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00000000 UuUMLOOOOOODOOOO0O0OO0O0O00000000000000OO
000000000000 000000000000O00000D0o00oobO0ooDo0n
O00000000ooooooOoOoOooOoo0ooOo0O000000000000ooon
00000000 oo0O0o00ooooon
0000000000000 00000000000O000D00000o0000oDo00n
0000000000000 0000000000000000000oDo0ooDo0n
O00d0d0oooooOo0o00o0ooOoooooooocLO0oooooooooOoOoan
J0ddd0odoooooooooooooooocLoolBMOOOOOOOOOOOO
000000000000 SyntropyDODOOOOOOODODODO
OUMLOOOOOOOO0OO0OO0OOOO0OODODODOODODOODODODODODOOOOO0O00O0O0O0O
0000000000000 000000000000000000O000DoO0oO0000n
000000000000 000000000000000000000O000000a
000000000000 000000b000o00o0ooo0ooooooooooon
00000 well-formedness rulesO 0 0 0 O0OCLOOUMLOOOOOOODOODODOOO
0d0dddoooooouvuMLOOOOOODODOOODODOODODODOO0O000O0O0OO0OOaO
O0000D0oOO0ooO0o00ooodLod0oooooooooocLodononooooOoa
ooooo

e HUUUOUOLDDUOOODLDLDDLOUOOOUODLDLDUOOODLDbDDOO

gobobouogbbbbooooobboboooooo

e HUUUUDLODUOUOODLDDLDOUOUOODLDbDUOUOLODLDbDDOO

gooboogogon

0000 O navigation language0 00000000

e HUUUOUOODOOOODLDDODO

gobobogobb2s5000bbo0gan
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Bank

accoumMurmber inbedger

0.1
customer
Person manager 0.* C
managedCompanies ompany
isMarried : Boolean % pa name : Siring
i Unemployved : Boolean numbarQfEmployess : Integer
birth Date : Date
o armployes amployear
age - Integar ; T +| stockPrice() : Real
firstName : String 0. S wl
lastName : Sinng |
sex - anurm {male, fernale) |
income(Date) | Integer e '
) ge 0.1 Jab
husband | 0..1 fifle : Siring
startDate : Dabe
salary : Integar
Marriage
place : String
dats : Date

U 25 000000
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2.2.2 UMLOOOOOODOOOOO

e UMLOODDOOOODODDODOO
OUMLODOOODO OCLOODOOODOOOOoDOCLOOO0DbOOoOooDooooon
O0000000DO0o00oOoo oCLO00nooooboooboDoooooon
O000000000D0OCLODO0OODODOself000D0OD0DO0ODOODOODODOO
O0D0D0000000000000000000000 Company 00 O O self O
Company 00 O0D0O00D0OO0DOODOO

e 0J0O0O0O

OOCLOOD invartant” OO0 O00D0O0O00O0DO00O0O ConstraintD 000000
InvariantO 00 0000000000000 DO0OOInvariant O Classifierd OO O O
0000000000000 Classiier 0000000000 ODODOOOOCLOO
000000000000 bO000o0obO000oooO0o0oooobOooooooa
O000ooooooooooooocLonooboooOoOoOoan
00000000000 OoCLO0d0bDOO0O0000OoDDOO0O0OdDOcontext
0000000000000 00000ooooooo000 mmv:00oooooao
imvariant” 00 000000000000 OCOO0OO 25000000000 Company
0000000000000 00000000000 O0O000000000O0DOO
0000000000 00000000000000 sef000000O0DODOO0O
oo0o

context Company inv:

self.numberOfEmployees > 50

2.2.3 OCLODO

e JDOOODODO
OocLOb00ooobooooooobooobooboooooooboooooboooDo
OO00O00o0obO0ooboooooobOooboobboboocLobobooooboooo
O 00O 0OBoolean O OInteger D OReal DO String0 0000000000 OODOO
000 0Collection 0 OSet 0 OBag OSequence 000 OO0 O0O0OO 10000
O0000000000000000Set000000000 BagOOOO {ordered}
O00000D00000000000 SequenceJ0O00O0O0ODODOODODOOODODOO
Oo00ooOooooo

— Collection O
Collection0 D0 O0O0O0OOODOODOOOOODOODODOODODUODOODODO
00 Set 0O Bag OO Sequence 0 0O O O
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— Set [
Set 00000000 O0OO0ODOO0ODODOOOOOOOOOODOOOOOODODODOO
000O00oOooon

— Bag[O
BagOODODODODOOOODODDODDODOODOODOODDODOOODOODODODODDOOOOOO
000

— Sequence [J

Sequence U0 OO0 0ODOODOODODODOOODODODODOODODODODOO
gobooo

O00000000000 Enumeration000000000OO0O OclExpression O O
OclType OO OclAny 0000 0O0ODO OclExpression 0 O OclType O O OclAny O
OO00oO0Dooooooo

— OclExpression [J
OCLOO0bOOoDooCLOobDooooboboboobooooboooocLon
0000 OclExpression 00 00000000000 O0OOOOOOOODOO
O0010000000000OselectOforAlOOOD0OOOOCOOODOOO0O
ooooogo

— OclTypeO
UMLODDODDOODOODOODOOOO oCLOoDoOoDooDoDoDoDoDOOoODOOoDO1
O00000000000OdTypeO0 OO0 OCLOODOOODDODOOOOOO
OclType 00 ODOD0OO0ODOOODDOODOODOODOOODODOOOODODOODO
OO00DO0DoDOooooooo

— OclAny O
oOCLO0OD0O0ODO0ODOO0OcdAny0 0 0D0ODODOOODODOODOOODOODO
O00OCLOODDODOODOOO0OOOn CollectiondOOOclAnyD O OO
O00000OcdAny0 0D D0O0ODO0O0O0ODOODODOCLOODODODOOOOO
OO00oO0oOoDoOooooooon

e UMLOODODODOO
OOCLOODOUMLOOOO0O0O000OO0/00000MOoooooooooooo
OOo0ooooobouMLOOOOODOOoOooOobOoobobooooocLboonoo
goo

224 0O0O0OO

OTypelOODODOOODO Type2 0O ODODOODOODOODODOODOODOODOODOO
O Typel OO Type2O0ODOOOOOOO
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OocCLOb0O0booooboooboobobbooooboooboobooboboboobooo
OO00000O0b0oobobboooobooocCLobooboovahdbbODOOOobOOoOoO
OO0 OCLOODO0O0ODOmvaid000OO00ODOODOODOODOOODO0ODOODODOOODOOD
gobobooggd

e HUUUUOODLDOOUOOODLDODO

e 1IDDUODOUODDODOUODODOOTypelO Type2O0 OO OO Type20 Typed OO
000000 Typel O Type3 0O OO OO

g21ggggobobodoggboboagn

U0 21: 000000000

0 000000 /000ooood
Set Collection

Sequence | Collection

Bag Collection

Integer Real

225 UUO0O0OO0OOOOOO

dooooooooooooooooooooooooooooooooooooad
ddodooooooooooooooooboooooooooooooooooooon
dooooooooooooooooooooooooooooooooooooon
000 oclAsType(OclType) D0 DD 0000000 OocAsTypeD OO DOOOOOOO
0000000000000 00D00 TypelOOOOOODO object 0OOOO Type2 O
Typel OO OOOOOOOOOODOODOOOOOOOOOOO

object.oclAsType(Type2) --- objectO O Type20 0000

226 OUOOOOOOOOOOOOOOOOOO

e UOOODDOU
gboboboooboogbobuooobbboogbbobooobbooooboobog
OO00000DO00O00O000000b0bOoDoDOobDOobsQuerydDODOO
OOobOoooooocLbOobbooooooooooboobobouobooobooDboo
goboboogobobooogooboon
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— 000 Attribute

— 0000 AssociationkEnd0
— sQueryD OO OOO0O

— sQueryOOODOOOOOO

gbobbooobbogobobbooobbooobbooobbooooobooa
goboooogooo

context TypeA inv:
self.property

Oooooo250000000Persond00000agel0 0000000000
gobobouogbobooooobobobod

context Person inv:

self.age > 0

e HUUUOOUODOOOOO
gbobboooboogoobuogbobbboobbbooobbboobobog
gbobobooboboogobbuoooobbooobobooobobboobobog
gbbuogoobbooobobuoooobbooobbobooobbboonooboa
gobobboogboboboogoobobbouogobbouooobobood

object.rolename

OOO0ooo250000000Company0000000O0O0OO0OOODOOOOO
gobobouogbobobbooooobboboogooo

context Company inv:

self.manager.isUnemployed = false

227 DODOOODOOOOO

OOoOob0ocLboobobuoobobooooboboobobooboooboobOooDO
goo
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e HUUUUODLDDUOOODLDDLOOOOODLDDOOO
gbobbooobbooobbuooobbooobbobooobbboobboa
OO000000b00o0o0ob0obOobobobO0ooboobOoboooooOoo oCLO
OO000D00OD0DOoclAny0D0D0O0O0OD0OODOODODOODOODO

oclIsTypeOf (t: 0clType) : Boolean
0clIsKindOf (t: 0clType) : Boolean
oclInState(s: State) : Boolean
oclIsNew : Boolean
oclAsType(t: OclType) : instance of 0clType

e UOOODDOU
OocCLOb00oooooobooooooobobooooooobooobooooogoo
gboogbogob->»gubbugbobougooggbboobbooooon
O00250000000Cempany 000000000 0ODOOOOOODOOODOO
gboboboogbobooooobobboooooo

context Company inv:

self.employee->forAll(e | e.isUnemployed = false)

forAlD0D0DO0OO0O0ODODOOODOOOO0ODOODOODOOOOOODoOCLObOO
gbobboogdbbodbegubbbbooooobbboooobbbog
gbobobodglogobbobuooodbbetdgoobbboooobbbod
OO000e0O0O0D0O0OODOOCLOODOODOOODOODDODOODODOO
00 existsOsizeOselect 00D O0O0O0O0O0OO0O0O0ODOODOOODOOOODODOO
OOooOooooboobooboobooos2o0L0oooboboboboooobOoD B
gbooboogbbbooooobobbouooan

2.2.8 OCLUOOO

ocLO0db00bOobobDoogos2o0CLobbooooooo420CLOobooonDon
OOoo0OooDoboooCLbOobobuoboo cocdLobobooboobonoo

19



2.3 XMLO eXtensible Markup Languagel]

oboobooobooobboboboobooooboobobo UML XMIODOODOO
OoCLO00D0b00ooboobooboobobooboobDouMLODODODO UML XMIO
ooobogz200 UMLXMIOOOODOOODODODOOODOOOOOUML XMIOOODOO
XMIgOooOoo uMLOODODDODOOOOOoOoOOoOoobDUML XMIDTDOOOO XML
goooog
OooooboobooboboooXMLO XMIODOoOOooOooooobobobooo
gobbbouggobobooooobbbooooboboboooooboboboooan
oooXMLOOOODOOOooood

2.3.1 XMLOODO

19980 w3dd WWW ConsortiuomOO0 000000000000 0O0O0O0OOOOOOOO
0000000000000 0000 [)J0XMLO SGMLO Standard Generalized Markup
Language0 OO0 D0 O00D0O00OD0OO0ODOSGMLOOODOODOODOOODOOODOOO
000000000 bo0g HTMLODODDOOXMLOOOOODODOOOOOO

e NUUUUOO—0ODOOOOO

gobobobo—-ogoboooooaooo

e UL —-DODLOOOOLDODOOODLODOUOObLbObOOObLObLbbOODbLOOn
gooobog

gobobbouoo—-obbbougooboboobbooooooboon

e 10D OIDDOODOUO—DTDO Document Type Declaration[T] DOM [0 Document
Object ModelJ XPathO XML Path Languaged OO0 O WWW O Java OO OO0
ooo

2.3.2 DTD0O Document Type Declarationl]

DITDODOXMLOOOODOOODOOOOOoOLOOoOooooboooobTbboonD 40
goooo

e NUUUUO—0UDLOOOODDLODLDOOOODLDOO
e HUUUOUODLDDLD—-0OO0O0ODLODODOO

e JODOODODOOD - XMLOODODOODODODODODODDODOODOOD
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e JODOI—DOOODOOODO XMLODOODOODOODOOODOODOOODO
gooo

00260 DTDOOOODOOOODTDOOODOOOO200004000600000
0000000000000 0D0004000 °><!'ELEMENT student(nanu;cﬂnaﬂ+0>”
000000000000 named 1000000 emaild 1 00000000 student
00000000+ 00001 000000000000 #PCDATA’ 0O 000000
0000
O5000000student0000000O0O0OO00O0OOOODOOOIODOO0O0000O
O000000O00oobOo0o0looooobo0obOooooDooooooooooOon
O00’studentID’O00O0OO0O0OOOODOID’OOODO P#REQUIRED’ OO OO OO0O
O00000000000000000000000<!ATTLIST student studentID ID
#REQUIRED> 000 0000DOO0OO00O00OO0O0OO0O0OO0OO0O0OOD0OO0OOOoOOoOooOoOoO
OO0000000 XMIO XML Metadata InterchangeD O 00O UML XMIDTD O OO
000000000 DO0000o0oObOOo0oo0oobOo0oooooobOoOooooooo
OO027000260 DTDOOODO XMLODOOOOOO10O00O0 XMLOOOOOO
O000O0OXMLOOODODODODDODOOODOOODODDOOOoooO2000 DOCTYPEOODO
0000000000 XMLOODOOOOO DTbOOOOOO

4 I
<VENTITY % student.att ’studentID ID #REQUIRED’>

<!'ELEMENT Katayama_lab (menber)>
<!ELEMENT member (student)+>
<'ELEMENT student (name, email+)>
<VATTLIST student %student.att;>
<VELEMENT name (#PCDATA)>
<VELEMENT email (#PCDATA)>

~N O 0w N

0 2.6: DTDDOO

2.3.3 DOMU0O Document Object Modell

bpoMOOOOoOoooooooXMLOOOOOOOoOoooooo-oobooooooboOM
OoOoOXMLODODODODOOOoOXMLOODOOoopboMOOoOoooooooooooooboM
ooooboMObOUOOOoODOODOOOOOObOOobObDODOOODOoDbDOoOoODbDOMODO
OOo0oo0ooobooobbooboobobooooobooooopoMbOOoOobooboooo
OO00000000000D00D0D000 SAXO The Simple AP for XMLODOODOODO
OO00000DO000000DO0ob0oboboooXpathoOoooooboMODOOODO
OO028000270XMLOOOCDOMODOODODOOODOOOODOMOOOOOOO
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1 <7xml version = ’1.0’ encoding = ’UTF-8’ 7>
2 <!DOCTYPE Katayama_lab SYSTEM ’Katayama_lab.dtd’>
3 <Katayama_lab>
4 <member>

5 <student studentID=’110013">
6 <name>Keisuke Ito</name>
7 <email>k-itou@jaist.ac.jp</email>
8 </student>
9 </member>

10 </Katayama_lab>

- ,/

O 27 XMLODOOO

OOo0oooobOoobooboooooboboobpoMUObDODbDbOObOObDObODOObOOOD
gobobbooggooood

2.3.4 XPathd XML Path Languagel]

XMLOOODOOOODOOOD 10O0DboOOoooOooO XPathOOODOXPath O0O0XML
OO000000000O0b000ob0O0oDO0bobO0oobobooooXpPathOoooo
goo

e UOOODDOU
gboboboogbbbuooooboboboogobboogon

— JO0Ooooooooon
+ 0000000000 .=/ 0000000000°7
O00O0000000 context noded OO OO0

«+ JO00000O0O000 ::=0000 ¢/ 0000)*
OO0000000000D00D000 contextnode 0 OOODOOODODO
gboobooggbobogooo

+ 0000 =0 ::> 000000 ¢c0Oo0O 2]12)x

o [0 axis
go0o00o0Ooooboooooooooo ooooo

- 0000
selfd O 0O OO parentd O OO child0 OO OO O O O O namespace 0 00 OO
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O 28 DboOMOOOOO

O O preceding-siblingl parent O child OO0 00000000000 O0OOMOD
following-sibling[l parent 0 childOOODO0OO0O0OO0O0O0O0DOOOOO O ances-
tor] 00 O [Mpreceding1 0 0 00 00O Mfollowingd O 0 00O OO O OJdescen-
dant0 O O [ attribute 0 O O [ namespaceld 0 0 O 0 0O O O [ descendant-
or-self0 00000 OO M ancestor-or-self0 0 0000 00O

e U OOMO
gbooboggbobooooooon

- ogooood

+ J0—000000000namespace 1000
* 00000000000 000namespace 1000
text()- 000000
comment()—00 00000
* processing instruction(0 0 )—0 0000000000000
node()—0 000000

*

*

*

*

- JOooono
* attribute 0 —0O O

* namespace 0 —hnamespace
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+ oo —an

e [1 00 predicates
D000 tue0000D00D0O0O0OOOOODOODOOOOO

— O0O0000-—"[ expression ]’
- DOoooogo

+ 0000000 Do0dd contextJ 0 0OOOOOOO

+ JOooggg
gobobouogoobbobooonbon true
OO000D00D0O00000000D0 falseDODODOO trued
0 (]

e expression O [

— expression [J [0 [

«+ 0000000

« JO000O0 ¢ClPooooo)*

«+ DOoooo oo 0 p

ooooo /000000 oon

* expression (or’ | ’and’ | ’=? | ’>’ | ...) expression
O0O000oO0oDooooao

000000 —last()0 position() O OO

*

*

*

e OO
OO0000 220 XPathOOOOOOOOO

O 2.2: XPathOOOOO

0000 |0000000

Ooodnd | child::

@ attribute

// /descendant-or-self: :node()/
self::node()

parent: :node()

OO000000D0O0Db0O000o0oDXpPathoDOXMLOODOODOOODOODOODOO
OO000D0Db00230000000270XMLODOOOOO XPathOOODOODO.
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O 2.3: XPathO OO

XPath O

HEN

//member

O0o00oooooooooooon
00000 memberD O OO0

//member/node() [@studentID]

O0o00oooooooooooon
0000000 memberD O OO0
O studentIDOOOOOO

//member/student [@studentID = ’*1100137]

O0000000o0ooooooo
O000000 member0O OO0
0°110013 000000 studentID
00000 student
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2.4 XMIO XML Metadata Interchangel]

oboobooboooboooo XMLOOOOUML XMIDTDODOOO UML XMIO
OooooooboooobooooooooooXMLoooooXMiobooooooooo
oooxXxMliobooonoooooon

2.4.1 XMIOOO

XMIO oMGUOOOOOoOOooDooXMLOODOOoOOooooooobobooooooo
0000000 [r,40000000000000000 XMLO DTDOXMIDTDOO
obooooboobobooXMloboboooobooooood

e XMLODOODODOOOODOOODODOOUOOODOUODLDDOOOODOUODbOOODO
gooo

e JODODODOODOODOXMIDODDODDODDODDODDOO
goboboogbobooooobbobooogobobbouooobbooon
goboboogbobooooooo

e OO XMLOODOODOODOO

242 0JO00O0OOOOOO

gbggboboooboobboobobboobbooobbobboobooan
gbogobgboggbooboobobbooobooboobuooobbobboogobd
gobougbougbooogbboobbooobbobogoooboobboobn
gbobobooggoboobboogbboboogn
OXMIOOOOOODOOOoLOOoOoobOoooouooobo XMIooooboooooo
oooobooobooboobooXMlIobooooooooooo XMIDTDDODOOOO
Oooooooboobooboo XMIObODooooooooooooXMIDTD OO
oboobobooobobobooboooboobooouMLODODODbOobOobooobOuUML
XMIDTbODODOOoOOoooouMLObODOoOoOoOOoooooDoo
O XMlIObOOoooooooboooboboobobooboooboobuoobuoobooobo
gboboboogoobooooobb2400bbb0o0ooboboogonoo

2.4.3 UML XMI DTD

UML XMI DTDOOXMIOOODOOOOOuUMLOOODOOOOOODOOO XMI
DTD OO0 B|OO0o0ooooo XMIDTDhOOODODODODODOOODODODODOOO UML
XMIDTD OODOOOOooobooooobooooog
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U024 00000000000

goood oooog XMIDTD goo
goo OoOoooobog XMIDTD |O0oboOonog
uMLOOOOO | UML XMI DTD goo

e XMIDTD O OO
OoOoooXMIDTDODOOOOOOOOOO0ODOOO
— XMLODODOODO<?xml version = 1.0’ encoding = ’UTF-8’ 7>[]
- 00000oo0ooo XMLOOODO
- 0000 XMIOO
e IO OO XMIOO
OXMIOOODOOXMIDTDOOOODOOOODOOOOOOOO0ODOOO0O0O0

gboboogooboogbobuogbobbbooobbuooooboooooooa
gobobooobboboooobobbboooooo

— gOoooo
XMIDTODOOUOOOUOOOUOOOOOoOoOoooooooooooooooo
oo0Oooog

XMI XMI.header XMI.content
XMI.extensions XMIl.extension XMI.documentation
XMI.owner XMI.contact XMI.longDescription

XMI.shortDescription
XMlI.exporterID
XMI.metamodel
XMI.delete
XMI.reference
XMI.seqltem
XMl.array
XMI.union

XMI.exporter
XMI.notice
XMI.metametamodel
XMI.add

XMI.field
XMI.sequence
XMI.enum

XMI.any

gobobouogoobooooboo

OhooboobobobbobobobbobooobooboobUML XMI
DTDO UMLI.IOO OO XMIDOOOGOOOOOooOooooooD 2900

XMI.exporterVersion
XMI.model
XMI.difference
XMl.replace
XMI.struct
XMl.arrayLen
XMI.discrim

OooobooobooouUMLXMIDTDOOOOODOOOOOOO
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OoOo XMIOOXMIODOOODOOOOooOoooooooooo?22023
OO00000XMIDOOOOOODOOOOODOOoOoOoO0oO XMlheader
gbogggbbugobogobbooobboooboobobooon
OoOooboobogod XMLecontentU OO O ODOOOOOOOOOOOO
ggdgooooooboobbbobobbobbobbboobobbbobon
OO0 XMlextensions D OO0 OO OO0OO0O0OO0OOOOOOOOOOOOO
gboboboogoobobboooboboboooon

~
17 <V—— -—>
18 <!1-- -—>
19 <!-- XMI is the top-level XML element for XMI transfer text -—>
20 <\=— -—>
21
22 <!ELEMENT XMI (XMI.header, XMI.content?, XMI.differencex,
23 XMI.extensions*) >
24 <!ATTLIST XMI
25 xmi.version CDATA #FIXED "1.0"
26 timestamp CDATA #IMPLIED
27 verified (true | false) #IMPLIED
28 >
%

0 2.9 00 XMIOOO

* XMLOODOO

000 XMLOOOOOOOOOOO h200000000000000
0000obooooooobooooooooo XMIoOoOooooooad 2.10
0000 XMlextensionsOOOGOO 2.11 00000000 XMIOOOO
Rational Rose200lA 000000 ODODOODO OO DO Rational Rose 0 0O
0 0 O Unisys Rose/XMI interchange packaged UML XMI DTD(UMLI.1)
dooooooooooi1oo XMIoooooo.

- Doooogogooo

gbobogbbuogbbuoobbuogbbuoooooboooboooboog
OO0O0Db000O0oDbO0o0Ob00obD0oDboob0oboD xmiad0OO0DODODO
2120 0UML XMIDTDOOODDOO xmiadO00OO00OO0OO73000000
D000 xmiadd IDODOOOXMIDODOOOOOODOODOODODOO

- Doooogogooo

gbobogbobogobooobboobooboobboobbooboa
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16 <XMI xmi.version = ’1.0°>
17 <XMI.header>

18 <XMI.documentation>

19 <XMI.exporter>Unisys.IntegratePlus.2</XMI.exporter>
20 <XMI.exporterVersion>4.0.3</XMI.exporterVersion>

21 </XMI.documentation>

22 <XMI.metamodel xmi.name = ’UML’ xmi.version = ’1.1°/>

23  </XMI.header>
24 <XMI.content>
25 <Model_Management.Model xmi.id = ’G.1’>

O 2.10: OO XMIDOO

4354 </Model_Management.Model> <!-- End Model G.1 -->

4355  </XMI.content>

4356  <XMI.extensions xmi.extender = ’Unisys.IntegratePlus.2’>

4357 <UISModelElement xmi.id = ’G.350’>

4358 <uisOwnedDiagram>

4359 <UISDiagram xmi.id = ’S.10040°>

4360 <uisDiagramName>UseCaseDiagram</uisDiagramName>

4361 <uisToolName>Rational Rose 98</uisToolName>

4362 <uisDiagramStyle>ClassDiagram</uisDiagramStyle>

4363 <uisDiagramPresentation>

4364 <Foundation.Auxiliary_Elements.Presentation xmi.id=’G.351°’>
4365 <Foundation.Auxiliary_Elements.Presentation.geometry>
4366 <Foundation.Data_Types.Geometry>

4367 <Foundation.Data_Types.Geometry.body>

4368 2192, 1744, 450, 314,

O 2.11: 00 XMl.extensions O O

65 <!'-- __ _ -—=>
66 <!—- -=>

67 <!-- XMI.element.att defines the attributes that each XML element -—>
68 <!-- that corresponds to a metamodel class must have to conform to -—>
69 <!-- the XMI specification. -—>

70 <'-=- _ _ -—=>
71

72 <!ENTITY % XMI.element.att

73 ’xmi.id ID #IMPLIED xmi.label CDATA #IMPLIED xmi.uuid

74 CDATA #IMPLIED ’ >

O 2.12: 00 xmi.idO OO
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OO0000000O00D0O0DOO000O00Dbbob0ODO0o0DboO0O xmiadrefO0O
OO0000021300UMLXMIDTDOOOOOO xmiadref0 000000
YOO0OO00xmiideef OO0 D0 00000 0O0ODOODOODODO xmiadODODOOO
OO0 xmiadref 0000000 DO0OO0OOOOOOOODOOOOODOO

~
76 <!'-- _ -—=>

77 <!1-- -=>

78 <!-- XMI.link.att defines the attributes that each XML element that -->

79 <!-- corresponds to a metamodel class must have to enable it to -—>

80 <!-- function as a simple XLink as well as refer to model -—>

81 <!-- constructs within the same XMI file. -—>

82 <'-=.- _ -—=>

83

84 <!ENTITY % XMI.link.att

85 ’xml:link CDATA #IMPLIED inline (true | false) #IMPLIED

86 actuate (show | user) #IMPLIED href CDATA #IMPLIED role

87 CDATA #IMPLIED title CDATA #IMPLIED show (embed | replace

88 | new) #IMPLIED behavior CDATA #IMPLIED xmi.idref IDREF

89 #IMPLIED xmi.uuidref CDATA #IMPLIED’ > )

0 2.13: 00 xmiadrefO O 0O

e UML XMIDTDODOODODOODOODO
OUMLXMIDTDOODOOOUMLOODOOOODODODOOODOODODODODODOO
0000000000000 00DOOo00O00oOo00ooOoDO0o0oooooooo
XMIOODOOOooOoooooooobuMLOODOOOOOooDoooDbOoDoDoo
00000

OO0O0000OuUMLODOOODOO0OD0O ClassOOO0OD0OO0O0O0ODDOOO 214000
0000 Core Package - Backbone 0 0 2.150 Core Package - Relationships O O
OO00o0ooobooo uUMLI3000D0O0O00ODOOUML XMIDTDOOOODOO
UvMLI.1ODODOO0OOO0OODOODObOOobOoboooboooo

O0o0o0o0o0oon

0000o0ooooo0o0o0oo0o00OoooooooooooooOoOoag
0000000000000 000000000000O00o0o00DD 2.16
0000 ClassO00 000000000 O0ODOOOODOOODOODOOOOO
O000D0000D01890 00000 Foundation.Core.ModelElement.name [J
0000000000000 Modellllement 00 nameO0 00000000
0002150000000 0000000000000000192r0000
0 Foundation.Core.Classifier.feature D D0 OO0 OO0 O Class DO OO0 OO O
Classifier DD 0D O000000DOO feature D00 O0OO0OO00O0OOOO 2.140
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1889 <!ELEMENT Foundation.Core.Class (
ModelElement.
.ModelElement.
.GeneralizableElement.isRoot,
.GeneralizableElement.isLeaf,
.GeneralizableElement.isAbstract,

1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931 >

Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.

Core.
Core
Core
Core
Core
Core.

XMI.extension*,

Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.
Foundation.

Core
Core
Core
Core
Core
Core
Core
Core
Core
Core
Core
Core
Core
Core
Core
Core
Core
Core.
Core.
Core.
Core.
Core
Core.
Core.
Core.
Core.
Core.
Core.
Core
Core
Core.

name,
visibility,

Class.isActive,

.ModelElement.
.ModelElement
.ModelElement
.ModelElement.
.ModelElement
.ModelElement.

constraint*,

.requirement*,
.provisionk,

stereotype*,

.elementReferencex*,

collaboration*,

.ModelElement
.ModelElement
.ModelElement
.ModelElement
.ModelElement
.ModelElement
.ModelElement
.ModelElement
.ModelElement
.GeneralizableElement.generalization%*,
.GeneralizableElement.specialization*,

.Classifier

.partition?,
.template?,
.templateParameter*,
.View*,
.presentationk*,
.namespace?,
.behavior*,
.binding?,
.implementationx,

Classifier.parameterx,

Classifier.structural Featurex*,
Classifier.specification#*,
Classifier.associationEnd*,
.participantx*,
Classifier.createlAction*,
Classifier.instance*,
Classifier.collaboration*,
Classifier.

Classifier.

classifierRolex*,
realization¥*,

Classifier.classifierInStatex*,

.ModelElement.taggedValuex*,
.Namespace.ownedElement*,

Classifier.feature*)? >

<!ATTLIST Foundation.Core.Class
%XMI.element.att;
%XMI.link.att;

0 2.16: ClassOOQOQOOO
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2150019290 1930000000 bbooooboooboobooobogd
gbobboogoboudgobooobooobuoboooobooobonbo
gbobobooggobobodan

- 000oooooooon
O0000OModelElement D00 name0O0 000000 217000000 Foun-
dation.Core.ModelElement.name 0 0 0000000000 DOOOOOOOO
Oo000o0o00oon

(:1329 <VELEMENT Foundation.Core.ModelElement.name (#PCDATA | XMI.reference)* > :j

O 2.17: ModelElement OO0 0 named OO0 00O

- 000oooooboooooooood

O0000OClssifier 000000000000 feature0 0000000 2.180
0000000000 0000000000000000O00O0000040oag
000000000000 00000000000000000000o00ooag
O0000000000000000000000O0Featuwre00000000O0O3
0000000000000 000D0O0000000D0O ClassOOO0OOQOOO
00000000000000000000000000000000d Founda-
tion.Core.Class 0 0 00 00O OO Foundation.Core.Classifier.feature 0 OO O
O00000D00DO Foundation.Core.Attribute 0 00 O Foundation.Core.Opera-
tion0 000000000 DO0OO0O00OO0DODODOOO0

/,477 <!ELEMENT Foundation.Core.Classifier.feature ( h
478 Foundation.Core.Feature |
479 Foundation.Core.StructuralFeature |
480 Foundation.Core.Attribute
481 Foundation.Core.BehavioralFeature |
482 Foundation.Core.Operation |
483 Foundation.Core.Method |
484 Behavioral_Elements.Common_Behavior.Reception)*
485 >
o %

O 2.18: Classitfier 000000000000 feature0 00000
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030 UMLOOOOOOOCLOOMO
L] [

oooboobooboooboboboboobobooboboboooobooboobouML OO
OOooooobooocdLoobooboooobooboboboboouoboobooooogoo
OUMLOOOODOOOCLOODODODOOOOOOOoDOon

3.1 UMLOOOOOOOO

vMLOOOOOOOOOOooobOooobooobooooboouMLOoboDbooon
OOoooobobooboooboooboooooocLbboboooboooboobboobbooboboo
OOCLODOOODOOpre:Upost:0 000 00O0O0ODOODOOODOODOODODOODOODO
OOo00o0ooobobbOOobOobooooobobOoobooboocLobobobooboogo
oboobobooobboobobooboboooboobouMLObODOoOobDbOoobobDOon
gbobobodogoobooooobobboooon
ooooboooooobobo uMLObDOOobOoOooDbooboboos31booooo uMLO
gobobooggboooggo

UMLARET L2 = #HBETIUMLASETIL

O 3.1 UMLOOODOOOOO
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3.2 OCLUOUOOO0O

obooboobogoouMLOObDOoOoooooobooboobobooobooooboonbg
gobobDobodddpre:ld 000 0OD0post:J000O0OODODODOOOOOOO0 3.20
OO00o0ooocCLObboboobbooboboooodLbooboobooobooo420CLOoO
gbooboogooood

e e A TRETZOCLII0E
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L

O 32.0CLO00000

36



40 OO0t

4.1 O0OO0O0OOOOOOOO0O

gbobouoggbuogbdggbbboooboooobbooobboobo 41000
gbobobooogobooggog

TF =

HHIFEE0CLT
ST TEEER

[T ol = | VM
UML XMIZ#

—_

B o AT —— I
@ﬁ:a ST S P T
UMLASEF JLih B
UML XML l ]
TR AN
[ BEsEilavaiodSs s ]
REsEEH

U 41: 000d0obobodoodan

gbogobogobodgbobouooobuoobbobboobooooboooboan
OoOobooob UMLXMIDOOOOOOOobDOoobOooobooooooobooooobog
oCLO000ObOUuUMLOODODODOOOODODOODbOOobOOooDOooCcLOoboOonO
oboooooobobooobbboobooobobobobouMLODODOOOOg UML XMIO
goooo
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OOo00ooob0obOobobooobooooboooooocLoboboooobooooooo
UMLOODOOOO UML XMIODOOOODOOCLOODOOoOOoboooooooooo
Ooooboobooboobuoobo uMLXMIOODOOODOOODOOOOOO Java
gboboboooobobuooooobbbooooboooon

4.2 OCLUOUOOOOOO

OO0000O0DbO0b0obO0oooobooboooooLOoboonboDobOobOonOypre:d
ObO0O0Opost:00OOOO0OOOOOOOODODO
OO00o0oooboobobooooodLboboboouoboobobobobooboooboobogoo
ofLOdb0O00bbObOOoU0bOOoUbObOU0bDbOUODbODOOUODbODObODObODO OCLO
gboboboooobboooobobboogoobooooooon

4.2.1 0O00O00O0OOOO0O

OO0O0OD oCLOobOoboooobooboobooboobooobo ocnoooboooon
OOoooooboboocLOobobouoooboboboboboouoboobooooogoo
OOooopbDooodLoobobooboooboobobobooooo

e HUUUUOOLDLDUOOODLDLDDLOUOOODLDLDbDUOUODLDOD
e OO LODOUOOOODLDLDOUOUOOUODLDbDUUUOLDLDbDObOUOOO

e JO0DODOODODODOOCLOODOODODO

4.2.2 0000 OCLOOOOO

OOo0o0o0oobOOobOoboO0obOooooU0obDoboOoobOobooooboobooo ocLO
gooboooood

e UOOODODO

— object.oclAsType(type : OclType)
O00000object 000000000 OODODOOODODOOODOOobjectOO
000 typeOOODODODOUOO0OOO0o0oooo0oooooooooooon
doodoboooooooooooooooood

— object.ocllsTypeOf(type : OclType)
O00000object0O0O00O0DODO typeOODOODODOOOODODOO
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e UOOODDOU

— collection->size
000000 collectionD OO0 O O0OQOOOOO

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

000000 collection0 00000000000 OOOOOOOONO oclO
O0000000ooooon

— collection->forAll( v : Type | boolean-expression-with-v )
collection->forAl1( v | boolean-expression-with-v )
collection->forAll( boolean-expression )

000000 collection 000000000 DODOODOOOOOoodOdOOO0O
O000000ooog

— collection->collect( v : Type | expression-with-v )
collection->collect( v | expression-with-v )
collection->collect( expression )
O0D0ocdl0D000000D0DOO0OO0OODDOOOOO0DODOOOOOODODOOO0
O000000ooog

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

collection->select( boolean-expression )
O0OO0ocl0O00OUOO0OOODODOUOOUOOOODO

e OCLOODOO
OO0000OoOCLODDOO0O000O0ooDoOooooooo ocLoooooooo C
OCLOO0D0000DO0O0OOODODO0ObOODOEBNFOODODODODOOODODODOO I
Oo00@ 00000008 *" 0000008 +"010000000000nameld
typeNameO O OO string0 0000 0JavaCCOODOOOODODOODOODOODODOO
O0O00DbOo0ooog

constraint contextDeclaration

(stereotype name?“ expression)
context” classifierContext

contextDeclaration
classifierContext := <typelName>

stereotype :=" inv
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expression := logicalExpression

logicalExpression := relationalExpression
relationalExpression := additiveExpression

( relationalOperator additiveExpression )7
additiveExpression := multiplicativeExpression
multiplicativeExpression:= unaryExpression
unaryExpression := postfixExpression
postfixExpression := primaryExpression ( ("." | "=>") featureCall )x*
primaryExpression := literalCollection

| literal

| pathName featureCallParameters?
(" ( declarator )7
( actualParameterList )7 ")V

featureCallParameters

literal := <STRING> | <number>
simpleTypeSpecifier := pathTypeName
featureCall := pathName featureCallParameters?
declarator := <name> ( ":" simpleTypeSpecifier )7 "["
pathTypeName := <typeName>
pathName := ( <typeName> | <name> )
actualParameterList := expression
relationalOperator i= =0 | Dy ongn |yt | iig=0 | gy
typeName .= ( E: an " Zn I I:“A“_“Z“:l I 1] _n )

( [IIaII_IIZII] I [IIOII_IIgII] I [IIAII_IIZII] I n II)*
name .= ( E: an " Zn I I:“A“_“Z“:l I 1] _n )

( [IIaII_IIZII] I [IIOII_IIgII] I [IIAII_IIZII] I n II)*
number o= [IIOII_IIgII] ([IIOII_IIgII])*
String .= nan ( ("‘[II)II’II\\II,II\nII’II\rII])

NG\

( [Mm", e, b, et hEn N\ o i\
| ["0"="7"] ( ["0"-"7"] )7

| ["0"-"3"] ["0"="7"] ["0"-"7"]

)))*

nmyn
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4.3 OCLUOODOO

O000O000ooCLOb0b0DbO00opoooDoDbObOOoooooo ocLoboogoa
OCL compiler 0000 [9]J0 OCL compiler 0 DOCLOOOOO0OOOOODOOOOOOO
O0O000oOooooCLObDoOonooooocLObooonooonooooooooooonog
O0O000OCL compiler 000000 O0OO

4.3.1 OCL compiler

OCL compiler0 OSableCCOOO JavaOOOOOOOOOODOOOOLALR(I)ODDODO
000000 OCLOODODODDOD [10]0SableCCOOODODOODOODOODOOOOOO
O00D0D0000000000 TreeWalkersOOOODOODOO00ODOODOOOODODOO
ddodoobooooooooddooooooooooooooooonooooooon
O0000000OTree WalkersDOOOOODODOOOOODOOOODOOODODOOODOOOO
O000OTree Walkers OO0 DOO0OO0O0OO0OODOOODOOOOOOODOOODOOODOOO

4.3.2 OCL compiler0 OCLOOODO

4220000 OCLOODOODOODOODO EBNFOOO OCLOODOOODOODOOOCL
compiler DO OOODOLALR(OOOOOOOOOCL compilere 0000000 OCLO
00000000000 DOCLcompilerI 0000000 DO0OOOODODOOODOOO
O0000000D0O00000D0O0O0bOOo0ooOoooSableCcCOOOOOODOODOOO
000000000 DOO0000oobOo0ooooooooooooooo{»»o0n
O00OSableCCOOOOODODODODOOODODODOOOOO

Helpers
uppercase = [’A’..°Z°];
lowercase = [’a’..’z’];
digit = [’07..79°];
number = digit+;

Tokens

dot = ’.7;

arrow = ’->’;
context = ’context’;
t_inv = ’inv’;
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equal = ’=7;
n_equal = <>’
1t = ’<7;

gt = )>);

lteq = ’<=7;
gteq = ’>=7;

l_par = °(°;
r_par = ’)7’;

colon = ’:’;
comma = ’,’;
bar = ’|’;
apostroph = ’77;

bool = ’true’ | ’false’;
simple_type_name =
( uppercase (lowercase | digit | uppercase | >_’)* )

name = lowercase (lowercase | digit | uppercase | ’_’)x*;

int = number;
real = number ’.’ number;
Productions

constraint =
context_declaration constraint_body ;

constraint_body =
stereotype name? colon expression ;

context_declaration =
context context_body ;

context_body =
{classifier} classifier_context |

{operation} operation_context ;

classifier_context =
type_name ;

stereotype =
{inv} t_inv ;

expression =
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logical_expression ;

logical _expression =
relational_expression ;

relational_expression
additive_expression relational_expression_tail? ;

relational_expression_tail =
relational_operator additive_expression ;

additive_expression =
multiplicative_expression ;

multiplicative_expression =
unary_expression ;

unary_expression =
{postfix} postfix_expression ;

postfix_expression =
primary_expression postfix_expression_tailx* ;

postfix_expression_tail =
postfix_expression_tail_begin feature_call ;

postfix_expression_tail_begin =
{dot} dot |
{arrow} arrow ;

primary_expression =
{literal} literal |
{feature} path_name feature_call_parameters? ;

feature_call_parameters =
1_par declarator? actual_parameter_list? r_par ;

literal =
{integer} int |
{boolean} bool ;

simple_type_specifier =
{path} path_type_name ;

feature_call =
path_name feature_call_parameters? ;
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declarator =
{standard} name declarator_type_declaration? bar ;

declarator_type_declaration =
colon simple_type_specifier ;

path_type_name =
type_name ;

type_name =
{non_collection} simple_type_name ;

path_name =
path_name_begin ;

path_name_begin =
{type_name} type_name
{name} name ;

actual_parameter_list =
expression ;

relational_operator =
{equal} equal |
{n_equal} n_equal |
{gt} gt |
{1t} 1t |
{gteq} gteq |
{1teq} lteq ;

4.3.3 0O0O0O0OO

0000000000000 00D0000000DbO0OoCLODO00DOnOnOSableCCOO
0000000000 00000000 production.named10 0000000 PProductionName
000000000000 00D000 alternative 0000000 OO AAlternativeProduction-
Name 000000 PProductionName 00 0000000000000 OO0DOODOODOOOO
O tokenmame DO 00000 TTokenName 000000000 O00OODO 4200000 post-
fix expression 0000000000 ODOOO

4.3.4 Tree Walkers

Tree Walkers 0O 0ODO0O0O0OD0OOOO00O0DOOOOODODODODO visitor” OODODOO
00000000000 0OTree WalkersOOOOODODOOODOODODOOODOOODODODOOO
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FPrimary Expression Lim ke Lt o= h’P‘nﬂruEu:n:mnTi

0 4.2: 0000 postfix_expression 0 0000000000

000000 DepthFirstAdapter D00 D0O00D0O0D0DOODOOO ReverseDepthFirstAdapter O
0000000000000 Tree Walkers OO OO visitor” 00 O AnalysisAdapter 000 O
000000000000 4.30 Tree Walkers OO OO visitor 000000000 DOOOO0O
000000000 AnalysisDO0O000D0ODO0OO0O alternativeDO0 000000 token 00O O
O0000caseXxxOOODOOODOOODOOODOO AnalysisODOO0OODODOO0O AnalysisAdapter
Ovisitor 0000000000000 DO0D0O0DODOO defaultCase00 0000

0 Tree Walkers 0 00 O 0O AnalysisAdapter 00000000000 ODOOTree Walkers O O
00000000000 caseXxxOOOOODODODODODOODOODODODOODODOOOOO inXxxO
outXxx OO0 DO0O0000D0D0O0D000000D0D0O0token00000 caseXxxOODOOODO
0000000000000 000000 inXxxOoutXxxOODOOODOODOODOODOO defaultInd
defaultOut 0O O OO0

0000000 AnalysisAdapter 000000000000 O0ODODOODOOODOODOODODOOO
0000000000000 00O000D000DO0DO0D000DO0ODo0obOOoDOoDOo00Od
oooooo

Object getIn(Node n)
Object getOut(Node n)
void setIn(Node n, Object o)
void setOut(Node n, Object o)

4.3.5 0OO0O0OOO

2230CLO0O0O0O0OODOOODOOCLOOO0O0OOOODOOOUMLODOOOODOOODOO
OO00OCL compiler 00 0000O00DOOO0OOOODDOOOOOOOO
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ouMLOOODOODOOoDOooooooooooooogoooouMLOboobooobonoo
O0D0O0O00OOCL compiler 00 O0O0ODOO UML XMIODOOODOODODODOOOOOOO
UML XMIOOOODOODOOOODOOODO AreoUMLOODOOODODOOOODOODOO

4.3.6 U0O0O0OOOOOOO

goboobobooobooobooobooboboooboobboobuoooboboobobd
gobgooboobooboooobobboooboboobobboooobboboobobobonoag
gobooboobobooboboobobobbonoo

o DefaultContextInsertion
OoCLO0000U0oO0ooUooO0ooD0oUoOoOoooUoUooUoO sselfoOnO
0000000 DefaultContextlnsertion D 0000000000000 self000O0O

context Person inv: age > 10— context Person inv: self.age > 10

e IteratorInsertion
000000000000 Doo0oo000oDoDoo000ooooooooooD ocLooa
0000000000 0000D0DOOOIteratorlnsertion 000000000000 O00OO
0000d0ddDoDoDoDOO0000000000oooDoDDoo0o0o00oooog

context Company inv: self.employee->forAll(isUnemployed = false)
— context Company
inv: self.employee
->forAll(tudOclIterO | tudOclIter0.isUnemployed = false)

e ValiableClarification
JoCLOd00ODDOO00000DDOO000000ooooooDDooOooDoDDDog
00000000 0000D0O0000D00O0004dValiableClarification D OOCLOODOO0O
000o0o0D00o0o0oooOoooooooon

context Company
inv: self.employee
->select(e | e.age < 25)
->exists(e | e.isMarried = true)

— context Company
inv: self.employee
->select(e | e.age < 25)
->exists(tud0clIterO | tudOclIterO.isMarried = true)
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4.4 0OJ0O0O0OOOOOOOO

oooouMLOODOOODOOOCLOOOODOO0ODOOOODOODbODOOOOOoODOoOoDO
gobooboooooboobobobbooboobbobbooboon
gobgoboobooboobooboboobooboboboboboooobboboobooboa
ofLO00DbO00O00O0O0O0OOO0OO0DbDO0ODOO0OOO0O0ODOObODOODOOUODOUODOOO
goboobooobooboboobobobboobbobboobooooon

4.4.1 0O00O0O0OO0O0OOOOOOOOOOOOOOOLDOObLOO

goobobooobooobooboobboooboooobobooboboooboobooobbg
goboopoooobooooo
00000000O00bODO0oooObOoOoobocLOo0oboboooooooooboOobooboooo
goboob1obooboobobbooboobboloboobobooboood
go00o0ooOOogoooooCcLO0bOOo00obO0gooooooOooobo0oboooboobooOoo
O0OCLOOOODODO > 00000DbOOO00bODOOOoOooODOobbOoCcLODOooooooOoo
gobooboopobooboobbobbdoob 1obo0oboonoobooobood

context Company inv: self.employee->forAll(e | e.isUnemployed = false)
0 -

00000000000 Company0OOO0OODOOOOO UMLODODOOODODODOO
gobobobboooboboobbooobooobbooooboobbooobooobobag
440000

JoerF I Company
ikl (W

Company —

= g LA % T -

-

0 4.4: 0000 context Company 000000000

O00000DO00DOO000D0Oinv:O000 self 0000000000 O0ODO0O0OOCLOOO
04500000000000000self00D00000O0ODOO CompanyO0OO0OOOOODOOO
OO0 Company 0O00ODOOODOODOOODOOODOOD 1O000O000O0O0ODOODOODOODODOO
000000000000 0000D0O0000ODOO0self00DO0000ODOO0OODOOOODOO
gobooboboobbobboobobobobd
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context Company inv: self.employee->forAll(e | e.isUnemployed = false)
0 -

TG Company sedfil:
o W LA A

"J‘lf
.,
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e Size O [

— 00
collection->size

- goo
context Company inv:
self.employee->size < 50

e Select 0O

- 00O
collection->select( v | boolean-expression-with-v )
collection->select( boolean-expression )
collection->select( v : Type | boolean-expression-with-v )
collection->select( v | boolean-expression-with-v )
collection->select( boolean-expression )

- 000
context Company inv:
self.employee->select(age > 50)->notEmpty
self.employee->select(p | p.age > 50)->notEmpty
self.employee.select(p : Person | p.age > 50)->notEmpty

e Reject 00O

- 00O
collection->reject( v : Type | boolean-expression-with-v )
collection->reject( v | boolean-expression-with-v )
collection->reject( boolean-expression )
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- goo
context Company inv:
self .employee->reject( isMarried )->isEmpty
self .employee->reject(e | e.isMarried )->isEmpty
self .employee->reject(e : Employee | e.isMarried )->isEmpty

o Collect OO

- 00O
collection->collect( v : Type | expression-with-v )
collection->collect( v | expression-with-v )
collection->collect( expression )

- 000
context Company inv:
self.employee->collect( birthDate )
self .employee->collect( person | person.birthDate )
self .employee->collect( person : Person | person.birthDate )

Collect 0D O0DODODODODODODOODOODOODO
self.employee.birthdate

e ForAll OO

- 00O
collection->forAll( v : Type | boolean-expression-with-v )
collection->forAll( v | boolean-expression-with-v )
collection->forAl1( boolean-expression )

- 000
context Company inv:
self .employee->forAll( forename = °’Jack’ )
self .employee->forAll( p | p.forename = ’Jack’ )
self .employee->forAll( p : Person | p.forename = °’Jack’ )

e Exists 00O

- 00O
collection->exists( v : Type | boolean-expression-with-v )
collection->exists( v | boolean-expression-with-v )
collection->exists( boolean-expression )

- 000
context Company inv:
self .employee->exists( forename = °’Jack’ )
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self .employee->exists( p | p.forename = ’Jack’ )
self .employee->exists( p : Person | p.forename = °’Jack’ )

e [terate O O

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

collectO selectO reject O forAlldexists D0 0000 OO0 OOIterate D000 OO OO
oooooooog

Collect 0D OODOO TterateDO0DOOODO0O
collection->collect(x : T | x.property)
--- 1s identical to:
collection->iterate(x : T; acc : T2 = Bag{}
| acc->including(x.property))
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0 OoC OCLUodon

O0OD0D0D0DUOOEBNFOOOOODODOOODOOODY |"0O000O 770000000 *" 000
0000 +70 1000000000 0namedtypeName 00 O string 00 00 0O O JavaCC
00000000000 DOO0DO0DOO0ODOO0bOOobOObOOd

constraint = contextDeclaration

(stereotype name?“ :” expression)+
contextDeclaration =" context”

(classifierContext | operationContext)
classifierContext = (<name>"“ :" )7 <typeName>
operationContext = <typeName> “ " <name>

“ (¢ formalParameterList?“ )"

(* " <typeName> )7
formalParameterList = formalParameter (¢ ;” formalParameter)x*
formalParameter := <name>"“ :” <typeName>
stereotype ;=" dinv” |“ pre” |*“ post”
expression = letExpression* logicalExpression
ifExpression = "if" expression

"then" expression

"else" expression

"endif"
logicalExpression = relationalExpression

( logicalOperator relationalExpression )*
additiveExpression
( relationalOperator additiveExpression )7
multiplicativeExpression
( addOperator multiplicativeExpression )*
multiplicativeExpression:= unaryExpression

( multiplyOperator unaryExpression )*

relationalExpression

additiveExpression

unaryExpression = ( unaryOperator postfixExpression )

| postfixExpression
postfixExpression = primaryExpression ( ("." | "=>") featureCall )x*
primaryExpression = literalCollection

| literal

| pathName timeExpression? qualifier?
featureCallParameters?

| "(" expression ")"

| ifExpression
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featureCallParameters v(" ( declarator )7

O000o0oooOooood ( actualParameterList )7 “)"
letExpression ;=" let” <name>

(* :” pathTypeName )7

“ =" expression” in”
literal := <STRING> | <number> | "#" <name>
enumerationType := "enum" "{" "#" <name> ( "," "#" <name> )* "}
simpleTypeSpecifier := pathTypeName

| enumerationType
literalCollection := collectionKind "{" expressionListOrRange? "1}"
expressionListOrRange := expression

( ¢ "," expression )+

| ¢ ".." expression )

)7
featureCall := pathName timeExpression? qualifiers?

featureCallParameters?
qualifiers := "[" actualParameterList "]"
declarator := <name> ( "," <name> )*

( ":" simpleTypeSpecifier )7 "|"
pathTypelName := <typelName> ( "::" <typeName> )=*
pathName := ( <typeName> | <name> )

( ":: ( <typelName> | <name> ) )*
timeExpression := "@" <name>
actualParameterList := expression ( "," expression )*
logicalOperator := "and" | "or" | "xor" | "implies"
collectionKind 1= "Set'" | "Bag" | "Sequence" | "Collection"
relationalOperator R A L SU IR S L B C A B 2L
addOperator I L I
multiplyOperator L L YA
unaryOperator ;= =" | 'npot"
typeName = ([ a”="=z"]1 | [MAv="z] | _" )

( ["a"="z"] | ["0"-"9"] | ["A"-9z"] | "_")*
name = ([ a”"="z"]1 | ["Av=vZ"] |* _" )

( ["a"="z"] | ["0"-"9"] | ["A"-9z"] | "_")*
number := ["ov="9"] (["O"-"9"])x*
string RN GG CEIRINCIIFURIVE b

RO\

([Mm", e, b, et hEn I\ o i\
| ["0"="7"] ( ["0"-"7"] )7

| ["0"-"3"] ["0"="7"] ["0"-"7"]

)))*

nmyn
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0 OD OCL compilerd 00O 0O O

0000000000000 0000000000000000{>°x»000000SableCCO
goboooboobboboboon

Helpers

all = [0..127];

1f = 10;
cr = 13;
uppercase = [’A’..°Z°];
lowercase = [’a’..’z’];

digit = [’07..79°];

number = digit+;

line_terminator = 1f | cr | cr 1f;
input_character = [all - [cr + 1f]];

simple_escape_sequence = ’\’ 277 | 2\"2 | 2\72 | \\? |

Na? | 2\b? | NE2 | ’\n? | A\’ | 0N\e? | 2\

octal_digit = [’0° .. °7’];

octal_escape_sequence = ’\’ octal_digit octal_digit? octal_digit?;
hexadecimal_digit = [digit + [[’a’ .. ’£’] + [’A° .. ’F’]11];
hexadecimal_escape_sequence = ’\x’ hexadecimal_digit+;

escape_sequence = simple_escape_sequence |
octal_escape_sequence |

hexadecimal_escape_sequence;

s_char = [all - [?’> + [’\’ + [1f + cr]]]] | escape_sequence;
s_char_sequence = s_char+;

h_set = ’Set’;

h_bag = ’Bag’;
h_sequence = ’Sequence’;
h_collection = ’Collection’;
Tokens
comment = ’--’ [[all - 10] - 13]* [10 + 13]7;
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arrow = ’=>7;

not = ’not’;

mult = ’%’;

div = */7;

plus = ’+’;

minus = ’-7;

context = ’context’;
enum = ’enum’;

t_pre = ’pre’;
t_post = ’post’;
t_inv = ’inv’;

equal = ’=7;
n_equal = ’<>’;
1t = ’<7;

gt = ’>7;

lteq = ’<=7;
gteq = ’>=7;
and = ’and’;

or = ’or’;

xor = ’xor’;
implies = ’implies’;
l_par = °(°;

r_par = ’)’;
1_bracket = *[’;
r_bracket = ’]’;
1_brace {7
r_brace = ’}’;
semicolon = ’;?;

dcolon = ’::’;
colon = ’:’;
comma = ’,’;
channel = ’#’;
at = ’@’;

bar = ’|’;

ddot = ?..7;
apostroph ;



t_let = ’let’;

t_in = ’in’;
t_if = ’if’;
t_then = ’then’;
t_else = ’else’;
endif = ’endif’;
t_set = h_set;
t_bag = h_bag;

t_sequence = h_sequence;
t_collection = h_collection;

bool = ’true’ | ’false’;

simple_type_name =

( uppercase (lowercase | digit | uppercase | *_?)* ) |
h_set | h_bag | h_sequence | h_collection;

name = lowercase (lowercase | digit | uppercase | ’_’)x*;

b

new_line = line_terminator;
int = number;

real = number ’.’ number;

blank = 9 | ’ ?%;

tab = 9;

string_lit = ’’’ s_char_sequence? ’’’;

Ignored Tokens
comment,
new_line,

blank,
tab;

Productions

constraint =
context_declaration constraint_body+ ;

// added (SableCC)
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constraint_body =
stereotype name? colon expression ;

context_declaration =
context context_body ;

// added (SableCC)

context_body =
{classifier} classifier_context |
{operation} operation_context ;

classifier_context =
classifier_head? type_name ;

// added (SableCC)
classifier_head =
name colon ;

operation_context =
type_name dcolon name 1_par formal_parameter_list? r_par
return_type_declaration? ;

// added (SableCC)
return_type_declaration =
colon type_name;

formal_parameter_list =
formal_parameter formal_parameter_list_tailx* ;

// added (SableCC)
formal_parameter_list_tail =
semicolon formal_parameter;

formal _parameter =
name colon type_name ;

stereotype =
{inv} t_inv |
{pre} t_pre |
{post} t_post ;

expression =
let_expression* logical_expression ;

if_expression =
t_if [if_branch]:expression t_then [then_branch]:expression
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t_else [else_branch]:expression endif ;

logical _expression =
relational_expression logical_expression_tail* ;

// added (SableCC)
logical_expression_tail =
logical _operator relational_expression ;

relational_expression =
additive_expression relational_expression_tail? ;

// added (SableCC)
relational_expression_tail =
relational_operator additive_expression ;

additive_expression =
multiplicative_expression additive_expression_tail*

// added (SableCC)
additive_expression_tail =
add_operator multiplicative_expression ;

multiplicative_expression =
unary_expression multiplicative_expression_tail* ;

// added (SableCC)
multiplicative_expression_tail =
multiply_operator unary_expression ;

unary_expression =
{unary} unary_operator postfix_expression
{postfix} postfix_expression ;

postfix_expression =
primary_expression postfix_expression_tailx* ;

// added (SableCC)
postfix_expression_tail =
postfix_expression_tail_begin feature_call ;

// added (SableCC)
postfix_expression_tail_begin =
{dot} dot |
{arrow} arrow ;
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primary_expression =
{1it_col} literal_collection |
{literal} literal |
{feature} path_name time_expression? qualifiers?
feature_call_parameters? |
{parentheses} 1_par expression r_par |
{if} if_expression ;

// this rule was changed to make the grammar LALR(1)-parsable;
// while the concrete syntax used by the parser contains only
// the first two alternatives, the abstract syntax tree
// produced by the class OclParser contains only instances of
// classes generated from the third, unnamed alternative
feature_call_parameters =

{empty} l_par r_par |

{concrete} 1l_par expression fcp_helper* r_par |

( 1_par declarator? actual_parameter_list? r_par ) ;

// this production is used by the concrete syntax only; instances of
// corresponding classes will not be found in abstract syntax trees generated
// by the class OclParser
fcp_helper =
{comma} comma expression |
{colon} colon simple_type_specifier |
{iterate} semicolon name colon simple_type_specifier equal expression
{bar} bar expression ;

let_expression =
t_let name let_expression_type_declaration? equal expression t_in ;

// added (SableCC)
let_expression_type_declaration =
colon path_type_name ;

// added alternatives real and boolean
literal =

{string} string_lit |

{real} real |

{integer} int |

{boolean} bool |

{enum} channel name ;

enumeration_type =
enum 1_brace channel name enumeration_type_tail* r_brace ;

// added (SableCC)
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enumeration_type_tail
comma channel name ;

simple_type_specifier
{path} path_type_name |
{enum} enumeration_type ;

literal_collection =
collection_kind 1_brace expression_list_or_range? r_brace ;

expression_list_or_range =
expression expression_list_or_range_tail? ;

// added (SableCC)

expression_list_or_range_tail =
{list} expression_list_tail+ |
{range} ddot expression ;

// added (SableCC)
expression_list_tail =
comma expression ;

feature_call =
path_name time_expression? qualifiers? feature_call_parameters? ;

qualifiers =
1_bracket actual_parameter_list r_bracket ;

// "iterate" alternative added (missing in specification)
declarator =
{standard} name declarator_tail* declarator_type_declaration? bar |
{iterate} [iterator]:name [iter_type]:declarator_type_declaration
semicolon [accumulator] :name
lacc_type] :declarator_type_declaration equal expression bar;

// added (SableCC)
declarator_tail =
comma name ;

// added (SableCC)
declarator_type_declaration =

colon simple_type_specifier ;

path_type_name =
type_name path_type_name_tail* ;
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// added (SableCC)
path_type_name_tail =
dcolon type_name ;

// added to solve keyword conflict
type_name =
{non_collection} simple_type_name |
{collection} collection_type l_par simple_type_name r_par;

collection_type =
{set} t_set |
{bag} t_bag |
{sequence} t_sequence |
{collection} t_collection;

path_name =
path_name_begin path_name_tail* ;

// added (SableCC)

path_name_begin =
{type_name} type_name
{name} name ;

// added (SableCC)
path_name_tail =
dcolon path_name_end ;

// added (SableCC)

path_name_end =
{type_name} type_name
{name} name ;

// changed from "at name" to "at t_pre" to solve keyword conflict
time_expression =
at t_pre ;

actual_parameter_list =
expression actual_parameter_list_tail* ;

// added (SableCC)
actual_parameter_list_tail =
comma expression ;

logical _operator =

{and} and |
{or} or |
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{xor} xor |
{implies} implies;

collection_kind =
{set} t_set |
{bag} t_bag |
{sequence} t_sequence |
{collection} t_collection ;

relational_operator =
{equal} equal |
{n_equal} n_equal |
{gt} gt |
{1t} 1t |
{gteq} gteq |
{1teq} lteq ;

add_operator =
{plus} plus |
{minus} minus;

multiply_operator =
{mult} mult |
{div} div;

unary_operator =

{minus} minus |
{not} not;
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