
variable The name of the variable that is defined.
in The expression in whose environment the defined variable is visible.
initEx PrPQQinn The prrﬁqcinn that represents the initial value of the defined variable

10.3.2 Well-formedness Rules of the Evaluations Package

The mptaclasses defined in the evaluations package have the following well-formedness rules. These'rules stafe how the
result yalue is determined. This defines the semantics of the OCL expressions.

10.3.2.1 AssociationClassCallExpEval

[164][1] The result value of an association class call expression is the value bound to the-name of the association class to
which it refers. Note that the determination of the result value when qualifiets,are present is specified in
10.4.3, Well-formedness rules for the AS-Domain-Mapping.exp-eval Package. The operation getCurrentVYalueOf
is an operation defined on ObjectValue in 10.2.3, Additional Operatipns.for the Values Package.

cqgntext AssociationClassCallExpEval inv:

qyalifiers->size = 0 implies

resultValue
source.resultValue.getCurrentValueOf (referredAssociationClass.name)

10.3.2.2 AssociationEndCallExpEval

[165][1] The result value of an association end call expression is the value bound to the name of the association enfl to which
it refers. Note that the determination of the result value when qualifiers are present is specified in
10.4.3, Well-formedness rules for the AS:Domain-Mapping.exp-eval Package.

cgntext AssociationEndCallExpEval inv:
qjalifiers->size = 0 implies
resultValue =
source.resultValué.getCurrentValueOf (referredAssociationEnd.name)

10.3.2.3 AttributeCallExpEval
[166][1] The result value gf-an attribute call expression is the value bound to the name of the attribute to which it rpfers.

cqntext AttributeCallExpEval inv:
resultValue = if source.resultValue->oclIsTypeOf( ObjectValue) then
source.resultValue->oclAsType ( ObjectValue )
.getCurrentValueOf (referredAttribute.name)
else -- must be a tuple value
source.resultValue->oclAsType( TupleValue )
.getValueOf (referredAttribute.name)

endif

10.3.2.4 BooleanLiteralExpEval

No extra well-formedness rules. The manner in which the resultValue is determined is given in 10.4.3, Well-formedness
rules for the AS-Domain-Mapping.exp-eval Package.
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10.3.2.5 CollectionltemEval

[167][1] The value of a collection item is the result value of its item expression. The environment of this ifem expression is
equal to the environment of the collection item evaluation.

context CollectionItemEval
inv: element = item.resultValue
ifgv: item.environment = self.environment

10.3.2.6 CollectionLiteralExpEval

[168][1] The environment of its parts is equal to the environment of the collection literal expression evaluation.
cqntext CollectionLiteralExpEval
ifgv: parts->forAll( p | p.environment = self.environment )

[169][2] The result value of a collection literal expression evaluation is a collection literal yalue, or one of its subtypes.
cdntext CollectionLiteralExpEval inv:
rgsultValue.oclIsKindOf( CollectionValue )

[170][3] The number of elements in the result value is equal to the number of glements in the collection literal partf, taking

into account that a collection range can result in many elements.
cqdntext CollectionlLiteralExpEval inv:
rgsultValue.elements->size () = parts->collect( element )->size()->sum()

[171][4] The elements in the result value are the elements in the collection literal parts, taking into account that a cpllection

range can result in many elements.

cqdntext CollectionlLiteralExpEval inv:
lgt allElements = parts->collect( element )->flatten() in
Sequence{l. .allElements->size () }->forAll( i: Integer |
resultValue.elements->at (i) .name = ii and
resultValue.elements~>at (i) .value = allElements->at(i) and
self.kind = CollectionKind: :Sequence implies
resultValue.elements->at (i) .indexNr = i )

10.3.2.7 CollectionLiteralPartEval

No exfra well-formedness rules:"The manner in which its value is determined is given by its subtypes.

10.3.2.8 CollectionRangeEval

[172][1] The value ofa collection range is the range of integer numbers between the result value of its first expresgion and
its lastexpression.

cqdntext CollectionRangeEval
ifgvielement.oclIsTypeOf ( Sequence (Integer) ) and

element = getRange( first->oclAsType (Integer), last->oclAsType (Integer) )

10.3.2.9 EnumLiteralExpEval

No extra well-formedness rules.

10.3.2.10 EvalEnvironment

[173][1] All names in a name space must be unique.
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context EvalEnvironment inv:
bindings->collect (name)->forAll( name: String | bindings->collect (name)->isUnique (name))

10.3.2.11 ExpressionInOclEval

No extra well-formedness rules.

10.3.2.12 IfExpEval

[174][1] The result value of an if expression is the result of the thenExpression if the condition is true, else-itus the|result of
the elseExpression.

cqntext IfExpEval inv:
rgsultValue = if condition then thenExpression.resultValue else elseExpression.resgultValue

[175][2] The environment of the condition, thenExpression and elseExpression are equal tothe-environment of theif
expression.

cgntext IfExpEval

ifv: condition.environment = environment

ifgv: thenExpression.environment = environment
inv: elseExpression.environment = environment

10.3.2.13 IntegerLiteralExpEval

No exfra well-formedness rules. The manner in which the resultValue is determined is given in 10.4.3, Well-fgrmedness
rules fpr the AS-Domain-Mapping.exp-eval Package.

10.3.2.14 IterateExpEval

[176][1] All sub evaluations have a different environment. The first sub evaluation will start with an environment in which
all iterator variables are bound to the first'element of the source, plus the result variable that is bound to the init
expression of the variable declaration in*which it is defined.

cgntext IterateExpEval
ifv: let bindings: Sequence( NameValueBindings ) =
iterators->collect (~1 |
NameValueBinding( i.varName, source->asSequence ()->first() )
in
bodyEvals=~>at(l) .environment = self.environment->addAll( bindings )
->add,(“NameValueBinding( result.name, result.initExp.resultValue ))

[177][2] The environment of any sub evaluation is the same environment as the one from its previous sub evaluatign,
taking ififg‘account the bindings of the iterator variables, plus the result variable which is bound to the reqult value
of th&dast sub evaluation.

igvs . Tet SS: Integer = source.value->size()
in-if iterxators=>size{)—=-1 then
Sequence{2..SS}->forAll( i: Integer |
bodyEvals->at (i) .environment = bodyEvals->at(i-1) .environment
->replace( NameValueBinding( iterators->at(l) .varName,
source.value->asSequence () ->at(i)))
->replace( NameValueBinding( result.varName,

bodyEvals->at (i-1) .resultValue )))

else -- iterators->size() = 2
Sequence{2..SS*SS}->forAll( i: Integer |
bodyEvals->at (i) .environment = bodyEvals->at(i-1) .environment
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->replace ( NameValueBinding( iterators->at(l) .varName,
source->asSequence ()->at(i.div(SS) + 1) ))
->replace( NameValueBinding( iterators->at(2) .varName,
source.value->asSequence () ->at (i.mod (SS))))
->replace( NameValueBinding( result.varName,
bodyEvals->at(i-1) .resultvValue )))
dif

[178][]
cd
in

10.3.2

The 114

expres
are all
the ite
10.3.2

[179]

[ele

] The result value of an IteratorExpEval is the result of the last of its body evaluations.

ntext IteratorExpEval
v: resultValue = bodyEvals->last() .resultValue

.15 IteratorExpEval

ratorExp in the abstract syntax is merely a placeholder for the occurrence of one/of-the predefined iter
bions in the standard library (see Clause 11 “The OCL Standard Library”). These‘ptedefined iterator exj
defined in terms of an iterate expression. The semantics defined for the iterate-expression are sufficient
ator expression. No well-formedness rules for IteratorExpEval are defined.

.16 LetExpEval
] A let expression results in the value of its in expression.

ntext LetExpEval inv:

rgsultValue = in.resultValue

[180][4

cd
in

[181][]

cdg
in

10.3.2

] A let expression evaluation adds a name value binding that binds the variable to the value of its initExpre.
the environment of its in expression.

ntext LetExpEval
v: in.environment = self.environment
->add ( NameValueBinding(.variable.varName, variable.initExpression.resultVa

] The environment of the initExpression is equal to the environment of this Let expression evaluation.

ntext LetExpEval
v: initExpression.enyironment = self.environment

.17 LiteralExpEval

No exfra well-formedness-rules.

10.3.2

The re
[182][

.18 LoopExpEval

sult value of a loop expression evaluation is determined by its subtypes.

]¢There is an OclExpEval (a sub evaluation) for combination of values for the iterator variables. Each iterat

pitor
ressions
to define

sion, to

lue ))

br variable

[183]

11 4] i) 1 ot 4] 11 v
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context LoopExpEval
inv: bodyEvals->size() =

128

if iterators->size() = 1 then
source.value->size ()

else -- iterators->size() = 2
source.value->size () * source.value->size()

endif
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[184][2] All sub evaluations (in the sequence bodyEvals) have a different environment. The first sub evaluation will start with
an environment in which all iterator variables are bound to the first element of the source. Note that this is an
arbitrary choice, one could easily start with the last element of the source, or any other combination.

context LoopExpEval
inv: let bindings: Sequence( NameValueBindings ) =
__dterators->collect( i |

NameValueBinding( i.varName, source->asSequence ()->first() )

in
bodyEvals->at(l) .environment = self.environment->addAll( bindings )
[185][3] All sub evaluations (in the sequence bodyEvals) have a different environment. The environment\is the sanhe

environment as the one from the previous bodyEval, where the iterator variable or variables‘are bound to the
subsequent elements of the source.

cqntext LoopExpEval

igv:
lgt SS: Integer = source.value->size()
i if iterators->size() = 1 then

Sequence{2..SS}->forAll( i: Integer |
bodyEvals->at (i) .environment = bodyEvals->at(i-1) .environment
->replace( NameValueBinding( iterators=>at(l) .varName,
source.value->asSequence () ->at (i) )))
glse -- iterators->size() = 2
Sequence{2..SS*SS}->forAll( i: Integer |
bodyEvals->at (i) .environment = bodyEwvals->at(i-1) .environment
->replace( NameValueBinding (| iterators->at(l) .varName,
source->asSequence () ->at(i.div(SS)-+ 1) ))
->replace( NameValueBinding(\'iterators->at(2) .varName,
source.value->asSequence () ->at(i.mod(SS)) )) ) ))
erdif

10.3.2.19 ModelPropertyCallExpEval
Result|value is determined by its subtypes.
[186][1] The environment of a ModelPropertyCall expression is equal to the environment of its source.

cqgntext ModelPropertyCallExpEval inv:
erjvironment = source.environment

10.3.2.20 NavigationCallExpEval

[187][1] When the navigation call expression has qualifiers, the result value is limited to those elements for which the
qualifier value equals the value of the attribute.

-4 To be done.

10.3.2.21 NumericLiteralExpEval

No extra well-formedness rules. Result value is determined by its subtypes.

10.3.2.22 OclExpEval

The result value of an ocl expression is determined by its subtypes.

[188][1] The environment of an OclExpEval is determined by its context, i.e., the ExpressionlnOclEval.
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context OclExpEval
inv: environment = context.environment

[189][2] Every OclExpEval has an environment in which at most one self instance is known.

context OclExpEval
inv: environment->select( name = ‘self’ )->size() =1

10.3.2.23 OclMessageExpEval

[190][1] The result value of an ocl message expression is an ocl message value.

cqdntext OclMessageExpEval
ifgv: resultValue->isTypeOf( OclMessageValue )

[191][2] The result value of an ocl message expression is the sequence of the outgoing messages of the ‘self” objedt that
matches the expression. Note that this may result in an empty sequence when the €xpréssion does not mafch any
of the outgoing messages.

cqdntext OclMessageExpEval
iffv: resultValue =
environment.getValueOf ( ‘self’ ).outgoingMessages=>select( m |
m.target = target.resultValue and
m.name = self.name and
self.arguments->forAll ( expArg: OclMessageArgEval |
not expArg.resultValue.oclIsUndefined() implies
m.arguments->exists ( messArg. J'messArg.value = expArg.value ))

[192][3] The source of the resulting ocl message value is equal to the ‘self” object of the ocl message expression.

cgntext OclMessageExpEval
ifqv: resultValue.source = environment.getValueOf( ‘self’ )

[193][4] The isSent attribute of the resulting ocl miessage value is true only if the message value is in the outgoing nessages
of the ‘self” object.

cqntext OclMessageExpEval

ingv:

iff resultValue.oclIsUndefined()
resultValue.isSent = false
else

resultValue. isSeént = true
erldif

[194][3] The target ©fan ocl message expression is an object value.

cqntext OclMessageExpEval
ifqv: target.resultValue->isTypeOf( ObjectValue )

[195][¢]CFhe environment of all arguments, and the environment of the target expression are equal to the environmient of
This ocl message value.

context OclMessageExpEval
inv: arguments->forAll( a | a.environment = self.environment )
inv: target.environment = self.environment

10.3.2.24 OclMessageArgEval

[196][1] An ocl message argument evaluation has either an ocl expression evaluation, or an unspecified value expression
evaluation, not both.
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context OclMessageArgEval inv:

expression->size() = 1 implies unspecified->size()
expression->size() = 0 implies unspecified->size()

i
= o

[197][2] The result value of an ocl message argument is determined by the result value of its expression, or its unspecified

cqmtext-oTciMessageATrgEval 1nve

if

tHen resultValue = expression.resultValue

el
er

[198][]
cdq
in
in

10.3.2

The dd

the UNIL semantics. This is part of the UML infrastructure specificationy*and will not be defined here. For the
of the OperationCallExp it suffices to know that the execution of anjeperation call will produce a result of the

type, a
(1991

Cdg
axy

10.3.2

The re
[200](

Cd
Sd

10.3.2

No exfra well-formedness rules. The result value is determined by its subtypes.

10.3.2

No exfra well-formedness rules. The manner in which the resultValue is determined is given in 10.4.3, Well-fq

rules f

value expression.

expression->size() =1

se resultValue = unspecified.resultValue
dif
] The environment of the expression and unspecified value are equal to the environment ofithis’ocl message

ntext OclMessageArgEval
v: expression.environment = self.environment
v: unspecified.environment = self.environment

.25 OperationCallExpEval

finition of the semantics of the operation call expression depends ofitthe definition of operation call exg

s specified in 10.4, The AS-Domain-Mapping Package.

] The environments of the arguments of an operation call@xpression are equal to the environment of this ca

ntext OperationCallExpEval inv:
guments->forall( a | a.environment =_self.environment )

.26 PropertyCallExpEval

kult value and environment are detegmined by its subtypes.

] The environment of the source of a-property call expression is equal to the environment of this call.

ntext PropertyCallExpEval inv:
urce.environment =_self.environment

.27 PrimitiveLiteralExpEval

.28 RealLiteralExpEval

argument.

cution in
semantics
correct

|

—_

rmedness

bi-the AS-Domain-Mapping.exp-eval Package.

10.3.2

.29 StringLiteralExpEval

No extra well-formedness rules. The manner in which the resultValue is determined is given in 10.4.3, Well-formedness
rules for the AS-Domain-Mapping.exp-eval Package.
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10.3.2.30 TupleLiteralExpEval

[201][1] The result value of a tuple literal expression evaluation is a tuple value whose elements correspond to the parts of the
tuple literal expression evaluation.

context TupleliteralExpEval inv:

resultValue.oclIsTypeOf ( TupleValue ) and

typlePart->size() = resultValue.elements->size() and

Sequence{l..tuplePart->size() }->forAll( i: Integer |
resultValue.elements->at (i) .name = tuplePart.name and
resultValue.elements->at (i) .value = tuplePart.initExpression.xesultVallue )

10.3.2.31 UnlimitedNaturalLiteralExpEval

No extra well-formedness rules. The manner in which the resultValue is determined is given,in 10.4.3, Well-fqrmedness
rules fpr the AS-Domain-Mapping.exp-eval Package.

10.3.2.32 UnspecifiedValueExpEval

The repult of an unspecified value expression is a randomly picked instance of the type of the expression. Thi$ rule will
be defined in 10.4.3, Well-formedness rules for the AS-Domain-Mapping-exXp-eval Package.

10.3.2.33 VariableDeclEval

No exfra well-formedness rules.

10.3.2.34 VariableExpEval
[202][1] The result of a VariableExpEval is the value bound to the name of the variable to which it refers.

cqntext VariableExpEval inv:
rgsultValue = environment.getValueOf (referredVariable.varName)

10.3.3 Additional Operations.of the Evaluations Package

10.3.3.1 EvalEnvironment

[203][1] The operation getValueOf results in the value that is bound to the name parameter in the bindings of a nanpe space.
Note that the value\may be the UndefinedValue.

[204]

cqdntext EyalEnvironment::getValueOf (n: String): Value
pye: --._none
pdqst:, ¥esult = bindings->any(name = n) .value

[205][2]1CFhe operation replace replaces the value of a name, by the value given in the nvb parameter.

context EvalEnvironment: :replace (nvb: NameValueBinding) : EvalEnvironment
pre: -- none
post: result.bindings = self.bindings

->excluding( self.bindings->any( name = nvb.name) )->including( nvb )

[206][3] The operation add adds the name and value indicated by the NameValueBinding given by the nvb parameter.

context EvalEnvironment: :add(nvb: NameValueBinding) : EvalEnvironment
pre: -- none
post: result.bindings = self.bindings->including( nvb )
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[207][4] The operation addA!l adds all NameValueBindings in the nvbs parameter.

context EvalEnvironment::add(nvbs: Collection(NameValueBinding)): EvalEnvironment
pre: -- none
post: result.bindings = self.bindings->union( nvbs )

10.3.3.2 CollectionRangeEval

[208][1] The operation getRange() returns a sequence of integers that contains all integer in the collection range.

cgntext CollectionRangeEval: :getRange(first, last: Integer): Sequence (Integer)
pye: -- none
pgst: result = if first = last then
first->asSequence ()
else
first->asSequence () ->union(getRange (first + 1, last))
endif

10.3.4 Overview of the Values Package

Figure| 10.13 shows an overview of the inheritance relationships between.th¢ classes in the Values package.

DomainElement
ffrom Values)

£\
l

‘ CollectionLiteralPanEval ‘ I TupleLiteralExpPartEval | |E?mess:onln0clEval i ‘ UnspeciiedvaleExpEval |
L/I‘S OcIMessageArgEval
| | EvgitiameSpace OdlExpEval
|Cn|lec:'|onltemEvaI | |CouectionFtangeE\ral |
[ L ]
| PropedyDallExpEval J VariableExpEval | LetExpEval | ‘H‘EwEva] I
‘Q‘ ‘ LitaralExpEval | | OclMessageExpEval I
[
‘ModelF'roDeﬂyCallExpE\ral ] LoopExpEval {r\
I
N A
I | 1 | TupleLiteralExpEval ‘ | CollectionLiteralExpEval ‘
AttribgteCallExpEval DperationCallExpEval
Primitivel iteral ExpEval ‘ IEnumLileraIE:cDEwal ‘
’_uea'afeE:pE-.-al ] [mera:orExpEual | /\
I
e [ |
NavigationCallExpEval
I o e J | BooleanLiteralExpEval | ‘ StringLiteralExpEval |
: I il
‘ AssociationClassCallExpEval ‘ ‘ AssociationEndCallExpEval | .{?\
| |
IntegerLiteralExpEval | |RﬁalLileraIE:pEval l

| UnlimitedMaturalliteral ExpEval

Figure 10.13 - The inheritance tree of classes in the Evaluations package
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10.4 The AS-Domain-Mapping Package

Figure 10.14 shows the associations between the abstract syntax concepts and the domain concepts defined in this clause.
Each domain concept has a counterpart called model in the abstract syntax. Each model has one or more instances in the
semantic domain. Note that in particular every OCL expression can have more than one evaluation. Still every evaluation
has only one value. For example, the “asSequence” applied to a Set may have n! evaluations, which each give a different

permu

ation of the elements in the set, but each evaluation has exactly one result value.

+model BagType

I omavalne | +instances
BagTypeValue |D""

1 | (from Types)

ColflectionValue +instances +model ["CollectionType
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Figure| 10.15 - Associations between the-abstract syntax concepts and the domain concepts

10.4.1 Well-formedness rules for the AS-Domain-Mapping.type-value Package

10.4.1.1 CollectionValue

[209][]] All elementsin a collection value must have a type that conforms to the elementType of its corresponding
CollectionType.

context CollectionValue inv:
elgments->forAll( e: Element | e.value.model.conformsTo( model.elementType ) )

10.4.1.2 DomainElement

No additional well-formedness rules.

10.4.1.3 Element

No additional well-formedness rules.
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10.4.1.4 EnumValue

No additional well-formedness rules.

10.4.1.5 ObjectValue

[210][1] All bindings in an object value must correspond to attributes or associations defined in the object’s Classifier.

cqdntext ObjectValue inv:

hilstory->forAll ( snapshot | snapshot.bindings->forAll( b |

self .model.allAttributes()->exists (attr | b.name = attr.name)

or

self.model.allAssociationEnds () ->exists ( role | b.name = role.name) ) )

10.4.1[.6 OclMessageValue

No addlitional well-formedness rules.

10.4.1[.7 PrimitiveValue

No addlitional well-formedness rules.

10.4.1[.8 SequenceTypeValue

No addlitional well-formedness rules.

10.4.1[.9 SetTypeValue

No addlitional well-formedness rules.

10.4.1[.10 StaticValue

No addlitional well-formedness rules.

10.4.1(11 TupleValue

[211][1] The elements in a tuple value must have a type that conforms to the type of the corresponding tuple parts.

cqntext TupleValuelinv:
ellements->forAll{(~elem |
let correspondingPart: Attribute =
self model.allAttributes () ->select( part | part.name = elem.name ) in
elem.value.model.conformsTo( correspondingPart.type ) )

10.4.1[.12 UndefinedValue

No additienal well-formedness rules

10.4.1.13 Value

No additional well-formedness rules.
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10.4.2 Additional Operations for the AS-Domain-Mapping.type-value Package

10.4.2

.1 Value

[212][1] The additional operation is/nstanceOf returns true if this value is an instance of the parameter classifier.

context Value::isInstanceOf( c: Classifier ): Boolean

PY
P4

10.4.

10.4.3
[213]

Cd
re

[214][]

normalResult =
source.resultValue.getCurrentValueOf (referredAssociationClass.name)

e: -- none
st: result = self.model.conformsTo( c )

3 Well-formedness rules for the AS-Domain-Mapping.exp-eval Package

.1 AssociationClassCallExpEval

] The string that represents the referredAssociationClass in the evaluation must be equalto the name of the
referred AssociationClass in the corresponding expression.

ntext AssociationClassCallExpEval inv:

ferredAssociationClass = model.referredAssociationClass.name

] The result value of an association class call expression evaluation that’has qualifiers, is determined accord

following rule. The ‘normal’ determination of result value is already/given in
10.3.2, Well-formedness Rules of the Evaluations Package.

t

ing to the

the attributes that are the formal qualifiers. Because and association class has two or

more association ends, we must select the“qualifiers from the other end(s), nof

the source of this expression. We allpw'only 2-ary associations.

formalQualifiers : Sequence (Attribute) =
self.model.referredAssociationClass.connection->any( c |
c <> self.navigationSource)'.qualifier.asSequence() ,

the attributes of the class at the qualified end. Here we already assume that agn
AssociationEnd will be owned by a Classifier, as will most likely be the case i

UML 2.0 Infrastructure:
objectAttributes: Sequence (Attribute) =
self.model.referredAssociationClass.connection->any( c |
c <> self.navigationSource) .owner.feature->select( f |
f.oclIsTypeOf ( Attribute ) .asSequence() ,
the rolename 'of the qualified association end

alifiedEnd:~String = self.model.referredAssociationClass.connection->any( c |

c <> self.navigationSource) .name ,

the wvalues for the qualifiers given in the ocl expression
alifierValues : Sequence( Value ) = self.qualifiers.asSequence ()

from

n the

if name of attribute of object at qualified end equals name of formal qualifier then

if value of attribute of object at qualified end equals the value given in the
then select this object and put it in the resultValue of this expression.

qualifiers->size <> 0 implies
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normalResult->select( obj |
Sequence{l. .formalQualifiers->size() }->forAll( i |
objectAttributes->at (i) .name = formalQualifiers->at (i) .name and
obj.qualifiedEnd.getCurrentValueOf ( objectAttributes->at(i) .name ) =
qualifiersValues->at (i) ))

10.4.3.2 AssociationEndCallExpEval

[215][1] The string that represents the referredAssociationEnd in the evaluation must be equal to the name of the
referredAssociationEnd in the corresponding expression.

cgntext AssociationEndCallExpEval inv:
rgferredAssociationEnd = model.referredAssociationEnd.name

[216][2] The result value of an association end call expression evaluation that has qualifiers, is-determined accordipg to the
following rule. The ‘normal’ determination of result value is already given in
10.3.2, Well-formedness Rules of the Evaluations Package.

19t
-4 the attributes that are the formal qualifiers
formalQualifiers : Sequence (Attribute) = self.model.referredAssociationEnd.qualjfier ,

-1 the attributes of the class at the qualified end
objectAttributes: Sequence (Attribute) =
(if self.resultValue.model.oclIsKindOf( CoXklection ) implies
then self.resultValue.model.oclAsType( Codllection ) .elementType->
collect( feature->oclAsType( Attribute ) )
else self.resultValue.model->collect( féature->oclAsType( Attribute ) )
endif) .asSequence() ,

-4 the values for the qualifiers given in the ocl expression
qualifierValues : Sequence( Value ) = self.qualifiers.asSequence()

-1 the objects from which a subset must be selected through the qualifiers
normalResult =

source.resultValue.getCurrentValueOf (referredAssociationEnd.name)

-4 if name of attribute of object at qualified end equals name of formal qualifien then
-4 if value of attribute of object at qualified end equals the value given in the |exp
-+ then select{this object and put it in the resultValue of this expression.

qialifiers=>size <> 0 implies
ngrmalResult->select( obj |
Seguence({l. .formalQualifiers->size() }->forAll( i |
objectAttributes->at (i) .name = formalQualifiers->at(i) .name and
obj.getCurrentValueOf ( objectAttributes->at (i) .name ) =
qualifiersValues->at (i) ))

10.4.3.3 AttributeCallExpEval

[217][1] The string that represents the referredAttribute in the evaluation must be equal to the name of the referredAttribute
in the corresponding expression.

context AttributeCallExpEval inv:
referredAttribute = model.referredAttribute.name
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.4 BooleanLiteralExpEval

[218][1] The result value of a boolean literal expression is equal to the literal expression itself (‘true’ or ‘false’). Because the
booleanSymbol attribute in the abstract syntax is of type Boolean as defined in the MOF, and resultValue is of type
Primitive as defined in this clause, a conversion is necessary. For the moment, we assume the additional operation
MOFbooleanToOCLboolean() exists. This will need to be re-examined when the MOF and/or UML Infrastructure

submissions are finalized

Cd
re

10.4.3

ntext BooleanliteralExpEval inv:
sultValue = model.booleanSymbol.MOFbooleanToOCLboolean ()

.5 CollectionltemEval

No exfra well-formedness rules.

10.4.3

.6 CollectionLiteralExpEval

No exfra well-formedness rules.

10.4.3

.7 CollectionLiteralPartEval

No exfra well-formedness rules.

10.4.3

.8 CollectionRangeEval

No exfra well-formedness rules.

10.4.3

Becau

10.4.3

.9 EvalEnvironment

e there is no mapping of name space to an ‘abstract syntax concept, there are no extra well-formedness

.10 LiteralExpEval

No exfra well-formedness rules.

10.4.3

.11 LoopExpEval

No exfra well-formedness rules:

10.4.3
[219][

Cd
mg

.12 EnumLiteralExpEval

] The result Value of an EnumLiteralExpEval must be equal to one of the literals defined in its type.

ntext “EnumLiteralExpEval inv:
delX! type->includes ( self.resultValue )

10.4.3- 13 tEXpEVal

rules.

[220][1] The condition evaluation corresponds with the condition of the expression, and likewise for the thenExpression and

the else Expression.

context IfExpEval inv:
condition.model = model.condition

thenExpression.model
elseExpression.model

model . thenExpression
model .elseExpression
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10.4.3.14 IntegerLiteralExpEval

context IntegerlLiteralExpEval inv:
resultValue = model.integerSymbol

10.4.3.15 IterateExpEval

[221][ T The modeT of the result of an iterafe expression evaluation 1s equal to the model of the result of the associjted
IterateExp.

cqntext IterateExpEval
inv: result.model = model.result )

10.4.3.16 IteratorExpEval

No exfra well-formedness rules.

10.4.3.17 LetExpEval
[222][1] All parts of a let expression evaluation correspond to the parts of its associated LetExp.

cqntext LetExpEval inv:

in.model = model.in and

ifjitExpression.model = model.initExpression and
vdriable = model.variable.varName

10.4.3.18 LoopExpEval
[223][1] All sub evaluations have the same model, which i§’the body of the associated LoopExp.

cqntext LoopExpEval
ifqv: bodyEvals->forAll ( model = self.model )

10.4.3.19 ModelPropertyCallExpEval

No exfra well-formedness rules.

10.4.3.20 NumericLiteralExpEval

No exfra well-formedness_rules.

10.4.3.21 NavigationCallExpEval

[224][1] The stridgythat represents the navigation source in the evaluation must be equal to the name of the navigationSource
in theseorresponding expression.

cqntext NavigationCallExpEval inv:
nawi L ons _ el . Lans
[225][2] The qualifiers of a navigation call expression evaluation must correspond with the qualifiers of the associated
expression.

context NavigationCallExpEval inv:
Sequence{l. .qualifiers->size () }->forAll( i |
qualifiers->at (i) .model = model.qualifiers->at (i) .type )
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[226][1] The result value of the evaluation of an ocl expression must be an instance of the type of that expression.

context OclExpEva
inv: resultValue.

1
isInstanceOf ( model. type )

10.4.323 OcIVessageE

[227][1] An ocl message expression evaluation must correspond with its message expression.

cqntext OclMessageExpEval

igv: target.model

XpEval

= model. target

ifv: Set{l..arguments->size()}->forall (i | arguments->at(i) = model.drguments->af(i) )

[228][2] The name of the resulting ocl message value must be equal to the name of the operation or signal indicatefl in the

cgntext OclMessageExpEval inv:

if model.operation->size() =1

then resultValue.name = model.operation.name
else resultValue.name = model.signal.name

endif

message expression.

[229][3] The isSignal, isSyncOperation, and isAsyncOperation attributés of the result value of an ocl message expiession

evaluation must ¢

[230]

cgntext OclMessageExpEval inv:
if model.calledOperation->size() =1
then model.calledOperation.isAsynchronous = true implies
resultValue.isAsyncOperation = true
else -- message represents sending a signal
resultValue.isSignal = 'true

endif

[231][4] The arguments of

cgntext OclMessageExpEval

igv:
Sequence{l..
argumentssy
model

and
arguments-
model.

operation, or the attributes of'the signal indicated in the ocl message expression.

orrespond to the operation indicated in the'ocl message expression.

an ocl message expression evaluation must correspond to the formal input parameters of the

model’.calledOperation->size() = 1 implies

arguments->size ()} ->forAll( i |

>at (i) .variable->size() = 1 implies

.calledOperation.operation.parameter->

select( kind = ParameterDirectionKind::in )->at (i) .name =
arguments->at (i) .variable

>at (i) .expression->size() = 1 implies
calledOperation.operation.parameter->

inv:
Sequence{l..
arguments-

and

select( kind = ParameterDirectionKind::in )at(i).type =
arguments->at (i) .expression.model
model.sentSignal->size() = 1 implies
arguments->size ()} ->forAll( i |
>at (i) .variable->size() = 1 implies
model.sentSignal.signal. feature->select(
arguments->at (i) .variable )->notEmpty ()

arguments->at (i) .expression->size() = 1 implies
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model.sentSignal.signal.feature.oclAsType (StructuralFeature) . type =
arguments->at (i) .expression.model

[232][5] The arguments of the return message of an ocl message expression evaluation must correspond to the names given
by the formal output parameters, and the result type of the operation indicated in the ocl message expression. Note
that the Parameter type is defined in the UML metamodel.

cdntext OclMessageExpEval
ifgv: let returnArguments: Sequence{ NameValueBindings ) =

resultValue.returnMessage.arguments
formalParameters: Sequence{ Parameter } =

model.calledOperation.operation.parameter

4

in
resultValue.returnMessage->size() = 1 and model.calledOperation->size() = 1 implies
-- ‘result’ must be present and have correct type
returnArguments->any ( name = ‘result’ ) .value.model =
formalParameters->select( kind = ParameterDirectionKind:\return ) .type
pnd

-- all ‘out’ parameters must be present and have correct type
Sequence{l.. returnArguments->size()} ->forAll( i |
returnArguments->at (i) .name =

formalParameters->select( kind = ParameterDirectionKind: :out )->at (i) .name
and

returnArguments->at (i) . value.model
formalParameters->select( kind = ParameterDirectionKind::out )->at(i).type )

10.4.3.24 OclMessageArgEval
[233][1] An ocl message argument evaluation must correspend with its argument expression.

cqntext OclMessageArgEval

inv: model.variable->size() =1
implies variable->size()-'=\1 and variable.symbol = model.variable.name
ifdv: model.expression->size() =71

implies expression ahd expression.model = model.expression

10.4.3.25 OperationCallExpEval

[234][1] The result value of an eperation call expression will have the type given by the Operation being called, if the

operation has no,eut-or in/out parameters, else the type will be a tuple containing all out, in/out parameteis and the
result value.

cqntext OperationCallEval inv:
lgt outparameters : Set( Parameter ) = referredOperation.parameter->select( p |
p-kind = ParameterDirectionKind::in/out or

P.kind = ParameterDirectionKind: :out)
in

if outparameters->1isEmpty ()
then resultValue.model = model.referredOperation.parameter

->select( kind = ParameterDirectionKind: :result ).type
else resultValue.model.oclIsType( TupleType ) and
outparameters->forAll( p |

resultValue.model.attribute->exist( a | a.name = p.name and a.type = p.type ))
endif

[235][2] The string that represents the referred operation in the evaluation must be equal to the name of the referredOperation
in the corresponding expression.
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context OperationCallExpEval inv:
referredOperation = model.referredOperation.name
[236][3] The arguments of an operation call expression evaluation must correspond with the arguments of its associated
expression.

context OperationCallExpEval inv:

Segguence{ i arguments=>size=>forArI(—1—1

arguments->at (i) .model = model.arguments->at(i) )

10.4.3.26 PropertyCallExpEval

[237][1] The source of the evaluation of a property call corresponds to the source of its associated expression.

cqgntext PropertyCallExpEval inv:
squrce.model = model.source

10.4.3.27 PrimitiveLiteralExpEval

No ex{ra well-formedness rules.

10.4.3.28 ReallLiteralExpEval

cqgntext RealliteralExpEval inv:
rgsultValue = model.realSymbol

10.4.3.29 StringLiteralExpEval

cgntext StringLiteralExpEval inv:
rgsultValue = model.stringSymbol

10.4.3.30 TupleLiteralExpEval

cgntext TupleliteralExpEval inv:
mddel. tuplePart = tuplePart.model

10.4.3.31 UnlimitedNaturalLiteralExpEval

cqgntext UnlimitedNaturalliteralExpEval inv:
rgsultValue = model.unlimitedNaturalSymbol

10.4.3.32 UnspecifiedValueExpEval

[238][1] The result\of an unspecified value expression is a randomly picked instance of the type of the expression.

cqntext,UnspecifiedValueExpEval
igv: resultValue = model.type.alllInstances()->any( true )
ifqv:/resultValue.model = model. type

10.4.3.33 VariableDeclEval

context VariableDeclEval inv:
model.initExpression = initExpression.model

10.4.3.34 VariableExpEval

No extra well-formedness rules.
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11 OCL Standard Library

11.1 Introduction

This clause describes the OCL Standard Library of predefined types, their operations, and predefined expression
templdtes in the OCL. This sub clause contains all standard types defined within OCL, including all the opegations
defineql on those types. For each operation the signature and a description of the semantics is given. Within. the
description, the reserved word ‘result’ is used to refer to the value that results from evaluating the opetation. In several
places] post conditions are used to describe properties of the result. When there is more than one p¢stconditiof, all
postcohditions must be true. A similar thing is true for multiple preconditions. If these are used,{the’operation|is only
definedl if all preconditions evaluate to true.

The stfucture, syntax, and semantics of the OCL is defined in Clauses 8 (“Abstract Syntdx™); 9 (“Concrete Syrtax”), and
10 (“Semantics Described using UML”). This clause adds another part to the OCL definition: a library of predefined
types 4nd operations. Any implementation of OCL must include this library package=-This approach has also heen taken
by e.g], the Java definition, where the language definition and the standard libraries are both mandatory parts pf the
comple¢te language definition.

The O(L standard library defines a number of types. It includes severalprimitive types: UnlimitedNatural, Int¢ger, Real,
String, and Boolean. These are familiar from many other languages. The'second part of the standard library consists of the
collectiion types. They are Bag, Set, Sequence, and Collection where)Collection is an abstract type. Note that 311 types
definedl in the OCL standard library are instances of an abstract(Syntax class. The OCL standard library exists |at the
modeling level, also referred to as the M1 level, where the abstract syntax is the metalevel or M2 level.

Next tp definitions of types the OCL standard library defities a number of template expressions. Many operatiops defined
on collections map not on the abstract syntax metaclass’ FeatureCallExp, but on the IteratorExp. For each of tHese a

templdte expression that defines the name and format of the expression is defined in 11.8, *Predefined Iterator
Expregsions.’

The Standard Library may be extended withnew types, new operations and new iterators. In particular new operations
can be|defined for collections.

Certain String operations depend (on the prevailing locale to ensure that Strings are collated and characters are|case-
conve;rted in an appropriate fashion. A locale is defined as a concatenation of up to three character sequences separated by
undersfcores, with the first sequience identifying the language and the second sequence identifying the country.|The third
sequer]ce is empty but may’encode an implementation-specific variant. Trailing empty strings and separators may be
omittel.

The cHaracter sequences for languages are defined by ISO 639.

The cHaragter’sequences for countries are defined by ISO 3166.

fr CAl_thérefore identifies the locale for the French lanouacge in the Canada country,
— (=4 (=4

Comparison of strings and consequently the collation order of Collection::sortedBy() conforms to the Unicode Collation
algorithm defined by Unicode Technical Standard#10.

The locale is ‘en_us’ by default but may be configured by a property constraint on OclAny::oclLocale.

The prevailing locale is defined by the prevailing value of oclLocale within the current environment; it may therefore be
changed temporarily by using a Let expression.

let oclLocale : String ='fr CA' in aString.toUpperCase()
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11.2 The OclAny, OclVoid, Oclinvalid, and OclMessage Types

11.2.1 OclAny

All types in the UML model and the primitive and collection types in the OCL standard library conforms to the type
OclAny._Conceptually, OclAny behaves as a supertype for all the types. Features of OclAny are available on each object

in all OCL expressions. OclAny is itself an instance of the metatype AnyType.

All cldsses in a UML model inherit all operations defined on OclAny. To avoid name conflicts between)propeities in the
model jand the properties inherited from OclAny, all names on the properties of OclAny start with ‘Ocl” Alth¢ugh

theorefically there may still be name conflicts, they can be avoided. One can also use qualification-by OclAny (name of
the tyge) to explicitly refer to the OclAny properties.

Operations of OclAny, where the instance of OclAny is called object.

11.2.2 OclMessage

This syib clause contains the definition of the standard type OcIMessage. As défined in this sub clause, each odl message
type is|actually a template type with one parameter. ‘T’ denotes the parametér. A concrete ocl message type is freated by
substitpiting an operation or signal for the T.

The predefined type OcIMessage is an instance of MessageType. Exery OclMessage is fully determined by either the
operatjon, or signal given as parameter. Note that there is conceptually an undefined (infinite) number of thesq types, as
each iy determined by a different operation or signal. These types are unnamed. Every type has as attributes the name of
the op¢ration or signal, and either all formal parameters ofithe operation, or all attributes of the signal. OclMepsage is
itself gn instance of the metatype MessageType.

OclM¢ssage has a number of predefined operations,-as shown in the OCL Standard Library.

11.2.3 OclVoid

The type OclVoid is a type that conforms'to all other types except Ocllnvalid. It has one single instance, identifiled as null,
that cofresponds with the UML LiteralNull value specification. Any property call applied on null results in invafid, except
for the| ocllsUndefined(), ocllsInvalid(), =(OclAny) and <>(OclAny) operations. However, by virtue of the implicit

conversion to a collection literal; an expression evaluating to null can be used as source of collection operatiors (such as
‘isEmpty”). If the source as.the null literal, it is implicitly converted to Bag{}.

OclVoid is itself an instance of the metatype VoidType.

11.2.4 Ocllnvalid

The type-Ocllnvalid is a type that conforms to all other types. It has one single instance, identified as invalid| Any

property call annlied on invalid results in invalid excent for the onerations ocllsUndefinedO and ocllsInvalid(
Tr 4 T T \v -

Ocllnvalid is itself an instance of the metatype InvalidType.

11.3 Operations and Well-formedness Rules

11.3.1 OclAny

=(object2 : OclAny) : Boolean
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True if self is the same object as object2. Infix operator.

post: result = (self = object2)

<> (object2 : OclAny) : Boolean

True if self is a different object from object2. Infix operator.

7:2012(E)

post: result = not (selt = object’Z)

oclIsNew() : Boolean

Can off
it didn|

ocllsU|

Evalug

1ly be used in a postcondition. Evaluates to true if the selfis created during performing the operation (fo
't exist at precondition time).

post: self@pre.ocllsUndefined()

ndefined() : Boolean

tes to true if the self is equal to invalid or equal to null.
post: result = self.isTypeOf( OclVoid ) or self.isTypeOf(Ocllnvalid)

oclIsInvalid() : Boolean

Evalug

oclAs]

Evalu4
if the 4

In the
definit]
object,

oclIsT;

Evalu4

ocllsK

Evalu4

tes to true if the self is equal to Ocllnvalid.
post: result = self.isTypeOf( Ocllnvalid)

'ype(type : Classifier) : T

tes to self, where self is of the type identified by @, The type T may be any classifier defined in the UM
ctual type of self at evaluation time does not conform to T, then the ocl4sType operation evaluates to i

case of feature redefinition, casting an object to a supertype of its actual type does not access the super
jon of the feature; according to the semantics of redefinition, the redefined feature simply does not exis
However, when casting to a supertype, any features additionally defined by the subtype are suppresse

post: (result = self) and result.ocllsTypeOf( t )

ypeOf(type : Classifier) : Boolean

tes to true if self is of‘the type t but not a subtype of t
post: self.oclType()-=type

indOf(type +Classifier) : Boolean

tes to teue,if the type of self conforms to t. That is, self'is of type t or a subtype of t.
post? s&lf.oclType().conformsTo(type)

I instance,

1L model;
valid.

ype's
for the
.

oclIsIx

IState(statespec—OcltState)~Bootean

Evaluates to true if the self is in the state indentified by statespec.

post: -- TBD

oclType() : Classifier

Evaluates to the type of which selfis an instance.

post: self.ocllsTypeOf(result)
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oclLocale : String

Defines the default locale for local-dependent library operations such as String::toUpperCase().

11.3.2 OclVoid

= (obj[‘ﬂ‘.'ﬂ'klAny y Boolean
Redefipes the OclAny operation, returning true if object is null.

post: result = object.ocllsTypeOf(OclVoid)

11.3.3 OclMessage

hasReturned() : Boolean

True if type of template parameter is an operation call, and the called operation has réturned a value. This implies the fact
that the message has been sent. False in all other cases.

post: --

result() : <<The return type of the called operation>>

Returnfs the result of the called operation, if type of template paraméter 1s an operation call, and the called opdration has
returngd a value. Otherwise the invalid value is returned.

pre: hasReturned()

isSignalSent() : Boolean

Returns true if the OclMessage represents the sendiig of a UML Signal.
isOpernationCall() : Boolean

Returns true if the OclMessage represents the sending of a UML Operation call.

11.4| Primitive Types

The priimitive types defined in/the OCL standard library are UnlimitedNatural, Integer, Real, String, and Boolg¢an. They
are all|instances of the mgtaclass Primitive from the UML core package.

11.4.1 Real

The standard-type Real represents the mathematical concept of real. Note that UnlimitedNatural is a subclass ¢f Integer
and that Integer is a subclass of Real, so for each parameter of type Real, you can use an unlimited natural or an integer

as the bchial parameter Real ig itself an instance of the metatype primi‘riveTva (from TIMT)

11.4.2 Integer

The standard type Integer represents the mathematical concept of integer. Note that UnlimitedNatural is a subclass of
Integer, so for each parameter of type Integer, you can use an unlimited natural as the actual parameter. Integer is itself an
instance of the metatype PrimitiveType (from UML).
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3 String

7:2012(E)

The standard type String represents string. A string is a sequence of characters in some suitable character set used to
display information about the model. Character sets may include non-Roman alphabets and characters. String is itself an
instance of the metatype PrimitiveType (from UML).

11.4.

The st
Primit

11.4.

The stgndard type UnlimitedNatural is used to encode the non-negative values of a multipliCity Specification. This
special unlimited value (*) that encodes the upper value of a multiplicity specification. BalimitedNatural is itself g

of the

Note that although UnlimitedNatural is a subclass of Integer, the unlimited value cannot be represented as an Integg

of the

11.5

This sgib clause contains the operations and well-formedness*titles of the primitive types.

11.5.

Note t
Real, Y

+ (r : Real) : Real

The v4
-(r:R

The v4

* (r : Real) : Real

The v4

A Boolean

hindard type Boolean represents the common true/false values. Boolean is itself an instance of the 'metat)
veType (from UML).

5 UnlimitedNatural

metatype UnlimitedNaturalType.

nlimited value as an integer or real is replaced by the invalid value,

Operations and Well-formedness Rules

1 Real

hat UnlimitedNatural is a subclass of Integer and that Integer is a subclass of Real, so for each parametg
rou can use an unlimited natural or ansintéger as the actual parameter.

lue of the addition of self and 7.
eal) : Real

lue of the subtraction of » from self.

lue of thesmultiplication of self and r.

- Ref11

/pe

includes a
n instance

r. Any use

r of type

The negative value of self.

/ (r : Real) : Real

The value of self divided by r. Evaluates to invalid if r is equal to zero.

abs() :

Real

The absolute value of self.
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post: if self < 0 then result = - self else result = self endif
floor() : Integer

The largest integer that is less than or equal to self.

post: (result <= self) and (result + 1 > self)

round() : Integer

The infeger that is closest to sel/f. When there are two such integers, the largest one.
post: ((self - result).abs() < 0.5) or ((self - result).abs() = 0.5 and (result > self))

max(r|: Real) : Real

The mpximum of self and 7.

post: if self >= r then result = self else result = r endif
min(r f Real) : Real

The mjnimum of self and r.

post: if self <= r then result = self else result = r endif
<(r : Real) : Boolean

True if self is less than r.

> (r : Real) : Boolean

True if self is greater than r.

post: result = not (self <=r)
<= (r :|Real) : Boolean

True if self is less than or equal to r.
post: result = ((self =) or (self<\r))

>= (r ;| Real) : Boolean

True if self is greater thah-or equal to r.
post: result = ((s€lf='r) or (self > r))

toString() : String

Convelts selfto a string value.

11.5.2 Integer

Note that UnlimitedNatural is a subclass of Integer, so for each parameter of type Integer, you can use an unlimited
natural as the actual parameter.

- : Integer

The negative value of self.
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+ (i : Integer) : Integer
The value of the addition of self and i.
- (i : Integer) : Integer

The value of the subtraction of i from self.

* (i : Integer) : Integer

The vglue of the multiplication of self and i.

/ (i : Integer) : Real

The vglue of self divided by i.Evaluates to invalid if r is equal to zero.
abs() :|Integer

The alfjsolute value of self.

post: if self < 0 then result = - self else result = self endif
div(i {Integer) : Integer
The nymber of times that 7 fits completely within self.
pre:i<>0
post: if self / i >= 0 then result = (self/ i).floor()
else result = -((-self/i).floor())

endif
mod( i : Integer) : Integer
The repult is sel/f modulo i.
post: result = self - (self.div(i) * 1)
max(i | Integer) : Integer
The mpximum of self an i.
post: if self >= i thensesult = self else result = i endif
min(i { Integer) : Integer

The mjnimum of self an i.

post: ifsself <= i then result = self else result = i endif

toString() : String

Converts self'to a string value.

11.5.3 String
+ (s : String) : String

The concatenation of self and s.

post: result = self.concat(s)
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size() : Integer
The number of characters in self.
concat(s : String) : String

The concatenation of self and s.

post: result.size() = self.size() + string.size()
post: result.substring(1, self.size() ) = self

post: result.substring(self.size() + 1, result.size() ) =s

substring(lower : Integer, upper : Integer) : String

The sub-string of self starting at character number lower, up to and including character number upper. Charactgr numbers
run frqm 1 to self.size().

pre: 1 <=lower
pre: lower <= upper

pre: upper <= self.size()

toInteger() : Integer

Converts self to an Integer value.

toReal() : Real

Convefts self to a Real value.

toUppgrCase() : String

Convefts self to upper case, using the locale defined by looking up oclLocale in the current environment. Oth¢rwise,
returng the same string as self.

toLowerCase() : String

Convefts self to lower case, using the’locale defined by looking up oclLocale in the current environment. Otherwise,
returng the same string as self;

index(f(s : String) : Integer

Querigs the index in¢self’at which s is a substring of self, or zero if s is not a substring of self. The empty stripg is
considgred to be,a substring of every string but the empty string, at index 1. No string is a substring of the enfpty string.

post: self:siz€() = 0 implies result = 0

post¢ s§ize() = 0 and self.size() > 0 implies result = 1

post: s.size() > 0 and result > 0 implies self.substring(result, result + s.size() - 1) =s

equalsIgnoreCase(s : String) : Boolean

Queries whether s and self are equivalent under case-insensitive collation.

post: result = (self.toUpperCase() = s.toUpperCase())
at(i : Integer) : String

Queries the character at position i in self.
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pre:i>0
pre: i <= self.size()

post: result = self.substring(i, i)

characters() : Sequence(String)

Obtains-the—charactersof-scif-asa—scquence:
post: result =
if self.size() = 0 then
Sequence{}
else
Sequence{1..self.size()} ->iterate(i; acc : Sequence(String) = Sequence{} |
acc->append(self.at(i)))
endif

toBoolean() : Boolean

Convelts self to a boolean value.

post: result = (self = "true')

< (s : §tring) : Boolean

True if self is less than s, using the locale defined by looking upZoc/Locale in the current environment.
> (s : §tring) : Boolean

True if self is greater than s, using the locale defined by looking up oc/Locale in the current environment.

post: result = not (self <= s)
<= (s :|String) : Boolean

True if self is less than or equal to s, using the locale defined by looking up oclLocale in the current environnjent.
post: result = ((self = s) or (self.<s))

>= (s :|String) : Boolean

True if self is greater thab-ot equal to s, using the locale defined by looking up ocl/Locale in the current envirgnment.
post: result = ((s€lf'='s) or (self > s))

11.5.4 Boolean

or (b :|Beolean) : Boolean

True if either self or b is true.

xor (b : Boolean) : Boolean

True if either self or b is true, but not both.

post: (self or b) and not (self = b)

and (b : Boolean) : Boolean
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True if both b7 and b are true.

not : Boolean

True if self is false.

post: if self then result = false else result = true endif

impliep (b : Boolean) : Boolean

True if self is false, or if self is true and b is true.
post: (not self) or (self and b)

toString() : String

Converts self to a string value.

11.5.56 UnlimitedNatural

+ (u : UnlimitedNatural) : UnlimitedNatural

The vqlue of the addition of self and u. Evaluates to invalid if self or uisunlimited.

* (u : UnlimitedNatural) : UnlimitedNatural

The vdlue of the multiplication of self and u. Evaluates to invalid if self or u is unlimited.

/ (u : UnlimitedNatural) : Real

The vglue of self divided by u. Evaluates to invalid if u is equal to zero or unlimited, or if self is unlimited.
div(u { UnlimitedNatural) : UnlimitedNatural

The nymber of times that u fits completely within self. Evaluates to invalid if u is equal to zero or unlimited, qr if self is
unlimifed.

post: result = (self / u).floor()

mod(uf : UnlimitedNatural) : UnlimitedNatural

The repult is self modulotr;) Evaluates to invalid if u is equal to zero or unlimited, or if self is unlimited.
post: result = self)- (self.div(u) * u)

max(uf: UnlimitedNatural) : UnlimitedNatural

The mpximaum of self and u.

post if self = * or u = * then result = *

else if self >= u then result = self else result = u endif endif

min(u : UnlimitedNatural) : UnlimitedNatural

The minimum of self and u.
post: if self = * then result =u
else if u = * then result = self

else if self <= u then result = self else result = u endif endif endif
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< (u : UnlimitedNatural) : Boolean

True if self is less than u.

>(u:|

True if

<=(u

True if

>=(u

True if

tolnte

Conve

post: if self = * then result = false
else if u = * then result = true

else result = self.tolnteger() < u.tolnteger() endif endif

ISO/IEC 19507:2012(E)

[JnlimitedNatural) : Boolean

self'is greater than u.
post: if u = * then result = false
else if self = * then result = true

else result = self.tolnteger() > u.tolnteger() endif endif

UnlimitedNatural) : Boolean

self is less than or equal to u.
post: if u = * then result = true
else if self = * then result = false

else result = self.tolnteger() <= u.toInteger() endif endif

UnlimitedNatural) : Boolean

self'is greater than or equal to u.
post: if self = * then result = true
else if u = * then result = false

else result = self.tolnteger() >= u.toInteger() endifiendif

per() : Integer

post: if self = * then result = invalid

else result = self.oclAsType(Integer) endif

toString() : String

Conve
#nonN

11.6

egativelnteget Af self is unlimited the result is "*'.

Collection-Related Types

[ts self to an integer value. If self is unlimited the result is invalid.

[ts self to a string yalue, using the canonical form as defined by http://www.w3.org/TR/xmlschema-2/

This syibclause defines the collection types and their operations. As defined in this sub clause, each collection] type is

actually a template type with one parameter. ‘T’ denotes the parameter. A concrete collection type is created by

substituting a type for the T. So Set (Integer) and Bag (Person) are collection types.
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11.6.1 Collection

Collection is the abstract supertype of all collection types in the OCL Standard Library. Each occurrence of an object in a
collection is called an element. If an object occurs twice in a collection, there are two elements. This sub clause defines
the properties on Collections that have identical semantics for all collection subtypes. Some operations may be defined
within the subtype as well, which means that there is an additional postcondition or a more specialized return value.
Collecfion 1s itself an instance ol the metatype CollectionIype.

The ddfinition of several common operations is different for each subtype. These operations are not mentionéd |n this sub
clause

The semantics of the collection operations is given in the form of a postcondition that uses the [ftesateExp of the
IteratorExp construct. The semantics of those constructs is defined in Clause 10 (“Semantics Dgscribed using YML™). In
severa| cases the postcondition refers to other collection operations, which in turn are defined in terms of the {terateExp
or ItergitorExp constructs.

11.6.2 Set

The Sdqt is the mathematical set. It contains elements without duplicates. Set is‘itself an instance of the metatype SetType.

11.6.3 OrderedSet

The OyderedSet is a Set, the elements of which are ordered. It contains no duplicates. OrderedSet is itself an ipstance of
the mgtatype OrderedSetType.

An OrdleredSet is not a subtype of Set, neither a subtype ©f‘Sequence. The common supertype of Sets and OrdgredSets is
Collection.

11.6.4 Bag

A baglis a collection with duplicates allowed That is, one object can be an element of a bag many times. Thefe is no
ordering defined on the elements in a.bag. Bag is itself an instance of the metatype BagType.

11.6.p Sequence

A seqyence is a collection where the elements are ordered. An element may be part of a sequence more than gnce.
Sequeice is itself an instance of the metatype SequenceType.

A Senfence is not a~subtype of Bag. The common supertype of Sentence and Bags is Collection.

11.7| Operations and Well-formedness Rules

Th' 1o 1 fr 41 4 | 11_C, | 1 £ 41 11 VS 4
1S Sto-eratnseeontams—tnc OP Ao —arra w T TOTIITCUTIC S ST UTCS ~OT T COTTCCTIOT Ty PUST

11.7.1 Collection

= (c : Collection(T)) : Boolean

True if ¢ is a collection of the same kind as self and contains the same elements in the same quantities and in the same
order, in the case of an ordered collection type.
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<>(c:

Collection(T)) : Boolean

True if ¢ is not equal to self.

post: result = not (self = ¢)

size() : Integer

ISO/IEC 19507:2012(E)

The nymber of elements in the collection self.

includ

post: result = self->iterate(elem; acc : Integer =0 | acc + 1)

ps(object : T) : Boolean

True if object is an element of self, false otherwise.

post: result = (self->count(object) > 0)

excludes(object : T) : Boolean

True if object is not an element of self, false otherwise.

post: result = (self->count(object) = 0)

count(object : T) : Integer

The nymber of times that object occurs in the collection self.

includ

post: result = self->iterate( elem; acc : Integer =0 |

if elem = object then acc + 1 else acc endif)

psAll(c2 : Collection(T)) : Boolean

Does delf contain all the elements of ¢2 ?

post: result = c2->forAll(elem | self->includes(elém))

excludesAll(c2 : Collection(T)) : Boolean

Does delf contain none of the elementsiof ¢2 ?

isEmp
Is self|

Note:

post: result = c2->forAll(elem(| self->excludes(elem))

ity() : Boolean

the empty collecfion?

post: result = (s€lf->size() =0 )

hull->isEmpty() returns 'true’ in virtue of the implicit casting from null to Bag{}

notEmpty().: Boolean

Is self

not the empty collection?

post: result = ( self->size() <> 0)

null->notEmpty() returns 'false' in virtue of the implicit casting from null to Bag{}.

max()
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The element with the maximum value of all elements in self. Elements must be of a type supporting the max operation.
The max operation - supported by the elements - must take one parameter of type T and be both associative and
commutative. UnlimitedNatural, Integer and Real fulfill this condition.

post: result = self->iterate( elem; acc : T = self.first() | acc.max(elem) )

min() : T

The elgment with the minimum value of all elements in self. Elements must be of a type supporting the min joperation.
The mjn operation - supported by the elements - must take one parameter of type T and be both associative arld
commuitative. UnlimitedNatural, Integer and Real fulfill this condition.

post: result = self->iterate( elem; acc : T = self.first() | acc.min(elem) )
sum() T

The addition of all elements in self. Elements must be of a type supporting the + operatien, The + operation must take one
paramg¢ter of type T and be both associative: (a+b)+c = at(b+c), and commutative: a+b'= b+a. UnlimitedNaturpl, Integer
and Rgal fulfill this condition.

post: result = self->iterate( elem; acc : T =0 | acc + elem )

If the ¥ operation is not both associative and commutative, the sum expr€ssion is not well-formed, which may|result in
unpredictable results during evaluation. If an implementation is able to‘detect a lack of associativity or commutitivity, the
implerhentation may bypass the evaluation and return an invalid result:

product(c2: Collection(T2)) : Set( Tuple( first: T, second: T2))

The cartesian product operation of self and c2.
post: result = self->iterate (el; acc: Set(Tuple(first: T, second: T2)) = Set{} |
c2->iterate (e2; acc2: Set(Tuple(first: ‘', second: T2)) = acc |
acc2->including (Tuple{first =T, second =¢2}) ) )

asSet(} : Set(T)

The Sgt containing all the elements from self, with duplicates removed.
post: result->forAll(elem | selfi -*includes(elem))

post: self ->forAll(elem |.result->includes(elem))

asOrdgredSet() : OrderedSet(T)

An OrfleredSet that.céntains all the elements from self, with duplicates removed, in an order dependent on the|particular
concrege collection) type.

post: result->forAll(elem | self->includes(elem))

post:'self ->forAll(elem | result->includes(elem))

asSequence() : Sequence(T)

A Sequence that contains all the elements from self, in an order dependent on the particular concrete collection type.
post: result->forAll(elem | self->includes(elem))

post: self ->forAll(elem | result->includes(elem))
asBag() : Bag(T)

The Bag that contains all the elements from self.
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post: result->forAll(elem | self->includes(elem))

post: self ->forAll(elem | result->includes(elem))

flatten() : Collection(T?2)

ISO/IEC 19507:2012(E)

If the element type is not a collection type, this results in the same collection as self. If the element type is a collection

type, the+esulis-a—collection-conta aH-th : 3 oly flattened-elemen

[1] WEll-formedness rules

[2] [1] A collection cannot contain invalid values.
context Collection
inv: self->forAll(not ocllsInvalid())

11.7.2 Set
union(s : Set(T)) : Set(T)

The union of self and s.
post: result->forAll(elem | self->includes(elem) or s->includes(elem))
post: self ->forAll(elem | result->includes(elem))

post: s ->forAll(elem | result->includes(elem))
union(bag : Bag(T)) : Bag(T)

The ungion of self and bag.
post: result->forAll(elem | result->count(elem) = self->¢ount(elem) + bag->count(elem))
post: self->forAll(elem | result->includes(elem))

post: bag ->forAll(elem | result->includes(elent))
= (s : Set(T)) : Boolean

Evalugtes to true if self and s contain‘the' same elements.
post: result = (self->forAll(elem ['s<>includes(elem)) and

s->forAll(elem | self->includes(elem)) )
inters¢ction(s : Set(T)) : Set(T)

The infersection of se/f~dnd s (i.e., the set of all elements that are in both self and s).
post: result=>{orAll(elem | self->includes(elem) and s->includes(elem))
post: self=>forAll(elem | s ->includes(elem) = result->includes(elem))

postis § ->forAll(elem | self->includes(elem) = result->includes(elem))

intersection(bag : Bag(T)) : Set(1)

The intersection of self and bag.

post: result = self->intersection( bag->asSet )
— (s : Set(T)) : Set(T)

The elements of self, which are not in s.

post: result->forAll(elem | self->includes(elem) and s->excludes(elem))
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post: self ->forAll(elem | result->includes(elem) = s->excludes(elem))

including(object : T) : Set(T)

The se

t containing all elements of self plus object.

post: result->forAll(elem | self->includes(elem) or (elem = object))

[postseit——forAtetenrTesut-=ctudestetem)y

post: result->includes(object)

excludling(object : T) : Set(T)

The se

symmg(

The se

count(|

The ny

Redefi
elemer
of self]

asSet(

t containing all elements of self without object.
post: result->forAll(elem | self->includes(elem) and (elem <> object))
post: self- >forAll(elem | result->includes(elem) = (object <> elem))

post: result->excludes(object)
tricDifference(s : Set(T)) : Set(T)

ts containing all the elements that are in self or s, but not in both.
post: result->forAll(elem | self->includes(elem) xor s->includes(elem))
post: self->forAll(elem | result->includes(elem) =s ->excludes(elem))

post: s ->forAll(elem | result->includes(elem) = self->excludes(elem))
pbject : T) : Integer

mber of occurrences of object in self.

post: result <= 1

ﬂatten[l) : Set(T2)

es the Collection operation. If the element type is not a collection type, this results in the same set as
t type is a collection type, the résult is the set containing all the elements of all the recursively flatteneq

post: result = if self.ocl Type().elementType.ocllsKindOf(CollectionType) then
self->iterate(es ace : Set(T2) = Set{} |
acc->ufiion(c->flatten()->asSet() ) )
else
self:
endif

: Set(T)

elf. If the
| clements

Redefi

TeS tire Cottectiom operation. A Sctidermnticat to seif T his operation exists for CONVEITTITT TCaSOITS.

post: result = self

asOrderedSet() : OrderedSet(T)

Redefines the Collection operation. An OrderedSet that contains all the elements from self, in undefined order.
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post: result->forAll(elem | self->includes(elem))
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asSequence() : Sequence(T)

Redefines the Collection operation. A Sequence that contains all the elements from self, in undefined order.
post: result->forAll(elem | self->includes(elem))

post: self->forAll(elem | result->count(elem) = 1)

asBag(TBag(T)

Redefines the Collection operation. The Bag that contains all the elements from self.
post: result->forAll(elem | self->includes(elem))

post: self->forAll(elem | result->count(elem) = 1)

11.7.3 OrderedSet

appen(l (object: T) : OrderedSet(T)

The seft of elements, consisting of all elements of self, followed by object.
post: result->size() = self->size() + 1

post: result->at(result->size() ) = object

post: Sequence{l..self->size() }->forAll(index : Integer |

result->at(index) = self ->at(index))
prepend(object : T) : OrderedSet(T)

The sequence consisting of object, followed by all elemenfs*in self.
post: result->size = self->size() + 1

post: result->at(1) = object

post: Sequence{l..self->size() }->forAll(index Integer |

self->at(index) = result->at(index + )
insertAt(index : Integer, object : T) :.OrderedSet(T)

The sett consisting of self with object inserted at position index.
post: result->size = self->size() + 1
post: result->at(index). = ebject
post: Sequence{1(index - 1)}->forAll(i : Integer |
self->at(i) =résult->at(i))
post: Sequénce{(index + 1)..self->size() }->forAll(i : Integer |
self*>at(i) = result->at(i + 1))

subOrderedSet(lower : Integer, upper : Integer) : OrderedSet(T)

The sub-set of self starting at number lower, up to and including element number upper.
pre : 1 <=lower
pre : lower <= upper
pre : upper <= self->size()

post: result->size() = upper -lower + 1
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post: Sequence {lower..upper}->forAll( index |
result->at(index - lower + 1) =
self->at(index))

at(i : Integer) : T

Th L ) 1 - ol LL.
€ I-grrerenrentoT oCLJ.

pre : i>=1 and i <= self->size()
index(Pf(obj : T) : Integer

The infex of object 0bj in the sequence.
pre : self->includes(obj)
post : self->at(i) = obj

firstOf T

The fifst element in self.

post: result = self->at(1)
last() ;| T

The lat element in self.

post: result = self->at(self->size() )
reversg() : OrderedSet(T)

The ordered set of elements with same elements but with the opposite order.

post: result->size() = self->size()
sum() T

Redefipes the Collection operation to.rémove the requirement for the + operation to be associative and/or commutative,
since the order of evaluation is well-defined by the iteration over an ordered collection.

asSet() : Set(T)
Redefipes the Set operation,*Returns a Set containing all of the elements of self, in undefined order.

asOrdgredSet() : QrderedSet(T)

Redefines the Setwoperation. An OrderedSet identical to self.
postrresult = self
poOsty Sequence{1..self.size()}->forAll(i | result->at(i) = self->at(i))

asSequence() : Sequence(T)

Redefines the Set operation. A Sequence that contains all the elements from self, in the same order.
post: Sequence{1..self.size()}->forAll(i | result->at(i) = self->at(i))

asBag() : Bag(T)

Redefines the Set operation. The Bag that contains all the elements from self, in undefined order.
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11.7.4 Bag
= (bag : Bag(T)) : Boolean

True if self and bag contain the same elements, the same number of times.

post: result = (self->forAll(elem | self->count(elem) = bag->count(elem)) and

bag->forAll(elem | bag->count(elem) = self->count(elem)) )
union(bag : Bag(T)) : Bag(T)

The unjion of self and bag.
post: result->forAll( elem | result->count(elem) = self->count(elem) + bag->count(elem))
post: self ->forAll( elem | result->count(elem) = self->count(elem) + bag->count(elem))

post: bag ->forAll( elem | result->count(elem) = self->count(elem) + bag->count(elem))
union(set : Set(T)) : Bag(T)

The union of self and set.
post: result->forAll(elem | result->count(elem) = self->count(elem) + set->count(elem))
post: self ->forAll(elem | result->count(elem) = self->count(elem) + set->count(elem))

post: set ->forAll(elem | result->count(elem) = self->count(elem) + s¢t>>count(elem))
inters¢ction(bag : Bag(T)) : Bag(T)

The infersection of self and bag.
post: result->forAll(elem |

result->count(elem) = self->count(elem).min(bagy>count(elem)) )
post: self->forAll(elem |

result->count(elem) = self->count(elem):nin(bag->count(elem)) )
post: bag->forAll(elem |

result->count(elem) = self->count(¢lem).min(bag->count(elem)) )
intersg¢ction(set : Set(T)) : Set(T)

The intersection of self and ‘set.

post: result->forAll{¢lem|result->count(elem) = self->count(elem).min(set->count(elem)) )
post: self ->forAll(€lem|result->count(elem) = self->count(elem).min(set->count(elem)) )

post: set ->forAll(elem|result->count(elem) = self->count(elem).min(set->count(elem)) )

includjng(object : T) : Bag(T)

The bdgContaining all elements of self plus object.

post: result->forAll(elem |
if elem = object then
result->count(elem) = self->count(elem) + 1
else
result->count(elem) = self->count(elem)
endif)
post: self->forAll(elem |
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if elem = object then

result->count(elem) = self->count(elem) + 1
else

result->count(elem) = self->count(elem)
endif)

excludling(object : T) : Bag(T)

The b4

count(|

The ny

Redefi
elemer
of self]

asBag

g containing all elements of self apart from all occurrences of object.
post: result->forAll(elem |
if elem = object then
result->count(elem) = 0
else
result->count(elem) = self->count(elem)
endif)
post: self->forAll(elem |
if elem = object then
result->count(elem) = 0
else
result->count(elem) = self->count(elem)
endif)

pbject : T) : Integer

mber of occurrences of object in self.

ﬂatten[l) : Bag(T2)

es the Collection operation. If the element type is not a collection type, this results in the same bag as
t type is a collection type, the result is the bag containing all the elements of all the recursively flattene

post: result = if self.oclType().elementType.ocllsKindOf(CollectionType) then
self->iterate(e; ace : Bag(T2) = Bag{} |
acc->union(c->flatten()->asBag() ) )
else
self
endif

) : Bag(T)

elf. If the
| elements

Redefi

+l Falk i — — AR L] — 1+ LL oL — L o) -
TCS UIT CUTICUHIUITN UPTTAUUIL - A Ddg TUCIIUITAD tU 5T/ TIHIS UPULAUUIT TAISTS TUT CULTVUHICIICU TTASUILS .

post: result = self

asSequence() : Sequence(T)

Redefines the Collection operation. A Sequence that contains all the elements from self, in undefined order.
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post: result->forAll(elem | self->count(elem) = result->count(elem))

post: self ->forAll(elem | self->count(elem) = result->count(elem))
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asSet() : Set(T)

Redefines the Collection operation. The Set containing all the elements from self, with duplicates removed.
post: result->forAll(elem | self ->includes(elem))

post: self ->forAll(elem | result->includes(elem))

asOrdpredSet) T OrderedSet(T)

Redefines the Collection operation. An OrderedSet that contains all the elements from self, in undefined erder] with
duplicqtes removed.

post: result->forAll(elem | self ->includes(elem))
post: self ->forAll(elem | result->includes(elem))

post: self ->forAll(elem | result->count(elem) = 1)

11.7.6 Sequence

count(object : T) : Integer

The nymber of occurrences of object in self.
= (s : Sequence(T)) : Boolean

True if self contains the same elements as s in the same order.
post: result = Sequence{1..self->size() } ->forAll(index : Integer
self->at(index) = s->at(index))
and

self->size() = s->size()
union [s : Sequence(T)) : Sequence(T)

The sejquence consisting of all elements in self, followed by all elements in s.
post: result->size() = self->size() #.8>size()

post: Sequence{1..self->size()}->forAll(index : Integer |

self->at(index) = result->at(index))

post: Sequence{1..s->size() } ->forAll(index : Integer |

s->at(index) = result->at(index + self->size() )))

ﬂatte'1(1) : Sequence(T?2)

Redefines the"Collection operation. If the element type is not a collection type, this results in the same sequenice as self.
If the ¢lenient type is a collection type, the result is the sequence containing all the elements of all the recursiyely
flattenpd-€lements of self. The order of the elements is partial.

post: result = if self.oclType().elementType.ocllsKindOf(CollectionType) then
self->iterate(c; acc : Sequence(T2) = Sequence{} |
acc->union(c->flatten()->asSequence() ) )
else
self
endif
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append (object: T) : Sequence(T)

The sequence of elements, consisting of all elements of self, followed by object.

post: result->size() = self->size() + 1
post: result->at(result->size() ) = object

post: Sequence{l..self->size() }->forAll(index : Integer |

result->at(index) = self ->at(index))

prepend(object : T) : Sequence(T)

The se

insert/

The se

quence consisting of object, followed by all elements in self.
post: result->size = self->size() + 1

post: result->at(1) = object

post: Sequence{l..self->size()}->forAll(index : Integer |

self->at(index) = result->at(index + 1))

At(index : Integer, object : T) : Sequence(T)

post: result->size = self->size() + 1

post: result->at(index) = object

post: Sequence{1..(index - 1)}->forAll(i : Integer |
self->at(i) = result->at(i))

post: Sequence{(index + 1)..self->size() } ->torAll(i : Integer\]
self->at(i) = result->at(i + 1))

subSequence(lower : Integer, upper : Integer) : Sequence(T)

The sul

at(i: 1

The i-1

pre : 1 <=lower
pre : lower <= upper
pre : upper <= self->size()
post: result->size() = uppet -lower + 1
post: Sequence {lower..upper}->forAll( index |
result->at(index =lower + 1) =
self->at(index))

hteger).. T

h element of sequence.

pre=, 1>=1andi<=selfi>gize()

quence consisting of self with object inserted at position index.

b-sequence of self starting at number/ower, up to and including element number upper.

indexOf(obj : T) : Integer

The index of object 0bj in the sequence.

166

pre : self=>includes(obj)
post : self->at(i) = obj
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first): T

The first element in self.

post: result = self->at(1)

last() : T

The lapt element in self.

post: result = self->at(self->size() )
includjng(object : T) : Sequence(T)

The sejquence containing all elements of self plus object added as the last element.

post: result = self.append(object)
excluding(object : T) : Sequence(T)
The sequence containing all elements of self apart from all occurrences of object:

The order of the remaining elements is not changed.
post:result->includes(object) = false
post: result->size() = self->size() - self->count(object)
post: result = self->iterate(elem; acc : Sequence(T)

= Sequence{}|

if elem = object then acc else acc->append(elem) endify)
reversg() : Sequence(T)

The sequence containing the same elements but with the opposite order.

post: result->size() = self->size()
sum() T

Redefines the Collection operation to réemove the requirement for the + operation to be associative and/or conjmutative,
since the order of evaluation is well-defined by the iteration over an ordered collection.

asBag() : Bag(T)

Redefines the Collectionoperation. The Bag containing all the elements from self, including duplicates.
post: result->forAll(elem | self->count(elem) = result->count(elem) )

post: self=xforAll(elem | self->count(elem) = result->count(elem) )

asSequence()': Sequence(T)

Redefines the Collection operation. The Sequence identical to the object itself. This operation exists for convenience
reasons.

post: result = self
asSet() : Set(T)

Redefines the Collection operation. The Set containing all the elements from self, with duplicates removed.
post: result->forAll(elem | self ->includes(elem))

post: self ->forAll(elem | result->includes(elem))
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asOrderedSet() : OrderedSet(T)

Redefines the Collection operation. An OrderedSet that contains all the elements from self, in the same order, with
duplicates removed.

post: result->forAll(elem | self ->includes(elem))

post: self ->forAll(elem | result->includes(elem))

post: self ->forAll(elem | result->count(elem) = 1)
post: self ->forAll(elem1, elem?2 |
self->indexOf(elem1) < self->indexOf(elem?2)

implies result->indexOf(elem1) < result->indexOf(elem?2) )

11.8| Predefined lterator Expressions

This syb clause defines the standard OCL iterator expressions. In the abstract syntax thes¢ are all instances of ItpratorExp.
These [iterator expressions always have a collection expression as their source, as i5-defined in the well-formedness rules
in Clayse 8 (“Abstract Syntax™). The defined iterator expressions are shown petcsource collection type. The semantics of
each iterator expression is defined through a mapping from the iterator to the “iterate’ construct. This means that the

semantics of the iterator expressions do not need to be defined separately inithe semantics sub clauses.

In all ¢f the following OCL expressions, the lefthand side of the equals 'sign is the IteratorExp to be defined, gnd the
righthand side of the equals sign is the equivalent as an lferateExps«The names source, body, and iterator refer fo the role
names|in the abstract syntax:

source The source expression of theIteratorExp.
body The body expression of the IteratorExp.
iteratpr The iterator variable of‘the IteratorExp.
resulf The result variable-of the IterateExp.

11.8.1 Extending the Standard Library with Iterator Expressions

It is passible to add new iterator expressions in the standard library. If this is done the semantics of a new iterator should
be defined by mapping it to existing constructs, in the same way the semantics of pre-defined iterators is dond (see sub
clause|11.9)

11.9| Mapping Rules for Predefined Iterator Expressions

This syb clause Contains the operations and well-formedness rules of the collection types.

11.9.1 Collection

closure

The closure of applying body transitively to every distinct element of the source collection.
source->closure(iterator | body) =

anonRecurse(source, Result{})

where:
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anonRecurse is an invocation-site-specific helper function synthesized by lexical substitution of iterator, body, add and

Result

where

The an
purpod

11.9.1

Result

11.9.1

Result

11.9.1

Result

” a““”AC‘C-’ IllClUﬂESl Leraiory)

in:
context OclAny
def: anonRecurse(anonSources : Collection(7), anonlnit : Result(T)) : Result(T) =

anonSources->iterate(iterator : T, anonAcc : Result(T) = anonlnit |

then anonAcc
else let anonBody : OclAny = body in
let anonResults : Result(T) = anonAcc->add(iterator) in

if anonBody.oclIsKindOf(CollectionType)

then anonRecurse(anonBody.oclAsType(Collection(7)), anonResults)
else anonRecurse(anonBody.oclAsType(7)->asSet(), anonResults)
endif

endif)

T is the element type of the source collection.
Result is 'OrderedSet' if the source collection is ordered, 'Set' otherwise.
add is 'append' if the source collection is ordered, 'including! otherwise.

onymous variables 'anonRecurse', 'anonAcc', 'anonlnit', 'anonResults' and 'anonSources' are named for g
es; they do not form part of the evaluation environmentfor body.

.1 exists

5 in true if body evaluates to true for at least Ohe element in the source collection.
source->exists(iterators | body) =

source->iterate(iterators; result \Boolean = false | result or body)

.2 forAll

5 in true if the body expression evaluates to true for each element in the source collection; otherwise, res
source->forAll(iterators | body ) =

source->iterate(iterators; result : Boolean = true | result and body)

.3 isUnique

b in true if body evaluates to a different value for each element in the source collection; otherwise, resu
sourcé=>1sUnique (iterator | body) =

source->collect (iterator | Tuple {iter = Tuple{iterator}, value = body})

xposition

ult is false.

t is false.

isUniq

11.9.1

—forAT (X, y (X er <= y.Itery TMpiies (X vatue <> y.vatue))

ue may have at most one iterator variable.

4 any

Returns any element in the source collection for which body evaluates to true. If there is more than one element for which
body is true, one of them is returned. There must be at least one element fulfilling body, otherwise the result of this
IteratorExp is null.
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source->any(iterator | body) =

source->select(iterator | body)->asSequence()->first()

any may have at most one iterator variable.

11.9.1.5 one

Results in true if there is exactly one element in the source collection for which body is true.
source->one(iterator | body) =

source->select(iterator | body)->size() = 1

one mpy have at most one iterator variable.

11.9.1[.6 collect

The Cpllection of elements that results from applying body to every member of the sourece set. The result is flattened.
Notice| that this is based on collectNested, which can be of different type depending-on the type of source. collectNested
is defined individually for each subclass of CollectionType.

source->collect (iterator | body) = source->collectNested (iterator | body)->flatfen()

collecy may have at most one iterator variable.

11.9.2 Set

The standard iterator expression with source of type Set(T)-are:

11.9.2.1 select

The subset of set for which expr is true.
source->select(iterator | body) =
source->iterate(iterator; result : Set(T)= Set{} |
if body then result->including(iterator)
else result
endif)

select|may have at most ene-iterator variable.

11.9.2.2 reject

The subset of the,source set for which body is false.

source->teject(iterator | body) =

source->select(iterator | not body)

reject may have at most one iterator variable.

11.9.2.3 collectNested

The Bag of elements which results from applying body to every member of the source set.

source->collectNested(iterator | body) =
source->iterate(iterator; result : Bag(body.type) = Bag{} |
result->including(body ) )
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collectNested may have at most one iterator variable.

11.9.2.4 sortedBy

Results in the OrderedSet containing all elements of the source collection. The element for which body has the lowest
value comes first, and so on. The type of the body expression must have the < operation defined. The < operation must

inY 1 1 1 bl . b - bl 1 1.1 4+l
return pBootcamr varmeand must-oetransttive T-c, 1 a o aic U C tUIcIr a 128

source->sortedBy(iterator | body) =
iterate( iterator ; result : OrderedSet(T) : OrderedSet {} |

if result->isEmpty() then
result.append(iterator)

else
let position : Integer = result->indexOf (

result->select (item | body (item) > body (iterator)) ->first() )
in
result.insertAt(position, iterator)
endif

sortedBy may have at most one iterator variable.

11.9.3 Bag

The stgndard iterator expressions with source of type Bag(T).are:
11.9.3.1 select

The syb-bag of the source bag for which body istrue.
source->select(iterator | body) =
source->iterate(iterator; result : Bag(T)= Bag{} |
if body then result->ingluding(iterator)
else result
endif)

select may have at most orie iterator variable.

11.9.3.2 reject

The syb-bag ofithe source bag for which body is false.
sourcé=>reject(iterator | body) =

source->select(iterator | not body)

reject may have at most one iterator variable.

11.9.3.3 collectNested

The Bag of elements which results from applying body to every member of the source bag.

source->collectNested(iterator | body) =
source->iterate(iterator; result : Bag(body.type) = Bag{} |
result->including(body ) )
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collectNested may have at most one iterator variable.

11.9.3.4 sortedBy

Results in the Sequence containing all elements of the source collection. The element for which body has the lowest value
comes first, and so on. The type of the body expression must have the < operation defined. The < operation must return a

B 1 1 1 1 -~ . . L 1 1.1 1 AN
oolegmrvarucana nmust oT (rairsitrve UL, 1 d U dllud U C Uit a b).

source->sortedBy(iterator | body) =
iterate( iterator ; result : Sequence(T) : Sequence {} |

if result->isEmpty() then
result.append(iterator)

else
let position : Integer = result->indexOf (

result->select (item | body (item) > body (iterator)) ->first() )
in
result.insertAt(position, iterator)
endif

sortedBy may have at most one iterator variable.

11.9.4 Sequence

The standard iterator expressions with source of type Sequence(T) are:

select(gxpression : OclExpression) : Sequence(T)

The subsequence of the source sequence for which body is true.

source->select(iterator | body) =
source->iterate(iterator; result : Sequence(T) = Sequence{} |
if body then result->including(iterator)
else result
endif)

select may have at most pne.iterator variable.

11.9.41 reject

The subsequencerof the source sequence for which body is false.

source>reject(iterator | body) =

source->select(iterator | not body)

reject may have at most one iterator variable.

11.9.4.2 collectNested

The Sequence of elements that results from applying body to every member of the source sequence.

source->collectNested(iterator | body) =

source->iterate(iterator; result : Sequence(body.type) = Sequence{} |
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Results in the Sequence containing all elements of the source collection. The element for which body has the lowest value

comes

Booledn value and must be transitive (i.e., if a <b and b < ¢ then a < ¢).

sorted|

11.9.

The st

select(

The o

select

reject

The o

source->sortedBy(iterator | body) =
iterate( iterator ; result : Sequence(T) : Sequence {} |

if result->isEmpty() then
result.append(iterator)

else
let position : Integer = result->indexOf (

result->select (item | body (item) > body (iterator)) ->first() )
in
result.insertAt(position, iterator)
endif

By may have at most one iterator variable.

5 OrderedSet

hindard iterator expressions with source of type OrderedSet(T) are:

pxpression : OclExpression) : OrderedSet(T)

dered set of the source ordered set for which body is true
source->select(iterator | body) =
source->iterate(iterator; result.\OrderedSet(T) = OrderedSet{} |
if body then result->inCluding(iterator)
else result
endif)

may have at mest one iterator variable.
expression;'OclExpression) : OrderedSet(T)

deredset of the source ordered set for which body is false.

squrce->reject(iterator | body) =

first, and so on. The type of the body expression must have the < operation defined. The < operation mulst return a

source->select(iterator | not body)

reject may have at most one iterator variable.

collect

Nested (expression : OclExpression) : Sequence(T)

The sequence of elements that results from applying body to every member of the source ordered set.

© 1SO/

IEC 2012 - All rights reserved

173


https://standardsiso.com/api/?name=94f46ce5f56c0337822b701405ad1788

ISO/IEC 19507:2012(E)

source->collectNested(iterator | body) =
source->iterate(iterator; result : Sequence(body.type) = Sequence{} |

result->append(body ) )

collectNested may have at most one iterator variable.

sortedBy (expression : OclExpression) : OrderedSet(T)

Results in the ordered set containing all elements of the source collection. The element for which body lHas th¢ lowest
value ¢omes first, and so on. The type of the body expression must have the < operation defined, The < operation must
return p Boolean value and must be transitive (i.e., if a <b and b < ¢, then a < ¢).
source->sortedBy(iterator | body) =
iterate( iterator ; result : OrderedSet(T) : OrderedSet {} |
if result->isEmpty() then
result.append(iterator)
else
let position : Integer = result->indexOf (
result->select (item | body (item) > body (iterator)) ->first() )
in result.insertAt(position, iterator)
endif)

sortedBy may have at most one iterator variable.
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12 The Use of OCL Expressions in UML Models

12.1 Introduction

This clause describes the various manners in which OCL expressions can be used in UML models.

In prifciple, everywhere in the UML specification where the term expression is used, an OCL expression icatvpe used
(e.g., flor invariants, preconditions, and postconditions), but other placements are possible too. The meaning of|the value,
which [results from the evaluation of the OCL expression, depends on its placement within the UMIAmodel.

In this|specification the structure of an expression, and its evaluation are separated from the usage) of the exprgssion.

Clausq 8 (“Abstract Syntax”) defines the structure of an expression. In Clause 9 (“Concrete Syntax”) it was alr¢ady noted
that the contents of the name space environment of an OCL expression are fully determined by the placement of the OCL
exprespion in the model. In that clause an inherited attribute env was introduced for evéryproduction rule in the attribute
grammjar to represent this name space environment.

This sgib clause specifies a number of predefined places where OCL expressions_can be used, their associated [meaning,
and th¢ contents of the name space environment. The modeler has to defing his’her own meaning if OCL is uded at a
place in the UML model that is not defined in this sub clause.

For evpry occurrence of an OCL expression three things need to be separated: the placement, the contextual clagsifier, and
the self instance of an OCL expression.

* | The placement is the position where the OCL expression_is used in the UML model (e.g., as invariant connpcted to
class Person).

« | The contextual classifier defines the namespace in which the expression is evaluated. For example, the confextual
classifier of a precondition is the classifier that-is the owner of the operation for which the precondition is defined.
Visible within the precondition are all model elements that are visible in the contextual classifier.

« | The self instance is the reference to the’object that evaluates the expression. It is always an instance of the ¢ontextual
classifier. Note that evaluation pfian OCL expression may result in a different value for every instance of the
contextual classifier.

In the hext sub clause a number-of placements are stated explicitly. For each, the contextual classifier is definefl and well-
formedness rules are given thatexactly define the place where the OCL expression is attached to the UML mgdel.

12.2 The ExpressioninOcl Type

Becauge in the abstract syntax OclExpression is defined recursively, we need a new metaclass to represent the|top of the
abstradt synfax-tree that represents an OCL expression. This metaclass is called ExpressionlnOcl, and it is definjed to be a
subclags-of the Expression metaclass from the UML core, as shown in Figure 12.1. In UML the Expression mefaclass has
an attribttetensuage-thatmayhave-the—value—OCE- bedy-atiribute-contains—a-textrepresentationofthe-actual

expression. The bodyExpression association of ExpressionInOcl is an association to the OCL expression as represented by
the OCL Abstract syntax metamodel. The body attribute (inherited from Expression) may still be used to store the string
representation of the OCL expression. The language attribute (also inherited from Expression) has the value ‘OCL.’
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Figure|12.1 - Metaclass ExpressioninOcl added to the UML metamodel

12.2.1 ExpressioninOcl

An expression in OCL is an expression that is written in OCL: The value of the language attribute is thereforg always
equal fo ‘OCL.’

Assogiations

bodyExpression The bodyExpression is an OclExpression that is the root of the actual OCL expressidn, which
is described fully by the OCL abstract syntax metamodel.

contextVariable The ‘self’variable. The contextual classifier is the type of the ‘self” variable.

resul{Variable The(‘result’ variable representing the value to be returned by the operation.

parameterVariable The variables representing the owned parameters of the current operation.

genetated Type Types, such as collection types, that are created on demand by OCL to serve as the tlypes of

OclExpressions in the bodyExpression.

12.3]| Well-formedness Rules

12.3.1“ExpressioninOcl

[3] [1] This expression is always written in OCL
context ExpressionInOcl

inv: language = ‘OCL’
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Standard Placements of OCL Expressions

This sub clause defines the standard places where OCL expressions may occur, and defines for each case the value for the
contextual classifier. Note that this list of places is not exhausting, and can be enhanced.

12.4.1 How to Extend the Use of OCL at Other Places

At many places in the UML where an Expression is used, one can write this expression in OCL. To define the‘tse of OCL
at sucl a place, the main task is to define what the contextual classifier is. When that is given, the OCL @xptession is fully
definegl. This sub clause defines a number of often used placements of OCL expressions.
12.5 Definition
A defihition constraint is a constraint that is linked to a Classifier. It may only consistief\one or more LetExpg. The
variable or function defined by the Let expression can be used in an identical way_ as an attribute or operation|of the
Classifier. Their visibility is equal to that of a public attribute or operation. The purpose of a definition constraint is to
define|reusable sub-expressions for use in other OCL expressions.
The placement of a definition constraint in the UML metamodel is shown in*Figure 12.2. The following well-fprmedness
rule mpst hold. This rule also defines the value of the contextual Classifier.
ModelElement 0.n +constraint [ Constraint
(from Core) rconstrainedElement  o.n | {@yrcore)
0.1
1 | +body
Classifier Expression
(from Core) (from DataTypes)
ExpressioninOcl +bodyExpression OclExpression
1
Figurel 12.2 - Situation of Ocl expression used as definition or invariant
12.5.1 Well-formedness Rules
[4] [1] The ExpréessionIlnOcl is a definition constraint if it has the stereotype «definition» (A) and the constraint if attached
tor only one model element (B) and the constraint is attached to a Classifier (C).
context ExpressionInOcl
def: isDefinitionConstraint : Boolean =
self.constraint.stereotype.name = ‘definition’ - A
and
self.constraint.constrainedElement->size() = 1 --B
and
self.constraint.constrainedElement.any(true).ocllsKindOf(Classifier) -- C
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[5] [2] For a definition constraint the contextual classifier is the constrained element.
context ExpressionInOcl
inv: isDefinitionConstraint implies
contextualClassifier =

self.constraint.constrainedElement.any(true).oclAsType(Classifier)

[6] [3] Inside a definition constraint the use of @pre 1s not allowed.
context ExpressionInOcl

nv: --

12.6| Invariant

An invariant constraint is a constraint that is linked to a Classifier. The purpose of an invariant constraint is tq specify
invarignts for the Classifier. An invariant constraint consists of an OCL expression of type Boolean. The expregsion must
be truq for each instance of the classifier at any moment in time. Only when an instance is executing an operafion, this
does npt need to evaluate to true.

The plhcement of an invariant constraint in the UML metamodel is equal to,the placement of a definition congtraint,
which [is shown in Figure 12.3. The following well-formedness rule must.hold. This rule also defines the valug¢ of the
contexfual Classifier.

12.6.1 Well-formedness rules

[7] [1] The constraint has the stereotype «invariant» (A) andithe constraint is attached to only one model element] (B) the
constraint is attached to a Classifier (C). The contéxtual classifier is the constrained element and the type |of the
OCL expression must be Boolean.

context ExpressionInOcl

inv: self.constraint.stereotype.name = ‘invariant’ - A
and
self.constraint.constrainedElemént=>size() = 1 -B
and

self.constraint.constrain€dElement.any(true).ocllsKindOf(Classifier) -- C
implies
contextualClassifier =
selficonstraint.constrainedElement->any(true).oclAsType(Classifier)
and

self;bodyExpression.type.name = ‘Boolean’

[8] [2] Inside an invariant constraint the use of @pre is not allowed.

= - T 1
COMCXT CXPITSSIONIITUTT

inv: --
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12.7 Precondition

A precondition is a constraint that may be linked to an Operation of a Classifier. The purpose of a precondition is to
specify the conditions that must hold before the operation executes. A precondition consists of an OCL expression of type
Boolean. The expression must evaluate to true whenever the operation starts executing, but only for the instance that will

execute the operation.

The plpcement of a precondition in the UML metamodel is shown in Figure 12.4. The following well-formedifess rule
must Hold. This rule also defines the value of the contextual Classifier.

ModelElement 0..n +constraint Constraint
(from Core) +cpnstrainedElement 0..n (from Core)
4& 0.1 T
{ordered} 1| +bod
{ . y
Feature - 10..n O @] Classifier Expression
(from Core)  +feature 0.1 | (from Core) (from DataTypes)
Behavif:)rrilgfrzture ExpressioninOcl L OclExpression
( ) +bodyExpression

Figurel12.3 - An OCL ExpressioninOcl used as a pre- or pastcondition

12.7.1 Well-formedness rules

[91 [1] The Constraint has the stereotype «precondition» (A), and is attached to only one model element (B), and|to a
BehavioralFeature (C), which has an‘ewner (D). The contextual classifier is the owner of the operation tol which
the constraint is attached, and the type of the OCL expression must be Boolean.

context Expression

inv: self.constraint.stereotype.fiani€ = ‘precondition’ --A
and
self.constraint.constrainedElement->size() = 1 -B
and
self.constraint.constrainedElement->any(true).ocllsKindOf(BehavioralFeature) -- C
and
self.conistraint.constrainedElement->any(true) --D

.oclAsType(BehavioralFeature).owner->size() = 1

implies
contextualClassifier =
self.constraint.constrainedElement->any(true)
.oclAsType(BehavioralFeature).owner
and

self.bodyExpression.type.name = ‘Boolean’
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[10][2] Inside a precondition constraint the use of @pre is not allowed.

context ExpressionInOcl

inv: --

12.7.2 Postcondition

Like a
postco
expres
only f
mark d
there i

The pl
Figure

12.7.
[11][1

12.8

precondition, a postcondition is a constraint that may be linked to an Operation of a Classifier. The puy
hdition is to specify the conditions that must hold after the operation executes. A postcondition consists
sion of type Boolean. The expression must evaluate to true at the moment that the operation stops/exect
r the instance that has just executed the operation. Within an OCL expression used in a postcondition, tl
an be used to refer to values at precondition time. The variable result refers to the returnwalue of the o
b any.

hcement of a postcondition in the UML metamodel is equal to the placement of a‘precondition, which is
12.4. The following well-formedness rule must hold. This rule also defines theyvalue of the contextual
3 Well-formedness rules

The Constraint has the stereotype «postcondition» (A), and it is attached to only one model element (B), t
BehavioralFeature (C), which has an owner (D). The contextual‘¢lassifier is the owner of the operation to
the constraint is attached, and the type of the OCL expression.ntust be Boolean.

context Expression

inv: self.constraint.stereotype.name = ‘postcondition’ -A
and
self.constraint.constrainedElement->size() = 1 --B
and
self.constraint.constrainedElement->any(trie).ocllsKindOf(BehavioralFeature) -- C
and
self.constraint.constrainedElements>any(true) -D

.oclAsType(BehavioralFeature).owner->size() = 1
implies
contextualClassifier=
self.constraifif:constrainedElement->any().oclAsType(BehavioralFeature).owner
and

self.bodyExpression.type.name = ‘Boolean’

Initial Value Expression
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OCL expression acting as the initial value of an attribute must conform to the defined type of the attribute. An OCL

expression acting as the initial value of an association end must conform to the type of the association end. For instance,
the type of the attached Classifier when the multiplicity is maximum one, or OrderedSet with element type the type of the
attached Classifier when the multiplicity is maximum more than one.

The OCL expression is evaluated at the creation time of the instance that owns the attribute for this created instance in the
case of an initial value for an attribute. In the case of an initial value for an association end, the OCL expression is
evaluated at the creation time of the instance of the Classifier at the other end(s) of the association.
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The placement of an attribute initial value in the UML metamodel is shown in Figure 12.5. The following well-
formedness rule must hold. This rule also defines the value of the contextual Classifier.

Note - The placement of an initial value of an association end is dependent upon the UML 2.0 metamodel. So are the well-

formedness rules for this case.

12.8.1 Well-formedness rules

[12][1] The Expression is the initial value of an attribute (A), and the Attribute has an owner (B). The contextual
is the owner of the attribute, and the type of the OCL expression must conform to the type of the@ttributd.

[13]
context ExpressionInOcl
inv: self.attribute->notEmpty() -A
and
self.attribute.owner->size() = 1 -B
implies

contextualClassifier = self.attribute.owner
and
self.bodyExpression.type.conformsTo(self.attribute.type)

[14][2] Inside an initial attribute value the use of @pre is not allowed:

context ExpressionInOcl

inv: -- TBD
Feature |'feature +owner’ Classifier
0..n fron’C
(from Core) {ordered} 0.1 (froni Core)
1 |+type
StructuralFeature
(from Core) 0..n
Attribute  Hattribute 0.1 Expression

(from Core) 0.1 ~initialValue ~ | (from DataTypes)

ExpressionInOcl +bodyExpression

OclExpression

Classifier

Figure 1242 - EXpression used to define the initial value of an attribute
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12.9

Derived Value Expression

A derived value expression is an expression that may be linked to an Attribute of a Classifier, or to an AssociationEnd.

An OCL expression acting as the derived value of an attribute must conform to the defined type of the attribute. An OCL
expression acting as the derived value of an association end must conform to the type of the association end. For instance,
the type of the attached Classifier when the multiplicity is maximum one, or OrderedSet with element type the type of the

attachd

A deri
equal {

Note -
rules f

12.1

A body
OCL ¢
expres

Note
formed

12.1

d Classifier when the multiplicity is maximum more than one.

ved value expression is an invariant that states that the value of the attribute or association end must aly
o the value obtained from evaluating the expression.

The placement of a derived value expression is dependent upon the UML 2.0 metamodel. So are the well-
r this case.

0 Operation Body Expression

I expression is an expression that may be linked to an Operation of a Classifi€r, that is marked Query opg
xpression acting as the body of an operation must conform to the result type of the operation. Evaluating
sion gives the result of the operation at a certain point in time.

- The placement of an operation body expression is dependent pon the UML 2.0 metamodel. So ar
ness rules for this case.

1 Guard

A guaild is an expression that may be linked to a Transitipirin a StateMachine. An OCL expression acting as th|

a trans
evalua

The pl
In ordd
Classif

ition restricts the transition. An OCL expressionlacting as value of a guard is of type Boolean. The exp
ed at the moment that the transition attached\to the guard is attempted.

hcement of a guard in the UML metamodel is shown in Figure 12.5. The following well-formedness rule
r to state the rule a number of additional operations are defined. The rule also defines the value of the
[ier.

vays be

formedness

ration. An
r the body

b the well-

e guard of
ession is

must hold.
contextual

ModelElement Classifier
(from Core) B (from Core)
+Fontext 0.1 OclExpression
0..n<f+behavior +bodyExpression 1
StateMachine
(ffom State Maehines)
0.4 +statemachine ExpressionIinOcl
O..n +transitions
TFrarsition oo tslate State
(from State Machines) +internalTransition 0.1 (from State Machines)
1 +transition
+guard 0.1
Guard 0.1 +expression Expression
(from State Machines) ¥guard 1 (from DataTypes)

Figure
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12.5 - An OCL expression used as a Guard expression
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[15] [1] The statemachine in which the guard appears must have a context (A), that is a Classifier (B). The contextual

classifier is the owner of the statemachine, and the type of the OCL expression must be Boolean.

context ExpressionInOcl

[16][2

12.1

inv: not self guard transition getStateMachine().context oclisUndefined() - A
and
self.guard.transition.getStateMachine().context.ocllsKindOf(Classifier)  -- B
implies
contextualClassifier =

self.guard.transition.getStateMachine().context.oclAsType(Classifier)
and

self.bodyExpression.type.name = ‘Boolean’
Inside a guard the use of @pre is not allowed.

context ExpressionInOcl

inv: --

2 Concrete Syntax of Context Declarations

This sgib clause describes the concrete syntax for specifying thelContext of the different types of usage of OCI

expres
associg
of the

sions. It makes use of grammar rules defined in Clause\9 (“Concrete Syntax™). Here too, every producti

[UML to find the right type for each production.

Visibiliity rules etc. must be defined in the UML metamodel. Here we assume that every classifier has an oper

visible

Note -
to the |

Becau
of an
model

The pd
in the

(recurs
variab

Flements(), which returns an instance ofitype Environment, as defined in Clause 9 (“Concrete Syntax’)

The context declarations as described in this sub clause are not needed when the OCL expressions are attach
UML model. This concrete syntaxfor context declarations is only there to facilitate separate OCL expressions

e of the assumption that the doncrete syntax below is used separate from the UML model, we assume thg
peration getClassifier().on the UML model that allows us to find a Classifier anywhere in the correspo
The signature of this eperation is defined as follows:

context Model::findClassifier( pathName : Sequence(String) ) : Classifier

thName need not be a fully qualified name (it may be), as long as it can uniquely identify the classifier s
[UML meodel. If a classifier name occurs more than once, it needs to be qualified with its owning packag
ively)\until the qualified name is unique. If more than one classifier is found, the operation returns invd
elModel is used to refer to the UML Model. It is used as Model.findClassifier().

on rule is

ited to the abstract syntax by the type of the attributerasz. However, we must sometimes refer to the abstgact syntax

htion

ed directly
n text files.

existence
hding

omewhere
&
lid. The

Likewise, we assume the existence of an operation getPackage() on the UML model that allows us to find a Package

anywh

In this
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ere in the corresponding model. The signature of this operation is defined as follows:
context Model::findPackage( pathName : Sequence (String) ) : Package

case the pathName needs to be a fully qualified name.
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Note - The rules for the synthesized and inherited attributes associated with the grammar all depend upon the UML 2.0
metamodel. They cannot be written until this metamodel has been stabilized. Therefore only the grammar rules are given.

12.12.1 packageDeclarationCS

This production rule represents a package declaration.

[17][A]] packageDeclarationCS ::= “package” pathNameCS contextDeclCS*
“endpackage”

[18][B]] packageDeclarationCS ::= contextDeclCS*

12.12.2 contextDeclarationCS

This pfoduction rule represents all different context declarations.
[19][Al] contextDeclarationCS ::= propertyContextDeclCS
[20]1[]] contextDeclarationCS ::= classifierContextDeclCS
[21][D] contextDeclarationCS ::= operationContextDeclCS

12.12.3 propertyContextDecICS

This pftoduction rule represents a context declaration for expressions’that can be coupled to a property. The path name
refers fo the “owner” of the property, the simple name refers to.its name, the type states its type.

[22] prppertyContextDecICS ::= ‘context’ pathNameCS *::” simpleName’:* typeCS initOrDerValueCS

12.12.4 initOrDerValueCS

This pfoduction rule represents an initial or detived value expression.

[23][Al] initOrDerValueCS[1] ::= “init” :’ OelExpression
initOrDerValueCS[2]?

[24]1[8]] initOrDerValueCS[1] ::= ‘derive’ ;> OclExpression
initOrDerValueCS[2]?

12.12.5 classifierContextDecICS

This production rulefgepresents a context declaration for expressions that can be coupled to classifiers. The vafiable
declargtion to the-classifier context is 'self' for the A form and explicitly specified for the B form.

[25][A] classifierContextDeclICS ::= ‘context’ pathNameCS invOrDefCS
[26][B]] elassifierContextDecICS ::= ‘context’ simpleNameCS ":' pathNameCS invOrDefCS

12.12.6 invOrDefCS

This production rule represents an invariant or definition.

[27]1[A] invOrDefCS[1] ::= “inv’ (simpleNameCS)? “:* OclExpressionCS
invOrDefCS[2]

[28][B] invOrDefCS[ 1] ::= (‘static’)? ‘def” (simpleNameCS)? ‘:* defExpressionCS
invOrDefCS[2]
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12.12.7 defExpressionCS

This production rule represents a definition expression. The defExpressionCS nonterminal has the purpose of defining

additional attributes or operations in OCL. They map directly to a UML attribute or operation with a constraint that
defines the derivation of the attribute or operation result value. Note that VariableDeclarationCS has been defined in

Clause 9.

[29]1A
[30][B
12.1%
This p
[31]op
12.1%
This p
[32][A

(33](B

[34][C

12.12
This p
[35][A
[36][B

12.1%
This p

[37]p4
[38]

] defExpressionCS ::= VariableDeclarationCS ‘=" OclExpression
| defExpressionCS ::= operationCS ‘=" OclExpression

.8 operationContextDecICS

Foduction rule represents a context declaration for expressions that can be coupled to an“operation.

erationContextDeclCS ::= ‘context’ operationCS prePostOrBodyDeclCS

.9 prePostOrBodyDecICS

Foduction rule represents a pre- or postcondition or body expression.

] prePostOrBodyDeclCS[1] ::= ‘pre’ (simpleNameCS)? > OclExpréssionCS
prePostOrBodyDeclCS[2]?

| prePostOrBodyDeclCS[1] ::= ‘post’ (simpleNameCS)? “:” OclExpressionCS
prePostOrBodyDeclCS[2]?

] prePostOrBodyDeclCS[1] ::= ‘body’ (simpleNameCS)?*:> OclExpressionCS
prePostOrBodyDeclCS[2]?

.10 operationCS

Foduction rule represents an operatiomr inta context declaration or definition expression.
] operationCS ::= pathNameCS ‘¢’ simpleNameCS ‘(* parametersCS? ‘)’ “:” typeCS?
] operationCS ::= simpleNaméCS' ‘(* parametersCS? )’ “:” typeCS?

.11 parametersCS

Foduction rule represents the formal parameters of an operation.

rametersCS[1]\;= VariableDeclarationCS (‘,” parametersCS[2] )?
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