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Definition 2.1: Conceptual schema 
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Figure 2.1: Entity types modeled with UML 
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Figure 2.2: Hierarchy and enumerations 
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Figure 2.3: Relationships in UML 
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Figure 2.4: Model-Driven Architecture 
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Figure 3.1: Representation levels 



!!!!!!!! ! I0$28&'0/*#1' J'

 

,K!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

/<!M$!M;@@!<$$!=:!?$U:!<$9:;7?<F!01'!9@=<<$<!=6$!;?<:=?9$<!7>!:#$!01'!A$:=A7B$@!

:#=:!;<!=@6$=BD!=?!;?<:=?9$!7>!:#$!1$:=]%C8$9:!Y=9;@;:D!A$:=]A$:=A7B$@L!

JDJ IF=-5@EFI-5!

/:!56$I;7G<!9#=5:$6!M$!B$>;?$B!=!97?9$5:G=@!<9#$A=!=<!=!6$56$<$?:=:;7?!7>!E$?$6=@!

N?7M@$BE$!=C7G:!=!B7A=;?L!"#$6$>76$F!=!A$:=<9#$A=!9=?!C$!B$>;?$B!=<!=!<9#$A=!

:#=:!6$56$<$?:<!N?7M@$BE$!=C7G:!=!<9#$A=L!

=%'),$-%.)/+)+,$-%.)+'-)'+1%&1%,%#',+>#"?*%04%+)6"('+)+,$-%.):+

Definition 3.1: Metaschema 

"#$!7C8$9:<!=?B!6$@=:;7?<!7>!=!B7A=;?!=6$!6$56$<$?:$B!CD!<DAC7@<!;?!=!97?9$5:G=@!

<9#$A=L! "#G<F! <G9#! 6$56$<$?:=:;7?! ;<! =?! ;?<:=?9$! 7>! =?7:#$6!A7B$@! ;?! =?! G55$6!

@$I$@!7>!=C<:6=9:;7?L!"#;<!A7B$@F!76!<9#$A=F!97?:=;?<!;?>76A=:;7?!=C7G:!:#$!B=:=!;?!

:#$!>;6<:]@$I$@!<9#$A=F!<7!;:!;<!=!A$:=<9#$A=L!

"#$! 01'! A$:=A7B$@! ;<! :#$! A$:=<9#$A=! :#=:! M$! M;@@! $U5@=;?! ;?! :#;<! 9#=5:$6!

C$9=G<$!;:!;<!:#$!A$:=<9#$A=!G<$B!;?!:#$!(;?=!31&!:77@!=?B!:#$6$>76$!;?!7G6!%&'!

OLP!$U56$<<;7?<!5679$<<76F!BG$!:7!01'!;<!:#$!A7B$@;?E!@=?EG=E$!G<$B!:7!M6;:$!7G6!

A7B$@<L!

JDK =EF!>I9!IF=-IC;F9!

,;?9$!7G6!5G657<$!;<!:7!5=6<$!%&'!OLP!$U56$<<;7?<!6$@=:$B!M;:#!=?!01'!<9#$A=!=?B!

:7! ;?<:=?:;=:$! :#$A! =<! ;?<:=?9$<! 7>! :#$! %&'!A$:=A7B$@F! :7! G?B$6<:=?B! :#$! 01'!

A$:=A7B$@! ;<!A=?B=:76D! ;?!76B$6! :7!N?7M!#7M!=?!01'!A7B$@! ;<! 6$56$<$?:$B!=<!

;?<:=?9$!7>!;:<!A$:=A7B$@L!



!!!!!!!! ! I0$28&'0/*#1' J'

 

,L!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

-?!:#;<!<$9:;7?!M$!M;@@!;?:67BG9$!=!<;A5@;>;$B!I$6<;7?!7>!:#$!01'!OLP!A$:=A7B$@!;?!

76B$6! :7! A=N$! $=<;$6! :#$! G?B$6<:=?B=C;@;:D! 7>! :#$! $@$A$?:<! M;:#;?! <G9#!

A$:=A7B$@L!/!>G@@!I$6<;7?!9=?!C$!>7G?B!=:!:#$!01'!OLP!<G5$6<:6G9:G6$!R%C8PQSL!

JDKD+ ;"-QB-I5!

/:! :#;<! 57;?:! M$! <#7M! :#$! 6$@$I=?:! B;=E6=A<! 7>! :#$! 01'! OLP! A$:=A7B$@L! -:! ;<!

;A576:=?:! :7! ?7:$! :#=:! C@G$]97@7G6$B! 9@=<<$<! =6$! 5=6:! 7>! :#$!%&'! OLP!A$:=A7B$@!

:#=:!M;@@!C$!$U5@=;?$B!=:!?$U:!9#=5:$6<L!

!"#"$"$ %&'(')*+,

(@$A$?:! ;<! :#$! C=<$! 97?9$5:! ;?! :#$! 01'! OLP! A$:=A7B$@L! -:! E$?$6=@;X$<! =@@! :#$!

97A57?$?:<!7>!:#$!01'F!=<!M$!M;@@!<$$!;?!:#$!?$U:!B;=E6=A<L!

!

Figure 3.2: UML 2.0 metamodel. Elements 
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Figure 3.3: UML 2.0 metamodel. Multiplicity element 
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Figure 3.4: UML 2.0 metamodel. Constraint 
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Figure 3.5: UML 2.0 metamodel. Generalization 
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Figure 3.6: UML 2.0 metamodel. Operations 
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Figure 3.7: UML 2.0 Metamodel. Classes and associations 
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Figure 3.8: UML 2.0 metamodel. Data types 
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Figure 3.9: MOF metamodel extracted from [Obj02] 
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<xmi:XMI xmi:version = “2.1” xmlns:xmi = “http://www.omg.org/XMI”>  

 <!-- Classes and relations -->  

</xmi:XMI> 

Example 4.1: Overall structure of a XMI file 
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Figure 4.1: Simple conceptual schema 
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<Class xmi:id = “C1” name = “Student” isAbstract = “false”>  

 <ownedAttribute xmi:id = “A1” name = “name” lower = 1 upper = 1 
 isComposite = “false” isDerived = “false”>  

    <type xmi:type = ”DT1”/>  

 </ownedAttribute> 

 <ownedAttribute xmi:id = “A2” name = “age” lower = 1 upper = 1 
 isComposite = “false” isDerived = “false”> 

    <type xmi:type = ”DT2”/>  

 </ownedAttribute> 

</Class>  

Example 4.2: XMI representation of an UML class 
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<xmi:XMI xmi:version = “2.1” xmlns:xmi = “http://www.omg.org/XMI”>  

 <!—Data types --> 

 <DataType xmi:id = “DT1” name = “String”> 

  <DataType xmi:id = “DT2” name = “Integer”> 

 <!-- Classes --> 

 <Class xmi:id = “C1” name = “Student” isAbstract = “false”>  

   <ownedAttribute xmi:id = “A1” name = “name” lower = 1 
  upper = 1 isComposite = “false” isDerived = “false”>  

   <type xmi:type = ”DT1”/>  

  </ownedAttribute> 

   <ownedAttribute xmi:id = “A2” name = “age” lower = 1  
  upper = 1 isComposite = “false” isDerived = “false”> 

       <type xmi:type = ”DT2”/>  

   </ownedAttribute> 

 </Class> 

 <Class xmi:id = “C2” name = “Subject” isAbstract = “false”>  

   <ownedAttribute xmi:id = “A3” name = “name” lower = 1 
  upper = 1 isComposite = “false” isDerived = “false”>  

   <type xmi:type = ”DT1”/>  

  </ownedAttribute> 

   <ownedAttribute xmi:id = “A4” name = “area” lower = 1 
  upper = 1 isComposite = “false” isDerived = “false”> 

       <type xmi:type = ”DT1”/>  

   </ownedAttribute> 
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 </Class>  

 <Class xmi:id = “C3” name = “Teacher” isAbstract = “false”>  

   <ownedAttribute xmi:id = “A5” name = “name” lower = 1 
  upper = 1 isComposite = “false” isDerived = “false”>  

   <type xmi:type = ”DT1”/>  

  </ownedAttribute> 

   <ownedAttribute xmi:id = “A6” name = “range” lower = 1 
  upper = 1 isComposite = “false” isDerived = “false”> 

       <type xmi:type = ”DT1”/>  

   </ownedAttribute> 

 </Class>  

  <!-- Relations --> 

  <Association xmi:id = “AS1” name = “study” memberEnd = “PR1 
 PR2”/>  

 <Association xmi:id = “AS1” name = “teach” memberEnd = “PR3 
 PR4”/>  

 <Property xmi:id = “PR1” name = “participant” lower = 0 upper 
 = * isComposite = “false” isDerived = “false” type = “C1” 
 association = “AS1”/>  

 <Property xmi:id = “PR2” name = “subject” lower = 0 upper = * 
 isComposite = “false” isDerived = “false” type = “C2” 
 association = “AS1”/> 

 <Property xmi:id = “PR3” name = “responsible” lower = 0 upper 
 = 1 isComposite = “false” isDerived = “false” type = “C3” 
 association = “AS2”/>  

 <Property xmi:id = “PR4” name = “responsibility” lower = 0 
 upper = * isComposite = “false” isDerived = “false” type = 
 “C2” association = “AS2”/>  

</xmi:XMI> 

Example 4.3: XMI representation of UML model shown at Figure 4.1 
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Figure 5.1: Eina GMC Core (Image from [EINw]) 
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Figure 5.2: Components of the Eina GMC (Image from [EINw]) 

%G6! ;?:$?:;7?! ;<! ?7:! :7! <#7M! :#$! B$:=;@<! 7>! :#$<$! 97A57?$?:<! C$9=G<$! ;:! 9=?! C$!

>7G?B!;?!R(-.MSL!\$!7?@D!M=?:!:7!$U5@=;?!M#=:!;<!:#$!5G657<$!7>!$=9#!7?$!=?B!=@<7!

:7!E;I$!=!C6;$>!B$<96;5:;7?L!

LDJD+ TI"!@CA.FB=FB!

"#;<! ;<! :#$! A7<:! G<$>G@! 97A57?$?:! 7>! :#$! (;?=! 31&F! =>:$6! :#$! &76$L! -:! =@@7M<!

97?I$6<;7?!C$:M$$?!)1-! >;@$<!6$56$<$?:;?E!=!97?9$5:G=@!<9#$A=!>67A!&/,(!:77@<!

>76A=:! :7!(;?=!31&! >76A=:!=?B!I;9$!I$6<=L!\;:#! :#;<! 97?I$6<;7?!M$!9=?! <$$! ;?!=!

E6=5#;9=@!M=D!;?<;B$!*7<$;B7?!97?9$5:G=@!<9#$A=<!A=B$!CD!(;?=!31&!&76$L!-?!:#$!

9G66$?:!I$6<;7?!:#$!7?@D!&/,(!:77@!<G5576:$B!CD!?7M!;<!*7<$;B7?!Y76!01'L!



!!!!!!!! ! F*#2!QI@Z!-!@&#)0<$(2/!I&'0/*#1!F#?*%&#80#$' L'

 

L+!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

LDJD, TI"!F;"="CA!"A=FBR-@F!

"#$! )1-! (B;:;7?! -?:$6>=9$! ;<! =! E6=5#;9=@! G<$6! ;?:$6>=9$! J30-K! :#=:! =@@7M<! $B;:;?E!

)1-!>;@$<!6$56$<$?:;?E!97?9$5:G=@!<9#$A=<!>67A!(;?=!31&!;?!76B$6!:7!96$=:$!?$M!

01'!$@$A$?:<!@;N$!9@=<<$<F!=::6;CG:$<!76!=<<79;=:;7?<L!

-:! =@@7M<! G<! :7! =I7;B! :#$! 567E6=AA;?E! :=<N! 7>! B7;?E! 9#=?E$<! ;?! =! 97?9$5:G=@!

<9#$A=L!

LDJDJ @-B;"A-9"=S!@CA5=B-"A=5!@EF@]FB!

"#;<! 97A57?$?:! =@@7M<! G<! :7! 9#$9N! :#$! <=:;<>;=C;@;:D! 7>! 97?9$5:G=@! <9#$A=<!

$U56$<<$B!;?!:#$!(;?=!31&!>76A=:L!Y76!$U=A5@$F!:7!I$6;>D!:#=:!:#$6$!$U;<:<!=!<$:!7>!

;?<:=?9$<!:#=:!9=?!C$!;?<:=?:;=:$B!;?!=!97?9$5:G=@!<9#$A=!76!;>!:#$!9=6B;?=@;:;$<!7>!=!

<$:!7>!6$@=:;7?<!=6$!9766$9:L!

LDJDK TI",;C=!@CA.FB=FB!

"#$! )1-O2%"! 97?I$6:$6! =@@7M<! 96$=:;?E! =! 2%"! >;@$! M;:#! :#$! E6=5#;9=@!

6$56$<$?:=:;7?!7>!:#$!97?9$5:G=@!<9#$A=!<5$9;>;$B!;?!=?!(;?=31&!)1-!>;@$L!-A=E$<!

Jg*3F! 3-YF! *.3LLLK! 9=?! C$! E$?$6=:$B! >67A! :#$! 2%"! >;@$! G<;?E! 36=5#I;X! :77@<L! "#$!

9G66$?:!I$6<;7?!=@@7M<!97?I$6:;?E!=!<GC<$:!7>!01'!$@$A$?:<F!M#;9#!;<!<5$9;>;$B!;?!

:#$!B79GA$?:=:;7?!7>!<G9#!97A57?$?:!:#=:!9=?!C$!>7G?B!=:!R(-.MSL!

LDK EC[!=C!>5F!"=!

(;?=!31&!9=?!C$!G<$B!;?!:M7!B;>>$6$?:!M=D<L!"#$!<;A5@$!M=D!;<!G<;?E!(;?=!31&!>76!

B6=M;?E!:#$!97?9$5:G=@!A7B$@!B;6$9:@D!M;:#;?!*7<$;B7?!Y76!01'!R*Y0MSF!=?B!:#$?!

$U576:! ;:! :7! =?! )1-! >;@$! =?B! 97?I$6:! ;:! :7! (;?=! 31&! >76A=:! :#67GE#! :#$! )1-!

&7?I$6:$6!97A57?$?:L!



!!!!!!!! ! F*#2!QI@Z!-!@&#)0<$(2/!I&'0/*#1!F#?*%&#80#$' L'

 

L,!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

%?9$!M$!#=I$! :#$! <=I$B!)1-! >;@$F!M$! 9=?!75$?! ;:!M;:#!(;?=!31&! ;?!76B$6! :7! =BB!

9#=?E$<!76!A7B;>;9=:;7?<!M;:#!:#$!)1-!(B;:;7?!-?:$6>=9$L!

"#$!97A5@$U!M=D!7>!G<;?E!(;?=!31&!;<!CD!97?<:6G9:;?E!:#$!97?9$5:G=@!A7B$@!=?B!

;:<! ;?<:=?:;=:;7?! B;6$9:@D! M;:#! <G9#! @;C6=6D! ;?! =! g=I=! 567E6=AL! "#$! (;?=! 31&!

97?9$5:G=@!$?I;67?A$?:!567I;B$<!=!>=9=B$!9@=<<!>76!$=9#!01'!=?B!%&'!A$:=9@=<<!

:#=:!=@@7M<!:#$!?$9$<<=6D!A$:#7B<!:7!96$=:$!=?B!;?<:=?:;=:$!<G9#!$@$A$?:<L!

\;:#!<G9#!>=9=B$<!M$!9=?!96$=:$!=!97?9$5:G=@!<9#$A=!=?B!:#$!<:76$!;:!;?!=?!)1-!>;@$!

:#=:!9=?!C$!<#=6$B!76!97?I$6:$B!;?:7!:#$!*7<$;B7?!>76A=:L!

/:! ?$U:! <$9:;7?!M$!M;@@! <:GBD! =! <;A5@$! 97?9$5:G=@! <9#$A=! <5$9;>;$B! ;?! :#$! 01'!

@=?EG=E$!=?B!:#$!:M7!$U;<:;?E!A$:#7B<!:7!;?<:=?:;=:$!;:!;?:7!:#$!01'!A$:=A7B$@!7>!

:#$!(;?=!31&!:77@L!

LDL -A!FT-IG9F!

"7!<#7M!#7M!:7!G<$!:#$!(;?=!31&!:77@!M$!M;@@!<:=6:!>67A!=!<;A5@$!A7B$@!=?B!M$!

M;@@! >7@@7M! :#$! ?$9$<<=6D! <:$5<! G?:;@! 7C:=;?! =?! )1-! >;@$! 6$56$<$?:;?E! <G9#!

97?9$5:G=@!<9#$A=!=<!;?<:=?9$<!7>!:#$!01'!A$:=A7B$@L!

Y;6<:!7>!=@@!M$!56$<$?:! :#$!A7B$@! :#=:!6$56$<$?:<!7G6!9=<$!<:GBDL! -:! 97?:=;?<!7?@D!

>;I$!01'! 9@=<<$<! =?B!7?$! =<<79;=:;I$! 9@=<<F! CG:!M$! 9=?! <$$! :#=:! =! @7:! 7>! 97AA7?!

97?<:6G9:;7?<!=55$=6!7?!;:L!

\$! #=I$! =! #;$6=69#D! 7>! 9@=<<$<! M;:#! *$6<7?! 9@=<<! =<! E$?$6=@! 9@=<<! =?B! :M7!

<GC9@=<<$<!G?B$6!;:F!(A5@7D$$!=?B!&@;$?:L!

YG6:#$6A76$F!;?<;B$!:#;<!97?9$5:G=@!<9#$A=!:#$6$!=6$!:M7!B;>>$6$?:!6$@=:;7?<F!7?$!

7>!:#$<$!#=<!=?!=<<79;=:;I$!9@=<<L!



!!!!!!!! ! F*#2!QI@Z!-!@&#)0<$(2/!I&'0/*#1!F#?*%&#80#$' L'

 

LJ!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

\$! 9#7<$! :#;<! 97?9$5:G=@! <9#$A=! ;:<! 97?<:6G9:;7?<! G<G=@@D! =55$=6! ;?! A7<:!

97?9$5:G=@!A7B$@<!:#=:!7?$!9=?!;A=E;?$L!

!

Figure 5.3: Conceptual model to practice with Eina GMC tool 
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Figure 5.4: Poseidon For UML 
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Figure 5.5: Export option inside Poseidon For UML 
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Figure 5.6: Export window inside Poseidon For UML 

ConverterToEinaGMC ctgmc = new ConverterToEinaGMC(); 

ctgmc.convert("poseidon.xmi", "eina.xmi", "Poseidon"); 

+
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Example 5.1: Conversion from Poseidon For UML to Eina GMC format 
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public static void makeModel() throws Exception { 

 Project p = new Project(); 

  

 // Facade classes (Eina GMC uses UmlClass instead of Class  

 // because Class is a reserved word in Java) 

 UmlClassFacade ucf   = new UmlClassFacade(p); 

 PropertyFacade pf    = new PropertyFacade(p); 

 DataTypeFacade dtf    = new DataTypeFacade(p); 

 LiteralIntegerFacade lif  = new LiteralIntegerFacade(p); 

  

 // Creation of the basic types 

 DataType integer   = dtf.createDataType(); 

 DataType real   = dtf.createDataType(); 

 DataType booleantype = dtf.createDataType(); 

 DataType string   = dtf.createDataType(); 

 integer.setName("Integer"); 

 real.setName("Real"); 

 booleantype.setName("Boolean"); 

 string.setName("String"); 

  

 // Creation of the UML Classes 

 UmlClass person   = ucf.createUmlClass(); 

 UmlClass employee   = ucf.createUmlClass(); 

 UmlClass client   = ucf.createUmlClass(); 

 UmlClass company   = ucf.createUmlClass(); 

 UmlClass department  = ucf.createUmlClass(); 

 person.setName("Person"); 

 employee.setName("Employee"); 

 client.setName("Client"); 
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 company.setName("Company"); 

 department.setName("Department");  

  

 // Creation of the owned attributes for the previous classes 

 Property personName   = pf.createProperty(); 

 Property personAge   = pf.createProperty(); 

 Property employeeSalary  = pf.createProperty(); 

 Property clientId   = pf.createProperty(); 

 Property clientIsPremium = pf.createProperty(); 

 Property departmentName  = pf.createProperty(); 

  

 // Set name and type 

 personName.setName("name"); 

 personName.setType(string); 

 personAge.setName("age"); 

 personAge.setType(integer); 

 employeeSalary.setName("salary"); 

 employeeSalary.setType(real); 

 clientId.setName("idClient"); 

 clientId.setType(integer); 

 clientIsPremium.setName("isPremium"); 

 clientIsPremium.setType(booleantype); 

 departmentName.setName("name"); 

 departmentName.setType(string); 

  

 // Place attributes into their owner UML class 

 personName.setUmlclass(person); 

 personAge.setUmlclass(person); 

 employeeSalary.setUmlclass(employee); 

 clientId.setUmlclass(client); 

 clientIsPremium.setUmlclass(client); 

 departmentName.setUmlclass(department); 

  

 // Creation of the Person hierarchy 

 GeneralizationFacade gf = new GeneralizationFacade(p); 

 gf.createGeneralization(person, client); 

 gf.createGeneralization(person, employee); 

  

 // Create association between Company and Department 

 AssociationFacade af = new AssociationFacade(p); 

 //  These are the two association ends 

 Property companyEnd  = pf.createProperty(); 

 Property departmentEnd  = pf.createProperty(); 

 companyEnd.setType(company); 

 departmentEnd.setType(department); 

   

 //  Create and set the multiplicity 0..1 to Company end 

 LiteralInteger lowermultiplicity = lif.createLiteralInteger(); 

 LiteralInteger uppermultiplicity = lif.createLiteralInteger(); 

 lowermultiplicity.setValue(0); 

 lowermultiplicity.setVisibility(VisibilityKindEnum.PUBLIC); 

 uppermultiplicity.setValue(1); 

 uppermultiplicity.setVisibility(VisibilityKindEnum.PUBLIC); 
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 companyEnd.setLowerValue(lowermultiplicity); 

 companyEnd.setUpperValue(uppermultiplicity); 

   

 //  Create and set the multiplicity 0..* to Department end 

 LiteralInteger lowmultiplicity2 = lif.createLiteralInteger(); 

 LiteralInteger uppmultiplicity2 = lif.createLiteralInteger(); 

 lowmultiplicity2.setValue(0); 

 lowmultiplicity2.setVisibility(VisibilityKindEnum.PUBLIC); 

 uppermultiplicity2.setValue(-1); // -1 indicates * 

 uppermultiplicity2.setVisibility(VisibilityKindEnum.PUBLIC); 

 departmentEnd.setLowerValue(lowmultiplicity2); 

 departmentEnd.setUpperValue(uppmultiplicity2); 

   

 LinkedList ends = new LinkedList(); 

 ends.add(companyEnd); 

 ends.add(departmentEnd); 

 Association companytodepartment = af.createAssociation(ends); 

   

 // Create association between employee and company with     

 // associative class Work 

 AssociationClassFacade acf = new AssociationClassFacade(p); 

   

 //  These are the two association ends 

 Property companyEnd2 = pf.createProperty(); 

 Property employeeEnd = pf.createProperty(); 

 companyEnd2.setType(company); 

 companyEnd2.setName("employer"); 

 employeeEnd.setType(employee); 

 employeeEnd.setName("employee"); 

   

  // Create and set the multiplicity 0..* to Company end 

 LiteralInteger lowmultiplicity3 = lif.createLiteralInteger(); 

 LiteralInteger uppmultiplicity3 = lif.createLiteralInteger(); 

 lowmultiplicity3.setValue(0); 

 lowmultiplicity3.setVisibility(VisibilityKindEnum.PUBLIC); 

 uppmultiplicity3.setValue(-1); // -1 indicates * 

 uppmultiplicity3.setVisibility(VisibilityKindEnum.PUBLIC); 

 companyEnd2.setLowerValue(lowmultiplicity3); 

 companyEnd2.setUpperValue(uppmultiplicity3); 

   

  // Create and set the multiplicity 1..* to Employee end 

 LiteralInteger lowmultiplicity4 = lif.createLiteralInteger(); 

 LiteralInteger uppmultiplicity4 = lif.createLiteralInteger(); 

 lowmultiplicity4.setValue(1); 

 lowmultiplicity4.setVisibility(VisibilityKindEnum.PUBLIC); 

 uppmultiplicity4.setValue(-1); // -1 indicates * 

 uppmultiplicity4.setVisibility(VisibilityKindEnum.PUBLIC); 

 employeeEnd.setLowerValue(lowmultiplicity4); 

 employeeEnd.setUpperValue(uppmultiplicity4); 

   

 LinkedList ends2 = new LinkedList(); 

 ends2.add(companyEnd2); 

 ends2.add(employeeEnd); 
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 AssociationClass work = acf.createAssociationClass(ends2); 

 work.setName("Work"); 

   

 // Create the owned elements of Work associative class 

 Property years = pf.createProperty(); 

 Property range = pf.createProperty(); 

 years.setName("years"); 

 years.setType(integer); 

 years.setUmlclass(work); 

 range.setName("range"); 

 range.setType(string); 

 range.setUmlclass(work); 

   

 // Store the conceptual schema into an XMI file 

 p.saveXMI("/Documents/models/newmodel.xmi"); 

 p.closeProject(); 

}+

Example 5.2: Java program that instantiates the conceptual schema found at Figure 5.3 
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<?xml version = '1.0' encoding = 'ISO-8859-1' ?> 
<XMI xmi.version = '1.2' xmlns:uml = 'org.omg.xmi.namespace.uml' 
timestamp = 'Fri May 02 18:27:15 CEST 2008'> 
  <XMI.header> 
    <XMI.documentation> 
      <XMI.exporter>Netbeans XMI Writer</XMI.exporter> 
      <XMI.exporterVersion>1.0</XMI.exporterVersion> 
    </XMI.documentation> 
  </XMI.header> 
  <XMI.content> 
    <uml2.Kernel.Property xmi.id = 'a1' name = 'employee'> 
      <uml2.Kernel.MultiplicityElement.lowerValue> 
        <uml2.Kernel.LiteralInteger xmi.id = 'a2' visibility = 'public' 
  value = '1'/> 
      </uml2.Kernel.MultiplicityElement.lowerValue> 
      <uml2.Kernel.MultiplicityElement.upperValue> 
        <uml2.Kernel.LiteralInteger xmi.id = 'a3' visibility = 'public' 
  value = '-1'/> 
      </uml2.Kernel.MultiplicityElement.upperValue> 
      <uml2.Kernel.TypedElement.type> 
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        <uml2.Kernel.Class xmi.idref = 'a4'/> 
      </uml2.Kernel.TypedElement.type> 
      <uml2.Kernel.Property.association> 
        <uml2.AssociationClasses.AssociationClass xmi.idref = 'a5'/> 
      </uml2.Kernel.Property.association> 
    </uml2.Kernel.Property> 
    <uml2.Kernel.Property xmi.id = 'a6' name = 'employer'> 
      <uml2.Kernel.MultiplicityElement.lowerValue> 
        <uml2.Kernel.LiteralInteger xmi.id = 'a7' visibility = 'public' 
  value = '0'/> 
      </uml2.Kernel.MultiplicityElement.lowerValue> 
      <uml2.Kernel.MultiplicityElement.upperValue> 
        <uml2.Kernel.LiteralInteger xmi.id = 'a8' visibility = 'public' 
  value = '-1'/> 
      </uml2.Kernel.MultiplicityElement.upperValue> 
      <uml2.Kernel.TypedElement.type> 
        <uml2.Kernel.Class xmi.idref = 'a9'/> 
      </uml2.Kernel.TypedElement.type> 
      <uml2.Kernel.Property.association> 
        <uml2.AssociationClasses.AssociationClass xmi.idref = 'a5'/> 
      </uml2.Kernel.Property.association> 
    </uml2.Kernel.Property> 
    <uml2.Kernel.Property xmi.id = 'a10'> 
      <uml2.Kernel.MultiplicityElement.lowerValue> 
        <uml2.Kernel.LiteralInteger xmi.id = 'a11' visibility = 'public' 
  value = '0'/> 
      </uml2.Kernel.MultiplicityElement.lowerValue> 
      <uml2.Kernel.MultiplicityElement.upperValue> 
        <uml2.Kernel.LiteralInteger xmi.id = 'a12' visibility = 'public' 
  value = '-1'/> 
      </uml2.Kernel.MultiplicityElement.upperValue> 
      <uml2.Kernel.TypedElement.type> 
        <uml2.Kernel.Class xmi.idref = 'a13'/> 
      </uml2.Kernel.TypedElement.type> 
      <uml2.Kernel.Property.association> 
        <uml2.Kernel.Association xmi.idref = 'a14'/> 
      </uml2.Kernel.Property.association> 
    </uml2.Kernel.Property> 
    <uml2.Kernel.Property xmi.id = 'a15'> 
      <uml2.Kernel.MultiplicityElement.lowerValue> 
        <uml2.Kernel.LiteralInteger xmi.id = 'a16' visibility = 'public' 
  value = '0'/> 
      </uml2.Kernel.MultiplicityElement.lowerValue> 
      <uml2.Kernel.MultiplicityElement.upperValue> 
        <uml2.Kernel.LiteralInteger xmi.id = 'a17' visibility = 'public' 
  value = '1'/> 
      </uml2.Kernel.MultiplicityElement.upperValue> 
      <uml2.Kernel.TypedElement.type> 
        <uml2.Kernel.Class xmi.idref = 'a9'/> 
      </uml2.Kernel.TypedElement.type> 
      <uml2.Kernel.Property.association> 
        <uml2.Kernel.Association xmi.idref = 'a14'/> 
      </uml2.Kernel.Property.association> 
    </uml2.Kernel.Property> 
    <uml2.Kernel.DataType xmi.id = 'a18' name = 'String'> 
      <uml2.Kernel.Type._typedElementOfType> 
        <uml2.Kernel.Property xmi.idref = 'a19'/> 
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        <uml2.Kernel.Property xmi.idref = 'a20'/> 
        <uml2.Kernel.Property xmi.idref = 'a21'/> 
      </uml2.Kernel.Type._typedElementOfType> 
    </uml2.Kernel.DataType> 
    <uml2.Kernel.DataType xmi.id = 'a22' name = 'Boolean'> 
      <uml2.Kernel.Type._typedElementOfType> 
        <uml2.Kernel.Property xmi.idref = 'a23'/> 
      </uml2.Kernel.Type._typedElementOfType> 
    </uml2.Kernel.DataType> 
    <uml2.Kernel.DataType xmi.id = 'a24' name = 'Real'> 
      <uml2.Kernel.Type._typedElementOfType> 
        <uml2.Kernel.Property xmi.idref = 'a25'/> 
      </uml2.Kernel.Type._typedElementOfType> 
    </uml2.Kernel.DataType> 
    <uml2.Kernel.DataType xmi.id = 'a26' name = 'Integer'> 
      <uml2.Kernel.Type._typedElementOfType> 
        <uml2.Kernel.Property xmi.idref = 'a27'/> 
        <uml2.Kernel.Property xmi.idref = 'a28'/> 
        <uml2.Kernel.Property xmi.idref = 'a29'/> 
      </uml2.Kernel.Type._typedElementOfType> 
    </uml2.Kernel.DataType> 
    <uml2.Kernel.Class xmi.id = 'a13' name = 'Department'> 
      <uml2.Kernel.Type._typedElementOfType> 
        <uml2.Kernel.Property xmi.idref = 'a10'/> 
      </uml2.Kernel.Type._typedElementOfType> 
      <uml2.Kernel.Class.ownedAttribute> 
        <uml2.Kernel.Property xmi.id = 'a20' name = 'name'> 
          <uml2.Kernel.TypedElement.type> 
            <uml2.Kernel.DataType xmi.idref = 'a18'/> 
          </uml2.Kernel.TypedElement.type> 
        </uml2.Kernel.Property> 
      </uml2.Kernel.Class.ownedAttribute> 
    </uml2.Kernel.Class> 
    <uml2.Kernel.Class xmi.id = 'a9' name = 'Company'> 
      <uml2.Kernel.Type._typedElementOfType> 
        <uml2.Kernel.Property xmi.idref = 'a6'/> 
        <uml2.Kernel.Property xmi.idref = 'a15'/> 
      </uml2.Kernel.Type._typedElementOfType> 
    </uml2.Kernel.Class> 
    <uml2.Kernel.Class xmi.id = 'a30' name = 'Client'> 
      <uml2.Kernel.Classifier.generalization> 
        <uml2.Kernel.Generalization xmi.id = 'a31'> 
          <uml2.Kernel.Generalization.general> 
            <uml2.Kernel.Class xmi.idref = 'a32'/> 
          </uml2.Kernel.Generalization.general> 
        </uml2.Kernel.Generalization> 
      </uml2.Kernel.Classifier.generalization> 
      <uml2.Kernel.Class.ownedAttribute> 
        <uml2.Kernel.Property xmi.id = 'a28' name = 'idClient'> 
          <uml2.Kernel.TypedElement.type> 
            <uml2.Kernel.DataType xmi.idref = 'a26'/> 
          </uml2.Kernel.TypedElement.type> 
        </uml2.Kernel.Property> 
        <uml2.Kernel.Property xmi.id = 'a23' name = 'isPremium'> 
          <uml2.Kernel.TypedElement.type> 
            <uml2.Kernel.DataType xmi.idref = 'a22'/> 
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          </uml2.Kernel.TypedElement.type> 
        </uml2.Kernel.Property> 
      </uml2.Kernel.Class.ownedAttribute> 
    </uml2.Kernel.Class> 
    <uml2.Kernel.Class xmi.id = 'a4' name = 'Employee'> 
      <uml2.Kernel.Type._typedElementOfType> 
        <uml2.Kernel.Property xmi.idref = 'a1'/> 
      </uml2.Kernel.Type._typedElementOfType> 
      <uml2.Kernel.Classifier.generalization> 
        <uml2.Kernel.Generalization xmi.id = 'a33'> 
          <uml2.Kernel.Generalization.general> 
            <uml2.Kernel.Class xmi.idref = 'a32'/> 
          </uml2.Kernel.Generalization.general> 
        </uml2.Kernel.Generalization> 
      </uml2.Kernel.Classifier.generalization> 
      <uml2.Kernel.Class.ownedAttribute> 
        <uml2.Kernel.Property xmi.id = 'a25' name = 'salary'> 
          <uml2.Kernel.TypedElement.type> 
            <uml2.Kernel.DataType xmi.idref = 'a24'/> 
          </uml2.Kernel.TypedElement.type> 
        </uml2.Kernel.Property> 
      </uml2.Kernel.Class.ownedAttribute> 
    </uml2.Kernel.Class> 
    <uml2.Kernel.Class xmi.id = 'a32' name = 'Person'> 
      <uml2.Kernel.Classifier._generalizationOfGeneral> 
        <uml2.Kernel.Generalization xmi.idref = 'a33'/> 
        <uml2.Kernel.Generalization xmi.idref = 'a31'/> 
      </uml2.Kernel.Classifier._generalizationOfGeneral> 
      <uml2.Kernel.Class.ownedAttribute> 
        <uml2.Kernel.Property xmi.id = 'a21' name = 'name'> 
          <uml2.Kernel.TypedElement.type> 
            <uml2.Kernel.DataType xmi.idref = 'a18'/> 
          </uml2.Kernel.TypedElement.type> 
        </uml2.Kernel.Property> 
        <uml2.Kernel.Property xmi.id = 'a29' name = 'age'> 
          <uml2.Kernel.TypedElement.type> 
            <uml2.Kernel.DataType xmi.idref = 'a26'/> 
          </uml2.Kernel.TypedElement.type> 
        </uml2.Kernel.Property> 
      </uml2.Kernel.Class.ownedAttribute> 
    </uml2.Kernel.Class> 
    <uml2.Kernel.Association xmi.id = 'a14'> 
      <uml2.Kernel.Association.memberEnd> 
        <uml2.Kernel.Property xmi.idref = 'a15'/> 
        <uml2.Kernel.Property xmi.idref = 'a10'/> 
      </uml2.Kernel.Association.memberEnd> 
    </uml2.Kernel.Association> 
    <uml2.AssociationClasses.AssociationClass xmi.id = 'a5' name='Work'> 
      <uml2.Kernel.Class.ownedAttribute> 
        <uml2.Kernel.Property xmi.id = 'a27' name = 'years'> 
          <uml2.Kernel.TypedElement.type> 
            <uml2.Kernel.DataType xmi.idref = 'a26'/> 
          </uml2.Kernel.TypedElement.type> 
        </uml2.Kernel.Property> 
        <uml2.Kernel.Property xmi.id = 'a19' name = 'range'> 
          <uml2.Kernel.TypedElement.type> 
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            <uml2.Kernel.DataType xmi.idref = 'a18'/> 
          </uml2.Kernel.TypedElement.type> 
        </uml2.Kernel.Property> 
      </uml2.Kernel.Class.ownedAttribute> 
      <uml2.Kernel.Association.memberEnd> 
        <uml2.Kernel.Property xmi.idref = 'a6'/> 
        <uml2.Kernel.Property xmi.idref = 'a1'/> 
      </uml2.Kernel.Association.memberEnd> 
    </uml2.AssociationClasses.AssociationClass> 
  </XMI.content> 
</XMI> 

Example 5.3: XMI file relative to Figure 5.3 model 
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Figure 6.1: Model for the upload and share system example 
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‘This is a large String’+*2>%+'-%+#%A'+"#%+

‘Numbers are allowed’ *2>%+2# ‘3456’++

‘’+0%#"'%,+'-%+%.&'W+X'12#4:++

Y%.%.6%1+'"+(,%+,2#4*%+Z("')'2"#+.)1>,+‘like here’+2#,'%)0+"3+0"(6*%+

"#%,+“like here”:+["(6*%+Z("')'2"#+.)1>,+)1%+#"'+)**"?%0:+

Example 6.3: Strings 

/!G<$>G@!$U=A5@$!7>!#7M!:7!M6;:$!,:6;?E<!;?!:#$!%&'!OLP!;<!<#7M?!=C7I$L!
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N+!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

<"!"$"# D55&'7),

%G6!@=<:!C=<;9!:D5$!;<!:#$!H77@$=?!:D5$L!-:!;<!G<$>G@!:7!B$?7:$!;>!<7A$:#;?E!;<!:6G$!76!

?7:L!-:<!;?<:=?9$<!=6$!7?@D!:M7!N$DM76B<^!:6G$!=?B!>=@<$L!

\""*%)#+])*(%,/+true+5&",2'2]%8+"1+L9+)#0+false+5#%4)'2]%8+"1+M9+

Example 6.4: Boolean values 

/<! ;:<$@>! ;?B;9=:$<F! :6G$! 6$56$<$?:<! =! 57<;:;I$! =>>;6A=:;7?! =?B! >=@<$! =! ?$E=:;I$!

=>>;6A=:;7?L! "#$D! =6$! G<$>G@! ;?! 97?B;:;7?<! =?B! 97A5=6;<7?<F! 76! =<! A$AC$6<! ;?!

@7E;9=@!75$6=:;7?<L!

MDJD, 4-5"@!CGFB-="CA5!

/:!:#;<!57;?:F!M$!=6$!E7;?E!:7!<#7M!:#$!75$6=:;7?<!:#=:!9=?!C$!G<$B!M;:#!:#$!C=<;9!

:D5$<!$U5@=;?$B!C$>76$L!

<"!"-"$ @)*'A'6,7)=,B'7&,51'67*05)+,

"#$!>7@@7M;?E!75$6=:;7?<!=6$!:#$!7?$<!:#=:!M76N!M;:#!?GAC$6<!=<!AG9#!-?:$E$6<!=<!

+$=@<L!

!"#$%&'()* +,"-%)%&'()* ./%0#*

p!
+$<G@:<! ;?! :#$! =BB;:;7?! I=@G$! 7>! :M7!
?GAC$6<L!->!7?$!7>!:#$<$!?GAC$6<!;<!+$=@F!:#$!
6$<G@:!7>!=55@D;?E!:#;<!75$6=:;7?!;<!=@<7!+$=@L!

a!p!O!!!-?:$E$6!

a!p!PLf!!!+$=@!

"!
+$<G@:<! ;?! :#$! <GC:6=9:;7?! I=@G$! 7>! :M7!
?GAC$6<L!->!7?$!7>!:#$<$!?GAC$6<!;<!+$=@F!:#$!

6$<G@:!7>!=55@D;?E!:#;<!75$6=:;7?!;<!=@<7!+$=@L!

b!q!`!!!-?:$E$6!

d!q!QLf!!!+$=@!

j!
+$<G@:<! ;?! :#$! AG@:;5@;9=:;7?! I=@G$! 7>! :M7!
?GAC$6<L!->!7?$!7>!:#$<$!?GAC$6<!;<!+$=@F!:#$!

6$<G@:!7>!=55@D;?E!:#;<!75$6=:;7?!;<!=@<7!+$=@L!

d!j!f!!!-?:$E$6!

aLd!j!a!!!+$=@!
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=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

!"#$%&'()* +,"-%)%&'()* ./%0#*

"!

0?=6D!75$6=:;7?! :#=:! 9#=?E$<! :#$! <DAC7@!7>!
:#$!?GAC$6!:#=:!56$9$B$<L!"#$!6$<G@:!:D5$!7>!

=55@D;?E! :#;<! 75$6=:;7?! ;<! :#$! <=A$! 7>! ;:<!
<7G69$!B=:=L!

"a!!!-?:$E$6!

"OLdT!!!+$=@!

_!

H;?=6D!75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!I=@G$!7>!
:#$!>;6<:!75$6=?B!B;I;B$B!CD!:#$!I=@G$!7>!:#$!
<$97?B!7?$L!-:!9=?!C$!G<$B!M;:#!C7:#!-?:$E$6!

=?B! +$=@! ?GAC$6<L! c7M$I$6F! :#$! 6$<G@:! ;<!

=@M=D<!=!+$=@!?GAC$6L!

a!_!O!!!+$=@!

bLQ!_!T!!!+$=@!

B;I!
,;A;@=6!:#=?!_!B;I;<;7?!CG:!7?@D!>76!-?:$E$6L!-:!
9=??7:! C$! G<$B!M;:#! +$=@! ?GAC$6<F! =?B! :#$!

6$<G@:!7>!=55@D;?E!;:!;<!=@M=D<!-?:$E$6L!

TLB;IJdK!!!-?:$E$6!!

bLB;IJOK!!!-?:$E$6!

=C<!
0?=6D! 75$6=:;7?! :#=:! 6$:G6?<! :#$! =C<7@G:$!

I=@G$!7>! :#$! <7G69$!B=:=L!"#;<!75$6=:;7?! 9=?!
C$!G<$B!M;:#!-?:$E$6!76!+$=@!?GAC$6<L!

`L=C<JK!!!-?:$E$6!

J]dLQKL=C<JK!!!+$=@!

A7B!

H;?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
6$A=;?B$6!7>!B;I;B;?E!:#$!>;6<:!?GAC$6!CD!:#$!
7?$! C$:M$$?! 5=6$?:#$<$<L! "#;<! 75$6=:;7?!

9=??7:! C$! G<$B! M;:#! +$=@! ?GAC$6<F! =?B! ;:<!

6$<G@:!;<!=@M=D<!-?:$E$6L!

TLA7BJbK!!!-?:$E$6!

OLA7BJaK!!!-?:$E$6!

>@776!
+$=@! G?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
@=6E$<:! ;?:$E$6! :#=:! ;<! @$<<! 76! $[G=@! :7! :#$!

<7G69$!75$6=?BL!

JdLOKL>@776JK!!!+$=@!

JPLfKL>@776JK!!!+$=@!

67G?B!
+$=@! G?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
-?:$E$6! I=@G$! :#=:! ;<! 9@7<$<:! :7! :#$! <7G69$!

75$6=?BL!

JaLbKL67G?BJK!+$=@!

J]OLaKL67G?BJK!+$=@!

A=U!
H;?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
A=U;AGA! 7>! :#$! :M7! -?:$E$6! 76! +$=@!
75$6=?B<L!

bLA=UJbLdK!-?:$E$6!

J`LOKLA=UJPK!!+$=@!

A;?!
H;?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
A;?;AGA! 7>! :#$! :M7! -?:$E$6! 76! +$=@!

75$6=?B<L!

dLA;?JaK!!-?:$E$6!

JfLfKLA;?JbK!+$=@!

h!
H;?=6D!75$6=:;7?!:#=:!6$:G6?<!:6G$!;>!:#$!>;6<:!
75$6=?B!;<!@$<<!:#=?!:#$!<$97?B!7?$L!

bLd!h!b!!!H77@$=?!

O!h!e!!!H77@$=?!

i!
H;?=6D!75$6=:;7?!:#=:!6$:G6?<!:6G$!;>!:#$!>;6<:!
75$6=?B!;<!E6$=:$6!:#=?!:#$!<$97?B!7?$L!

T!i!bLb!!!H77@$=?!

`T!i!`d!!!H77@$=?!
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92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

!"#$%&'()* +,"-%)%&'()* ./%0#*

hr!
+$@=:;7?=@! C;?=6D!75$6=:;7?! :#=:! 6$<G@:<! ;?! =!
H77@$=?! I=@G$! =9976B;?E! :7! ;>! :#$! >;6<:!

75$6=?B!;<!@$<<!76!$[G=@!:#=?!:#$!<$97?B!7?$L!

bLd!hr!b!!!H77@$=?!

O!hr!e!!!H77@$=?!

ir!

+$@=:;7?=@! C;?=6D!75$6=:;7?! :#=:! 6$<G@:<! ;?! =!
H77@$=?! I=@G$! =9976B;?E! :7! ;>! :#$! >;6<:!

75$6=?B! ;<!E6$=:$6!76!$[G=@! :#=?! :#$!<$97?B!
7?$L!

T!ir!bLb!!!H77@$=?!

`T!ir!`d!!!H77@$=?!

r!
+$@=:;7?=@! C;?=6D!75$6=:;7?! :#=:! 6$<G@:<! ;?! =!
H77@$=?! I=@G$! =9976B;?E! :7! ;>! :#$! >;6<:!

75$6=?B!;<!$[G=@!:#=?!:#$!<$97?B!7?$L!

dT!r!b!!!H77@$=?!

`T!r!`T!!!H77@$=?!!

hi!
+$@=:;7?=@! C;?=6D!75$6=:;7?! :#=:! 6$<G@:<! ;?! =!
H77@$=?! I=@G$! =9976B;?E! :7! ;>! :#$! >;6<:!

75$6=?B!;<!B;<:;?9:!:#=?!:#$!<$97?B!7?$L!

bLd!hi!bLb!!!H77@$=?!

`!hi!`!!!H77@$=?!

Table 6.1: Integer and Real operations 

-:!;<!;A576:=?:!:7!?7:$!:#=:!:#$6$!=6$!75$6=:;7?<!:#=:!9=?!C$!G<$B!M;:#!C7:#!-?:$E$6!

=?B!+$=@!?GAC$6<!C$9=G<$!-?:$E$6<!=6$!=!<GC<$:!7>!+$=@<F!=<!M$!$U5@=;?$B!C$>76$L!

<"!"-"- C*60)A,51'67*05)+,

/:!:#;<!57;?:F!:#$!,:6;?E!75$6=:;7?<!=6$!;?:67BG9$B!;?:7!"=C@$!TLOL!

!"#$%&'()* +,"-%)%&'()* ./%0#*

r!
+$@=:;7?=@! C;?=6D!75$6=:;7?! :#=:! 6$<G@:<! ;?!
=! H77@$=?! I=@G$! =9976B;?E! :7! ;>! :#$! >;6<:!

75$6=?B!;<!$[G=@!:#=?!:#$!<$97?B!7?$L!

k#$@@7VrkCD$V!H77@$=?!

kg7#?Vrkg7#?V!H77@$=?!

hi!
+$@=:;7?=@! C;?=6D!75$6=:;7?! :#=:! 6$<G@:<! ;?!
=! H77@$=?! I=@G$! =9976B;?E! :7! ;>! :#$! >;6<:!

75$6=?B!;<!B;<:;?9:!:#=?!:#$!<$97?B!7?$L!

kaBVhikbBV!H77@$=?!

kg7$Vhikg7$V!H77@$=?!

<;X$!
+$<G@:<! ;?! :#$! -?:$E$6! I=@G$! ;?B;9=:;?E! :#$!
?GAC$6! 7>! 9#=6=9:$6<! 7>! :#$! <7G69$!

75$6=?BL!

k1=6;=VL<;X$JK!-?:$E$6!

k!VL<;X$JK!!!-?:$E$6!JPK!

97?9=:!
+$<G@:<! ;?! :#$! 97?9=:$?=:;7?! ,:6;?E! 7>! :#$!

:M7! 75$6=?B<! 56$<$?:! ;?! :#;<! C;?=6D!
75$6=:;7?L!

k=VL97?9=:JkCVK!!!,:6;?E!

k0L,VL97?9=:JkL/VK!,:6;?E!
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-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

!"#$%&'()* +,"-%)%&'()* ./%0#*

<GC<:6;?E!

0?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$! <GC]
,:6;?E! 7>! :#$! <7G69$! ,:6;?E! <:=6:;?E! >67A!

<:=6:! ;?B$U! :7! :#$! $?B! ;?B$UL! H7:#! ;?B$U<!
AG<:!C$!-?:$E$6!?GAC$6<L!

k';?GUVL<GC<:6;?EJaFbK!

!!k?GV!,:6;?E!

:7-?:$E$6!
&7?I$6:<! :#$! <7G69$!,:6;?E! ;?:7!=?! -?:$E$6!
?GAC$6!;>!57<<;C@$L!

kOeVL:7-?:$E$6JK!-?:$E$6!

:7+$=@!
&7?I$6:<! :#$! <7G69$! ,:6;?E! ;?:7! =! +$=@!

?GAC$6!;>!57<<;C@$L!
kQLfVL:7+$=@JK!+$=@!

Table 6.2: String operations 

-:! ;<! ;A576:=?:! :7! 6$A$AC$6! :#=:! ,:6;?E! 97?<:=?:<! =6$! =@M=D<! M6;::$?! C$:M$$?!

<;?E@$![G7:=:;7?!A=6N<!k!V!CG:!?7:!M;:#!B7GC@$![G7:=:;7?!A=6N<!n!oL!

<"!"-"! D55&'7),51'67*05)+,

"7! 97?9@GB$! :#$! C=<;9! 75$6=:;7?<F! M$! ;?:67BG9$! :#$! 75$6=:;7?<! :#=:! M76N! M;:#!

H77@$=?!I=@G$<L!+$A$AC$6!:#=:!:#$<$!I=@G$<!9=?!C$!7?@D!:6G$!76!>=@<$L!

!"#$%&'()* +,"-%)%&'()* ./%0#*

r!
+$@=:;7?=@! C;?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! =!
H77@$=?! I=@G$! =9976B;?E! :7! ;>! :#$! >;6<:!H77@$=?!

75$6=?B!;<!$[G=@!:#=?!:#$!<$97?B!7?$L!

:6G$!r!:6G$!

:6G$!r!>=@<$!

hi!
+$@=:;7?=@! C;?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! =!
H77@$=?! I=@G$! =9976B;?E! :7! ;>! :#$! >;6<:!H77@$=?!
75$6=?B!;<!B;<:;?9:!:#=?!:#$!<$97?B!7?$L!

>=@<$!hi!:6G$!

:6G$!hi!:6G$!

76!
'7E;9=@! C;?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
H77@$=?!I=@G$!:6G$!=9976B;?E!:7!;>!=:!@$=<:!7?$!7>!

:#$!:M7!75$6=?B<!;<!:6G$L!

:6G$!76!:6G$!

>=@<$!76!:6G$!

U76!
'7E;9=@! C;?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
H77@$=?!I=@G$!:6G$!=9976B;?E!:7!;>!$;:#$6!7?$!7>!

:#$!:M7!75$6=?B<!;<!:6G$F!CG:!?7:!C7:#L!

:6G$!U76!:6G$!

>=@<$!U76!:6G$!

=?B!
'7E;9=@! C;?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
H77@$=?! I=@G$! :6G$! =9976B;?E! :7! ;>! C7:#! 7>! :#$!

:M7!75$6=?B<!=6$!:6G$L!

:6G$!=?B!:6G$!

:6G$!=?B!>=@<$!
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+,/4%&&*"#&'

=4">%&&"4'

!"#$%&'()* +,"-%)%&'()* ./%0#*

?7:!
'7E;9=@! G?=6D! 75$6=:;7?! :#=:! 6$<G@:<! ;?! :#$!
H77@$=?!I=@G$!7557<;:$!:#=?!:#$!<7G69$!7?$!

?7:!:6G$!

?7:!>=@<$!

;A5@;$<!
'7E;9=@! C;?=6D! 75$6=:;7?! :#=?! 6$:G6?<! H77@$=?!
I=@G$!:6G$!;>!>;6<:!75$6=?B!;<!>=@<$!76!;>!;:!;<!:6G$!

=?B!:#$!<$97?B!7?$!;<!=@<7!:6G$L!

:6G$!;A5@;$<!:6G$!

>=@<$!;A5@;$<!:6G$!

Table 6.3: Boolean operations 

,7F!;?<;B$!:#$<$!:#6$$!56$I;7G<!:=C@$<!=@@!:#$!C=<;9!75$6=:;7?<!=?B!:#$;6!$U5@=?=:;7?!

=?B! G<=E$! =6$! 97?:=;?$BL! ,G9#! 75$6=:;7?<! =6$! M$@@! N?7M?! >76! :#7<$! :#=:! #=I$!

$U5$6;$?9$!;?!A=:#$A=:;9<F!@7E;9!76!567E6=AA;?E!@=?EG=E$<L!

MDJDJ @C99F@="CA5!

&7@@$9:;7?<! =6$! <:6G9:G6$B! B=:=! :D5$<! :#=:! =@@7M! $?9=5<G@=:;?E! A76$! :#=?! 7?$!

$@$A$?:!7>!=!<=A$!:D5$!;?<;B$L!

"#$6$!=6$! >7G6!N;?B<!7>!97@@$9:;7?<! ;?! :#$!%&'!OLP! @=?EG=E$^!,$:F!H=EF!%6B$6$B,$:F!

=?B! ,$[G$?9$L! /! ,$:! ;<! =! 97?:=;?$6!M#$6$! $=9#! $@$A$?:! ;?<;B$! =55$=6<! 7?@D! 7?$!

:;A$L!"#$6$>76$F!;:!B7$<!?7:!97?:=;?!BG5@;9=:$!$@$A$?:<L!%?!:#$!7:#$6!#=?BF!=!H=E!;<!

@;N$!=!,$:!CG:!M;:#!BG5@;9=:;7?<!=@@7M$BL!

176$7I$6F! %6B$6$B,$:! =?B! ,$[G$?9$! =6$! :#$! <=A$! =<! ,$:! =?B! H=E! ;?! M#;9#! :#$!

$@$A$?:<!=6$!76B$6$BL!

/@@!7>!:#$<$!97?<:6G9:;7?<!9=?!C$!G<$B!=<!@;:$6=@<!;?<;B$!%&'!OLP!$U56$<<;7?<!;?!:#$!

<=A$!M=D!M$!9=?!G<$!-?:$E$6<F!+$=@<F!,:6;?E<!76!H77@$=?<!M;:#;?!:#$AL!"#$6$>76$F!

:7!N?7M!:#$!$U5@;9;:!?7:=:;7?!:7!G<$!M;:#!<G9#!97?<:6G9:;7?<!;<!A=?B=:76D!;?!76B$6!

:7!=BI=?9$!=!<:$5!;?!:#$!97A56$#$?<;7?!7>!:#$!%&'!OLP!@=?EG=E$L!
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<"!"!"$ 45&&'2*05),&0*'67&+,

/:!?$U:! $U=A5@$!M$! 9=?! <$$!#7M! :7!G<$! 97@@$9:;7?<! =<! @;:$6=@<! =?B!M#;9#! =6$! :#$!

A=;?!B;>>$6$?9$<!C$:M$$?!:#$!>7G6!N;?B<!7>!97@@$9:;7?<L!

X%'+G2'%1)*,/+

 Set{5, 4, 9, 6, 1, 0} 2,+)+X%'+"3+C#'%4%1: 

 Set{6.5, 99.34, 6123.45, 0.001, 45e+12} 2,+)+X%'+"3+Y%)*: 

 Set{’this’, ‘is’, ‘a’, ‘set’} 2,+)+X%'+"3+X'12#4: 

 Set{true, false} 2,+)+X%'+"3+\""*%)#:+

 Set{1..10, 30..(30+2)}+2,+'-%+,).%+X%'+"3+C#'%4%1+'-)# Set{1, 2, 
 3, 4, 5, 6, 7, 8, 9, 10, 30, 31, 32} 

\)4+G2'%1)*,/+

 Bag{5, 4, 5, 6, 5, 0}+2,+)+\)4+"3+C#'%4%1:+

 Bag{5.98, 7, 8, 7, 5.98, 4}+2,+)+\)4+"3+Y%)*:+

^10%1%0X%'+G2'%1)*,/+

 OrderedSet{1, 2, 5, 8, 11, 25, 67}+2,+)#+^10%1%0X%'+"3+C#'%4%1:+

 OrderedSet{’any’, ‘ball’, ‘dance’, ‘eat’}+2,+)#+^10%1%0X%'+"3+

+ X'12#4:+

X%Z(%#$%+G2'%1)*,/+

 Sequence{-3, -3, -2, -1, 0, 1, 1, 1} 2,+)+X%Z(%#$%+"3+C#'%4%1:+

 Sequence{2.45, 2.46, 2.46, 2.47} 2,+)+X%Z(%#$%+"3+Y%)*:+

 Sequence{’bed’, ‘class’, ‘class’, ‘do’} 2,+)+X%Z(%#$%+"3+

+ X'12#4:+

Example 6.5: Collection literals 

.7:$! :#=:! :7! 97?<:6G9:! =! 97@@$9:;7?! @;:$6=@!M$!G<$! :#$!N;?B!?=A$!7>! :#$! 97@@$9:;7?!

56$9$B;?E!:#$!;?<;B$!$@$A$?:<F!M#;9#!=6$!M6;::$?!<$5=6=:$B!CD!97AA=<!=?B!C6=9$B!

M;:#!9G6@D!C6=9N$:<L!!

/<! <#7M?! C$>76$F! =?! %6B$6$B,$:! 76! ,$[G$?9$! 7>! ,:6;?E! ;<! 76B$6$B! >7@@7M;?E! :#$!

=@5#=C$:;9=@!76B$6!7>!:#$!9#=6=9:$6<!>67A!@$>:!:7!6;E#:L!
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NN!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

YG6:#$6A76$F! :7! B$>;?$! =! 6=?E$!M$! 9=?! G<$! :M7!B$@;A;:$6! ?GAC$6<! <$5=6=:$B! CD!

:M7!B7:<!C$:M$$?!:#$AF!=<!<#7M?!=:!@=<:!,$:!@;:$6=@!7>!:#$!(U=A5@$!TLdL!

<"!"!"- 45&&'2*05)+,5E,25&&'2*05)+,

-?!=BB;:;7?F!:7!B$>;?$!=!97@@$9:;7?!;?<;B$!=?7:#$6!97@@$9:;7?!;<!=@@7M$BL!"#;<!M=D!M$!

9=?! G<$! =! 97@@$9:;7?! @;:$6=@! =<! =?! $@$A$?:! A$AC$6! 7>! =?7:#$6! 7G:$6! 97@@$9:;7?L!

.$I$6:#$@$<<F!;:!;<!;A576:=?:!:7!?7:$!:#=:!;>!M$!G<$!97@@$9:;7?<!;?<;B$!97@@$9:;7?<F!M$!

9=??7:! =@<7! G<$! 56;A;:;I$! @;:$6=@<! @;N$! -?:$E$6<F! +$=@<F! ,:6;?E<! 76! H77@$=?<! ;?! :#$!

<=A$!$@$A$?:!@$I$@!:#=?!=!97@@$9:;7?!@;:$6=@L!

"7!9@=6;>D! :#;<!C$#=I;7G6!M$!56$<$?:! :#$! >7@@7M;?E!$U=A5@$! <#7M;?E!M#=:! ;<! =?B!

M#=:!;<!?7:!=@@7M$B!M76N;?E!M;:#!97@@$9:;7?<!7>!97@@$9:;7?<L!

Set{Set{1, 3, 5}, Set{9, 12, 2}} 2,+)+])*20+X%'+"3+X%',+"3+C#'%4%1:+

Set{Set{1, 3, 5}, 8, Set{9, 12, 2}} 2,+#"'+)+])*20+X%'+"3+X%',+"3+

C#'%4%1+6%$)(,%+2'+.2A%,+$"**%$'2"#+*2'%1)*,+)#0+&12.2'2]%+*2'%1)*,+),+
%*%.%#',+2#,20%+)+$"**%$'2"#:+;-%+e+C#'%4%1+*2'%1)*+$)##"'+6%+(,%0+-%1%:+

_+$"11%$'+]%1,2"#+"3+'-%+&1%]2"(,+X%'+$"(*0+6%+),+3"**"?,/+

Set{Set{1, 3, 5}, Set{8}, Set{9, 12, 2}} 

_#+2#]%1,%+,"*('2"#+2,+'"+)]"20+(,2#4+$"**%$'2"#,+"3+$"**%$'2"#,+*2>%+2#/+

Set{1, 3, 5, 8, 9, 12, 2}+

Example 6.6: Collections of collections 

MDJDK @C99F@="CA!=SGF5!

-?!<7A$!%&'!OLP!97?<:6G9:;7?<! ;:! ;<!?$9$<<=6D!:7!B$>;?$!=!:D5$L!(U=A5@$<!7>! :#$<$!

97?<:6G9:;7?<! =6$! :#$! @$:! $U56$<<;7?<F! :#$! ;:$6=:$! 97?<:6G9:;7?! 76! :#$! 5=6=A$:$6!

B$<96;5:;7?!;?<;B$!=!?$M!75$6=:;7?!B$>;?$B!;?!=!-,.!97?<:6=;?:L!

/<!M$!M;@@!<:GBD!:#$<$!97?<:6G9:;7?<!;?!?$U:!<$9:;7?<F!;:!;<!;A576:=?:!:7!N?7M!#7M!

:7!B$>;?$!=!97@@$9:;7?!:D5$L!
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NO!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

`"')'2"#//0!"((,+$&"#1&#-2%3,4/5/060/5//07(,3,#$89),4/5/0:4/

HA).&*%,/+

+ Set(Integer)+2,+)+$"**%$'2"#+'W&%+"3+)+X%'+"3+C#'%4%1+

+ Set(Set(Integer))+2,+)+$"**%$'2"#+'W&%+"3+)+X%'+"3+X%',+"3+C#'%4%1+

+ Bag(Set(Real))+2,+)+$"**%$'2"#+'W&%+"3+\)4+"3+X%',+"3+Y%)*+

+ OrderedSet(String)+2,+)+$"**%$'2"#+'W&%+"3+^10%1%0X%'+"3+X'12#4+

+ Sequence(Sequence(Sequence(Real)))+2,+)+$"**%$'2"#+'W&%+0%32#2#4+

+++++)+X%Z(%#$%+"3+X%Z(%#$%,+"3+X%Z(%#$%,+"3+Y%)*:+

 Set(User)+2,+)+$"**%$'2"#+'W&%+0%32#2#4+)+X%'+"3+F,%1+"67%$',:+

+ Y%.%.6%1+'-)'+F,%1+2,+)+F=G+$*),,+"3+"(1+&1%]2"(,+%A).&*%+."0%*+'"+

+ $"#,'1)2#'+)#0+)+F=G+$*),,+$)#+6%+(,%0+),+)+;W&%:+

Example 6.7: How to define a collection type 

-?!:#$!$U=A5@$!=C7I$!M$!#=I$!<#7M?!M=D<!7>!#7M!:7!B$>;?$!97@@$9:;7?!:D5$<L!-:!;<!

;A576:=?:! :7! 7C<$6I$! :#=:! #$6$! M$! G<$! 5=6$?:#$<$<! :7! C6=9$! :#$! :D5$! 7>! :#$!

$@$A$?:! ;?<;B$! =! 97@@$9:;7?! :D5$! M#$6$=<! M;:#! 97@@$9:;7?! @;:$6=@<! M$! G<$! 9G6@D!

C6=9N$:<L!

MDJDL 4-5"@!@C99F@="CA!CGFB-="CA5!

/:! :#;<! <$9:;7?! M$! M;@@! ;?:67BG9$! :#$! 75$6=:;7?<! :#=:! =55$=6! ;?! :#$! %&'! OLP!

<5$9;>;9=:;7?!=<!=@@7M$B!:7!C$!=55@;$B!:7!97@@$9:;7?<L!

Y;6<:!7>!=@@!M$!<#7M!:#$!C=<;9!75$6=:;7?<!=?B!:#$?!=:!?$U:!<$9:;7?!M$!M;@@!$U5@=;?!

:#$!97?9$5:!7>!;:$6=:76!7I$6!=!97@@$9:;7?F!;?9@GB;?E!;:<!?7:=:;7?!=?B!C$#=I;7G6L!

<"!":"$ 8')'67&,25&&'2*05),51'67*05)+,

/@@! :#$! 75$6=:;7?<! 7I$6! 97@@$9:;7?<! B$>;?$B! #$6$! 9=?! C$! =55@;$B! :7! =?D! N;?B! 7>!

97@@$9:;7?F!<7!:#$D!9=?!C$!G<$B!M;:#!=!,$:F!=!H=EF!=?!%6B$6$B,$:!=?B!=!,$[G$?9$L!Y76!

$=9#!75$6=:;7?!;:<!?7:=:;7?!=?B!G<=E$!=6$!<#7M?F!;?9@GB;?E!=!<=A5@$!B$<96;5:;7?!7>!

M#=:!;:!B7$<!M;:#!:#$!<7G69$!97@@$9:;7?L!!
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NU!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

-?!=@@!7>!:#$!?$U:!G<=E$!?7:=:;7?<!;?!:#$!>7@@7M;?E!:=C@$<F!=!97@@$9:;7?!M;@@!C$!?7:$B!

M;:#! :#$!C! 9#=6=9:$6L!YG6:#$6A76$F!T!M;@@!B$?7:$! :#$! :D5$!7>! :#$!$@$A$?:<! ;?<;B$!

:#$!97@@$9:;7?!CL!Y;?=@@D!:#$!M76B!elm!;?B;9=:$<!=?!7C8$9:!$@$A$?:L!

!"#$%&'()* +,"-%)%&'()* ./%0#*

<;X$!
%5$6=:;7?!M;:#7G:! 5=6=A$:$6<! :#=:! 6$:G6?<! =?!
-?:$E$6!6$56$<$?:;?E!:#$!?GAC$6!7>!$@$A$?:<!;?!

:#$!<7G69$!97@@$9:;7?L!

&]i<;X$JK!

6$:G6?<!-?:$E$6!

;?9@GB$<!
-:! 6$:G6?<! :6G$! ;>! :#$! 5=6=A$:$6! ;<! ;?9@GB$B!
;?<;B$!97@@$9:;7?!&L!,G9#!$@$A$?:!AG<:!#=I$!:#$!

<=A$!:D5$!=<!:#$!$@$A$?:<!7>!:#$!97@@$9:;7?L!

&]i;?9@GB$<J$@A^"K!

6$:G6?<!H77@$=?!

$U9@GB$<!
-:!6$:G6?<!:6G$!;>! :#$!5=6=A$:$6!;<!?7:! ;?9@GB$B!
;?<;B$!97@@$9:;7?!&L!,G9#!$@$A$?:!AG<:!#=I$!:#$!
<=A$!:D5$!=<!:#$!$@$A$?:<!7>!:#$!97@@$9:;7?L!

&]i$U9@GB$<J$@A^"K!

6$:G6?<!H77@$=?!

97G?:!
+$:G6?! :#$! ?GAC$6! 7>! :;A$<! :#$! 5=6=A$:$6!
$@$A$?:!799G6<!;?!:#$!<7G69$!97@@$9:;7?L!

&]i97G?:J$@A^"K!

6$:G6?<!-?:$E$6!

;?9@GB$</@@!

+$:G6?<!:6G$!;>!=@@!:#$!$@$A$?:<!;?!97@@$9:;7?!&O!
=6$! A$AC$6<! 7>! :#$! &! 97@@$9:;7?L! H7:#!

97@@$9:;7?<! AG<:! #=I$! 97A5=:;C@$! $@$A$?:<! :7!
C$!9766$9:L!

&]i;?9@GB$</@@J&OK!

6$:G6?<!H77@$=?!

$U9@GB$</@@!

+$:G6?<!:6G$!;>!=@@!:#$!$@$A$?:<!;?!97@@$9:;7?!&O!
=6$! ?7:! A$AC$6<! 7>! :#$! &! 97@@$9:;7?L! H7:#!
97@@$9:;7?<! AG<:! #=I$! 97A5=:;C@$! $@$A$?:<! :7!

C$!9766$9:!

&]i$U9@GB$</@@J&OK!

6$:G6?<!H77@$=?!

;<(A5:D! +$:G6?<!:6G$!;>!:#$!97@@$9:;7?!#=<!?7!$@$A$?:<L!
&]i;<(A5:DJK!

6$:G6?<!H77@$=?!

?7:(A5:D!
+$:G6?<! :6G$! ;>! :#$! 97@@$9:;7?! #=<! $@$A$?:<!
;?<;B$L!

&]i?7:(A5:DJK!

6$:G6?<!H77@$=?!

<GA!
+$:G6?<!:#$!=BB;:;7?!7>!:#$!$@$A$?:<!;?<;B$!:#$!
97@@$9:;7?L! "#$<$! $@$A$?:<!AG<:! <G5576:! :#$! p!

75$6=:;7?!J$LELF!-?:$E$6<!76!+$=@<KL!

&]i<GAJK!

6$:G6?<!$@A^"!

567BG9:!

-:!;<!:#$!&=6:$<;=?!567BG9:!7>!&!M;:#!&OL!+$:G6?<!
=!,$:!97?:=;?;?E!:G5@$<!7>!:M7!$@$A$?:<F!M#$6$!

>;6<:! 7?$! C$@7?E<! :7! &! =?B! <$97?B!7?$!C$@7?E<!
:7!&OL!

&]i567BG9:J&OK!

6$:G6?<!,$:J"G5@$K!

Table 6.4: Collection operations 
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OP!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

<"!":"- D7A,51'67*05)+,

/:! :#;<! 57;?:! M$! M;@@! ;?:67BG9$! :#$! H=E! 75$6=:;7?<L! B! 9#=6=9:$6! ;?B;9=:$<! =! H=E!

#$6$F!=?B!S!=!,$:L!

!"#$%&'()* +,"-%)%&'()* ./%0#*

r! +$:G6?<!:6G$!;>!C7:#!H=E<!=6$!$[G=@L!
H!r!HO!

6$:G6?<!H77@$=?!

G?;7?!

"#;<!75$6=:;7?!9=?!#=I$!=!H=E!76!=!,$:!

=<!=!5=6=A$:$6L!+$:G6?<!:#$!5=6=A$:$6!
$@$A$?:<! ;?9@GB;?E! :#$! <7G69$!

$@$A$?:<!;?!=!?$M!H=EL!!

H]iG?;7?JHO!76!,K!

6$:G6?<!H=E!

;?:$6<$9:;7?!
+$:G6?<! :#$! 97@@$9:;7?! 5=6=A$:$6!M;:#!
7?@D! :#$! $@$A$?:<! :#=:! =@<7! =55$=6!

;?<;B$!:#$!<7G69$!H=EL!

H]i;?:$6<$9:;7?JHO!76!,K!

6$:G6?<!H=E!76!,$:!

;?9@GB;?E!
+$:G6?<! :#$! H=E! M;:#! :#$! <7G69$! H=E!
$@$A$?:<!5@G<!:#$!5=6=A$:$6L!!

H]i;?9@GB;?EJ$@A^"K!

6$:G6?<!H=E!

$U9@GB;?E!
+$:G6?<! :#$! <7G69$! H=E! M;:#7G:! :#$!
$@$A$?:!5=6=A$:$6L!

H]i$U9@GB;?EJ$@A^"K!

6$:G6?<!H=E!

97G?:!
+$:G6?<! :#$! ?GAC$6! 7>! 799G66$?9$<! 7>!
:#$!$@$A$?:!;?!:#$!<7G69$!H=EL!

H]i97G?:J$@A^"K!

6$:G6?<!-?:$E$6!

>@=::$?!

->! :#$! <7G69$! H=E! ;<! =! 97@@$9:;7?! 7>!
97@@$9:;7?<F! ;:! 6$<G@:<! ;?! :#$! H=E!

97?:=;?;?E! =@@! :#$! $@$A$?:<! 7>! =@@! :#$!
$@$A$?:<!7>!;:L!

H]i>@=::$?JK!

6$:G6?<!H=E!

=<H=E! +$:G6?<!=!H=E!;B$?:;9=@!:7!<7G69$!7?$L!
H]i=<H=EJK!

6$:G6?<!H=E!

=<,$[G$?9$!
+$:G6?<! =! ,$[G$?9$! 97?:=;?;?E! =@@! :#$!
<7G69$!$@$A$?:<!;?!G?B$>;?$B!76B$6L!

H]i=<,$[G$?9$JK!

6$:G6?<!,$[G$?9$!

=<,$:!
+$:G6?<! :#$! ,$:! 97?:=;?;?E! =@@! :#$!
<7G69$!$@$A$?:<!M;:#7G:!BG5@;9=:$<L!

H]i=<,$:JK!

6$:G6?<!,$:!

=<%6B$6$B,$:!
+$:G6?<! =?! %6B$6$B,$:! 97?:=;?;?E! =@@!
:#$! <7G69$! $@$A$?:<! M;:#7G:!

BG5@;9=:$<F!;?!G?B$>;?$B!76B$6L!

H]i=<%6B$6$B,$:JK!

6$:G6?<!%6B$6$B,$:!

Table 6.5: Bag operations 
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O+!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

<"!":"! C'*,51'67*05)+,

-?!:#;<!<$9:;7?!M$!M;@@!<#7M!:#$!,$:!75$6=:;7?<L!!

!"#$%&'()* +,"-%)%&'()* ./%0#*

r! +$:G6?<!:6G$!;>!C7:#!,$:<!=6$!$[G=@L!
,!r!,O!

6$:G6?<!H77@$=?!

G?;7?!

+$:G6?<! :#$! 5=6=A$:$6! ;?9@GB;?E!
:#$! $@$A$?:<! C$@7?E;?E! :7! :#$!

<7G69$! ,$:L! "#$! ;?5G:! 5=6=A$:$6!

9=?!C$!=!H=E!76!=!,$:L!!!

,]iG?;7?J,O!76!HK!

6$:G6?<!,$:!76!H=E!

;?:$6<$9:;7?!
+$:G6?<! =! ,$:! M;:#! 7?@D! :#$<$!
$@$A$?:<! :#=:! =55$=6! ;?<;B$! C7:#!

:#$!<7G69$!,$:!=?B!:#$!5=6=A$:$6L!

,]i;?:$6<$9:;7?J,O!76!HK!

6$:G6?<!,$:!

s!
+$:G6?<!=!,$:!M;:#!:#$!$@$A$?:<!7>!
:#$!<7G69$!,$:F!M#;9#!=6$!?7:!;?!:#$!

5=6=A$:$6L!

,]isJ,OK!

6$:G6?<!,$:!

;?9@GB;?E!
+$:G6?<!:#$!,$:!M;:#!:#$!<7G69$!,$:!

$@$A$?:<!5@G<!:#$!5=6=A$:$6L!!

,]i;?9@GB;?EJ$@A^"K!

6$:G6?<!,$:!

$U9@GB;?E!
+$:G6?<!:#$!<7G69$!,$:!M;:#7G:!:#$!
$@$A$?:!5=6=A$:$6L!

,]i$U9@GB;?EJ$@A^"K!

6$:G6?<!,$:!

<DAA$:6;9!

2;>>$6$?9$!

+$:G6?<! :#$! <$:! 97?:=;?;?E! =@@! :#$!
$@$A$?:<! :#=:! =6$! ;?! <7G69$! ,$:! 76!
,O!5=6=A$:$6F!CG:!?7:!;?!C7:#L!

,]i<DAA$:6;92;>>$6$?9$J,OK!

6$:G6?<!,$:!

97G?:!
+$:G6?<! :#$! ?GAC$6! 7>!
799G66$?9$<! 7>! :#$! $@$A$?:! ;?! :#$!

<7G69$!,$:L!

,]i97G?:J$@A^"K!

6$:G6?<!-?:$E$6!

>@=::$?!

->! :#$! <7G69$! ,$:! ;<! =! 97@@$9:;7?! 7>!
97@@$9:;7?<F! ;:! 6$<G@:<! ;?! :#$! ,$:!

97?:=;?;?E! =@@! :#$! $@$A$?:<! 7>! =@@!
:#$!$@$A$?:<!7>!;:L!->!?7:F!:#$!<7G69$!

,$:!;<!6$:G6?$BL!

,]i>@=::$?JK!

6$:G6?<!,$:!

=<,$:!
+$:G6?<! =! ,$:! ;B$?:;9=@! :7! <7G69$!
7?$L!

,]i=<,$:JK!

6$:G6?<!,$:!

=<H=E!
+$:G6?<! =! H=E! ;B$?:;9=@! :7! <7G69$!
,$:L!

,]i=<H=EJK!

6$:G6?<!H=E!
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=<,$[G$?9$!
+$:G6?<! =! ,$[G$?9$! 97?:=;?;?E! =@@!
:#$! <7G69$! $@$A$?:<! ;?! G?B$>;?$B!

76B$6L!

,]i=<,$[G$?9$JK!

6$:G6?<!,$[G$?9$!

=<%6B$6$B,$:!
+$:G6?<! =?! %6B$6$B,$:! 97?:=;?;?E!
=@@! :#$! <7G69$! $@$A$?:<! M;:#7G:!

BG5@;9=:$<F!;?!G?B$>;?$B!76B$6L!

,]i=<%6B$6$B,$:JK!

6$:G6?<!%6B$6$B,$:JK!

Table 6.6: Set operations 

.7:$!:#=:!M#$?!=?!75$6=:;7?!#=<!=!5=6=A$:$6F!;:!#=<!:7!C$!97A5=:;C@$!:7!:#$!<7G69$!

,$:!76!:#$!$@$A$?:<!;?<;B$!;:F!=9976B;?E!:7!M#$:#$6!:#$!5=6=A$:$6!;<!=!97@@$9:;7?!76!

=?!$@$A$?:L!

<"!":"# ;6='6'=C'*,51'67*05)+,

/:!:#;<!<$9:;7?!:#$!%6B$6$B,$:!75$6=:;7?<!=6$!<#7M?L!"#$!9#=6=9:$6!O!;B$?:;>;$<!=?!

%6B$6$B,$:F!=?B!I!=?!-?:$E$6!I=@G$L!

!"#$%&'()* +,"-%)%&'()* ./%0#*

=55$?B!
+$:G6?<! :#$! <7G69$! %6B$6$B,$:!
97?:=;?;?E! :#$! 5=6=A$:$6! =:! @=<:!

57<;:;7?L!

%]i=55$?BJ$@A^"K!

6$:G6?<!%6B$6$B,$:!

56$5$?B!
+$:G6?<! :#$! <7G69$! %6B$6$B,$:! M;:#!
:#$!5=6=A$:$6!=:!>;6<:!57<;:;7?L!

%]i56$5$?BJ$@A^"K!

6$:G6?<!%6B$6$B,$:!

;?<$6:/:!
+$:G6?<! :#$! <7G69$! %6B$6$B,$:! M;:#!
:#$!5=6=A$:$6!;?<$6:$B!=:!57<;:;7?!;L!

%]i;?<$6:/:J;^-F!$@A^"K!

6$:G6?<!%6B$6$B,$:!

<GC%6B$6$B,$:!
+$:G6?<!=?!%6B$6$B,$:!97?:=;?;?E!:#$!
$@$A$?:<! 7>! :#$! <7G69$! %6B$6$B,$:!

5@=9$B!C$:M$$?!;!=?B!8!57<;:;7?<L!

%]i<GC%6B$6$B,$:J;^-F8^-K!

6$:G6?<!%6B$6$B,$:!

=:!
+$:G6?<! :#$! $@$A$?:! 7>! :#$! <7G69$!
%6B$6$B,$:!=:!57<;:;7?!;L!

%]i=:J;^-K!

6$:G6?<!$@A^"!

;?B$U%>!
+$:G6?<! :#$! -?:$E$6! I=@G$! ;?B;9=:;?E!
:#$! 57<;:;7?! 7>! :#$! 5=6=A$:$6! ;?<;B$!
:#$!<7G69$!%6B$6$B,$:L!

%]i;?B$U%>J$@A^"K!

6$:G6?<!-?:$E$6!
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>;6<:!
+$:G6?<!:#$!>;6<:!$@$A$?:!7>!:#$!<7G69$!
%6B$6$B,$:L!

%]i>;6<:JK!

6$:G6?<!$@A^"!

@=<:!
+$:G6?<!:#$!@=<:!$@$A$?:!7>!:#$!<7G69$!
%6B$6$B,$:L!

%]i@=<:JK!

6$:G6?<!$@A^"!

Table 6.7: OrderedSet operations 

<"!":": C'F/')2',51'67*05)+,

-?! :#;<! <$9:;7?! :#$! ,$[G$?9$! 75$6=:;7?<! =6$! <#7M?L! S! 9#=6=9:$6! ;B$?:;>;$<! =!

,$[G$?9$F!=?B!I!=?!-?:$E$6!I=@G$L!

!"#$%&'()* +,"-%)%&'()* ./%0#*

r!
+$:G6?<!:6G$!;>!C7:#!<$[G$?9$<!75$6=?B<!
=6$!$[G=@L!

,!r!,O!

6$:G6?<!H77@$=?!

97G?:!
+$:G6?<! :#$! ?GAC$6! 7>! 799G66$?9$<! 7>!
:#$!$@$A$?:!;?!:#$!<7G69$!,$[G$?9$L!

,]i97G?:J$@A^"K!

6$:G6?<!-?:$E$6!

G?;7?!
+$:G6?<! :#$! 5=6=A$:$6! ;?9@GB;?E! :#$!
$@$A$?:<! C$@7?E;?E! :7! :#$! <7G69$!

,$[G$?9$L!!

,]iG?;7?J,OK!

6$:G6?<!,$[G$?9$!

>@=::$?!

->! :#$! <7G69$! ,$[G$?9$! ;<! =! 97@@$9:;7?! 7>!
97@@$9:;7?<F! ;:! 6$<G@:<! ;?! :#$! ,$[G$?9$!

97?:=;?;?E! =@@! :#$! $@$A$?:<! 7>! =@@! :#$!

$@$A$?:<! 7>! ;:L! ->! ?7:F! :#$! <7G69$!
,$[G$?9$!;<!6$:G6?$BL!

,]i>@=::$?JK!

6$:G6?<!,$[G$?9$!

=55$?B!
+$:G6?<! :#$! <7G69$! ,$[G$?9$! 97?:=;?;?E!
:#$!5=6=A$:$6!=:!@=<:!57<;:;7?L!

,]i=55$?BJ$@A^"K!

6$:G6?<!,$[G$?9$!

56$5$?B!
+$:G6?<! :#$! <7G69$! ,$[G$?9$! 97?:=;?;?E!
:#$!5=6=A$:$6!=:!>;6<:!57<;:;7?L!

,]i56$5$?BJ$@A^"K!

6$:G6?<!,$[G$?9$!

;?<$6:/:!
+$:G6?<! :#$! <7G69$! ,$[G$?9$! M;:#! :#$!
5=6=A$:$6!;?<$6:$B!=:!57<;:;7?!;L!

,]i;?<$6:/:J;^-F$@A^"K!

6$:G6?<!,$[G$?9$!

<GC,$[G$?9$!
+$:G6?<! =! ,$[G$?9$! 97?:=;?;?E! :#$!
$@$A$?:<! 7>! :#$! <7G69$! ,$[G$?9$! 5@=9$B!

C$:M$$?!;!=?B!8!57<;:;7?<L!

,]i<GC,$[G$?9$J;^-F8^-K!

6$:G6?<!,$[G$?9$!
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+$:G6?<! :#$! $@$A$?:! 7>! :#$! <7G69$!
,$[G$?9$!=:!57<;:;7?!;L!

,]i=:J;^-K!

6$:G6?<!$@A^"!

;?B$U%>!
+$:G6?<! :#$! -?:$E$6! I=@G$! ;?B;9=:;?E! :#$!
57<;:;7?! 7>! :#$! 5=6=A$:$6! ;?<;B$! :#$!

<7G69$!,$[G$?9$L!

,]i;?B$U%>J$@A^"K!

6$:G6?<!-?:$E$6!

>;6<:!
+$:G6?<! :#$! >;6<:! $@$A$?:! 7>! :#$! <7G69$!
,$[G$?9$L!

,]i>;6<:JK!

6$:G6?<!$@A^"!

@=<:!
+$:G6?<! :#$! @=<:! $@$A$?:! 7>! :#$! <7G69$!
,$[G$?9$L!

,]i@=<:JK!

6$:G6?<!$@A^"!

;?9@GB;?E!
+$:G6?<! :#$! ,$[G$?9$! M;:#! :#$! <7G69$!

,$[G$?9$!$@$A$?:<!5@G<!:#$!5=6=A$:$6L!!

,]i;?9@GB;?EJ$@A^"K!

6$:G6?<!,$[G$?9$!

$U9@GB;?E!
+$:G6?<!:#$!,$[G$?9$!M;:#7G:!:#$!<7G69$!
,$[G$?9$!$@$A$?:<!5@G<!:#$!5=6=A$:$6L!

,]i$U9@GB;?EJ$@A^"K!

6$:G6?<!,$[G$?9$!

=<H=E!
+$:G6?<! =! H=E! 97?:=;?;?E! =@@! :#$! <7G69$!
$@$A$?:<L!

,]i=<H=EJK!

6$:G6?<!H=E!

=<,$[G$?9$! +$:G6?<!=!,$[G$?9$!@;N$!:#$!<7G69$!7?$L!
,]i=<,$[G$?9$JK!

6$:G6?<!,$[G$?9$!

=<,$:!
+$:G6?<! =! ,$:! 97?:=;?;?E! =@@! :#$! <7G69$!
$@$A$?:<!M;:#7G:!BG5@;9=:$<L!

,]i=<,$:JK!

6$:G6?<!,$:!

=<%6B$6$B,$:!
+$:G6?<!=?!%6B$6$B,$:!97?:=;?;?E!=@@!:#$!
<7G69$!$@$A$?:<!M;:#7G:!BG5@;9=:$<L!

,]i=<%6B$6$B,$:!

6$:G6?<!%6B$6$B,$:!

Table 6.8: Sequence operations 

%?9$!M$!#=I$!<:GB;$B!=@@!:#$!97@@$9:;7?!75$6=:;7?<!;:!;<!;A576:=?:!:7!?7:$!:#=:!<G9#!

75$6=:;7?<! G<$! :#$! =667M! 75$6=:76! J]iK! :7! @;?N! :#$! <7G69$! 97@@$9:;7?! M;:#! :#$!

75$6=:;7?!#$=B$6L!

/@:#7GE#!:#$!B;<:;?9:!JhiK!75$6=:;7?!;<!?7:!<5$9;>;$B!;?!:#$!%&'!OLP!<5$9;>;9=:;7?!>76!

97@@$9:;7?<F!M$!:#;?N!:#=:!:7!G<$!;:! ;<!?7:!=!A;<:=N$L!"#$6$>76$F!M$!=<<GA$!:#=:!=@@!

:#$!97@@$9:;7?!N;?B<!9=?!C$!=55@;$B!=<!75$6=?B<!7>!<G9#!6$@=:;7?=@!75$6=:;7?L!
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+,/4%&&*"#&'

=4">%&&"4'

MDJDM "=FB-=CB5!

%?9$!M$!N?7M!#7M!:7!G<$!97@@$9:;7?!=<!@;:$6=@<!=?B!M#;9#!=6$!:#$!75$6=:;7?<!:#=:!

9=?!C$!G<$B!M;:#!:#$AF!:#$!?$U:!<:$5!;<!:7!<:GBD!=?7:#$6!<5$9;=@!97?<:6G9:;7?<!:#=:!

=@<7!#=I$!=!97@@$9:;7?!=<!<7G69$^!:#$!;:$6=:76<L!

"#$<$! 97?<:6G9:;7?<! 567I;B$<! =! 57M$6>G@! M=D! 7>! 96$=:$! ?$M! 97@@$9:;7?<! >67A!

$U;<:;?E!7?$<L!/@@!:#$!;??$6!$@$A$?:<!7>!=!97@@$9:;7?!=6$!<9=??$B!=?B!;?!A=?D!9=<$<!

=@@!7>!:#$A!:#=:!>G@>;@@!=!97?B;:;7?!=6$!6$:G6?$BL!

"#$! ?7:=:;7?! 7>! :#$! ;:$6=:76! $U56$<<;7?<! 9=?! C$! M6;::$?! ;?! :#6$$! M=D<! 7>!

97A5@$U;:DL!/:!?$U:!$U=A5@$!M$!9=?!<$$!#7M!:7!M6;:$!:#$A!5675$6@DL!

X2.&*%+#"')'2"#/+

 collection->iteratorName(expression) 

`"')'2"#+?2'-+2'%1)'"1+])12)6*%,/+

+ collection->iteratorName(v1,..,vn|expression-with-v’s)+

`"')'2"#+?2'-+'W&%0+2'%1)'"1+])12)6*%,/+

+ collection->iteratorName(v1,..,vn:Type|expression-with-v’s)+

Example 6.8: Iterators notation 

"#$!?7:=:;7?!M;:#! ;:$6=:76!I=6;=C@$<! ;A5@;$<! :#=:! <G9#!I=6;=C@$<!A=D!=55$=6! ;?:7!

:#$!C7BD!$U56$<<;7?<!7>!:#$!;:$6=:76L!YG6:#$6A76$F!:#$!:D5$!7>!:#$<$!I=6;=C@$<!AG<:!

C$!97A5=:;C@$!M;:#!:#$!:D5$!7>!:#$!$@$A$?:<!;?<;B$!:#$!<7G69$!97@@$9:;7?L!

->!:#$!:D5$!;<!?7:!<5$9;>;$BF!;:!M;@@!C$!G<$B!:#$!<=A$!:D5$!7>!:#$!;??$6!$@$A$?:<!7>!:#$!

<7G69$! 97@@$9:;7?L! "#$6$>76$! ;:! ;<! ;A576:=?:! :7! N?7M! M#=:! ;<! :#$! :D5$! 7>! <G9#!

$@$A$?:!C$>76$!G<;?E!=?!;:$6=:76!$U56$<<;7?L!

/:! ?$U:! :=C@$!M$!M;@@! ;?:67BG9$! :#$! B;>>$6$?:! ;:$6=:76<! :#=:! =6$! <5$9;>;$B! ;?:7! :#$!

%&'!OLP!<5$9;>;9=:;7?!>;@$!:#=:!9=?!C$!>7G?B!=:!R%C8PTSL!"#$!C!9#=6=9:$6!;B$?:;>;$<!=!

97@@$9:;7?!#$6$L!
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+$:G6?<! =! <GC97@@$9:;7?! 7>! :#$! <7G69$!
97@@$9:;7?! 97?:=;?;?E! =@@! $@$A$?:<! >76!

M#;9#!C77@$=?]$U5!;<!:6G$!

+(g(&"!

&]i6$8$9:JC77@$=?]$U5K!

&]i6$8$9:JItC77@$=?]$U5]M;:#]IK!

&]i6$8$9:JI^"D5$tC77@$=?]$U5]M;:#]IK!

+$:G6?<! =! <GC97@@$9:;7?! 7>! :#$! <7G69$!
97@@$9:;7?! 97?:=;?;?E! =@@! $@$A$?:<! >76!

M#;9#!C77@$=?]$U5!;<!>=@<$L!

&%''(&"!

&]i97@@$9:J$U5K!

&]i97@@$9:JIt$U5K!

&]i97@@$9:JI^"D5$t$U5K!

+$:G6?<! :#$! 97@@$9:;7?! 7>! $@$A$?:<! :#=:!
6$<G@:<! >67A! =55@D;?E! $U5! :7! $I$6D!
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$@$A$?:<! =6$! =@6$=BD! 97@@$9:;7?<F! ;:! 8G<:!

6$:G6?<!:#$;6!;??$6!$@$A$?:<!CG:!?7:!:#$!
97@@$9:;7?!=:!=@@L!

&%''(&"!.(,"(2!

&]i97@@$9:.$<:$BJ$U5K!

&]i97@@$9:.$<:$BJIt$U5]M;:#]IK!

&]i97@@$9:.$<:$BJI^"D5$t$U5]M;:#]IK!

+$:G6?<! :#$! 97@@$9:;7?! 7>! $@$A$?:<! :#=:!
6$<G@:<! >67A! =55@D;?E! $U5! :7! $I$6D!
$@$A$?:!7>!:#$!<7G69$!97@@$9:;7?L!

Y%+!/''!

&]i>76/@@JC77@$=?]$U5K!

&]i>76/@@JItC77@$=?]$U5]M;:#]IK!

&]i>76/@@JI^"D5$tC77@$=?]$U5]M;:#]IK!

+$:G6?<! :6G$! ;>! :#$! C77@$=?]$U5!
$I=@G=:$<!:7!:6G$!>76!$=9#!$@$A$?:!;?!:#$!

<7G69$!97@@$9:;7?L!

()-,",!

&]i$U;<:<JC77@$=?]$U5K!

&]i$U;<:<JItC77@$=?]$U5]M;:#]IK!

&]i$U;<:<JI^"D5$tC77@$=?]$U5]M;:#]IK!

+$:G6?<!:6G$!;>!C77@$=?]$U5!$I=@G=:$<!:7!
:6G$! >76! =:! @$=<:! 7?$! $@$A$?:! ;?! :#$!

<7G69$!97@@$9:;7?L!

-,!0.-u0(!

&]i;<0?;[G$J$U5K!

&]i;<0?;[G$JIt$U5]M;:#]IK!

&]i;<0?;[G$JI^"D5$t$U5]M;:#]IK!

+$:G6?<! :6G$! ;>! $U5! $I=@G=:$<! :7! =!
B;>>$6$?:! I=@G$! >76! $=9#! $@$A$?:! ;?! :#$!
<7G69$!97@@$9:;7?!

/.Z!

&]i=?DJC77@$=?]$U5K!

&]i=?DJItC77@$=?]$U5]M;:#]IK!

&]i=?DJI^"D5$tC77@$=?]$U5]M;:#]IK!

+$:G6?<! =?D! $@$A$?:! ;?! :#$! <7G69$!
97@@$9:;7?! >76! M#;9#! C77@$=?]$U5!

$I=@G=:$<!:7!:6G$L!
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Table 6.9: Iterators 

(I$?!;>! ;?!:#$!56$I;7G<!:=C@$!M$!7?@D!#=I$!<#7M?!;:$6=:76<!M;:#!7?$!I=6;=C@$F!M$!
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MDJDN =>G9F5!
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I=@G$L! /:! ?$U:! $U=A5@$! M$! M;@@! <#7M! =?! $U=A5@$! 7>! :G5@$! @;:$6=@! ;?! 76B$6! :7!

G?B$6<:=?B!:#$;6!?7:=:;7?L!

Tuple{number:Integer=0, word:String=’my String’}++

2,+)+'(&*%+?2'-+'?"+32%*0,8+#(.6%1+)#0+?"10:+E21,'+"#%+2,+)#+C#'%4%18+?-2$-+
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Example 6.9: Tuple literals 



!!!!!!!! ! =60!C^_0)$!@&#3$%2*#$!92#1(210' M'

 

OO!
-#$&#*&!.*//0123!

42%)0/&#2!5)6&&/!&7!"#7&%82$*)3!

92#1(2103!2#'!5:3$083!;0<2%$80#$!

=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

-:!;<!;A576:=?:!:7!?7:$!:#=:!:#$!M=D!7>!=99$<<!:7!=!>;$@B!7>!=!:G5@$!@;:$6=@!;<!G<;?E!:#$!
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Tuple{number:Integer=0, word:String=’my String’}.number = 0 

Tuple{a:String=’a’, b:Integer=10, c:Real=0.1}.c = 0.1 

Tuple{b:Set(Integer)=Set{1..10}, d:Real=1.1}.b = 
Set{1,2,3,4,5,6,7,8,9,10}++
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0%$*)1%,+)+X%'+),+2',+321,'+32%*0:+

Example 6.10: Access to tuple fields 
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TupleType(a:TupleType(a1:Integer,a2:Real),b:Set(Real))+
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Example 6.11: Tuple types 
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Tuple{a:TupleType(a1:Real,a2:Real)=Tuple{a1:Real=0.2, 
a2:Real=0.3},b:Real=0.1}.a.a1 = 0.2+
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Example 6.12: Tuple literals inside tuple literals 
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p->forAll(u1,u2:User|u1.nickname = u2.nickname  

                               implies u1 = u2) 
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Example 6.13: Access to attribute of class 
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Figure 6.2: Associations 

!
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Example 6.14: Navigate through associations 
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Figure 6.3: User class 

-?! :#$! 0<$6! 9@=<<! 7>! 7G6! A7B$@! M$! >;?B! :#$! ;,$2<3=.>&(,'6:! 75$6=:;7?L! /:! ?$U:!

$U=A5@$!M$!M;@@!<$$!#7M!:7!9=@@!:#;<!75$6=:;7?L!

^(1+"&%1)'2"#+'"+$)**+-),+'-%+#%A'+-%)0%1/+

getNumOfFiles(): Integer 

X"8+2.)42#%+'-)'+(+2,+)+])12)6*%+?2'-+F,%1+),+)+'W&%:+;"+$)**+'-2,+"&%1)'2"#+
?%+$)#+0"+),+3"**"?,/+

u.getNumOfFiles() <= 100 

a2'-+'-2,+$"#,'1)2#'+?%+*2.2'+'-%+.)A2.(.+#(.6%1+"3+32*%,+&%1+(,%1:+

Example 6.15: Navigation to class operations 

->!:#$!75$6=:;7?!?$$B<!=?D!5=6=A$:$6F!M$!7?@D!#=I$!:7!;?<$6:!=!@;:$6=@!$U56$<<;7?!;?!

:#$! <=A$!5@=9$!M#$6$! :#$!5=6=A$:$6! ;<! @79=:$BL!/:!?$U:! $U=A5@$!M$!M;@@! <#7M!=!

<;A5@$!9=<$!M#$6$!=!5=6=A$:$6!;<!?$$B$BL!
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=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

C3+"(1+"&%1)'2"#+'"+$)**+-),+'-%+#%A'+-%)0%1/+

getNumOfFiles(String name): Integer 

X"8+2.)42#%+'-)'+(+2,+)+])12)6*%+?2'-+F,%1+),+)+'W&%:+;"+$)**+'-2,+"&%1)'2"#+
?%+$)#+0"+),+3"**"?,/+

u.getNumOfFiles(‘JohnSmith’) <= 100 

a2'-+'-2,+$"#,'1)2#'+?%+"#*W+*2.2'+'-%+.)A2.(.+#(.6%1+"3+32*%,+"3+'-%+

2#02$)'%0+(,%1:+

Example 6.16: Operation call with parameters 

MDK @CA5=B-"A=5!@CA5=B>@="CA!

/:!56$I;7G<!<$9:;7?<!M$!#=I$!<#7M?!B;>>$6$?:!C=<;9!97?<:6G9:;7?<!:7!A=N$!%&'!OLP!

$U56$<<;7?<L! /@@! 7>! :#$<$! AG<:! C$! 5@=9$B! ;?<;B$! =! <5$9;>;9! 97?:$U:L! "#;<! ;<! :#$!

A7A$?:!:7!;?:67BG9$!:#$!97?9$5:!7>!97?:$U:!=?B!:#$!B;>>$6$?:!97?<:6=;?:<!=?B!6G@$<!

:#=:!7?$!9=?!A=N$!M;:#!:#$!%&'!OLP!@=?EG=E$!7I$6!=?!01'!A7B$@L!

MDKD+ @9-55F5!

-?! :#$! 97?:$U:! 7>! =?! 01'! 9@=<<F! :#$! %&'! OLP! @=?EG=E$! 567I;B$<! :#$! 57<<;C;@;:D! 7>!

<:=:$!;?I=6;=?:<!=?B!:7!A=N$!B$>;?;:;7?<!7>!?$M!=::6;CG:$<!76![G$6D!75$6=:;7?<L!

<"#"$"$ @)J7607)*+,

/?!;?I=6;=?:!;<!=!C77@$=?!6G@$!:#=:!=@M=D<!AG<:!C$!:6G$L!/:!?$U:!B$>;?;:;7?!M$!<#7M!

:#$!9766$9:!?7:=:;7?!>76!=?!%&'!OLP!;?I=6;=?:!97?:$U:L!

context Classname inv constraintName : boolean-expression 

Definition 6.1: Invariant context notation 
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=0)6#*)2/!>#*?0%3*$:!&7!@2$2/&#*2!

+,/4%&&*"#&'

=4">%&&"4'

H$:M$$?!:#$!97?:$U:!=?B!;?I!N$DM76B<!M$!#=I$!:7!5@=9$!:#$!?=A$!7>!:#$!01'!9@=<<!

:#=:!M;@@!C$!:#$!97?:$U:!7>!7G6!;?I=6;=?:L!/<!97?:$U:F!<G9#!9@=<<!M;@@!C$97A$!;?!:#$!

<:=6:;?E!57;?:!>76!?=I;E=:;7?<L!"#$!97?<:6=;?:!?=A$!;<!75:;7?=@L!

-:! ;<! ;A576:=?:! :7!?7:$! :#=:!=?! ;?I=6;=?:!A=D!C$!M6;::$?! ;?!B;>>$6$?:! 97?:$U:<L!"7!

9#77<$!:#$!7?$!:#=:!<;A5@;>;$<!:#$!$U56$<<;7?!;<!5=6:!7>!7G6!87CL!

HA).&*%+"3+2#])12)#',+"]%1+'-%+."0%*+2#+E24(1%+O:L/+

bE2*%+,2<%+.(,'+6%+*%,,+'-)#+LM+=\W'%,c+

context File inv lessthan10MB : size <= 10.0 

+

b_+E2*%+2,+20%#'232%0+6W+2',+'2'*%c+

context File inv titleID :  

  File.allInstances()->forAll(f1,f2:File|f1.title = f2.title           
           implies f1 = f2) 

`"'%+'-)'+'-%+)&&*2$)'2"#+"3+)**C#,')#$%,59+'"+)+$*),,+1%'(1#,+)+X%'+

$"#')2#2#4+)**+'-%+2#,')#$%,+"3+,($-+$*),,:+

+

b;-%+(&*")0%0+32*%,+"3+)+(,%1+)1%+"?#%0+6W+,($-+(,%1c+

context User inv uploadersAreOwners:  

  ownedFile = transaction->select(t:Transaction |       
       t.oclIsTypeOf(Upload)).file->asSet() 

`"'%+'-)'+'-%+)&&*2$)'2"#+"3+"$*C,;W&%^359+'"+)+$*),,+1%'(1#,+'1(%+23+,($-+
$*),,+2,+"3+'W&%+,&%$232%0+2#+'-%+&)1).%'%1:++

C#+'-2,+$),%+?%+#)]24)'%+'"+'1)#,)$'2"#+2#+"10%1+'"+"6')2#+'-%+X%'+"3+
;1)#,)$'2"#+6%*"#42#4+'"+'-%+$"#'%A'+F,%1:+;-%#+?%+,%*%$'+'-",%+2#,')#$%,+

'-)'+)1%+F&*")0+2#,')#$%,:+_#0+32#)**W+?%+#)]24)'%+'"+'-%+),,"$2)'2"#+%#0+

E2*%+2#+"10%1+'"+"6')2#+'-%+E2*%+2#,')#$%,+"3+,($-+'1)#,)$'2"#,8+2:%:8+'-%+
(&*")0%0+32*%,+"3+'-%+(,%1:+C'+1%,(*',+2#+)+\)48+,"+?%+$"#]%1'+2'+'"+)+X%'+?2'-+

'-%+),X%'59+"&%1)'2"#:+

a%+$".&)1%+'-2,+2#,')#$%,+?2'-+'-%+X%'+1%,(*'%0+"3+'-%+#)]24)'2"#+'"+E2*%+

$*),,+'-1"(4-+'-%+"?#2#4+),,"$2)'2"#:+;-%W+.(,'+6%+%Z()*+'"+3(*32**+'-%+

2#])12)#': 

Example 6.17: Example of invariants 
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+,/4%&&*"#&'

=4">%&&"4'

<"#"$"- ?'E0)0*05)+,

/!B$>;?;:;7?!;<!=!97?<:6G9:;7?!:#=:!96$=:$<!=!?$M!=::6;CG:$!7>!9@=<<!76!=!?$M![G$6D!

75$6=:;7?L!/:!?$U:!B$>;?;:;7?!M$!M;@@!B$<96;C$!:#$!9766$9:!?7:=:;7?!>76!=?!%&'!OLP!

B$>;?;:;7?!97?:$U:L!

_''126('%+0%32#2'2"#/+

context Classname def constraintName : 

 attributeName : attributeType = definition-expression 

d(%1W+"&%1)'2"#+0%32#2'2"#/+

context Classname def constraintName : 

 operationName(parameterlist): returnType =  

       definition-expression +

Definition 6.2: Definition context notations 

-:!;<!;A576:=?:!:7!?7:$!:#=:!:#$!B$>;?;:;7?!$U56$<<;7?!:D5$!AG<:!C$!97A5=:;C@$!M;:#!

:#$!=::6;CG:$!:D5$!B$>;?$BF!76!M;:#!:#$!6$:G6?!:D5$!;?!=![G$6D!75$6=:;7?!9=<$L!

/:! ?$U:! $U=A5@$!M$!M;@@! <$$! B;>>$6$?:! B$>;?;:;7?<! ;?! 76B$6! :7! 9@=6;>D! :#$!?7:=:;7?!

=?B!:7!G?B$6<:=?B!#7M!:7!G<$!B$>;?;:;7?<!;?!7G6!A7B$@<!M;:#!:#$!%&'!OLP!@=?EG=E$L!

[%32#2'2"#+"3+)+#%?+)''126('%+T]"')'2"#,U+2#+E2*%+$*),,+'-)'+,-"?,+'-%+
#(.6%1+"3+]"')'2"#,+"3+)+32*%:+

context File def numOfVotes : votations : Real = 

  transaction->select(t:Transaction|t.oclIsKindOf(Vote)) 

                                                ->size() 

+

[%32#2'2"#+"3+)+#%?+Z(%1W+"&%1)'2"#+'-)'+1%'(1#,+'-%+'1)#,)$'2"#,+"3+)+
$"#$1%'%+W%)1:+

context Transaction  

def : anualTransactions(year:Integer): Set(Transaction)  

      = Transaction.allInstances()->select(t|t.year=year)  

Example 6.18: Example of definitions 
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+,/4%&&*"#&'

=4">%&&"4'

MDKD, -==B"4>=F5!

/::6;CG:$<! =6$! 7:#$6! 57<<;C@$! 97?:$U:<! >76! 7G6!%&'! OLP! 97?<:6=;?:<L! /:! :#;<! 57;?:F!

M#$?!M$!G<$!:#$!=::6;CG:$!M76B!M$!:=@N!=C7G:!C7:#!9@=<<!=::6;CG:$<!=?B!=<<79;=:;7?!

$?B<L!!

\$!9=?!M6;:$!B$6;I=:;7?<!=?B!;?;:;=@;X=:;7?<!>76!:#7<$!$@$A$?:<!7>!=!01'!A7B$@L!/:!

?$U:!<GC<$9:;7?<!M$!M;@@!<:GBD!;?!B$:=;@!<G9#!97?:$U:!97?<:6G9:;7?<L!

<"#"-"$ ?'60J7*05)+,

/!B$6;I=:;7?!=@@7M<!:7!B$<96;C$!#7M!;<!9=@9G@=:$B!:#$!I=@G$!7>!=!B$6;I$B!=::6;CG:$!76!

=<<79;=:;7?! $?BL! /:! ?$U:! B$>;?;:;7?! M$! M;@@! ?7:$! #7M! :7! 97?<:6G9:! =! B$6;I=:;7?!

97?:$U:L!

context Classname::attributeOrAssociationEndName : Typename 

derive constraintName : derivation-expression 

Definition 6.3: Derivation context notation 

-:! ;<! ;A576:=?:! :7! ?7:$! :#=:! :#$! :D5$! 7>! :#$! =::6;CG:$! 76! =<<79;=:;7?! $?B!AG<:! C$!

97A5=:;C@$! M;:#! :#$! B$6;I=:;7?! $U56$<<;7?L! YG6:#$6A76$F! <G9#! =::6;CG:$! 76!

=<<79;=:;7?!$?B!AG<:!$U;<:!;?!:#$!9@=<<!7>!:#$!97?:$U:!;?!:#$!01'!A7B$@L!

C.)42#%+'-)'+2#+E2*%+$*),,+?%+-)]%+)+0%12]%0+X'12#4+)''126('%+$)**%0+
T"?#%1`).%U+1%&1%,%#'2#4+'-%+#).%+"3+'-%+"?#%1+"3+,($-+32*%:+C',+

0%12])'2"#+1(*%+.(,'+6%+),+3"**"?,/+

context File::ownerName : String  

derive : owner.nickname+

Example 6.19: Example of derivation 
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+,/4%&&*"#&'
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<"#"-"- @)0*07&097*05)+,

/?! ;?;:;=@;X=:;7?! =@@7M<! :7! B$<96;C$! #7M! ;<! ;?;:;=@;X$B! =?! =::6;CG:$! 76! =<<79;=:;7?!

$?BL!/:!?$U:!B$>;?;:;7?!M$!M;@@!<#7M!#7M!:7!97?<:6G9:!=?!;?;:;=@;X=:;7?!97?:$U:L!

context Classname::attributeOrAssociationEndName : Typename 

init constraintName : initialization-expression 

Definition 6.4: Initialization context notation 

-:! ;<! ;A576:=?:! :7! ?7:$! :#=:! :#$! :D5$! 7>! :#$! =::6;CG:$! 76! =<<79;=:;7?! $?B!AG<:! C$!

97A5=:;C@$! M;:#! :#$! B$6;I=:;7?! $U56$<<;7?L! YG6:#$6A76$F! <G9#! =::6;CG:$! 76!

=<<79;=:;7?!$?B!AG<:!$U;<:!;?!:#$!9@=<<!7>!:#$!97?:$U:!;?!:#$!01'!A7B$@L!

a%+?)#'+'"+0%#"'%+'-)'+'-%+2#2'2)*2<)'2"#+])*(%+3"1+'-%+)''126('%+]2%?,+"3+)+
E2*%+2#,')#$%+2,+M+

context File::views : Integer  

init : 0 

+

a%+?)#'+'"+0%#"'%+'-)'+'-%+2#2'2)*2<)'2"#+])*(%+3"1+'-%+),,"$2)'2"#+%#0+

312%#0,+"3+)+F,%1+2#,')#$%+2,+)#+%.&'W+X%'+

context User::friend : Set(User)  

init : Set{} 

Example 6.20: Examples of initializations 

MDKDJ CGFB-="CA5!

Y;?=@@DF!M$!9=?!G<$!=?!75$6=:;7?!=<!=!97?:$U:!>76!%&'!OLP!@=?EG=E$!$U56$<<;7?<L!-:!

567I;B$<! :#$! 57<<;C;@;:D! 7>! B$<96;C$! 56$! =?B! 57<:! 97?B;:;7?<! 7>! =?! 75$6=:;7?L!

YG6:#$6A76$!M$!9=?!M6;:$!$U56$<<;7?<!<#7M;?E!:#$!C7BD!7>!=?!75$6=:;7?F!:#=:! ;<F!

B$<96;C;?E!:#$!:=<N<!:#=:!;:!<#7G@B!B7!M#$?!;<!9=@@$BL!
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+,/4%&&*"#&'

=4">%&&"4'

/:! ?$U:! <GC<$9:;7?<! M$! M;@@! ;?:67BG9$! :#$! 97?9$5:<! 7>! 56$97?B;:;7?<F!

57<:97?B;:;7?<!=?B!C7BD!$U56$<<;7?<F!<#7M;?E!:#$;6!?7:=:;7?<!=?B!<7A$!$U=A5@$<L!

<"#"!"$ K6'25)=0*05)+,

/!56$97?B;:;7?! ;<!=?!$U56$<<;7?!:#=:!AG<:!C$! :6G$!C$>76$!9=@@;?E! :#$!75$6=:;7?! ;?!

M#;9#!;:!;<!B$9@=6$BL!

context Classname::operationName(paramlist) : resultType 

pre constraintName : boolean-expression+

Definition 6.5: Precondition context notation 

-:!;<!;A576:=?:!:7!?7:$!:#=:!:#$!#$=B$6!7>!:#$!75$6=:;7?!B$>;?$B!;?!:#$!56$97?B;:;7?!

97?:$U:!AG<:!$U;<:!;?!:#$!01'!A7B$@!:#=:!M$!=6$!G<;?E!:7!97?<:6=;?:L!

!

Figure 6.4: Operation declared in an UML class 

C#+"(1+."0%*8+?%+-)]%+)#+"&%1)'2"#+2#,20%+'-%+_0.2#2,'1)'"1+$*),,8+#).%0+

0%*%'%E2*%:+C3+?%+?)#'+'"+,&%$23W+)+&1%$"#02'2"#+3"1+,($-+"&%1)'2"#+'"+#"'%+
'-)'+)+E2*%+?2'-+'-%+'2'*%+&)1).%'%1+.(,'+%A2,'8+?%+,-"(*0+0"+),+3"**"?,/+

context Administrator::deleteFile(title:String) 

pre fileExists: File.allInstances()->one(f|f.title = title)/

Example 6.21: Example of precondition 

<"#"!"- D5=3,5E,51'67*05)+,

,;?9$! :#$! %&'! OLP! @=?EG=E$! ;<! =! B$9@=6=:;I$! @=?EG=E$F! M$! 9=?! ;?B;9=:$! M#=:! =?!

75$6=:;7?!<#7G@B!B7!M;:#7G:!M6;:;?E!#7M!<#7G@B!B7!;:L!
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context Classname::operationName(paramlist) : resultType 

body constraintName : body-expression+

Definition 6.6: Body expression context notation 

/!C7BD!97?<:6=;?:!=@@7M<!G<!:7!<#7M!:#$!:=<N<!:#=:!=6$!B7?$!;?<;B$!=?!75$6=:;7?L!,7F!

=:!?$U:!$U=A5@$!M$!M;@@!<#7M!=!C7BD!97?<:6=;?:!>76!:#$!75$6=:;7?!;,$2<3=.>&(,'!7>!

0<$6!9@=<<L!

context User::getNumOfFiles():Integer 

body : ownedFile->size()/

Example 6.22: Example of body context 

-:!;<!;A576:=?:!:7!$A5#=<;X$!:#=:!M$!;?B;9=:$!:#=:!:#$!?GAC$6!7>!7M?$B!>;@$<!AG<:!

C$!97G?:$BF!CG:!M$!B7!?7:!$U5@;9;:!#7M!:7!A=N$!:#;<!97A5G:$L!

<"#"!"! K5+*25)=0*05)+,

/!57<:97?B;:;7?! ;<!=?!$U56$<<;7?!:#=:!AG<:!C$! :6G$!=>:$6! :#$!9=@@!7>! :#$!75$6=:;7?!

B$>;?$B!;?!:#$!57<:97?B;:;7?!97?:$U:L!

context Classname::operationName(paramlist) : resultType 

post constraintName : boolean-expression+

Definition 6.7: Postcondition context notation 

\$! #=I$! :7! 6$A$AC$6! :#=:! =! 57<:97?B;:;7?! ;<! =! C77@$=?! 6G@$F! :#$6$>76$! :#$!

$U56$<<;7?!;?<;B$!=!57<:97?B;:;7?!97?:$U:!AG<:!C$!H77@$=?L!

-?!:#$!?$U:!$U=A5@$!M$!9=?!>;?B!=!<;A5@$!57<:97?B;:;7?!;?!M#;9#!:#$!6$<G@:!7>!;:!;<!=!

C77@$=?!I=@G$L!
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:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

!"#$%#$&'(#()#*&+%#&#,)-(.)'/0(0)'#")1#(2%#/%3%(%403%#),%1&(0)'#)"#

5/*0'0-(1&()1#.3&--6#$%#-2)73/#/)#&-#")33)$-8#

context Administrator::deleteFile(title:String) 

post fileWasDeleted:  

  not File.allInstances()->one(f|f.title = title)#

Example 6.23: Example of postcondition 

4EF *%GH1IJ!*%K;"LC*"=%K;!

!"#"$%&#&'("%)*#+'#+%,,#%*"-)./('#)"$'-#()*&"-/("%)*&#)0#"$'#123#456#,7*8/78'#"$7"#

(7*#9'#/&'0/,5#

4EFE5 ;I1M!NIOP%LA!

:%"$%*# "$'# ()*"';"# )0# 7*# 123# 456# ()*&"-7%*"# +'# 7-'# 79,'# ")# /&'# 7# <'=+)-.# "$7"#

-'>-'&'*"&# "$'# %*&"7*('# )0# "$'# ()*"';"/7,# ?@3# (,7&&A# "$'# &',0# <'=+)-.5# B"# (7*# 9'#

/&'0/,#+$'*#%*#7*#';>-'&&%)*#+'#$7C'#"+)#','D'*"&#+%"$#"$'#&7D'#*7D'E#9/"#)*'#

%&#7*#7""-%9/"'#)0#"$'#()*"';"/7,#(,7&&5#

context User::setNewPassword(password:String) 

post newPwd: self.password = password 

9%1%#(2%#7-%#)"#-%3"#0-#*&'/&()1:#()#/0""%1%'(0&(%#(2%#,&--$)1/#&((10;7(%#
)"#<-%1#"1)*#(2%#=(10'>#,&1&*%(%16#;%.&7-%#;)(2#2&?%#(2%#-&*%#'&*%@##

A)#&?)0/#(2%#7-%#)"#-%3"6#$%#)'3:#2&?%#()#.2&'>%#(2%#'&*%6#30+%#0'#'%B(#
.)'-(1&0'(#$2%1%#-%3"#0-#0*,30.0(8#

context User::setNewPassword(pass:String) 

post newPwd: password = pass 

Example 6.24: Example of self keyword 

!"#';7D>,'#79)C'E#+'#$7C'#&$)+*#7#()*&"-7%*"#+$'-'#&',0#%&#)>"%)*7,#7*.#)"$'-#)*'#

+$'-'#/&%*8#&',0#%&#D7*.7")-=5#
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:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

4EFEQ *%GGIK";!

B*# "$'#123# 456# ,7*8/78'#+'# $7C'# "$'# >)&&%9%,%"=# )0#+-%"%*8# ()DD'*"&# %*&%.'# "$'#

()*&"-7%*"&#%*#)-.'-#")#(,7-%0=#"$'%-#/*.'-&"7*.79%,%"=5#

F)#+-%"'#7#()DD'*"#+'#)*,=#$7C'#")#>-'('.'#'7($#()DD'*"#,%*'#+%"$#"+)#$=>$'*&#

,%<'#%*#"$'#*';"#';7D>,'A#

-- This is an OCL comment 

context User::getNumOfFiles():Integer 

body : ownedFile->size() -- Another comment 

-- A final comment 

Example 6.25: Comments 

4EFER GC1"=H1I!*%K"IJ";!

F$'#123#456#,7*8/78'#>-)C%.'&#"$'#>)&&%9%,%"=#)0#-'/&'#7#()*"';"#0)-#D)-'#"$7*#)*'#

()*&"-7%*"5#:'#(7*#+-%"'#D)-'#"$7*#)*'#%*C7-%7*"#)-#.'0%*%"%)*#%*#"$'#&7D'#()*"';"5#

1-#7,&)#%"#%&#>)&&%9,'#")#()D9%*'#.'-%C7"%)*&#+%"$#%*%"%7,%G7"%)*&E#7*.#>-'()*.%"%)*&#

+%"$#>)&"()*.%"%)*&#7*.#9).=#';>-'&&%)*&5#

context Classname 

 inv: invariant-expression 

 def: newattribute : Type = definition-expression 

 def: newoperation(paramlist) : Returntype = definition-exp 

 inv: another-invariant-expression####

Example 6.26: Combination of invariants and definitions 

!"# >-'C%)/&# ';7D>,'# +'# &$)+# "$%&# 9'$7C%)/-# ()D9%*%*8# %*C7-%7*"&# +%"$#

.'0%*%"%)*&5# !"# *';"# ';7D>,'# +'# +%,,# &$)+# $)+# ")# ()D9%*'# .'-%C7"%)*&# +%"$#

%*%"%7,%G7"%)*&E#7*.#>-'()*.%"%)*&E#>)&"()*.%"%)*&#7*.#9).=#';>-'&&%)*&5#
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"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

context Classname::attributeOrAssociationEnd:Type 

 init: invariant-expression 

 derive: derivation-expression 

 

context Classname::operation(paramlist):returnType 

 pre: boolean-expression 

 pre: another-boolean-expression 

 body: body-expression 

 post: postcondition-expression 

Example 6.27: Combination of initializations with derivations, and preconditions with 

postconditions and body expressions 

4EFES =M!IJHLI;;=%K;!

3%<'# "$'# ()D>,'"'# >-)8-7DD%*8# ,7*8/78'&E# "$'# 123# 456# >-)C%.'&# 7# ()*.%"%)*#

&"-/("/-'#"$7"#7,,)+&#($))&%*8#9'"+''*#"+)#7,"'-*7"%C'&A#"$'#%0#';>-'&&%)*5#

H/($# ()*&"-/("%)*# 'C7,/7"'&# 7# ()*.%"%)*# 7*.# 7(()-.%*8# ")# %0# "$'# -'&/,"# %&# "-/'# )-#

07,&'E#%"#($))&'&#)*'#7,"'-*7"%C'#)-#"$'#)"$'-#)*'5#

context User  

def: adult:Boolean = if age < 18  

       then false 

       else true 

       endif 

Example 6.28: If expression 

B"# %&# %D>)-"7*"# ")# 'D>$7&%G'# "$7"# 9)"$# 9-7*($'&# %*&%.'# 7*# %0# ';>-'&&%)*# 7-'#

D7*.7")-=5#B*#"$'#>-'C%)/&#';7D>,'E#"$'#*'+#7""-%9/"'#7./,"#+%,,#9'#"-/'#)*,=#%0#"$'#

78'#)0#"$'#/&'-#%&#8-'7"'-#)-#'I/7,#"$7*#JK#='7-&5#
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:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

4EFEF 1I"!IJHLI;;=%K;!

!#,'"#';>-'&&%)*#%&#7#()*&"-/("%)*#"$7"#7,,)+&#/&#")#.'0%*'#7#"'D>)-7-=#C7-%79,'#"$7"#

(7*#9'#/&'.#%*&%.'#7*#';>-'&&%)*#%*#)-.'-#")#7C)%.#-'>'"%"%)*&#)-#()D>,';#-/,'&5#

L)"'#"$7"#"$'#&()>'#)0#&/($#C7-%79,'#%&#)*,=#"$'#(/--'*"#()*"';"#+$'-'#%"#%&#.'0%*'.5#

!"# *';"# .'0%*%"%)*# +'# +%,,# .'&(-%9'# "$'# "+)# 7(('>"'.# *)"7"%)*&# ")# +-%"'# ,'"#

';>-'&&%)*&5#

=0'>3%#')(&(0)'#

let variableName:Type = expression 

in expression-using-the-previous-variable 

#

C73(0,3%#')(&(0)'#

let varName1:Type = exp1, ..., varNameN:Type = expN 

in expression-using-these-variables 

Definition 6.8: Let notation 

!"#*';"#';7D>,'#"$'#/&78'#)0#"$%&#<%*.#)0#';>-'&&%)*#%&#&$)+*A#

context File inv onlyOneUploadPerFile : 

 let files:Set(File) = File.allInstances() 

 in files-> forAll(f:File|f.transaction 

         ->one(t:Transaction|t.oclIsTypeOf(Upload))) 

Example 6.29: Let expression example 

4EFE4 ="IL7"I!

F$'# %"'-7"'#()*&"-/("%)*# %&#&%D%,7-# "$7*#"$'# %"'-7")-&E#9/"# %"# %&#D)-'#8'*'-7,5#H/($#

()*&"-/("%)*# (7*# 9'# /&'0/,# ")# %"'-7"'# )C'-# 7# (),,'("%)*# )0# ','D'*"&# 7*.# -'"/-*# 7#

(/&")D#-'&/,"5#
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:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

!"#*';"#.'0%*%"%)*#+'#(7*#&''#$)+#")#()*&"-/("#7*#%"'-7"'#';>-'&&%)*5#

Collection->iterate(variable-list;acc:Type=expression| 

  expression-with-variables-and-acc) 

A2%# &..# ?&10&;3%# 0-# (2%# &..7*73&()1# )"# (2%# 1%-73(# )"# (2%# 0(%1&(%@#
471(2%1*)1%6#(2%#?&10&;3%#30-(#.&'#;%#7-%/#30+%#0'#0(%1&()1-@#

D)(%#(2&(#(2%#(:,%#)"#(2%#0''%1#%B,1%--0)'#-2)73/#;%#.)*,&(0;3%#$0(2#(2%#

(:,%#)"#(2%#&..7*73&()1@#

Definition 6.9: Iterate notation 

!"# *';"# ';7D>,'# +'# &$)+# $)+# ")# /&'# 7*# %"'-7"'# ';>-'&&%)*# %*&%.'# 7*# 123# 456#

()*"-7%*"5#

context File::voters:Set(User) 

derive : let votes:Set(Transaction) =  

             transaction->select(t|t.oclIsTypeOf(Vote)) 

         in votes->iterate(v;res:Set(User)=Set{}| 

                           res->including(v.user)) 

 

401-(#)"#&33#$%#/%"0'%#&#?&10&;3%#?)(%-#0'.37/0'>#&33#(2%#E)(%#(1&'-&.(0)'-#
"1)*#&#"03%@#A2%'#$%#0(%1&(%#)?%1#-7.2#?&10&;3%#&//0'>#(2%#<-%1#)"#%&.2#

E)(%#(1&'-&.(0)'#0'()#(2%#1%-73(#=%(@ 

Example 6.30: Iterate usage 

4EFET UHLI!NIOP%LA!

B*#7#>)&"()*.%"%)*E#%0#+'#+7*"#")#-'0'-'*('#&)D'#?@3#','D'*"#%*#>-'()*.%"%)*#"%D'#

%*# )-.'-# ")# *)"'# %"&# ($7*8'&# )*('# "$'# )>'-7"%)*# %&# 7>>,%'.E#+'# (7*#/&'# "$'#M>-'#

<'=+)-.#70"'-#"$'#*7D'#)0#&/($#','D'*"5#

!"#*';"#';7D>,'#+'#+%,,#/&'#"$'#M>-'#%*#)-.'-#")#7(('&&#")#"$'#C7,/'#)0#7*#7""-%9/"'#

7"#>-'()*.%"%)*#"%D'5#L)"'#"$7"#M>-'#%&#>,7('.#7,+7=&#70"'-#"$'#*7D'#")#I/7,%0=5#B"#

7,&)#(7*#9'#/&'#+%"$#)>'-7"%)*&E#>,7('.#9'0)-'#"$'#>7-7D'"'-&5#
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:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!
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"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

context User::birthday() 

  post: age = age@pre + 1 

 

context Administrator::deleteFile(title:String) 

  post: let user:User = File.allInstances@pre() ->       
           select(f|f.title = title).owner 

        in user.ownedFile->size() =  

           user.ownedFile@pre->size() - 1 

Example 6.31: @pre usage 

4EFEV LI;C1"!NIOP%LA!

B*# 7#>)&"()*.%"%)*#+'#7,&)# (7*#/&'# 7# &>'(%7,# C7-%79,'# (7,,'.# -'&/,"E#+$%($# "=>'# %&#

'I/7,# "$7*# "$'# -'&/,"# "=>'# )0# "$'# )>'-7"%)*# )0# "$'# ()*"';"5# 3))<# 7"# *';"# ';7D>,'#

$)+#")#+)-<#+%"$#&/($#C7-%79,'5#

B"# %&# %D>)-"7*"# ")# 'D>$7&%G'# "$7"# -'&/,"# C7-%79,'# (7*# )*,=# 9'# /&'.# %*# 7#

>)&"()*.%"%)*5#

context User::getNumOfFiles():Integer 

  post: result = ownedFile->size()!

Example 6.32: Result usage 

4EFEW %*1=;KIPXY!%HIL7"=%K!

F$'#"#$%&'()*+#)>'-7"%)*#(7*#)*,=#9'#/&'.#%*#7#>)&"()*.%"%)*#7*.#'C7,/7"'&#")#"-/'#

%0# %"&# &)/-('# ','D'*"# %&# (-'7"'.# ./-%*8# "$'# ';'(/"%)*# )0# "$'# )>'-7"%)*E# %5'5E# &/($#

','D'*"#.)'&#*)"#';%&"#7"#>-'()*.%"%)*#"%D'5#

F$%&# )>'-7"%)*# %&# /&'0/,# %*# >)&"()*.%"%)*# )0# (-'7")-# )>'-7"%)*&# ")# *)"'# "$7"# 7*#

','D'*"#%&#7#*'+#%*&"7*('#)0#7#(,7&&5#
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"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

!"# *';"# ';7D>,'# %"# %&# &$)+*# $)+# ")# /&'# "$%&# )>'-7"%)*# %*# "$'# ()*"';"# )0# 7*#

)>'-7"%)*#"$7"#(-'7"'&#7#*'+#!.D%*%&"-7")-5#

context Administrator::newAdmin(nickname:String) 

  post: adm.oclIsNew() and adm.oclIsTypeOf(Administrator)     
      and adm.nickname = nickname!

Example 6.33: oclIsNew() usage 

4EFE56 C;I!%M!ZC71=M=IL;!

F$'# ,7&"# ()*&"-/("%)*# "$7"# +'# +%,,# ';>,7%*# 7"# "$%&# ($7>"'-# %&# -',7"'.# +%"$# "$'#

*7C%87"%)*&5#B*#(7&'#)0#*7C%87"'#"$-)/8$#7#-'(/-&%C'#-',7"%)*E#%5'5E#7#-',7"%)*#+$)&'#

'*.# (,7&&'&# 7-'# "$'# &7D'# (,7&&E# 7*.# &/($# -',7"%)*# $7&# 7*# 7&&)(%7"%C'# (,7&&E# %0# +'#

+7*"# ")#8)# 0-)D#")# "$'#'*.#(,7&&# ")# "$'#7&&)(%7"%C'#(,7&&E#+'#$7C'# ")#.'0%*'# 0-)D#

+$%($#'*.#+'#7-'#*7C%87"%*85#

#

Figure 6.5: Recursive relation 
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1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

!"#N%8/-'#O5P#%0#+'#+7*"#")#*7C%87"'#0-)D#Q'-&)*#(,7&&#")#R7*<%*8#7&&)(%7"%C'#(,7&&#

+'#$7C'# ")# &>'(%0=# %0#+'# ()D'# 0-)D#&"/.'*"#)-# "'7($'-# '*.5#F$%&# &>'(%0%(7"%)*# %&#

D7.'#9=#D'7*&#)0#7#I/7,%0%'-#9'"+''*#&I/7-'#9-7(<'"&5#

!"#*';"#';7D>,'#%"#%&#&$)+*#$)+#")#.)#"$%&#*7C%87"%)*#>-)>'-,=5#

41)*#F%1-)'#()#G&'+0'>#H-(7/%'(#;1&'.2I#

context Person inv: 

  self.ranking[student].score->sum() >= 0!

0'#(20-#.&-%#(2%#'&?0>&(0)'#-%3"@1&'+0'>J-(7/%'(K#%?&37&(%-#()#(2%#-%(#)"#

G&'+0'>#;%3)'>0'>#()#(2%#.)33%.(0)'#)"#-(7/%'(-@#

#

41)*#F%1-)'#()#G&'+0'>#H(%&.2%1#;1&'.2I#

context Person inv: 

  self.ranking[teacher].score->sum() >= 0!

0'#(20-#.&-%#(2%#'&?0>&(0)'#-%3"@1&'+0'>J(%&.2%1K#%?&37&(%-#()#(2%#-%(#)"#
G&'+0'>#;%3)'>0'>#()#(2%#.)33%.(0)'#)"#(%&.2%1@#

#

41)*#F%1-)'#()#G&'+0'>#H7'-,%.0"0%/I#

context Person inv: 

  self.ranking.score->sum() >= 0  -- Incorrect usage!

0'#(20-#.&-%#(2%#7'L7&30"0%/#7-%#)"#(2%#&--).0&(0)'#.3&--#'&*%#0-#')(#

&33)$%/#0'#-7.2#&#1%.71-0?%#-0(7&(0)'@#

Example 6.34: Qualified navigation through recursive associations 

#



#
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:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

T "[I!%*1!QE6!GI"7G%AI1!

TE5 =K"L%AC*"=%K!

!,)*8#"$%&#($7>"'-#+'#+%,,#';>,7%*#"$'#123#456#D'"7D).',#.'0%*'.#7"#S19T6OU5#F$%&#

%&#7*#'&&'*"%7,#>%'('#%*#"$'#>/GG,'#"$7"#-'>-'&'*"&#)/-#123#';>-'&&%)*&#>-)('&&)-5#

!&#+'#';>,7%*'.#'7-,%'-E#"$'#7%D#)0#)/-#>-)T'("#%&#")#()*C'-"#"';"/7,#()*&"-7%*"&#")#

"$'%-#-'>-'&'*"7"%)*#7&#%*&"7*('&#)0#"$'#123#456#D'"7D).',5#F$'-'0)-'E#")#<*)+#"$'#

.%00'-'*"#','D'*"&#"$7"#7-'#D'D9'-&#)0#&/($#D'"7D).',#%&#D7*.7")-=5#

B*# "$'# 0),,)+%*8# &'("%)*&#+'#+%,,# .%&(/&&# 79)/"# "$'#.%00'-'*"# C'-&%)*&#)0# "$'#123#

D'"7D).',# 7*.# "$'# )*'# ($)&'*# 7*.# %D>,'D'*"'.# 9=# )/-# ()*('>"/7,# D).',%*8#

'*C%-)*D'*"E#"$7"#%&E#"$'#V%*7#W@2#")),#X&''#($7>"'-#PY5##

!0"'-#"$7"E#+'#+%,,# %*"-)./('#"$'#(,7&&#.%78-7D&#+$'-'#"$'#.%00'-'*"#','D'*"&#7*.#

7,&)# "$'# -',7"%)*&# 9'"+''*# &/($# ','D'*"&# )0# "$'# D'"7D).',# 7-'# &$)+*5# F)#

()D>,'"'# "$'#.%78-7D&E#+'#+%,,#*)"'# &)D'#($7*8'&#7>>,%'.# %*")# "$'#)-%8%*7,#123#

456#D'"7D).',#%*#)-.'-#")#0%;#&)D'#>-)9,'D&#0)/*.#7,)*8#"$'#.'C',)>D'*"#>$7&'5#

TEQ "[I!:7;=*!%*1!7KA!I;;IK"=71!%*1!

N%-&"# )0# 7,,# +'# +%,,# *)"'# "$7"# "$'# >-)8-7DD'-&# )0# "$'# V%*7# W@2# ")),# .%.# "$'#

.'C',)>D'*"# )0# "$'# 123# 456#D'"7D).',5# H)E#+'#+)-<#+%"$# "$%&# ")),# ,%<'# (/--'*"#

/&'-&#)*('# "$'#D'"7D).',#+7&# 0%*%&$'.E#7*.#7,,# "$'#>-)9,'D&# 0)/*.#7"# "$%&# &"78'#
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Figure 7.2: Top container expression 
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Figure 7.3: Main expression concept 
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Figure 7.4: Feature call expressions 
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Figure 7.5: If expressions 
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Figure 7.6: Let expressions 
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Figure 7.7: Literals 
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Figure 7.8 Collection and Tuple literals 
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"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

F$'-'0)-'E# ")# >-)C%.'# "$%&# 0/*("%)*7,%"=# +'# $7C'# .'(%.'.# ")# 7..# "$%&# -',7"%)*#

9'"+''*#F/>,'3%"'-7,Q7-"#7*.#1(,V;>-'&&%)*E# %*.%(7"%*8#"$7"# %"# %&#D7*.7")-=#+%"$#

"$'#J#(7-.%*7,%"=5#

L)"'# "$7"# "$'# "=>'# )0# 7# F/>,'3%"'-7,V;># %&# 7# F/>,'F=>'E# +$%($# +7&# .'0%*'.# 7"#

.%78-7D#&$)+*#7"#N%8/-'#_5J5#

1*#"$'#)"$'-#&%.'E#+'#$7C'#"$'#2),,'("%)*3%"'-7,V;>#"$7"#$7&#7*#7""-%9/"'#%*.%(7"%*8#

+$7"# <%*.# )0# (),,'("%)*# -'>-'&'*"&5# F$'# "=>'# )0# 2),,'("%)*3%"'-7,V;># %&# 7# "=>'#

&/9(,7&&#)0#2),,'("%)*F=>'#7(()-.%*8#")#"$'#<%*.#)0#"$'#(),,'("%)*#,%"'-7,5#

VC'-=#D'D9'-#)0#7#(),,'("%)*#%&#-'>-'&'*"'.#7&#%*#7#"/>,'#+%"$#7#&'"#)0#7#D'"7D).',#

(,7&&5#B*#"$%&#(7&'E#&/($#(,7&&#%&#"$'#2),,'("%)*3%"'-7,Q7-"5#

!&# +'# ';>,7%*'.# +$'*# +'# %*"-)./('.# "$'# ()*('>"# )0# (),,'("%)*&E# +'# (7*# .'0%*'#

(),,'("%)*# %"'D&# 9=# D'7*&# )0# 7# -7*8'# )-# 7# ,%&"# )0# %"'D&5# N%-&"# +7=# )0# .'0%*%*8#

(),,'("%)*# %"'D&# %&# -'>-'&'*"'.# 9=# 7# 2),,'("%)*R7*8'E# +$%($# %&# 7# &/9(,7&&# )0#

2),,'("%)*3%"'-7,Q7-"5#

2),,'("%)*R7*8'# ()*"7%*&# "+)# 1(,V;>-'&&%)*&# -'>-'&'*"%*8# "$'# 0%-&"# 7*.# ,7&"#

.',%D%"'-&#)0#&/($#-7*8'5#F$'#"=>'#)0#"$'&'#.',%D%"'-&#&$)/,.#9'#B*"'8'-5#

N%*7,,=E#"$'#)"$'-#+7=#")#-'>-'&'*"#7*#%"'D#%*&%.'#7#(),,'("%)*#%&#9=#D'7*&#)0#/&%*8#

"$'#2),,'("%)*B"'D#D'"7D).',#(,7&&E#+$%($#7,&)#%&#&/9(,7&&#)0#2),,'("%)*3%"'-7,Q7-"5#

H/($#D'"7D).',#(,7&&#()*"7%*&#7#-'0'-'*('#")#7*#1(,V;>-'&&%)*E#+$%($#-'>-'&'*"&#

"$'#';>-'&&%)*#%"'D#)0#"$'#(),,'("%)*5#

F)# &/DD7-%G'E# 7,)*8# "$%&# ($7>"'-#+'# $7C'# &''*# "$'# .%00'-'*"#D'"7D).',# (,7&&'&#

X7,&)# <*)+*# 7&#D'"7(,7&&'&Y# "$7"# ()*0)-D# "$'#123#456#D'"7D).',# /&'.# %*")# "$'#

V%*7#W@2#'*C%-)*D'*"5#F$'-'0)-'E#"$%&#+%,,#9'#"$'#D'"7D).',#/&'.#%*#)/-#123#456#

';>-'&&%)*&#>-)('&&)-5#



 

 

#

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

0/5+91":!;6<90<! =!



!!!!!!!! ! *+>B09$.!:/-0(-! V!

 

5QV!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

V *%GH=1IL!:7;=*;!

VE5 =K"L%AC*"=%K!

H%*('#"$'#>/->)&'#)0#"$%&#>-)T'("#%&#")#()*&"-/("#7*#123#>7-&'-E#")#/*.'-&"7*.#&)D'#

()*('>"&#79)/"#()D>%,'-&#%&#D7*.7")-=5#B*#"$%&#($7>"'-#+'#%*"-)./('#()*('>"&#,%<'#

,7*8/78'&E# 8-7DD7-&# 7*.# 7/")D7")*&E# 7&# 7# >7-"# )0# "$'# 0)-D7,# ()D>/"7"%)*#

"$')-=S2@6ZUE# +%"$# 7# 0'+# ';7D>,'&# %*# )-.'-# ")# D7<'#D)-'# /*.'-&"7*.79,'# "$'#

*';"# ($7>"'-&5# N/-"$'-D)-'E# ")# <*)+# "$'# .%00'-'*"# >$7&'&# )0# "$'# ()D>%,7"%)*#

>-)('&&# %&# %D>)-"7*"# %*# "$%&# ()*"';"# "$'-'0)-'# %"# +%,,# 9'# ';>)&'.# &$)+%*8# "$'#

-',7"%)*&$%>&#+%"$#"$'#.'C',)>D'*"#)0#"$'#123#>7-&'-5#

VEQ M%LG71!17K\C7\I!"[I%LO!

F$'# 0)-D7,# ,7*8/78'# "$')-=# Sa@?6JU# >-)C%.'&# "$'# 97&%&# )0# "$'# ()D>%,'-# "$')-=#

&%*('#()D>%,'-&#$7C'#,7*8/78'#';>-'&&%)*&#7&#"$'%-#%*>/"#)-#)/">/"5#B*#"$%&#&'("%)*#

+'#';>,7%*#"$'#';%&"%*8#+7=#")#()C'-#0-)D#+)-.&#")#7/")D7")*&E#"$7"#%&E# 0-)D#"$'#

D%*%D/D# /*%"=# +$%($# ()/,.# 9'# %*>/"# )0# 7# ()D>%,'-# ")# "$'# D'($7*%&D&# "$7"# 7#

()D>%,'-#/&'&#")#>-)('&&5#

VEQE5 P%LA;!7KA!17K\C7\I;!

a/D7*#9'%*8&#/&'#+)-.&#'C'-=#.7=5#V7($#+)-.E#.'*)"'.#7&#!E#%&#7#0%*%"'#&'I/'*('#

)0#&=D9),&#)C'-#7*#7,>$79'"#X'585# "$'#!H2BB#7,>$79'"#)0#($7-7("'-&#)-#"$'#.'(%D7,#

7,>$79'"#+$)&'#&=D9),&#7-'#"$'#*/D9'-&#0-)D#6#")#bY5#B"#(7*#9'#&7%.#"$7"#+'#7-'#

()D>%,'-&#)0# %*0)-D7"%)*#8%C'*# %*#+)-.&#7*.#)/-#)/">/"# %&# 7#D%;"/-'#)0# 0'',%*8&E#

D)-'# %*0)-D7"%)*#")#';($7*8'#)-#&")-'E#7*.#)-.'-&# 0)-#)/-#*'-C)/&#&=&"'D#")#.)#
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5QW!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

.%00'-'*"#"7&<&5#B*#)"$'-#+)-.&E#+'#>-)('&&#%*>/"#.7"7#7*.#"/-*#%"#")#7*)"$'-#0)-D7"#

"$7"#+'#7-'#79,'#")#/&'5#F$%&#%&#$)+#7#()D>%,'-#+)-<&5##

#M)1/(!) #8#"0'0(%#-%L7%'.%#)"#-:*;)3-#)?%1#&'/#&3,2&;%(#" @#

Definition 8.1: Word 

N0'&1:#&3,2&;%(## #"O={0,1} ##################!1 6!2$"O#

!1=01110010 ####&'/###!2=110001111 #

5=P!!#&3,2&;%(## #"2={&@@Q6#5@@R6#S@@T} ##!U6!V$"2 #

!U=."/0,$12,"-##&'/#!VW3"4/5$16##

Example 8.1: Alphabets and words 

H%D%,7-,=E#+'#.'0%*'#,7*8/78'&#X7Y#7&#7*=#&'"#X0%*%"'#)-#*)"Y#()D>)&'.#+%"$#+)-.&#!#

)C'-# 7# .'"'-D%*'.# 7,>$79'"# "5# N),,)+%*8# "$'# >-'C%)/&# ';7D>,'E# $/D7*# 9'%*8&#

+)-<#+%"$#,7*8/78'&#7*.#<*)+#"$'#X8-'7"'-#>7-"#)0Y#+)-.&#"$7"#()*0)-D#"$'D5#:'#

(7*#&''#"$'#()D>%,7"%)*#>-)('&&#7&#"$'#()DD/*%(7"%)*#>-)('&&#%*#7#()*C'-&7"%)*5#B0#

+'#+7*"# ")#7($%'C'#7#()--'("#()DD/*%(7"%)*#9'"+''*# "+)#>'-&)*&E# "$'=#$7C'# ")#

<*)+# "$'# &7D'# ,7*8/78'# 7*.# /&'# %"# >-)>'-,=5# !"# "$'# ()D>%,7"%)*# >-)('&&E# %0# +'#

+7*"#7#>'-0'("#-'&/,"#)0#"$'#()D>%,7"%)*E#"$'#()D>%,'-#$7&#")#D7&"'-#"$'#%*>/"#7*.#

)/">/"#,7*8/78'&5#

X&'>7&>%(X) 8# &':# -%(# H"0'0(%# )1# ')(I# .)*,)-%/# $0(2# $)1/-# )?%1# &#
/%(%1*0'%/#&3,2&;%(#H%@>@#(2%#Y'>30-26#=,&'0-2#)1#P&(&3&'#3&'>7&>%-I@#

Definition 8.2: Language 

"O={S@@T} #/%.0*&3#&3,2&;%(###########XO#&'/#XZ##3&'>7&>%-#)?%1#"O##

XO={S6#Z6#V6#[6#\6#OS6#OZ6#]} ### ##%?%'#'7*;%1-#

XZ={O6#U6#^6#_6#T6#OO6#OU6#]} ### ##)//#'7*;%1-#

Example 8.2: Alphabet and languages over it 
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5R6!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

VEQEQ %HIL7"=%K;!%K!17K\C7\I;!

B*#)-.'-#")#+)-<#+%"$#,7*8/78'&#7*.#+)-.&#"$'-'#7-'#&)D'#)>'-7"%)*&#"$7"#7,,)+#

&>'(%0=%*8# *'+# )*'&# +%"$# D)-'# ()D>,';%"=# 9=# D'7*&# )0# 97&%(# ()*&"-/("%)*&# )-#

%"'-7"%C',=5#L';"E#+'#';>,7%*#"$'#"$-''#D)&"#()DD)*#)>'-7"%)*&#"$7"#(7*#9'#0)/*.5#

!"#"#"$ %&'(&)

F$'#/*%)*#)>'-7"%)*#X%Y#%&#"$'#()DD)*#9%*7-=#)>'-7"%)*#%*#&'"#"$')-=#"$7"#-'&/,"&#

%*#"$'#','D'*"&#"$7"#9',)*8#")#7*=#)0#"$'#"+)#&'"#&)/-('&5#

XO#% #XZ#= #{! #| #! #0-#0'#XO#)1#! #0-#0'#XZ} #

Definition 8.3: Formal definition of union 

"={&6#;} #########XO={&6#&;6#;;;6#&&} #&'/#XZ={&&&6#;;&&} #

##############################XO#% #XZ#= #{&6#&;6#;;;6#&&6#&&&6#;;&&} #

Example 8.3: Union of two languages 

!"#"#"# *(&+,-.&,-'(&)

B*#+)-.&#(7&'E#"$'#-'&/,"#)0#7#()*(7"'*7"%)*#)0#"+)#+)-.&#X)-#&=D9),&Y#%&#"$'#+)-.#

()D>)&'.#9=#"$'#0%-&"#+)-.#0),,)+'.#9=#"$'#&'()*.#)*'#+%"$)/"#7*=#&>7('#9'"+''*#

"$'D5#F$'# ()DD)*#*)"7"%)*# 0)-# "$'# ()*(7"'*7"%)*# %&# ")# /&'# "$'# .)"# XcdeY# &=D9),#

9'"+''*#"$'#"+)#D'D9'-&#)0#"$'#)>'-7"%)*5#

"={&6#;6#.} ##0"##!1=&;&##&'/###!2=.;&###(2%'##!1`!2=&;&.;&#

Example 8.4: Concatenation of two words 
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5R5!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

1*# "$'# )"$'-# $7*.E# %*# ,7*8/78'&# (7&'E# "$'# -'&/,"# )0# 7# ()*(7"'*7"%)*# )0# "+)#

,7*8/78'&#%&#"$'#,7*8/78'#"$7"#()*"7%*&#+)-.&#()D>)&'.#9=#7#+)-.#0-)D#"$'#0%-&"#

,7*8/78'#()*(7"'*7"'.#+%"$#7#+)-.#0-)D#"$'#&'()*.#,7*8/78'5#

"={&6#;} ##0"##X1={&6#;;6#&;&} ##&'/###X2={&6#..} #

(2%'##X1`X2={&&6#&..6#;;&6#;;..6#&;&&6#&;&..} #

Example 8.5: Concatenation of two languages 

!"#"#"/ 01..&.)2-,3)

!,&)# <*)+*# 7&# f,''*'# (,)&/-'E# "$%&# )>'-7"%)*# %&# -',7"'.# +%"$# "$'# ()*(7"'*7"%)*E#

+$%($#+7&#.'0%*'.#>-'C%)/&,=5#F$'#f,''*'#&"7-#)0#7#,7*8/78'#)-#+)-.#-'&/,"&#%*#"$'#

&'"#()*"7%*%*8#"$'#-'>'7"'.#()*(7"'*7"%)*#)0#"$'D#+%"$#"$'#&7D'#,7*8/78'#)-#+)-.#

-'&>'("%C',=5#B*#)-.'-#")#9'#D)-'#';>,%(%"E#+'#%*"-)./('#"$'#0),,)+%*8#*)"7"%)*A#

X#0-#&#3&'>7&>%6#! #0-#&#$)1/#&'/#& #0-#(2%#%*,(:#$)1/6#$20.2#3%'>(2#0-#Q%1)@#

XS={&} #&'/#'0(S##X0aO#= #X0#`#X#

!S=& ##&'/#'0(S##! 0aO#= #! #0#`#! #

A2%'6#Xb=XS%XO%XZ%XU%XV%X^%]%X'#

&'/#!b=!S%!O%!Z%!U%!V%!^%]%!'#

Definition 8.4: Exponential notation of repeated concatenation and Kleene star definition 

F$'&'#';>-'&&%)*&#7,,)+&#/&#")#&$)+#"$'#-'&/,"#)0#"$'#()*(7"'*7"%)*#)0# ,7*8/78'&#

7*.#+)-.&#+%"$#"$'D&',C'&# ,# "%D'&E#/&%*8#7*#';>)*'*"%7,#*)"7"%)*5#F$'-'0)-'E#"$'#

f,''*'# &"7-# D/&"# 9'# -'>-'&'*"'.# 7&# 78! 7*.# !8E# %*.%(7"%*8# "$7"# "$'# */D9'-# )0#

-'>'7"'.#()*(7"'*7"%)*&#%&#/*.'0%*'.5#!>>,=%*8#f,''*'#&"7-#")#7#0%*%"'#,7*8/78'#)-#

7# +)-.# -'&/,"&# %*# 7*# %*0%*%"'# )*'# 9'(7/&'# )0# "$'# %*0%*%"=# )0# "$'# */D9'-# )0#

()*(7"'*7"%)*&5#



!!!!!!!! ! *+>B09$.!:/-0(-! V!

 

5RQ!
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:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

"={&6#;} ##0"##X={&6#;;6#&;&} #(2%'#Xb={& 6#&6#&&6#;;6#&&&6#&;;6#;;&6#@@@} #

$2%1%#Xb= #XS%XO%XZ%XU%]%X'#

&'/#XS= #{&} 6#XO= #{&6#;;6#&;&} 6#XZ= #{&&6#&;;6#&&;&6#;;&6#;;;;6#;;&;&6#
&;&&6#&;&;;6#&;&&;&} #&'/#-)#)'#@@@##

Example 8.6: Kleene star operation applied to a three-word language. 

!"#"#"4 01..&.)5162)

H%D%,7-,=#")#"$'#f,''*'#&"7-E#"$'#f,''*'#>,/&E#7,&)#<*)+*#7&#>)&%"%C'#f,''*'#(,)&/-'E#

%&#.'0%*'.#7&#0),,)+&A#

X
+ #= #X)*{&} #

!
+= #&':#! 0##$2%1%#0(O#

Definition 8.5: Formal notation of Kleene plus operation 

B"#%*.%(7"'&#"$7"#7+#-'&/,"&#%*#"$'#&7D'#&'"#7&#"$'#f,''*'#&"7-#9/"#+%"$)/"#"$'#'D>"=#

+)-.# 7*.#!+# -'&/,"&# %*# 7# +)-.# "$7"# D/&"# $7C'# ,'*8"$# 8-'7"'-# "$7*# G'-)E# %5'5E# %"#

(7**)"#9'#"$'#'D>"=#+)-.5#

"={&6#;} ##0"##X={&} #(2%'#Xa={ #&6#&&6#&&&6#&&&&6#&&&&&6#@@@} #

0"#X={&6#;;6#&;&} #&-#0'#YB&*,3%#\@[##

(2%'#Xa={ #&6#&&6#;;6#&&&6#&;;6#;;&6#@@@}= #X)*{&} #

Example 8.7: Kleene plus applied to both single-word and three-word languages  

VEQER LI\C17L!IJHLI;;=%K;!

R'8/,7-#';>-'&&%)*&#7-'#';>-'&&%)*&#"$7"#-'>-'&'*"#X>7-"#)0Y#7#,7*8/78'#7*.#.'0%*'#

%"# 9=# D'7*&# )0# "$'# ()D9%*'.# /&'# )0# )>'-7"%)*&E# +)-.&# 7*.# ,7*8/78'&5# a'-'# +'#

>-'&'*"#"$'#-/,'&#"$7"#.'0%*'#7#-'8/,7-#';>-'&&%)*#)C'-#7*#7,>$79'"#"A#
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:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

O@#& #0-#&#1%>73&1#%B,1%--0)'@#

Z@#5#-:*;)3#-#0'#&3,2&;%(#" #0-#&#1%>73&1#%B,1%--0)'@#

U@#!"#1O#&'/#1Z#&1%#1%>73&1#%B,1%--0)'-6#(2%'#1O#% #1Z#&'/#1O#`#1Z#&1%#1%>73&1#
%B,1%--0)'-@#

V@#!"#1#0-#&#1%>73&1#%B,1%--0)'6#(2%'##1b#&'/#1a#&1%#1%>73&1#%B,1%--0)'-@#

^@#533#1%>73&1#%B,1%--0)'-#)?%1#" #&1%#*&/%#&,,3:0'>#173%-#O#()#V@#

Definition 8.6: Rules to construct regular expressions 

:'#.'0%*'#7*4+E#7&#7&&)(%7"'.#,7*8/78'#7#")#7#-'8/,7-#';>-'&&%)*#4E#")#"$'#,7*8/78'#

-'()8*%G'.#9=#45#

1O=&b##(2%'#XH1OI={& 6#&6#&&6#&&&6#&&&&6#&&&&&6#]} ###

1Z=;&b;##(2%'#XH1ZI={;;6#;&;6#;&&;6#;&&&;6#;&&&&;6#;&&&&&;6#]} #

1U=H;&Ia&b##(2%'#XH1UI={;&6#;&&6#;&&&6#;&;&6#;&&&&6#;&;&&6#]} #

1V=;b% #&b##(2%'#XH1VI={& 6#;6#&6#;;6#&&6#;;;6#&&&6#;;;;6#&&&&6#]} #

Example 8.8: Regular expressions and their associated languages 

VEQES \L7GG7L;!7KA!7C"%G7"%K;!

!*)"$'-#+7=#")#-'()8*%G'#7*.#-'>-'&'*"#7#,7*8/78'#%&#9=#D'7*&#)0#8-7DD7-&#7*.#

7/")D7")*&5# F$'=# 7-'# 0)-D7,# D'($7*%&D&# /&'.# %*# .%00'-'*"# >$7&'&# )0# "$'#

()D>%,7"%)*#>-)('&&E#7&#+'#+%,,#&''#%*#*';"#($7>"'-&5#F)#+-%"'#7#8-7DD7-#%&#)*'#)0#

"$'# D)&"# ()DD)*# +7=&# ")# 9'8%*# "$'# ()*&"-/("%)*# )0# 7# ()D>%,'-# 9'(7/&'# )0# "$'#

';%&"'*('#)0#()D>%,'-#()D>%,'-&5#F$'&'#")),&#$7C'#7#8-7DD7-#7&#%*>/"#7*.#8'*'-7"'#

"$'#0/,,#()D>%,'-#X&'D%Y#7/")D7"%(7,,=5#VC'-=#+)-.#"$7"#(7*#9'#()*&"-/("'.#"$-)/8$#

"$'#8-7DD7-#9',)*8&#")#"$'#-'()8*%G'.#,7*8/78'#)0#%"5#

!# &%D>,'# 8-7DD7-# 9# %&# 7# 0)-D7,# &"-/("/-'# ,%<'# 9:+! ;<! "<! =<! >! ,# +$'-'# "$'%-#

()D>)*'*"&#7-'A#



!!!!!!!! ! *+>B09$.!:/-0(-! V!

 

5RS!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

`#E#0-#&'#&3,2&;%(#$20.2#-:*;)3-#&1%#.&33%/#?&10&;3%-@#

`#" !0-#&')(2%1#&3,2&;%(6#/0-c)0'(#)"#E6#$20.2#-:*;)3-#&1%#.&33%/#(%1*0'&3-@#

`#F#0-#&#-%(#)"#,1)/7.(0)'#173%-#5-. 6#$2%1%#5$E#&'/#.$(E%"))#

`#=#0-#.&33%/#-(&1(#?&10&;3%@#

Definition 8.7: Grammar components 

d1&**&1#dW+ #E6#" 6#F6#=#, #

E={=6#A6#e6#f6#R} #&1%#(2%#?&10&;3%-!

"={S6#O6#Z6#U6#V6#^6#[6#_6#\6#T6#a6#B6#H6#I} #&1%#(2%#(%1*0'&3-#

A2%#,1)/7.(0)'-#F#&1%8#

=/ #e#g#e#a#=#

e/ #A#g#f#B#R#

f/ #A#g#H#e#a#=#I#

R/ #f#g#f#B#R#

A/ #S#g#O#g#Z#g#U#g#V#g#^#g#[#g#_#g#\#g#T#

#

M0(2#(20-#>1&**&1#$%#.&'#1%.)>'0Q%#(2%#3&'>7&>%#)"#&10(*%(0.&3#
%B,1%--0)'-#$0(2#&//#)1#,1)/7.(#),%1&(0)'-@#A2%#g#.&1&.(%1#-%,&1&(%-#

/0""%1%'(#&3(%1'&(0?%-#")1#(2%#10>2(#-0/%#)"#&#,1)/7.(0)'#173%@#

4)1#%B&*,3%6#(2%#%B,1%--0)'#hHUaVI#B#Zi#.&'#;%#/%10?&(%/#&-#")33)$8#

=#- #e#- #f#B#R#- #He#a#=I#B#R#- #HA#a#eI#B#R#- #HU#a#AI#B#R#- #HU#a#VI#B#R#- #

HUaVI#B#A#- #HUaVI#B#Z#

j1#0'#(1%%#")1*8#

#

Example 8.9: Grammar and recognized language 



!!!!!!!! ! *+>B09$.!:/-0(-! V!

 

5RF!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

B*# "$'#()*"';"#)0# "$%&#.)(/D'*"E#+$'*#+'#/&'#7/")D7")*#7&#+)-.#+'#7-'# "7,<%*8#

79)/"# 0%*%"'# 7/")D7")*&5# F$'=# (7*# 9'# .'"'-D%*%&"%(# )-# *)*g.'"'-D%*%&"%(#

.'>'*.%*8#)*#+$'"$'-#"$'%-#&"7"'#"-7C'-&7,#%&#7#&%*8,'#>7"$#)-#D/,"%>,'#)*'E#"$7"#%&E#

%0#&"7-"%*8#%*#7#&"7"'#+'#(7*#)*,=#D)C'#")#7*)"$'-#)*'#)-#")#7#&'"#)0#"$'D5##

!# .'"'-D%*%&"%(# 0%*%"'# 7/")D7")*# X[N!Y# %&# 7# 0)-D7,# &"-/("/-'# .-7+*# ,%<'# 7# 8-7>$#

+$'-'# "$'%-#&"7"'&#7-'#(-)&&'.#7(()-.%*8# ")# "$'#&=D9),&#)0#7*# %*>/"#+)-.5#F$'-'#

7-'#)*'#&"7-"#&"7"'#7*.#)*'#)-#D)-'#0%*7,#&"7"'&5#B0#"$'#%*>/"#+)-.#(-)&&%*8#'*.&#%*#7#

0%*7,# &"7"'E# "$'# 7/")D7")*# -'()8*%G'&# "$'# +)-.E# %5'5E# %"# 9',)*8&# ")# "$'# 7&&)(%7"'.#

,7*8/78'5#

d1&,2#1%,1%-%'(0'>#(2%#&7()*&()'8#

#

A2%1%#&1%#($)#-(&(%-#LS#&'/#LO6#1%,1%-%'(%/#$0(2#&#.01.3%@#A2%#-(&1(#-(&(%#

0-#LS6#/%')(%/#$0(2#(2%#"01-(#3%"(#&11)$@#A2%#&1.-#"1)*#)'%#-(&(%#()#&')(2%1#

)'%#0'/0.&(%#(2%#$&:#()#")33)$#")1#%?%1:#-:*;)3#)"#(2%#$)1/#0'#,1).%--0'>@#

4)1#%B&*,3%6#")1#(2%#$)1/#h&;&i6#$%#;%>0'#$0(2#(2%#"01-(#-:*;)3#k&l#&(#(2%#

-(&(%#LS@#A2%'6#$%#>)#()#(2%#-(&(%#LO#$0(2#(2%#-%.)'/#-:*;)3#k;l@#40'&33:6#
(2%#3&-(#-:*;)3#0-#k&l6#-)#$%#.)'(0'7%#&(#-(&(%#LO@#

Y?%1:#-(&(%#$0(2#&#.1)--#0-#&#"0'&3#-(&(%@#!"#$2%'#$%#"0'0-2#(2%#-:*;)3-#)"#
(2%#0',7(#$)1/#$%#&1%#0'#&#"0'&3#-(&(%6#(2%#$)1/#0-#1%.)>'0Q%/#;:#(2%#

&7()*&()'#&'/#;%3)'>-#()#(2%#3&'>7&>%@#

A2%#&7()*&()'#)"#(2%#0*&>%#1%.)>'0Q%-#$)1/-#(2&(#;%3)'>#()#(2%#

3&'>7&>%#&b@#!(#0-#%&-:#()#7'/%1-(&'/#;%.&7-%#$2%'#&#k;l#&110?%-#$%#>)#()#

&#')'m"0'&3#-(&(%6#$20.2#$%#.&'')(#3%&?%@#A20-#3&'>7&>%#0-#')(#&a#;%.&7-%#

(2%#-(&1(#-(&(%#0-#&31%&/:#&#"0'&3#-(&(%6#-)#%?%'#(2%#%*,(:#$)1/#0-#&..%,(%/@#

Example 8.10: DFA recognizing the language a* 



!!!!!!!! ! *+>B09$.!:/-0(-! V!

 

5R4!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

VER "[I!*%GH=17"=%K!HL%*I;;!

1*('#+'#$7C'#&''*#7*.#/*.'-&"))..#"$'#97&%(#()*('>"&E#+'#7-'#-'7.=#")#9'8%*#+%"$#

"$'#';>,7*7"%)*#)0#$)+#"$'#()D>%,7"%)*#>-)('&&S:@bPU#+)-<&5#B*#"$'#%D78'#9',)+#

"$'#.%00'-'*"#>$7&'&#)0#"$'#>-)('&&#7&#+',,#7&#"$'#()**';%)*&#9'"+''*#"$'D#(7*#9'#

.%&"%*8/%&$'.5#

#

Figure 8.1: Compiler phases 

VERE5 1IJ=*71!7K71O;=;!

F$'#D7%*#>/->)&'#)0#"$%&#>$7&'#%&#")#>7-"%"%)*#7*.#(,7&&%0=#"$'#%*>/"#)0#"$'#()D>%,'-#

X&''#V;7D>,'#K5JJY5#B"#%&#D7.'#9=#D'7*&#)0#")<'*&5##

!#")<'*#%&#7#,';%(7,#()D>)*'*"#"$7"#$7&#7#()$'-'*"#D'7*%*8#%*#&)D'#,7*8/78'5#F$'=#

7-'# "$'# D)&"# 97&%(# ','D'*"&# )*# +$%($# 7,,# "-7*&,7"%)*# )0# 7# >-)8-7D# %&# 97&'.5#

V;7D>,'&#)0# ")<'*&#7-'#"$'#<'=#+)-.&#X'585E# %0E#+$%,'#)-# %*"YE# %.'*"%0%'-&E#*/D9'-&E#

&%8*&#)-#)>'-7")-&E#%*#"$'#()*"';"#)0#>-)8-7DD%*8#,7*8/78'&5#



!!!!!!!! ! *+>B09$.!:/-0(-! V!

 

5RT!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

A)+%'8#0/%'(0"0%-#&#7'0(#)"#0'")1*&(0)'@##

<-7&33:6# h()+%'-i# &1%# (2%# 1%-73(# )"# -)*%# ,1).%--0'># ,&--# (2&(# 2&-#

,%1")1*%/#3%B0.&3#&'&3:-0-#&'/#/0?0/%/#&#/&(&#-%(#0'()#(2%#-*&33%-(#7'0(-#

)"#0'")1*&(0)'#7-%/#")1#-7;-%L7%'(#,1).%--0'>@#

Definition 8.8: Token 

 

!',7(8## context Person inv mustBeAdult: age >= 18#

A)+%'-8#

 CONTEXT : context 

 ID  : (a..zA..Z)+ 

 INV  : inv 

 COLON : “:” 

 GREQTHAN : “>=” 

 NUMBER : (0..9)+ 

j7(,7(8#CONTEXT ID INV ID COLON ID GREQTHAN NUMBER #

Example 8.11: Lexical analysis with tokens (input, tokens and output tokenized) 

 

VEREQ ;OK"7J!7K71O;=;!

B*#"$%&#>$7&'E#7,&)#<*)+*#7&#>7-&%*8E#"$'#%*>/"#%&#"$'#D7%*#%*>/"#().'#")<'*%G'.#7"#

"$'#>-'C%)/&#>$7&'#7*.#"$'#)/">/"#%&#7#>7-&'#"-''E#+$)&'#*).'&#-'>-'&'*"#"$'#%*>/"#

+%"$#D)-'#7..%"%)*7,#%*0)-D7"%)*#"$7"#7,,)+&#7*#'7&%'&"#&(7**%*8#%*#)-.'-#")#+)-<#

+%"$# %"# 7*.# ")#D7<'# "$'# ()--'("# "-7*&,7"%)*#>-)('&&5#2)DD)*,=E# "$'#>7-&'# "-''# %&#

<*)+*#7&#()*(-'"'#)-#79&"-7("#&=*"7;#"-''#X2HF#)-#!HFY#7*.#%"#%&#(-'7"'.#"$7*<&#")#

7#8-7DD7-#&>'(%0%(7"%)*5#

F$'#()D>%,'-#7*7,=G'&#"$'#")<'*&#)0#"$'#%*>/"#7*.#"$'#.%00'-'*"#>-)./("%)*&#)0#"$'#

8-7DD7-#%*#)-.'-#")#()*&"-/("#"$'#()--'&>)*.%*8#>7-&'#"-''#0),,)+%*8#"$)&'#-/,'&5#

!#,%"",'#';7D>,'#(7*#9'#0)/*.#7"#V;7D>,'#K5J45#



!!!!!!!! ! *+>B09$.!:/-0(-! V!

 

5RV!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

!',7(8#CONTEXT ID INV ID COLON ID GREQTHAN NUMBER #

d1&**&1#,1)/7.(0)'-8#

constraint  = CONTEXT name INV name COLON expression 

name   = ID 

expression  = operand (operation operand)* 

operation  = GREQTHAN  

operand  = ID | NUMBER ###

F&1-%#A1%%8#

#

Example 8.12: Syntactic analysis (input tokenized, grammar productions and output parse tree) 

!"/"#"$ *78)(3)978)

2)DD)*,=E#"$'#>7-&'#"-''#(7*#9'#*7D'.#7&#2)*(-'"'#H=*"7;#F-''#X2HFY#)-#!9&"-7("#

H=*"7;# F-''# X!HFY5# B"# .'>'*.&# )*# "$'# >-)('&&# /&'.# ")# .'C',)># "$'# ()D>%,'-5#

?&/7,,=E#+'#)9"7%*# 7# 2HFE# "$7"# %&E# )/-#>7-&'# "-''E# 7*.# "$'*#+'# "-7*&0)-D# %"# ")# 7*#

!HF5#

!*# !HF# .%00'-&# 0-)D# 7# 2HF# 9=# )D%""%*8# *).'&# 7*.# '.8'&# 0)-# &=*"7;# -/,'&# )0# "$'#

8-7DD7-#"$7"#.)#*)"#700'("#"$'#&'D7*"%(&#)0#"$'#)/">/"#,7*8/78'5#1*,=#&%8*%0%(7*"#

)/">/"#,7*8/78'#()*&"-/("&#7-'#%*(,/.'.5#F$'#(,7&&%(#';7D>,'#)0#&/($#7*#)D%&&%)*#

%&#8-)/>%*8#>7-'*"$'&'&E#&%*('#%*#7*#!HF#"$'#8-)/>%*8#)0#)>'-7*.&#%&#%D>,%(%"#%*#"$'#

"-''#&"-/("/-'5##F$'#2HF#/&/7,,=#%&#"$'#)/">/"#)0#&=*"7;#7*7,=&%&#7*.#!HF#"$'#)*'#)0#

&'D7*"%(#7*7,=&%&5#



!!!!!!!! ! *+>B09$.!:/-0(-! V!

 

5RW!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

N)-# ';7D>,'E# "$'# >7-&'# "-''# 7"# V;7D>,'# K5J4# %&# 7# 2HF# 9'(7/&'# $7&# %*0)-D7"%)*#

79)/"# %--','C7*"# ")<'*&# ,%<'#21LFVhF#)-#2131L5#F$'#()--'&>)*.%*8#!HF#&$)/,.#

)*,=#$7C'#"$'#()*&"-7%*"#*7D'E#"$'#()*&"-7%*'.#','D'*"#*7D'#7*.#"$'#';>-'&&%)*5#

VERER ;IG7K"=*!7K71O;=;!

F$%&# >$7&'# "-%'&# ")# )9"7%*# "$7"# "$'# >7-&'# "-''# .)'&# *)"# $7C'# '--)-&# %*# )-.'-# ")#

()*"%*/'#+%"$#"$'#"-7*&,7"%)*#>-)('&&#)0#"$'#()D>%,7"%)*5#B0#7*=#'--)-#%&#0)/*.E#"$'#

>-)('&&#%&#&")>>'.#7*.#7#*)"%0%(7"%)*#%&#"$-)+*#")#"$'#/&'-#)0#"$'#()D>%,'-#+%"$#"$'#

()--'&>)*.%*8#0''.97(<#"$7"#(7*#$',>#")#&),C'#%"5#

F)#&'7-($#'C'-=#>)&&%9,'#'--)-#(7*#9'#7#$/8'#"7&<E#9/"#%&#*'('&&7-=#")#$',>#"$'#/&'-#

%*#$%&#+)-<#+%"$#"$'#()D>%,'-5#F$'#D)-'#"$'#()D>%,'-#)00'-&#0''.97(<#")#/&'-&E#"$'#

D)-'#/&79,'#9'()D'#%"#")#"$'D5#

F)# 7($%'C'# 7# D%*%D/D# .'8-''# )0# /&79%,%"=E# 7*# 7("/7,# ()D>%,'-# &$)/,.# &$)+# 0)-#

'C'-=# '--)-# 0)/*.E# 7# &%D>,'# .'&(-%>"%)*# 7*.# "$'# >,7('#+$'-'# "$'# '--)-# $7>>'*&5#

H)D'"%D'&E#7#&$)-"#7.C%('#")#&),C'#%"#%&#7,+7=&#+',()D'5#

VERES *%AI!\IKIL7"=%K!

1*('#+'#$7C'#7#>7-&'# "-''#.'()-7"'.#+%"$# &)D'#';"-7# %*0)-D7"%)*#7*.#'D>"=#)0#

'--)-&E#"$'#().'#8'*'-7"%)*#>$7&'#%&#-'7.=#")#9'8%*5#!"#"$%&#>)%*"E#0)-#'C'-=#<%*.#)0#

*).'# %*# "$'#>7-&'# "-''E# 7# "-7*&,7"%)*# ")# "$'#)/">/"# ,7*8/78'#$7&# ")#9'#.'0%*'.# %*#

)-.'-# ")# ()*C'-"# "$'# %*>/"5# N)-# %*&"7*('E# +$'*# +'# ()D>%,'# &)D'# >-)8-7DD%*8#

().'E#7#"-7*&,7"%)*#%&#9'%*8#.)*'#0-)D#"$'#>-)8-7DD%*8#,7*8/78'#")#"$'#D7($%*'#

().'#"$7"#"$'#()D>/"'-#(7*#%*"'->-'"#7*.#';'(/"'5##

F)#<*)+#7,,#"$'#>)&&%9,'#"-7*&,7"%)*&#7*.#0)-D7"&#0-)D#)*'#,7*8/78'#")#"$'#)/">/"#

)*'E#%*#)-.'-#")#)9"7%*#"$'#9'&"#-'&/,"&E#%&#D7*.7")-=5#
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5S6!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

VES *%GH=1IL!7L*[="I*"CLI!

B*#"$'#0%8/-'#9',)+#+'#(7*#.%&"%*8/%&$#7#()D>,'"'#()D>%,'-#&"-/("/-'S:@bPU#+%"$#

"$'#.%00'-'*"#>$7&'&#)0#+)-<5##

 

Figure 8.2: Front-end and back-end of a compiler 

1/-#>/->)&'#%&#")#.'C',)>#7#0-)*"g'*.#()D>%,'-#"$7"#"-7*&,7"'#123456#().'#%*")#h@B#

7(()-.%*8#")#"$'#123456#D'"7D).',#&$)+*#)*#>-'C%)/&#($7>"'-&5#:'#*''.#*'%"$'-#

7# ().'#)>"%D%G'-#*)-# 7#D7($%*'# ().'# "-7*&,7"%)*#9'(7/&'#)/-# )/">/"#+%,,# *)"# 9'#

';'(/"'.5##

1/-#h@B#)/">/"#D%8$"#9'#()*&%.'-'.#7&#7*#%*"'-D'.%7"'#().'#"$7"#()/,.#9'#/&'.#9=#

&'C'-7,#")),&5#F)#&$7-'#D).',&#%*0)-D7"%)*#%&#)*'#)0#)/-#>/->)&'&5#
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5S5!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

#

Figure 8.3: Parser OCL 2.0 Architecture 

N),,)+%*8# "$%&# %.'7E#)/-#.'&%-'# %&# ")#.'C',)># "$'# 0-)*"g'*.#)0#7*#123456#()D>%,'-#

X&)D'"%D'&#+'#+%,,# -'0'-# ")# %"# 7&# >7-&'-Y#+$%($# )/">/"# &$)/,.# 9'# %*# 7# &"7*.7-.#

,7*8/78'# 0)-D7"# X+'# $7C'# ($)&'*# h@B# 7(()-.%*8# ")# @1NY5# !*# )/",%*'# )0# "$'#

7-($%"'("/-'#(7*#9'#&''*#%*#"$'#0),,)+%*8#%D78'5#

!"# N%8/-'# K5Z# "$'-'# 7-'# "+)# D7%*# &"-/("/-'&# ")# 7*7,=G'5# N%-&",=E# "$'# ()*('>"/7,#

D).',%*8# '*C%-)*D'*"# ")# /&'E# *7D'.# V%*7# W@2E# %*# +$%($# +'# 'D>$7&%G'# "$'#

D'"7.7"7#-'>)&%")-=E#()*"7%*%*8#9)"$#?@3#7*.#123#456#D'"7D).',&5#B*#7..%"%)*E#%"#

7,&)#()*"7%*&#7,,#"$'#%*&"7*('&#)C'-#"$'D#-'>-'&'*"%*8#"$'#%*>/"#?@3#D).',5#!,,#"$'#

(,7&&'&E# 7""-%9/"'&# 7*.# &)# )*# ?@3# D).',&# 7-'# %*&"7*"%7"'.# 7&# )9T'("&# %*# "$'#
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model Employee 

-- classes 

class Person 

attributes 

  name : String 

  age : Integer 
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  salary : Real 

operations 

  raiseSalary(rate : Real) : Real 

end 

class Company 

attributes 

  name : String 

  location : String 

operations 

  hire(p : Person) 

  fire(p : Person) 

end 

-- associations 

association WorksFor between 

  Person[*] role employee 

  Company[0..1] role employer 

end 

Example 9.1: USE specification file extracted from [USEw] 
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Figure 9.1: USE graphical user interface 
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-- OCL constraints 

constraints 

context Person inv inv1: self.age >= 18 

Example 9.2: Constraints section of a USE specification file 
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Figure 9.2: Different views inside the USE interface 
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Figure 9.3: OCL expression checking inside USE 
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Figure 9.4: Main window of the OCL 2.0 parser subsystem of the Dresden OCL2 Toolkit 
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Figure 9.5: Parsed constraints into CST format 
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Figure 9.6: Visualization of CST generated by OCL 2.0 parser subsystem 
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Figure 9.7: XMI model loaded within the OCL 2.0 parser subsystem 

N%*7,,=E#,7&"#&"'>#%*#"$'#+)-<0,)+#)0#"$'#123#456#>7-&'-#&/9&=&"'D#%&#")#8'*'-7"'#"$'#

'C7,/7"%)*#)0#"$'#()*&"-7%*"&#7(()-.%*8#")#"$'#?@3#J5P#D).',#,)7.'.5#B0#7*=#'--)-#%&#

0)/*.#7"#"$%&#>-)('&&E#"$%&#")),#%*0)-D&#"$'#/&'-#%*#)-.'-#")#&),C'#%"5#



!!!!!!!! ! %*1!"++9-! W!

 

5FR!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

1*'# )0# "$'# D)&"# %D>)-"7*"# 0'7"/-'&# )0# "$'# 123# 456# >7-&'-# &/9&=&"'D# %&# "$7"# %"#

>-)C%.'&# "$'# >)&&%9%,%"=# )0# ';>)-"%*8# "$'# (/--'*"# ?@3# J5P# D).',# +%"$# "$'# *'+#

()*&"-7%*"&#%*")#7*#h@B#0%,'E#7(()-.%*8#")#"$'#&"7*.7-.#D'"7D).',&5#

H/($# 0/*("%)*7,%"=# %&# C'-=# &%D%,7-# "$7*# )/-# %*"'*"%)*# )0# %*&"7*"%7"%*8# "';"/7,#

()*&"-7%*"&#7*.#"$'*#7..%*8#"$'D#%*")#"$'#h@B#D).',#0%,'5#

#

Figure 9.8: Attribute evaluation and XMI generation within the OCL 2.0 parser subsystem 
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Figure 9.9: MOVA tool initial window 
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Figure 9.10: MOVA UML modeling tool. Class diagram 
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Figure 9.11: Object instantiation inside MOVA tool 
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Figure 9.12: OCL Editor owned by the MOVA tool 
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Figure 9.13: Invariants in MOVA tool 
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Figure 9.14: Result of invariant evaluations within MOVA tool 
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Figure 9.15: IBM OCL Parser 0.3 
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Figure 9.16: Opening UML file into IBM OCL Parser 0.3 
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Figure 9.17: Checking OCL into IBM OCL Parser 0.3 
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Figure 10.1: Tree value with value concepts that are essential in our decision analysis 
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0%-&",=# %*"-)./('.# 9=# V.+7-.&# %*# Jb__5# F$'# C'-&%)*# 7>>,%'.# 7"# "$%&# ($7>"'-# +7&#

';>,7%*'.# ./-%*8# D=# (,7&&'&# )*# .'(%&%)*# D7<%*8# 7*.# >-)T'("# D7*78'D'*"# )*#

9/&%*'&&#SQ[WQVU#7"#\7-(',)*7#H($)),#)0#B*0)-D7"%(&5#

F$'#>/->)&'#)0#"$'#H@!RF#"'($*%I/'#%&#")#C7,/'#"$'#%D>)-"7*('#)0#'7($#*).'#)0#"$'#

C7,/'#"-''5#F$%&#"7&<#()*&%&"&#)*#7&&%8*#7#+'%8$"#")#'7($#7""-%9/"'#"7<%*8#(7-'#"$7"#

'7($#8-)/>#)0#&%9,%*8&#D/&"#$7C'#7#")"7,#+'%8$"#)0#J66p5#

N%-&"#)0#7,,E#+'#$7C'#")#&"7-"#+%"$#"$'#-))"#7""-%9/"'&#8-)/>E#C7,/7"'#"$'DE#7*.#"$'*#

()*"%*/'#"$%&#>-)('&&#+%"$#"$'#.'&('*.7*"#8-)/>&5#

• H"'>&#%*#"$'#H@!RF#>-)('&&A#

J5 N)-#'7($#8-)/>#)0#7""-%9/"'&E#&)-"#"$'D#7(()-.%*8#")#"$'%-#%D>)-"7*('#
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Figure 10.2: Value tree with groups 

$:"#"4"$ G3(65)$)

F$%&# 8-)/># ()*"7%*&# "$'# "$-''# -))"# *).'&# 79)/"# 0'7"/-'&E# .)(/D'*"7"%)*# 7*.#

/&79%,%"=5#!&#+'#%*.%(7"'.#9'0)-'E#0%-&"#&"'>#)0#"$'#H@!RF#"'($*%I/'#%&#")#&)-"#"$'&'#

C7,/'# ()*('>"&# 7(()-.%*8# ")# "$'%-# %D>)-"7*('5# !"# *';"# ';7D>,'# +'# +%,,# &''# "$'#

-'&/,"#)0#"$%&#)-.'-%*85#
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N'7"/-'&#q#[)(/D'*"7"%)*#n#?&79%,%"=#

M%#(20'+#(2&(#&..)1/0'>#()#)71#'%%/-6#0(#0-#*)1%#0*,)1(&'(#&#())3#$0(2#

>))/#&'/#$%33m/).7*%'(%/#"%&(71%-#(2&'#&')(2%1#)'%#(2&(#2&-#&#>))/#

7-&;030(:6#;%.&7-%#(20-#3&-(#.2&1&.(%10-(0.#.)73/#;%#);(&0'%/#;:#)71-%3?%-#
/)0'>#&#>))/#/%?%3),*%'(#&3(2)7>2#)71#;&-%#())3#/0/'l(#2&?%#-7.2#

.2&1&.(%10-(0.@##

Example 10.1: Ordering first group of value concepts 

F$'*E#*';"# &"'># %&# ")# ()D>7-'# "$'# %D>)-"7*('#.'8-''#)0# '7($#C7,/'# ()*('>"#+%"$#

-'&>'("#"$'#)"$'-&E#7*.#0%*7,,=E#()*C'-"#%D>)-"7*('#C7,/'&#%*")#+'%8$"&5#

X%--#0*,)1(&'(#.)'.%,(8#?&79%,%"=#q#J#

9)$#*&':#(0*%-#0-#*)1%#0*,)1(&'(#n).7*%'(&(0)'#(2&'#<-&;030(:o#4#

9)$#*&':#(0*%-#0-#*)1%#0*,)1(&'(#4%&(71%-#(2&'#<-&;030(:o#4#

#

:'%8$"X7Y#q#%D>)-"7*('X7Y#i#!#%D>)-"7*('#

#

M%0>2(#)"#<-&;030(:8#JiX4r4rJY#q#654#s#46p#

M%0>2(#)"#n).7*%'(&(0)'8#4iX4r4rJY#q#65k#s#k6p#

M%0>2(#)"#4%&(71%-8#4iX4r4rJY#q#65k#s#k6p#

Example 10.2: Weights of group 1 members 

F$'-'0)-'E#)*('#+'#$7C'#.)*'#"$'#+'%8$"#(7,(/,7"%)*#0)-#"$%&#0%-&"#8-)/>#7>>,=%*8#

"$'#H@!RF#"'($*%I/'E#+'#)*,=#$7C'#")#-'>'7"#%"#+%"$#"$'#)"$'-#8-)/>&5#

$:"#"4"# G3(65)#)

:%"$%*# &'()*.# 8-)/># "$'-'# 7-'# )*,=# "+)# *).'&# -'>-'&'*"%*8# "$'# ?@3# 7*.# 123#

,7*8/78'&#&/>>)-"'.E#&)#$'-'#%"# %&#*)"#*'('&&7-=#")#7>>,=#"$'#H@!RF#D'"$).5#:'#

"$%*<#"$7"#9)"$#()*('>"&#&$)/,.#$7C'#"$'#&7D'#+'%8$"E#&)#./'#")#"$'#&/D#)0#&/($#

+'%8$"&#D/&"#9'#J66pE#'7($#)*'#)0#"$'&'#()*('>"&#$7&#7#+'%8$"#)0#P6p5#
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M%#(20'+#(2&(#&..)1/0'>#()#)71#'%%/-6#0(#0-#*)1%#0*,)1(&'(#&#())3#$0(2#&#

>))/m-(17.(71%/#-)71.%#.)/%#&'/#&#(%.2'0.&3#*&'7&3#$2%1%#&33#/%-0>'#

&'/#0*,3%*%'(&(0)'#/%.0-0)'-#&1%#%B,3&0'%/#0'#/%(&03#(2&'#&')(2%1#)'%#
(2&(#2&-#&#>))/#7-%1#*&'7&36#;%.&7-%#(20-#3&-(#.2&1&.(%10-(0.#$033#;%#')(#

&-#0*,)1(&'(#&-#)(2%1-#0'#(2%#/%?%3),*%'(#,2&-%#)"#)71#,1).%--)1@#

Example 10.3: Ordering third group of value concepts 

F$'*E#*';"# &"'># %&# ")# ()D>7-'# "$'# %D>)-"7*('#.'8-''#)0# '7($#C7,/'# ()*('>"#+%"$#

-'&>'("#"$'#)"$'-&E#7*.#0%*7,,=E#()*C'-"#%D>)-"7*('#C7,/'&#%*")#+'%8$"&5#

X%--#0*,)1(&'(#.)'.%,(8#?&'-#D7*/7,#q#J#

9)$#*&':#(0*%-#0-#*)1%#0*,)1(&'(#&#A%.2'0.&3#*&'7&3#(2&'#&#<-%1#
*&'7&3o#Z#

9)$#*&':#(0*%-#0-#*)1%#0*,)1(&'(#&#$%33m/).7*%'(%/#=)71.%#.)/%#(2&'#
&#<-%1#*&'7&3o#Z#

#

:'%8$"X7Y#q#%D>)-"7*('X7Y#i#!#%D>)-"7*('#

#

M%0>2(#)"#<-%1#*&'7&38#JiXZrZrJY#q#65JkZ#s#Jkp#

M%0>2(#)"#A%.2'0.&3#*&'7&38#ZiXZrZrJY#q#65k4K#s#kZp#

M%0>2(#)"#=)71.%#.)/%8#ZiXZrZrJY#q#65k4K#s#kZp#

Example 10.4: Weights of group 3 members 
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,1).%--)1@#A20-#.)'.%,(#2&-#(2%#-&*%#0*,)1(&'.%#(2&'#(2%#?%10"0.&(0)'#)"#
jPX#/7%#()#$%#'%%/#&#())3#(2&(#$033#;%#&;3%#()#"0'/#%11)1-#0'#jPX#

%B,1%--0)'-@#

40'&33:6#$%#(20'+#(2&(#jPX#?%1-0)'#-7,,)1(%/#0-#*)1%#0*,)1(&'(#(2&'#0"#(2%#

())3#%B%.7(%-#jPX#%B,1%--0)'#;%.&7-%#$%#&1%#*)1%#0'(%1%-(%/#0'#())3-#(2&(#

-7,,)1(#jPX#Z@S#(2&'#0'#())3-#(2&(#&1%#&;3%#()#%B%.7(%#jPX#%B,1%--0)'-#
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Example 10.5: Ordering 7th group of value concepts 

F$'*E#*';"# &"'># %&# ")# ()D>7-'# "$'# %D>)-"7*('#.'8-''#)0# '7($#C7,/'# ()*('>"#+%"$#

-'&>'("#"$'#)"$'-&E#7*.#0%*7,,=E#()*C'-"#%D>)-"7*('#C7,/'&#%*")#+'%8$"&5#

X%--#0*,)1(&'(#.)'.%,(8#123#';'(/"%)*#q#J#

9)$#*&':#(0*%-#0-#*)1%#0*,)1(&'(#(2%#jPX#?%1-0)'#-7,,)1(%/#(2&'#(2%#
%B%.7(0)'#)"#jPXo#4#

9)$#*&':#(0*%-#0-#*)1%#0*,)1(&'(#&#())3#$0(2#jPX#?%10"0.&(0)'#(2&'#(2%#
%B%.7(0)'#)"#jPXo#Z#

9)$#*&':#(0*%-#0-#*)1%#0*,)1(&'(#&#())3#(2&(#0'-(&'(0&(%-#jPX#
%B,1%--0)'#(2&'#(2%#%B%.7(0)'#)"#jPXo#Z#

#

:'%8$"X7Y#q#%D>)-"7*('X7Y#i#!#%D>)-"7*('#

#

M%0>2(#)"#jPX#%B%.7(0)'8#JiXZrZr4rJY#q#65JJ#s#J4p#

M%0>2(#)"#jPX#?%1-0)'8#4iXZrZr4rJY#q#6544#s#44p#

M%0>2(#)"#jPX#?%10"0.&(0)'8#ZiXZrZr4rJY#q#65ZZ#s#ZZp#

M%0>2(#)"#*%(&*)/%3#0'-(&'(0&(0)'8#ZiXZrZr4rJY#q#65ZZ#s#ZZp##

Example 10.6: Weights of group 3 members 
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$:"#"4"! K'&,1)L,16.)-3..)
 

      
Partial 

Weights 

Leaf 

Weight 

Features     40%   
UML supported 50%   

UML version 40% 8,0% 

  UML model interchange  

format 
60% 12,0% 

OCL supported 50%   

OCL version 22% 4,4% 

Metamodel instantiation 33% 6,6% 

OCL verification 33%   

Syntax and 

semantics 
50% 3,3% 

  
Type         

conformance 
50% 3,3% 

  

OCL execution or             

interpretation 
12% 2,4% 

Documentation     40%   
Quality of source code 43% 17,2% 

User manual 14% 5,6% 

Technical manual 43% 17,2% 

Usability     20%   
Experienced users 50% 10,0% 

Inexperienced users 50% 10,0% 

    100% 
Table 10.1: Weights of value concepts 
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D/,"%>,=%*8#7,,#>'-('*"78'&#0-)D#"$'#-))"#")#'7($#"'-D%*7,#*).'5#

N)-#';7D>,'E#+'#(7*#&''#"$7"#"$'#+'%8$"#)0#"=>'#()*0)-D7*('#*).'#%&#()D>/"'.#7&#

0),,)+&A#

F&1(0&3#M%0>2(H4%&(71%-I#W#VSp#

F&1(0&3#M%0>2(HjPX#-7,,)1(%/I#W#^Sp#

F&1(0&3#M%0>2(HjPX#?%10"0.&(0)'I#W#UUp#

F&1(0&3#M%0>2(HA:,%#.)'")1*&'.%I#W#^Sp#

#

A2%1%")1%6##

A)(&3#M%0>2(HA:,%#.)'")1*&'.%I#W#VSp#B#^Sp#B#UUp#B#^Sp#- #U6Up#

Example 10.7: Calculation of total weight 

56EQEF I871C7"=%K!%M!71"ILK7"=8I;!

1*('#+'#$7C'#7,,#+'%8$"&#0)-#)/-#"'-D%*7,#*).'&#)0#"$'#C7,/'#"-''E#*';"#&"'>#%&#")#

.'0%*'#$)+#")#'C7,/7"'#'7($#7,"'-*7"%C'#"$-)/8$#"$'&'#*).'&5#

F$'#7%D#)0#"$%&#&'("%)*#%&#")#()D>,'"'#7#"79,'#0)-#'7($#7,"'-*7"%C'#()D>)&'.#9=#"$'#

"'-D%*7,#*).'&#)0#"$'#C7,/'#"-''5#N)-#'7($#"'-D%*7,#*).'#"$'-'#%&#7#(',,#%*#"$'#"79,'#

"$7"#D/&"#()*"7%*#"$'#'C7,/7"%)*#)0#"$'#7,"'-*7"%C'#0)-#&/($#()*('>"5#N)-#';7D>,'E#

%*&%.'#"$'#(',,#)0#"$'#()*('>"#IJ7!@(4&,"-#+'#()/,.#+-%"'#KFL#-'>-'&'*"%*8#"$7"#&/($#

")),#&/>>)-"&#?@3#456#C'-&%)*5##

B*# "$'#*';"# "79,'#+'#(7*#/*.'-&"7*.#+$%($#7-'# "$'#C7,/'&# "$7"# (7*#9'#>,7('.# 0)-#

'7($# "'-D%*7,# *).'# )0# "$'# C7,/'# "-''5#L';"# ")# %"#+'#+%,,# &$)+#)*'# "79,'# 0)-# '7($#

7,"'-*7"%C'#"$7"#>7-"%(%>7"'&#%*#)/-#.'(%&%)*#>-)9,'D5#

#
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5V5!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

   

Total 

weigth 

Allowed  

values 

UML version 8,0% 
version  

number 

UML model interchange format 12,0% kind of format 

OCL version 4,4% 
version  

number 

Metamodel instantiation 6,6% Yes or no 

Syntax and semantics 3,3% 

Syntax,  

semantics, 

both or none 

Type conformance 3,3% Yes or no 

OCL execution or interpretation 2,4% 
Way of doing 

this feature 

Quality of source code 17,2% 0 - 10 

User manual 5,6% 0 - 10 

Technical manual 17,2% 0 - 10 

Experienced users 10,0% 0 - 10 

Inexperienced users 10,0% 0 - 10 

   100,0%  

Table 10.2: Allowed values for the terminal nodes of the value tree 

H)E#)/-#.'(%&%)*#+%,,#9'#.'"'-D%*'.#+%"$#"$'#C7,/'&#)0#"$'&'#J4#()*('>"&5#L)"'#"$7"#

,7&"#0%C'#()*('>"&#)0#F79,'#J654#7-'#'C7,/7"'.#/&%*8#*/D9'-&#%*#7#6gJ6#I/7,%"=#&(7,'#

+$'-'#6#%&#,)+'-#C7,/'#7*.#J6#%&#/>>'-#C7,/'5##

$:"#"H"$ %7;)-((1)

L';"#"79,'#-'>-'&'*"&#"$'#'C7,/7"%)*#)0#?HV#")),#0)-#"$'#(/--'*"#"'-D%*7,#*).'&#)0#

)/-#C7,/'#"-''5#

B"# %&# %D>)-"7*"# ")# *)"'# "$7"# %"# $7&# 7# ,)+'-# C7,/'# %*# I/7,%"=# )0# "'($*%(7,# D7*/7,#

()*('>"# ./'# ")# %*# ?HV#+'9# S?HV+U# *)"# ';%&"&# 7# "'($*%(7,#D7*/7,# ';>,7%*%*8# "$'#

.'&%8*#7*.#%D>,'D'*"7"%)*#%*#.'"7%,#)0#&/($#")),5#
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5VQ!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

Alternative: USE Tool   

   

Total 

weigth 
Evaluation 

UML version 8,0% 2.0 

UML model interchange format 12,0% own format 

OCL version 4,4% 2.0 

Metamodel instantiation 6,6% No 

Syntax and semantics 3,3% Both 

Type conformance 3,3% Yes 

OCL execution or interpretation 2,4% 
OCL directly 

interpreted 

Quality of source code 17,2% 8 

User manual 5,6% 8 

Technical manual 17,2% 4 

Experienced users 10,0% 8 

Inexperienced users 10,0% 6 

   100,0%  

Table 10.3: Evaluation of USE tool 

$:"#"H"# <3.2=.&)>*?#)8((1@'-)

L';"# "79,'# -'>-'&'*"&# "$'# 'C7,/7"%)*# )0# [-'&.'*# 1234# F)),<%"# 0)-# "$'# (/--'*"#

"'-D%*7,#*).'&#)0#)/-#C7,/'#"-''5#

Alternative: Dresden OCL2 Toolkit  

   

Total 

weigth 
Evaluation 

UML version 8,0% 1.5 

UML model interchange format 12,0% XMI 

OCL version 4,4% 2.0 

Metamodel instantiation 6,6% Yes 
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5VR!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

Syntax and semantics 3,3% Both 

Type conformance 3,3% Yes 

OCL execution or interpretation 2,4% 
Generating 

code 

Quality of source code 17,2% 8 

User manual 5,6% 5 

Technical manual 17,2% 9 

Experienced users 10,0% 8 

Inexperienced users 10,0% 5 

   100,0%  

Table 10.4: Evaluation of Dresden OCL2 Toolkit 

B"# %&# %D>)-"7*"#")#'D>$7&%G'#"$7"#[-'&.'*#")),#>-)C%.'&#&/>>)-"#")#%*"'->-'"#123#

"$-)/8$#8'*'-7"%)*#)0#j7C7#().'E#9/"#&/($#0'7"/-'#$7&#7#,)+'-#I/7,%"=#"$7*#?HV#")),E#

&)#"$%&#C7,/'#+%,,#9'#,)+'-#"$7*#%*#?HV5#

$:"#"H"/ A>B9)C3(D.+-)

L';"#"79,'#-'>-'&'*"&#"$'#'C7,/7"%)*#)0#@1`!#")),#0)-#"$'#(/--'*"#"'-D%*7,#*).'&#

)0#)/-#C7,/'#"-''5#

Alternative: MOVA Project   

   

Total 
weigth 

Evaluation 

UML version 8,0% 2.0 

UML model interchange format 12,0% own format 

OCL version 4,4% 2.0 

Metamodel instantiation 6,6% No 

Syntax and semantics 3,3% Both 

Type conformance 3,3% Yes 



!!!!!!!! ! A$(0-0+,!G/_0,2!H.+($--! 56!

 

5VS!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

OCL execution or interpretation 2,4% 
OCL  

interpreted 

Quality of source code 17,2% 

Source code 

not  

available 

User manual 5,6% 8 

Technical manual 17,2% 4 

Experienced users 10,0% 7 

Inexperienced users 10,0% 9 

   100,0%  

Table 10.5: Evaluation of MOVA Project 

F$'#D7%*#>-)9,'D#)0#@1`!#>-)T'("#%&#"$7"#&)/-('#().'#%&#*)"#.%-'(",=#7C7%,79,'#0)-#

'C'-=9).=5#F$'-'0)-'#+'#(7**)"#'C7,/7"'# %*#7#>)&%"%C'#+7=#"$%&#.'(%&%)*#9'(7/&'#

+'#*''.#"$'#().'#")#7.7>"#%"#")#)/-#>-)('&&)-5#B*#&>%"'#)0#%"E#+'#"$%*<#"$7"#+'#()/,.#

)9"7%*#"$%&#&)/-('#().'#D7<%*8#7#-'I/'&"#")#@1`!#.'C',)>'-&5#

B"# %&#7,&)# %D>)-"7*"# ")#*)"'# "$7"#+%"$%*# "$%&# ")),#123# %&# %*"'->-'"'.#7*.#';'(/"'.#

9/"#*)"#.%-'(",=#7&# %*#?HV5#@1`!#(7*#)*,=#';'(/"'#123#>,7('.#7&#()*&"-7%*"&#)0#7#

D).',#+$'-'7&#?HV#(7*#';'(/"'#123#';>-'&&%)*&#+%"$)/"#7#D).',#7&#0)-#';7D>,'#

)>'-7"%)*&#+%"$#(),,'("%)*#)0#B*"'8'-&5#

$:"#"H"4 EFA)>*?)C,32.3)

L';"# "79,'# -'>-'&'*"&# "$'# 'C7,/7"%)*#)0# B\@#123#Q7-&'-# 0)-# "$'# (/--'*"# "'-D%*7,#

*).'&#)0#)/-#C7,/'#"-''5#

Alternative: IBM OCL Parser   

   

Total 

weigth 
Evaluation 

UML version 8,0% 1.1 

UML model interchange format 12,0% own format 

OCL version 4,4% 1.1 
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5VF!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

Metamodel instantiation 6,6% No 

Syntax and semantics 3,3% Both 

Type conformance 3,3% Yes 

OCL execution or interpretation 2,4% No 

Quality of source code 17,2% 7 

User manual 5,6% 4 

Technical manual 17,2% 3 

Experienced users 10,0% 6 

Inexperienced users 10,0% 4 

   100,0%  

Table 10.6: Evaluation of IBM OCL Parser 

F$'#D7%*#>-)9,'D#)0#"$%&#")),#%&#"$7"#&/>>)-"#),.'-#C'-&%)*#)0#9)"$#?@3#7*.#123#

,7*8/78'&E#&)#%"#+%,,#>'*7,%G'#"$%&#7,"'-*7"%C'5#

56EQE4 K%LG71=a7"=%K!

B*#)-.'-#")#'C7,/7"'#'7($#7,"'-*7"%C'#+'#$7C'#($)&'*#7#C7,/'#0)-#'7($#7""-%9/"'#"$7"#

%&#%D>)-"7*"#%*#"$%&#7*7,=&%&#>-)('&&5#\/"#"$'&'#7""-%9/"'&#X)-#"'-D%*7,#*).'&#)0#"$'#

C7,/'#"-''Y#7-'#.'0%*'.#%*#.%00'-'*"#&(7,'&5#

F$'#*)-D7,%G7"%)*#>-)('&&#()*&%&"&#)*#"-7*&0)-D%*8#"$'#C7,/'&#)0#"$'#7""-%9/"'&#")#

7#/*%I/'#&(7,'#%*#)-.'-#")#788-'87"'#"$'D#7*.#"$'*#)9"7%*#"$'#")"7,#C7,/'#)0#'7($#

7,"'-*7"%C'5#

:'#+%,,# /&'# 7# 6# g# J66# &(7,'E# &)#+'#+%,,# .'&(-%9'#+$7"#+'# $7C'# ")# .)#+%"$# '7($#

7""-%9/"'#0)-#")#)9"7%*#%"&#*)-D7,%G'.#C7,/'&5#
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5V4!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

$:"#"I"$ %A?)L.32'(&)

F$%&#7""-%9/"'#-'>-'&'*"&#"$'#?@3#C'-&%)*#&/>>)-"'.#0)-#"$'#")),#"$7"#%&#'C7,/7"'.5#

B"&#C7,/'&#7-'#J5JE#J5P#)-#4565#

:'#$7C'#0),,)+'.#"$'#*';"#-/,'#")#*)-D7,%G'#&/($#C7,/'&A#

D)1*&30Q&(0)'#)"#&((10;7(%#<CX#?%1-0)'8#

<CX#?%1-0)'#- #D)1*&30Q%/#?&37%#

O@O#- #US#

O@^#- #[S#

Z@S#- #TS#

M%#2&?%#.2)-%'#(2%-%#-.&3%#.2&'>%#()#0'/0.&(%#(2&(#())3-#$0(2#&'#%&130%1#

?%1-0)'#)"#<CX#&1%#;%((%1#?&37%/@#

Example 10.8: Normalization of UML version 

$:"#"I"# %A?)M(=.1)'&-.3+N,&O.)P(3M,-)

F$%&# 7""-%9/"'# -'>-'&'*"&#+$%($# %&# "$'# 0)-D7"#/&'.# ")# ,)7.E# &")-'# 7*.# &$7-'#?@3#

D).',&# 9=# "$'# ")),# "$7"# %&# 'C7,/7"'.5# H/($# 0)-D7"&# 7-'# h@BE# +$%($# %&# "$'# 9'""'-#

C7,/'.E#7*.#7#0)-D7"#)+*'.#9=#'7($#")),E#%5'5E#*)"#&"7*.7-.#0)-D7"5#

D)1*&30Q&(0)'#)"#&((10;7(%#*)/%3#0'(%1.2&'>%#")1*&(8#

!'(%1.2&'>%#")1*&(#- #D)1*&30Q%/#?&37%#

)$'#")1*&(#- #VS#

eC!#- #OSS#

Example 10.9: Normalization of UML model interchange format 
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5VT!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

$:"#"I"/ >*?)L.32'(&)

F$%&#7""-%9/"'#-'>-'&'*"&#"$'#123#C'-&%)*#&/>>)-"'.#0)-#"$'#")),#"$7"#%&#'C7,/7"'.5#

B"&#C7,/'&#7-'#J5J#)-#4565#

:'#$7C'#0),,)+'.#"$'#*';"#-/,'#")#*)-D7,%G'#&/($#C7,/'&A#

D)1*&30Q&(0)'#)"#&((10;7(%#jPX#?%1-0)'8#

jPX#?%1-0)'#- #D)1*&30Q%/#?&37%#

O@O#- #US#

Z@S#- #TS#

M%#2&?%#.2)-%'#(2%-%#-.&3%#.2&'>%#()#0'/0.&(%#(2&(#())3-#$0(2#&'#%&130%1#

?%1-0)'#)"#jPX#&1%#;%((%1#?&37%/@#

Example 10.10: Normalization of OCL version 

$:"#"I"4 A.-,M(=.1)'&2-,&-',-'(&)

F$%&#7""-%9/"'#-'>-'&'*"&#%0#7#")),#%*&"7*"%7"'&#123#';>-'&&%)*&#7*.#?@3#','D'*"&#

%*#7#D'"7D).',5#F$%&# 0'7"/-'# %&#C'-=# %D>)-"7*"# 0)-#/&E#&)# %"#$7&# 0),,)+'.#"$'#*';"#

-/,'#")#.)#"$'#*)-D7,%G7"%)*5#

D)1*&30Q&(0)'#)"#&((10;7(%#C%(&*)/%3#0'-(&'(0&(0)'8#

-7,,)1(-#0'-(&'(0&(0)'o#- #D)1*&30Q%/#?&37%#

D)#- #US#

f%-#- #OSS#

M%#,7(#US#0'-(%&/#)"#S#")1#(2%#kD)l#?&37%#0'#)1/%1#()#&?)0/#3&1>%#/%?0&(0)'-#

;%($%%'#(2%#($)#,)--0;030(0%-@#

Example 10.11: Normalization of Metamodel instantiation 
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5VV!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

$:"#"I"H 7Q&-,R),&=)2.M,&-'+2)

F$%&#7""-%9/"'#-'>-'&'*"&# %0#7# ")),#($'(<&# %0#123#';>-'&&%)*&#7-'#+',,# 0)-D'.#7*.#

/&'#()--'(",=#?@3#','D'*"&#)0#"$'#D).',&5#F$%&#0'7"/-'#%&#*)-D7,%G'.#0),,)+%*8#"$'#

*';"#-/,'5#

D)1*&30Q&(0)'#)"#&((10;7(%#=:'(&B#&'/#-%*&'(0.-8#

.2%.+-#-:'(&B#&'/#-%*&'(0.-o#- #D)1*&30Q%/#?&37%#

D)#- #S#

j'3:#=:'(&B#- #US#

N)(2#- #OSS#

Example 10.12: Normalization of Syntax and semantics 

$:"#"I"I 8Q5.)+(&P(3M,&+.)

F$%&# 7""-%9/"'# %*.%(7"'&# %0# 7# ")),# ($'(<&# %0# "$'# "=>'&# )0# .%00'-'*"# ','D'*"&# %*#123#

';>-'&&%)*&# 7-'# ()D>7"%9,'5# H/($# 0'7"/-'# %&# '&&'*"%7,# 0)-# ()--'("# /&78'# )0#

)>'-7"%)*&#7*.#0)-#7#>)&&%9,'#0/"/-'#%*"'->-'"7"%)*#)0#"$'#,7*8/78'5#

F$%&#0'7"/-'#%&#*)-D7,%G'.#0),,)+%*8#"$'#*';"#-/,'5#

D)1*&30Q&(0)'#)"#&((10;7(%#A:,%#.)'")1*&'.%8#

.2%.+-#(:,%#)"#jPX#%B,1%--0)'o#- #D)1*&30Q%/#?&37%#

D)#- #US#

f%-#- #OSS#

Example 10.13: Normalization of Type conformance 

$:"#"I"J >*?).R.+6-'(&)(3)'&-.353.-,-'(&)

F$%&#7""-%9/"'#%*.%(7"'&#%0#7#")),#';'(/"'&#)-#%*"'->-'"&#123#';>-'&&%)*&5#!,"$)/8$#

"$%&# 0'7"/-'# %&# *)"# 7*# )9T'("%C'# 0)-# )/-# >-)('&&)-# )0# 123# ';>-'&&%)*&E# ")),&#
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5VW!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!

>-)C%.%*8# "$%&# 0/*("%)*7,%"=# +%,,# 9'# ()D>'*&7"'.# +%"$# 7# 9'""'-# C7,/'# %*# "$%&#

7""-%9/"'5#

F$%&#0'7"/-'#%&#*)-D7,%G'.#0),,)+%*8#"$'#*';"#-/,'5#

D)1*&30Q&(0)'#)"#&((10;7(%#jPX#%B%.7(0)'#)1#0'(%1,1%(&(0)'8#

?&37%#- #D)1*&30Q%/#?&37%#

jPX#/01%.(3:#0'(%1,1%(%/#- #OSS#

jPX#0'(%1,1%(%/#- #_^#

d%'%1&(0'>#.)/%#- #^S#

D)#- #Z^#

Example 10.14: Normalization of OCL execution or interpretation 

$:"#"I"! S6,1'-Q)(P)2(63+.)+(=.)

F$%&#7""-%9/"'#-'>-'&'*"&#+%"$#7#*/D9'-#0-)D#6#")#J6#"$'#I/7,%"=#)0#"$'#&)/-('#().'#

)0#"$'#")),#"$7"#%&#'C7,/7"'.5##

D)1*&30Q&(0)'#)"#&((10;7(%#q7&30(:#)"#-)71.%#.)/%8#

?&37%#- #D)1*&30Q%/#?&37%#

SmOS#'7*;%1#*73(0,30%/#;:#OS#()#);(&0'#&#SmOSS#-.&3%#

Example 10.15: Normalization of Quality of source code 

B"#%&#%D>)-"7*"#")#*)"'#"$7"#"$'#>7-"%(/,7-#(7&'#)0#@1`!#")),#+$'-'#"$'#&)/-('#().'#

%&#*)"#.%-'(",=#7C7%,79,'#+%"$#"$'#-','7&'#)0#"$'#")),#+%,,#9'#'C7,/7"'.#+%"$#7#C7,/'#)0#

46#%*#)-.'-#")#7C)%.#,7-8'#.'C%7"%)*&#9'"+''*#"$'#C7,/'&#)0#"$%&#7""-%9/"'5#

$:"#"I"T %2.3)M,&6,1)

F$%&# 7""-%9/"'# -'>-'&'*"&# +%"$# 7# */D9'-# 0-)D# 6# ")# J6# "$'# I/7,%"=# )0# "$'# /&'-#

D7*/7,#)0#"$'#")),#"$7"#%&#'C7,/7"'.5##



!!!!!!!! ! A$(0-0+,!G/_0,2!H.+($--! 56!

 

5W6!
7,)+,0+!8099$2/-!

:/.($9+,/!;(#++9!+<!=,<+.>/)0(-!

1/,23/2$-!/,?!;@-)$>-!A$B/.)>$,)!

"$(#,0(/9!C,0D$.-0)@!+<!*/)/9+,0/!

"#$%&''()*'!

+%),&'')%!
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Example 10.16: Normalization of User manual 

$:"#"I"$: 8.+N&'+,1)M,&6,1)

F$%&#7""-%9/"'#-'>-'&'*"&#+%"$#7#*/D9'-#0-)D#6#")#J6#"$'#I/7,%"=#)0#"$'#"'($*%(7,#

D7*/7,&#)0#"$'#")),#"$7"#%&#'C7,/7"'.5##

D)1*&30Q&(0)'#)"#&((10;7(%#q7&30(:#)"#A%.2'0.&3#*&'7&3-8#

?&37%#- #D)1*&30Q%/#?&37%#

SmOS#'7*;%1#*73(0,30%/#;:#OS#()#);(&0'#&#SmOSS#-.&3%#

Example 10.17: Normalization of Technical manual 
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%&#'C7,/7"'.#+%"$#-'&>'("#")#';>'-%'*('.#/&'-&5##

D)1*&30Q&(0)'#)"#&((10;7(%#YB,%10%'.%/#7-%1-8#

?&37%#- #D)1*&30Q%/#?&37%#

SmOS#'7*;%1#*73(0,30%/#;:#OS#()#);(&0'#&#SmOSS#-.&3%#

Example 10.18: Normalization of Experienced users 
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%&#'C7,/7"'.#+%"$#-'&>'("#")#%*';>'-%'*('.#/&'-&5##
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Example 10.19: Normalization of Inexperienced users 

56EQET 7\\LI\7"=%K!%M!871CI;!

F$%&# 0%*7,# >-)('&&# (7,(/,7"'&# "$'# /"%,%"=# )0# '7($# 7,"'-*7"%C'# 7(()-.%*8# ")# 9)"$# "$'#

+'%8$"#)0#'7($#7""-%9/"'#7*.#"$'#*)-D7,%G'.#C7,/'#)0#"$'D5#

!..%*8# "$'#C7,/'&# "$7"# -'&/,"# 0-)D#"$%&#>-)('&&#+'#)9"7%*# "$'# 0%*7,#C7,/'#)0#'7($#

7,"'-*7"%C'5#!"#*';"#';7D>,'#+'#+%,,#&''#$)+#")#(7,(/,7"'#"$'&'#C7,/'&E#7,&)#(7,,'.#

+'%8$'.#C7,/'&5#

9)$#()#.&3.73&(%#$%0>2%/#?&37%#")1#<CX#?%1-0)'#&((10;7(%#")1#<=Y#

&3(%1'&(0?%8#

M%0>2(#)"#<CX#E%1-0)'#&((10;7(%8#\@Sp#

Y?&37&(0)'#")1#<=Y#A))3#&3(%1'&(0?%8#Z@S#

D)1*&30Q%/#?&37%8#Z@S#- #TS#

M%0>2%/#?&37%#W#M%0>2(#B#D)1*&30Q%/#?&37%#W#\@Sp#B#TS#W#_@Z#

Example 10.20: How to calculate weighed value for an attribute 

L';"#&"'>#%&#")#&$)+#"$'#0)/-#"79,'&#0)-#)/-#0)/-#7,"'-*7"%C'&E#%*(,/.%*8#*)-D7,%G'.#

C7,/'&E#+'%8$'.#C7,/'&E#7*.#"$'#788-'87"%)*#)0#"$'&'#)*'&5#

B"# %&# %D>)-"7*"# ")# *)"'# "$7"# +'# (7*# 0%*.# "$'# 0%*7,# 'C7,/7"%)*# C7,/'# 0)-# '7($#

7,"'-*7"%C'#%*&%.'#"$'&'#"79,'&5#
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(7,(/,7"'.#7&#';>,7%*'.#7"#V;7D>,'#J65465#

Alternative: USE Tool    

   

Total 

weigth 
Evaluation 

Normalized 

values 

Weighed 

values 

UML version 8,0% 2.0 90 7,2 

UML model  

interchange format 
12,0% own format 40 4,8 

OCL version 4,4% 2.0 90 3,96 

Metamodel  

instantiation 
6,6% No 30 1,98 

Syntax and  

semantics 
3,3% Both 100 3,3 

Type conformance 3,3% Yes 100 3,3 

OCL execution or  
interpretation 

2,4% 
OCL directly 

interpreted 
100 2,4 

Quality of source 

code 
17,2% 8 80 13,76 

User manual 5,6% 8 80 4,48 

Technical manual 17,2% 4 40 6,88 

Experienced users 10,0% 8 80 8 

Inexperienced 

users 
10,0% 6 60 6 

   100,0%  TOTAL 66,06 

Table 10.7: Table of aggregated values for USE tool 

B"#%&#%D>)-"7*"#")#*)"'#"$7"#"$%&#7,"'-*7"%C'#$7&#7#/"%,%"=#C7,/'#)0#OO56OE#+$%($#%&#"$'#

7..%"%)*#)0#'7($#7""-%9/"'#/"%,%"=5#
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Alternative: Dresden OCL2 Toolkit   

  

Total 

weigth 
Evaluation 

Normalized 

values 

Weighed 

values 

UML version 8,0% 1,5 60 4,8 

UML model  

interchange format 
12,0% XMI 100 12 

OCL version 4,4% 2.0 90 3,96 

Metamodel  

instantiation 
6,6% Yes 100 6,6 

Syntax and  
semantics 

3,3% Both 100 3,3 

Type conformance 3,3% Yes 100 3,3 

OCL execution or 

interpretation 
2,4% 

Generating 

code 
50 1,2 

Quality of source 

code 
17,2% 8 80 13,76 

User manual 5,6% 5 50 2,8 

Technical manual 17,2% 9 90 15,48 

Experienced users 10,0% 8 80 8 

Inexperienced 

users 
10,0% 5 40 4 

 100%  TOTAL 79,20 

Table 10.8: Table of aggregated values for Dresden OCL2 Toolkit 

B"#%&#%D>)-"7*"#")#*)"'#"$7"#"$%&#7,"'-*7"%C'#$7&#7#/"%,%"=#C7,/'#)0#_b546E#+$%($#%&#"$'#

7..%"%)*#)0#'7($#7""-%9/"'#/"%,%"=5#

#
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Alternative: MOVA Project   

   

Total 

weigth 
Evaluation 

Normalized 

values 

Weighed 

values 

UML version 8,0% 2.0 90 7,2 

UML model  

interchange format 
12,0% own format 40 4,8 

OCL version 4,4% 2.0 90 3,96 

Metamodel  
instantiation 

6,6% No 30 1,98 

Syntax and  

semantics 
3,3% Both 100 3,3 

Type conformance 3,3% Yes 100 3,3 

OCL execution or 

interpretation 
2,4% 

OCL  

interpreted 
75 1,8 

Quality of source 

code 
17,2% 

Source code 

not  

available 

20 3,44 

User manual 5,6% 8 80 4,48 

Technical manual 17,2% 4 40 6,88 

Experienced users 10,0% 7 70 7 

Inexperienced 

users 
10,0% 9 90 9 

   100,0%  TOTAL 57,14 

Table 10.9: Table of aggregated values for MOVA Project 

B"#%&#%D>)-"7*"#")#*)"'#"$7"#"$%&#7,"'-*7"%C'#$7&#7#/"%,%"=#C7,/'#)0#P_5JkE#+$%($#%&#"$'#

7..%"%)*#)0#'7($#7""-%9/"'#/"%,%"=5#
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Alternative: IBM OCL Parser   

   

Total 

weigth 
Evaluation 

Normalized 

values 

Weighed 

values 

UML version 8,0% 1.1 30 2,4 

UML model  

interchange format 
12,0% own format 40 4,8 

OCL version 4,4% 1.1 30 1,32 

Metamodel  

instantiation 
6,6% No 30 1,98 

Syntax and  

semantics 
3,3% Both 100 3,3 

Type conformance 3,3% Yes 100 3,3 

OCL execution or 

interpretation 
2,4% No 25 0,6 

Quality of source 

code 
17,2% 7 70 12,04 

User manual 5,6% 6 60 3,36 

Technical manual 17,2% 3 30 5,16 

Experienced users 10,0% 6 60 6 

Inexperienced users 10,0% 4 40 4 

   100,0%  TOTAL 48,26 

Table 10.10: Table of aggregated values for IBM OCL Parser 

B"#%&#%D>)-"7*"#")#*)"'#"$7"#"$%&#7,"'-*7"%C'#$7&#7#/"%,%"=#C7,/'#)0#kK54OE#+$%($#%&#"$'#

7..%"%)*#)0#'7($#7""-%9/"'#/"%,%"=5#
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!&#+'# $7C'# &''*# 7,)*8# "$%&# ($7>"'-E# [-'&.'*#1234#F)),<%"# 7*.# >7-"%(/,7-,=#123#

Q7-&'-#&/9&=&"'D#+%"$%*# %"# %&# "$'#9'&"#")),# 0)-#")#9'#"$'#97&%&#)0#)/-#>-)('&&)-#)0#

123#';>-'&&%)*&5#

!"#*';"#%D78'#+'#(7*#&''#%*#7#8-7>$%(7,#+7=#"$'#-'&/,"#C7,/'&#)0#"$'#@/,"%#2-%"'-%7#

['(%&%)*#!*7,=&%&#X@2[!Y#>-)('&&#7>>,%'.5#

#

Figure 10.3: Result values of the decision making process 

N%-&"#>)&%"%)*#%&#0)-#[-'&.'*#")),#0),,)+'.#9=#?HVE#@1`!E#7*.#0%*7,,=#"$'#B\@#")),5#
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9'&"#7,"'-*7"%C'#")#($))&'#%*#7#()D>,';#.'(%&%)*5#
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79,'# ")#.'(%.'#+$%($#+%,,# 9'# "$'#123# ")),# "$7"#+'#*''.# ")#/&'# 7&# 7#97&%&# 0)-#)/-#

.'&%8*#7*.#%D>,'D'*"7"%)*#"7&<&#)0#)/-#>-)('&&)-#)0#123#';>-'&&%)*&5#
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.'C',)>D'*"#>$7&'#)0#)/-#>-)T'("E#%*#)/-#(7&'E#"$'#123#456#Q7-&'-#H/9&=&"'D#)0#"$'#

[-'&.'*#1234#F)),<%"E#")#/*.'-&"7*.#7#97&%(#.'&%8*#>7""'-*#"$7"#()*0)-D&#"$'#()-'#

)0#&/($#")),#9'()D'&#7*#'&&'*"%7,#T)95#

F$'-'0)-'E#7,)*8#"$%&#($7>"'-#+'#+%,,#%*"-)./('#"$'#C%&%")-#>7""'-*#7*.#%"&#>-%*(%>7,#

($7-7("'-%&"%(&5# B0# 7# D)-'# ';$7/&"%C'# ';>,7*7"%)*# %&# *''.'.E# %"# (7*# 9'# 0)/*.# 7"#

SWabPU5##

55EQ 7!*%GG%K!HL%:1IG!

BD78%*'# =)/# $7C'# .%00'-'*"# (,7&&'&# )0# >-)./("&# %*# 7*# %*"'-7("%C'# +'95# N)-# '7($#

>-)./("# %"&# ()C'-# %D78'# %&# .%&>,7='.5# H/($# >-)./("&# 7-'# [`[&E# 2[&E# \))<&# 7*.#

`%.')87D'&E# 7,,# .'-%C'.# 0-)D# (,7&&# Q-)./("# X&''# N%8/-'# JJ5JY5# VC'-=# "%D'# 7# /&'-#

(,%(<&#7*#%D78'E#7#D'"$).#%&#(7,,'.#+%"$#"$'#()--'&>)*.%*8#)9T'("#7&#7#>7-7D'"'-5#

H/($#D'"$).#*''.&#")#.)#7#.%00'-'*"# T)9#7(()-.%*8#")# "$'#(,7&&# "=>'#)0# "$'#)9T'("#

>7&&'.#7&#7#>7-7D'"'-5#N)-#';7D>,'E# %"#+%,,#>-%*"#7#D'&&78'# %*.%(7"%*8# "$'#)9T'("#

(,7&&#"$7"#+7&#&','("'.5#

B"#()/,.#9'#%D>,'D'*"'.#/&%*8#%0#()*&"-/("%)*&#7*.#7*#)>'-7"%)*#"$7"#%.'*"%0%'&#"$'#

(,7&&#"=>'#)0#7*#)9T'("#X'585E#%*&"7*(')0#%*#j7C7#>-)8-7DD%*8#,7*8/78'Y5#1*'#+7=#")#

.)#"$%&#%&#7&#&$)+*#7"#V;7D>,'#JJ5J5#
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Figure 11.1: Hierarchical structure of Product objects 

 

void process(Product p) 

{ 

 if (p instanceof Dvd) { 

  System.out.println(“You have chosen a DVD”); 

 } 

 else if (p instanceof Cd) { 

  System.out.println(“You have chosen a CD”);  

 } 

 else if (p instanceof Book) { 

  System.out.println(“You have chosen a Book”); 

 } 

 else if (p instanceof Videogame) { 

  System.out.println(“You have chosen a Videogame”); 

 } 

} 

Example 11.1: If construction and instanceof operation to process different objects 

"#$!%&'()*&+!,-&,&%$.!/)!01/2,'$!3343!*%!!(!)!/)!5&-%)!6/%$!7$6/(%$!*8!5$!#/9$!!!

.*88$-$+)!6'/%%$%!&8!,-&.(6)%:!*)!6&('.!+$$.!!"#!6&2,/-*%&+%!)&!8*+.!)#$!6&--$6)!6/%$!

*+%*.$!)#$!*8!%)-(6)(-$4!!
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)&! .&! )#*%! =&7!7()!5*)#! /!!(#)! 6&%)! *%! )&! *2,'$2$+)! /!2$)#&.! 8&-! $/6#! 6'/%%! )#/)!

-$)(-+%!/!+(27$-!*.$+)*8<*+>!$/6#!?*+.!&8!,-&.(6)4!

void process(Product p) 

{ 

 switch (p.identifier())  

 { 

  case Dvd.IDENTIFIER:  

   System.out.println(“You have chosen a DVD”); 

   break; 

  case Cd.IDENTIFIER:  

   System.out.println(“You have chosen a DVD”); 

   break; 

  case Book.IDENTIFIER:  

   System.out.println(“You have chosen a DVD”); 

   break; 

  case Videogame.IDENTIFIER:  

   System.out.println(“You have chosen a DVD”); 

   break; 

 } 

} 

// Every class has a new attribute and a getter method as follows: 

public static final int IDENTIFIER = x;  //where x is a number 

public int identifier()  

{  

 return IDENTIFIER; 

} 

Example 11.2: Identifiers usage to identify each kind of product 

@&5$9$-:! %*+6$! )#*%! %&'()*&+! .$'$>/)$%! )#$! 6&+)-&'! /+.! -$%,&+%*7*'*)<! &8!

2/*+)/*+*+>! )#$! *.$+)*8*$-%! )&! )#$! ,-&>-/22$-:! *)! 7$6&2$%! $--&-A,-&+$! 7$6/(%$!

$1*%)%!)#$!,&%%*7*'*)<!&8!#/9*+>!-$,$)*)*&+%!*+!)#$!+(27$-*+>!&8!)#$!*.$+)*8*$-%4!!

B$8&-$! $1,'/*+*+>! )#$! 6&--$6)! %&'()*&+! (%*+>! )#$! 9*%*)&-! .$%*>+! ,/))$-+:!5$!2(%)!

*+)-&.(6$!)#$!6&+6$,)!&8!.&(7'$!.*%,/)6#!2$6#/+*%24!
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/0C!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

..DC >E@4:F!>86+1"BG!

C&(7'$! .*%,/)6#! 2$6#/+*%2! *%! (%$8('! *+! %*)(/)*&+%! 5#$-$! )#$! -$%(')! &8! /!

6&2,()/)*&+! .$,$+.%! &+! )#$! -(+A)*2$! )<,$%! &8! )#$! &7=$6)%! )#/)! /-$! ,/-)! &8! *)4! D)!

6&+%*%)%! *+!/!2$6#/+*%2! )#/)! %$+.%!/! 8(+6)*&+!6/''! )&!.*88$-$+)! 6&+6-$)$!2$)#&.%!

.$,$+.*+>!&+!)#$!-(+A)*2$!)<,$%!&8!)#$!&7=$6)%!*+9&'9$.!*+!)#$!6/''4!

!

Figure 11.2: Object structure where to apply double dispatch mechanism 

D8! 5$! /-$! *+! /! %*)(/)*&+! %*2*'/-! )#/+! %#&5+! /)! E*>(-$! 334F:! 5$! 6/+! *+%)/+)*/)$!

&7=$6)%!&8!)<,$!;3!&-!;F:!7()!+&)!&8!)<,$!;!7$6/(%$! *)! *%!/+!/7%)-/6)!6'/%%4!G*2*'/-!

7$#/9*&(-!#/,,$+%!5*)#!B!%)-(6)(-$4!!

!"#$%&' ()*+,-./' 0&./,1)*02' ,' 3,4' "5' *&1(' ,' 5#1.-)"1' .,%%' -"' ()55&6&1-'

."1.6&-&' 0&-/"(*' )1' -3"' *-&+*' (&+&1()17' "1' -/&' 6#18-)0&' -4+&*' "5' -/&'

"$9&.-*')1:"%:&(')1'-/&'.,%%;'

Definition 11.1: Double dispatch mechanism 

"#$!;!#*$-/-6#<!-$,-$%$+)%!/!6&22&+!&7=$6)!%)-(6)(-$:!/+.!)#$!B!&+$!-$,-$%$+)%!

)#$!6'/%%$%!)#/)!6&+)/*+!2$)#&.%!)&!5&-?!&9$-!)#/)!#*$-/-6#<4!

!
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/0H!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

@&5$9$-:!5$!6/+!5-/,!/!6&+6-$)$!6'/%%!*+%*.$!/+!/7%)-/6)!6'/%%!/%!8&''&5%H!

A mya1 = new A1(); // mya1 wraps and object of type A1 

A mya2 = new A2(); // mya2 wraps and object of type A2 

Example 11.3: Wrapping concrete instances into an abstract object 

"#*%! 6/%$! *%! 6&--$6)! 7$6/(%$! /! %(,$-6'/%%! 6/+! 7$! *+%)/+)*/)$.! 5*)#! /! %(76'/%%!

*+%)/+6$4!"#$+:!5$!6/+!5&-?!5*)#!;!&7=$6)%!)#/)!*+)$-+/''<!/-$!;3!&-!;F!&7=$6)%4!

I&5:!*8!5$!.$%6-*7$!)#$!2$)#&.;!*+%*.$!/7%)-/6)!6'/%%!;!/%!8&''&5%:!5$!/-$!/7'$!)&!

*+)-&.(6$!)#$!.&(7'$!.*%,/)6#!6&+6$,)!5*)#!/+!$1/2,'$4!

<&'(&5)1&'methodA')1',$*-6,.-'.%,**'=',*'5"%%"3*2'

void methodA (B objB) 

{ 

 objB.compute(this); 

} 

Example 11.4: Double dispatch mechanism 

G*+6$!*+!B!)#$-$!/-$!)5&!2$)#&.%!+/2$.!J6&2,()$K!5*)#!.*88$-$+)!,/-/2$)$-%:!*4$4:!

&+$!5*)#!/!;3!,/-/2$)$-!/+.!&)#$-!5*)#!/!;F!,/-/2$)$-:!)#$!2$)#&.!)#/)!5*''!7$!

6/''$.!*%!.$)$-2*+$.!7<!)#$!-(+A)*2$!)<,$!&8!)#$!;!&7=$6)4!

"#$!.&(7'$!.*%,/)6#!2$6#/+*%2! *%!?+&5+!5*)#! )#*%!+/2$!7$6/(%$!&8! )#*%!.&(7'$!

6/''4!;)!01/2,'$!334L!)#$!&()$-!6/''!*%!+$$.$.!)&!.$)$-2*+$!)#$!)<,$!&8!)#$!6'/%%!)#/)!

6/''%!*):!/+.!)#$!*++$-!6/''!.$)$-2*+$!)#$!)<,$!&8!)#$!,/-/2$)$-!*+!)#$!&()$-!6/''!)&!

?+&5! 5#*6#! *%! )#$! *++$-! 2$)#&.! 7$6/(%$! *)! *%! 6/''$.! &9$-! )#$! &()$-! ,/-/2$)$-!

&7=$6):!*4$4:!%(6#!2$)#&.!7$'&+>%!)&!*)4!!

M$!5*''!%$$!)#*%!7$#/9*&(-!*+!.$)/*'!/)!8&''&5*+>!$1/2,'$4!D)%!*2,&-)/+)!)&!+&)$!)#/)!

)#*%! .&(7'$! 6/''! 2$6#/+*%2! *%! 8/%)$-! /+.! /9&*.%! )&! (%$! *.$+)*8*$-%! &-! &)#$-!

6&+%)-(6)*&+%!)#/)!6/+!*+)-&.(6$!$--&-%4!



!!!!!!!! ! "#$!%&'&()*!+,(($*-! ..!

 

/0I!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

N(-!,(-,&%$!*%!)&!2/*+)/*+!/!%)-(6)(-$!&8!&7=$6)%!/+.!/+&)#$-!&+$!5#$-$!)&!.$6'/-$!

)#$!5&-?*+>!6'/%%$%:!)#/)!*%:!)#$!6'/%%$%!)#/)!#/9$!)#$!-$%,&+%*7*'*)<!)&!.&!)#$!5&-?!

+$$.$.!&9$-!)#$!&7=$6)!%)-(6)(-$4!

>5'3&'(&.%,6&2'

A mya1 = new A1();  

A mya2 = new A2(); 

B myb1 = new B1();  

B myb2 = new B2();  

3&'/,:&'1"3'-3"'='"$9&.-*',1('-3"'?'"$9&.-*',1('3&'.,1'.,%%'-/&'
5"%%"3)172'

myA1.methodA(myb2); // that internally calls myb2.compute(this); 

-/)*'.,%%'3)%%'("2'

@8 myA1')*','6&5&6&1.&'-"','A1')1*-,1.&A'*"',-'6#18-)0&'-/)*')*'B1"31'C"A'-/&'

.,%%'0&-/"(')*'A::methodA'-/,-')*'."00"1'5"6'$"-/'A1',1( A2')1*-,1.&*'

D8 >1-&61,%%4'myb2.compute(this)')*'.,%%&(A'3/&6&'myb2')*','6&5&6&1.&'-"','

B2')1*-,1.&;'C"A')-'3)%%'#*&'"1&'"5'-/&'-3"'compute'0&-/"(*'(&.%,6&('

)1-"'B2'.%,**;'E"1.6&-&%4A')-'3)%%'$&'(&.)(&('"1.&'-/&'-4+&'"5'-/)*')*'

&:,%#,-&(;'F/&1A'3&',6&'.,%%)17'-/&'compute'0&-/"(')1*)(&'-/&'methodA'
.,%%&('5"6 myA1A'3/)./')*'-/& ‘this’')1*-,1.&A',1('3&',76&&'-/,-'myA1'

)*'"5'A1'-4+&;'F/&6&5"6&A'-/&'compute'0&-/"('"5'B2'#*&(')*'-/&'"1&'-/,-'

/,*','A1'"$9&.-',*','+,6,0&-&6A');&;A'-/&'B2::compute(A1);'

Example 11.5: Double dispatch explained 

M*)#! )#*%! ?*+.!&8!.&(7'$! 6/''%!5$! 6/+! %$,/-/)$! )#$!#*$-/-6#<!&8! &7=$6)%! 8-&2! )#$!

/'>&-*)#2%!)#/)!5&-?!&9$-!)#$2:!/%!5$!%/*.!7$8&-$4!

I&5:!/)!+$1)!%$6)*&+!5$!5*''!%)(.<!#&5!)&!/,,'<!)#$!.&(7'$!.*%,/)6#!/%!/!6&-$!&8!

)#$!9*%*)&-!,/))$-+!(%*+>!)#$!,-$9*&(%!$1/2,'$!&8!,-&.(6)%4!
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/0J!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

..DH %868"EK!+1""FKL!6"K@B"@KF!

M$!#/9$!.$8*+$.!)#$!9*%*)&-!,/))$-+!%)-(6)(-$!/%!/!5/<!&8!%$,/-/)*+>!/+!/'>&-*)#2!

8-&2!/+!&7=$6)!%)-(6)(-$4!;)!)#*%!%$6)*&+!5$!5*''!%)(.<!#&5!*%!)#$!,/))$-+!%)-(6)(-$!

)&!/,,'<4!

G)*)-"6'+,--&612'(&*)71'+,--&61'-/,-',%%"3*',(()17'0&-/"(*'-"',1'&H)*-)17'

"$9&.-' /)&6,6./4' 3)-/"#-' 0"()54)17' )-' ,1(' *&+,6,-)17' *#./' "$9&.-'

*-6#.-#6&'56"0'-/&',%7"6)-/0*'-/,-'3"6B*'":&6')-;'

Definition 11.2: Visitor pattern 

E*%)!%)$,!*%!)&!6-$/)$!)5&!*+)$-8/6$%!)#/)!5*''!*.$+)*8<!)#$!)5&!.*88$-$+)!,/-)%!&8!)#$!

#*$-/-6#<! )&! %$,/-/)$4! "#$! O*%*)/7'$! *+)$-8/6$! .$)$-2*+$! )#$! /66$,)!2$)#&.! )#/)!

2(%)! 7$! *+6'(.$.! /)! $9$-<! 6&+6-$)$! 6'/%%! $1)$+.*+>! *):! /+.! )#$! O*%*)&-! *+)$-8/6$!

*+)-&.(6$%!)#$!9*%*)!2$)#&.4!;)!$/6#!%(76'/%%!*+!)#$!O*%*)&-!#*$-/-6#<!2(%)!/,,$/-!

&+$!9*%*)!2$)#&.!8&-!$9$-<!6&+6-$)$!&7=$6)!&8!)#$!O*%*)/7'$!#*$-/-6#<4!

!

Figure 11.3: Visitor interfaces 

N+6$!5$!#/9$!/!%)-(6)(-$! '*?$! *+!E*>(-$!334P:! *)! *%! )#$!2&2$+)!)&!.$-*9/)$! *)!5*)#!

&(-! ,-$9*&(%! ,-&.(6)! #*$-/-6#<4! "#$+:! /)! Q-&.(6)! 6'/%%! *2,'$2$+)*+>! O*%*)/7'$!

*+)$-8/6$! 5$! 2(%)! 6&2,'$)$! )#$! /66$,)! 2$)#&.! /,,'<*+>! )#$! .&(7'$! .*%,/)6#!

$1,'/*+$.!7$8&-$4!
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4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!
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Figure 11.4: Visitable hierarchy with double dispatch 

"#$+:!/)!O*%*)&-!#*$-/-6#<!5$!2(%)!6-$/)$!/+!/7%)-/6)!6'/%%!5*)#!/!9*%*)!2$)#&.!8&-!

$9$-<! 6&+6-$)$! O*%*)/7'$! &7=$6)! *+! &-.$-! )&! ,-&9*.$! /! .*88$-$+)! 2$)#&.! 5*)#! )#$!

+$$.$.!/'>&-*)#2!8&-!$9$-<!)<,$!&8!,-&.(6)4!

;)!E*>(-$!334L!5$!6/+!&7%$-9$!)#/)! )#$!/66$,)!2$)#&.! *%! *2,'$2$+)$.! *+%*.$!)#$!

/7%)-/6)!6'/%%!Q-&.(6):!%&!$9$-<!%(76'/%%!&8!*)!5*''!#/9$!)#*%!2$)#&.!*+)$-+/''<!/+.!

*)!*%!+&)!+$6$%%/-<!)&!-$.$8*+$!*)!8&-!$/6#!?*+.!&8!Q-&.(6)4!

"#$-$8&-$:!)#$!&+'<!6#/+>$!)&!2/?$!-$%,$6)!)&!)#$!,-$9*&(%!&7=$6)!#*$-/-6#<!*%!)&!

/..! )#$! O*%*)&-! *+)$-8/6$! .$8*+*+>! )#$! /66$,)! 2$)#&.! /+.! *2,'$2$+)! *)! *+)&! )#$!

Q-&.(6)!6'/%%4!
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/0N!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!
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+%),&'')%!

!

Figure 11.5: Visitor hierarchy with two extended visitor classes 

"#$-$8&-$:! 5#$+! )#$! .&(7'$! .*%,/)6#!2$6#/+*%2! *%! 5&-?*+>:! )&! 8*+.! )#$! 6&--$6)!

2$)#&.!)&!6/''!/66&-.*+>!)&!)#$!-(+A)*2$!6'/%%!&8!)#$!6/''$-!&7=$6)!5*''!7$!%(66$%%8('!

7$6/(%$!/!2$)#&.!8&-!$9$-<!&7=$6)!5*''!$1*%)4!

N+6$!5$!#/9$!&(-!6&2,'$)$!#*$-/-6#<:!)&!,-&6$%%!$9$-<!,-&.(6)!*%!9$-<!%*2,'$4!E&-!

$/6#!?*+.!&8!,-&.(6)!5$!#/9$!)&!6/''! )#$!/66$,)!2$)#&.:!5#*6#!*%!)#$!8*-%)!%)$,!&8!

)#$!.&(7'$!.*%,/)6#!2$6#/+*%2:!5*)#!/+! *+%)/+6$!&8!/!6&+6-$)$!9*%*)&-4!;)!%$6&+.!

%)$,:! )#/)! *%:! 6/''*+>! )#$! 9*%*)! 2$)#&.! &8! %(6#! 9*%*)&-! *+%)/+6$:! )#$! 6&--$6)! 9*%*)!

2$)#&.! *%! 6#&%$+! /66&-.*+>! )&! )#$! 6'/%%! )<,$! &8! )#$! ,-&.(6)! 5#$-$! )#$! /66$,)!

2$)#&.!*%!6/''$.4!

!
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/0O!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

;)!+$1)!$1/2,'$!&8!6/''*+>!)#*%!7$#/9*&(-!*%!$1,'/*+$.H!

?&)17'+','I6"(#.-'"5',14'."1.6&-&'.%,**',1('04G)*)-"6',1')1*-,1.&'"5'

J)6*-I6"(#.-G)*)-"6A'3&'/,:&'-"',++%4'-/&'("#$%&'()*+,-./',*'5"%%"3*2'

p.accept(myVisitor);//that internally calls myVisitor.visit(this); 

=*'3&'/,:&'*&&1'$&5"6&A'-/&!9*%*)!0&-/"('.,%%&(')*'*&%&.-&(',.."6()17'-"'-/&'
-4+&'"5'-/&!R-/)*K')1*-,1.&A'3/)./')*'-/&'*,0&!,4!J"6'&H,0+%&A')5!,!)*',!C9.!

)1*-,1.&A'-/&'.,%%&('0&-/"('3)%%'$&!E*-%)Q-&.(6)O*%*)&-HH9*%*)SC9.!.9.T!

Example 11.6: Another double dispatch example 

"#$-$8&-$:! )#$! 9*%*)&-! ,/))$-+! 6&-$! *%! )#$! .&(7'$! .*%,/)6#!2$6#/+*%2!/%!5$! %/*.!

$/-'*$-4!

D+!&-.$-!)&!(+.$-%)/+.!)#$!7$#/9*&(-!&8!)#*%!,/))$-+!.$8*+*)*9$'<:!5$!5*''!*+)-&.(6$!

/+&)#$-!$1/2,'$!&8!,-&7'$2!%&'9$.!/,,'<*+>!%(6#!.$%*>+!,/))$-+4!

..DI "GF!KE@"FK!BELP8Q@K1"EK!FR1S+:F!

;%!/+!$1/2,'$!&8!)#$!9*%*)&-!,/))$-+:!/)!)#*%!%$6)*&+!5$!5*''!%)(.<!#&5!)&!/,,'<!)#*%!

,/))$-+! )&!/!-$/'!6/%$4! D2/>*+$! )#/)!5$!+$$.!)&!.$9$'&,!/!.-*9$-! 8&-!$9$-<!-&()$-!

2&.$'!/+.!&,$-/)*+>!%<%)$2!)#/)!/''&5%!$/6#!-&()$-!)&!7$!6&+8*>(-$.4!;!%#&-)!9*$5!

&8!)#$!&7=$6)!%)-(6)(-$!6/+!7$!8&(+.!/)!E*>(-$!3F4U4!

M$!?+&5!)#/)!)#$-$!$1*%)%!/!#(>$!-/+>$!&8!-&()$-%!/+.!/!'&)!&8!.*88$-$+)!&,$-/)*+>!

%<%)$2%4! "&! /..! /! 6&+6-$)$! 2$)#&.! 8&-! $/6#! &,$-/)*+>! %<%)$2! 6&+8*>(-/)*&+!

%$))*+>%!*+%*.$!$9$-<!-&()$-!*+%)/+6$!*%!+&)!/!>&&.!%&'()*&+4!

"#$-$8&-$:! )&! /,,'<! )#$! 9*%*)&-! ,/))$-+! *+! &-.$-! )&! %$,/-/)$! )#$! &7=$6)! %)-(6)(-$!

8-&2!)#$!/'>&-*)#2%!)#/)!6&+8*>(-$!$/6#!?*+.!&8!-&()$-!6/+!7$!/!>&&.!6#/+6$4!
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!

Figure 11.6: Basic structure of the router configurator example 

;%!5$!6/+!%$$:!)#$-$!/-$!)#-$$!.*88$-$+)!.-*9$-%!*+!)#$!$1/2,'$!)#/)!*2,'$2$+)%!)#$!

>$+$-*6!2$)#&.%!.$%6-*7$.!/)!V&()$-!/7%)-/6)!6'/%%:!&+$!)#/)!.-*9$%!/!G,$$.W/%)$-!

-&()$-:! /+&)#$-! )#/)! .-*9$%! /! ;'5/<%N+! -&()$-:! /+.! /! )#*-.! )#/)! .-*9$%! )#$!

G5*)6#I$)!-&()$-4!

M$! +$$.! )&! /..! /! 2$)#&.! )&! $9$-<! -&()$-! .-*9$-! )#/)! ,()%! )#$! 6&+8*>(-/)*&+!

,/-/2$)$-%!/66&-.*+>!)&!)#$!&,$-/)*+>!%<%)$2:!7()!)#$!&7=$6)!%)-(6)(-$!6/++&)!7$!

6#/+>$.4! N(-! /*2! *%! )&! /9&*.! ,())*+>! /! 6&+8*>(-/)*&+!2$)#&.! *+! $9$-<! .-*9$-! 8&-!

$/6#!&,$-/)*+>!%<%)$24!

;,,'<*+>!)#$!9*%*)&-!,/))$-+!)&!&(-!&7=$6)!%)-(6)(-$!-$%(')%!*+!/+!&->/+*X/)*&+!'*?$!

%#&5+!/)!E*>(-$!334Y4!
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/..!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 11.7: Visitor pattern applied to router configurator example 

D%!*2,&-)/+)!)&!+&)$!)#/)!&(-!=&7!*%!)&!*2,'$2$+)!)#$!6(%)&2!9*%*)!2$)#&.%!&8!$9$-<!

6'/%%!$1)$+.*+>!V&()$-O*%*)&-4!;)!*2/>$!7$8&-$:!)#$-$!/-$!)#-$$!-&()$-!6&+8*>(-/)&-!

6'/%%$%!)&!*2,'$2$+):!&+$!)#/)!2/?$%!)#$!6&+8*>(-/)*&+!&8!)#$!2&.$2%!8&-!/!Z+*1!

%<%)$2:!/+&)#$-!8&-!/!M*+.&5%!%<%)$2:!/+.!/!8*+/'!&+$!8&-!/!W/6N%!%<%)$24!

;%! $1,'/*+$.! 7$8&-$! /)! )#*%! 6#/,)$-:! )#$! /66$,)! 2$)#&.! *%! 6/''$.! &9$-! /! -&()$-!

&7=$6):! 5*)#! /! V&()$-O*%*)&-! /%! /! ,/-/2$)$-4! G&:! *+%*.$! )#*%! 2$)#&.:! )#$! 9*%*)!

2$)#&.! &8! )#$!V&()$-O*%*)&-! ,/-/2$)$-! *%! 6/''$.!5*)#! )#$! -&()$-! &7=$6)! /%! *+,()4!

"#*%!*%!)#$!.&(7'$!.*%,/)6#:!5#$-$!/)!8*-%)!%)$,!)#$!-&()$-!&7=$6)!*%!*.$+)*8*$.!/)!-(+!

)*2$! /%! /! 6&+6-$)$! 6'/%%! SG,$$.W/%)$-:! ;'5/<%N+! &-! G5*)6#I$)T! /+.! *)%! /66$,)!

2$)#&.! *%! 6/''$.4!"#$+:!/)! %$6&+.!%)$,:! )#$!6&--$6)! *+%)/+6$! 8&-! )#$!V&()$-O*%*)&-!

,/-/2$)$-!*%!.$)$-2*+$.!/)!-(+!)*2$!/+.!*)%!9*%*)!2$)#&.!*%!8*+/''<!6/''$.4!



!!!!!!!! ! "#$!%&'&()*!+,(($*-! ..!

 

/./!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

"#$-$8&-$:! )#/+?%! )&! )#$!.&(7'$!.*%,/)6#!2$6#/+*%2:! *)! *%!,&%%*7'$! )&! 8*+.!&()! /)!

-(+!)*2$!)#$!6&--$6)!*+%)/+6$!)<,$!/+.!)&!6/''!)#$!6&--$6)!2$)#&.!5*)#&()!(%*+>!*8:!

%5*)6#[6/%$:!*+%)/+6$&8!&-!%*2*'/-!,-&>-/22*+>!6&+%)-(6)*&+%4!

;%!/+!$1/2,'$:!5$!5*''!%#&5!)#$!6(%)&2!6&.$!&8!)#$!V&()$-W/6\&+8*>(-/)&-!6'/%%H!

class RouterMacConfigurator implements RouterVisitor { 

 public void visit(SpeedMaster sm) { 

  sm.configuration = 15643; 

  sm.id = “ip?10.1.1.4&mask?255.255.0.0”; 

 } 

  

 public void visit(AlwaysOn ao) { 

  ao.client = 34; 

  ao.configuration = “10.1.1.4:255.255.0.0”; 

 } 

  

 public void visit(SwitchNet sn) { 

  sn.user = “default;255.255.0.0;10.1.1.4;” 

  sn.password = “=B34&3@5”; 

  sn.channel = 34; 

 } 

} 

Example 11.7: Visitor class implementation example 

"&!6&+8*>(-$!/!-&()$-!5*)#!)#$!-&()$-!6&+8*>(-/)&-!6'/%%$%!&+'<!#/9$!)&!6/''!)#$!9*%*)!

2$)#&.! &8! )#$! %$'$6)$.! -&()$-! 6&+8*>(-/)&-! 6'/%%! *2,'$2$+)$.! S/)! )#*%! $1/2,'$:!

V&()$-W/6\&+8*>(-/)&-T!5*)#!)#$!-&()$-!.-*9$-!*+%)/+6$!/%!/!,/-/2$)$-4!!

N+! )#$!&)#$-!#/+.:! *8! &(-!/*2! *%! )&! 6&+8*>(-$!/''! )#$! -&()$-:!5$! 6/+! 6-$/)$!/!+$5!

2$)#&.! /%! 8&''&5%! /)! 01/2,'$!334]4! "#*%! *2,'$2$+)/)*&+! *2,'*$%! )#/)! /''! .-*9$-%!

5*''!7$!*+*)*/'*X$.4!

!



!!!!!!!! ! "#$!%&'&()*!+,(($*-! ..!

 

/.C!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

public void configureAll (List rdrivers, RouterVisitor rv) { 

 for (Iterator it = routerdrivers.iterator(); it.hasNext();) { 

  Router rdriver = (Router) it.next() 

  rdriver.accept(rv); 

 } 

} 

Example 11.8: Method to apply visitor to every visitable instance 

"&!%(22/-*X$:! )#$!9*%*)&-!,/))$-+!/''&5%!(%! )&!%$,/-/)$! )#$!&7=$6)!#*$-/-6#<!/+.!

)#$!2$)#&.%!)#/)!5&-?!&9$-!*)4!"#$!$1,'/+/)*&+!%#&5+!/)!)#*%!6#/,)$-!%#&('.!7$!/!

>-$/)! #$',! )&! (+.$-%)/+.! )#$! +$1)! 6#/,)$-:! /+.! ,/-)*6('/-'<! )#$! G/7'$\\! /+.!

G/7'$\\A01)!9*%*)&-!%)-(6)(-$4!



!!!!!!!! ! "#$!%&'&()*!+,(($*-! ..!

 

/.H!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!



 

!

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

-"."/0+1"23!425678369:396"! ;<!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/.J!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

./ >F%F:E+SFL"!

8LPK16"K@B"@KF!

./D. 8L"KE>@B"8EL!

;)! )#*%! 6#/,)$-! 5$! 5*''! %)(.<! %&2$! )&&'%! )#/)! #/9$! 7$$+! $%%$+)*/'! *+! )#$!

.$9$'&,2$+)!&8!&(-!N\^!F4_!$1,-$%%*&+%!,-&6$%%&-4!

G*+6$!5$!6#&%$!/)!6#/,)$-!3_!)#$!N\^!F4_!Q/-%$-!G(7%<%)$2:!/%!,/-)!&8!)#$!C-$%.$+!

N\^F! "&&'?*)! `CN"5a:! /%! &(-! ,-$8$--$.! /')$-+/)*9$:! )&! (+.$-%)/+.! *)%! 7/%*6!

%)-(6)(-$! *%! 2/+./)&-<4! "#$-$8&-$:! /)! )#*%! %)/>$! &8! )#$! .$9$'&,2$+):! G/7'$\\!

S`G\\5a!/+.! `b&+_caT!#/%!/+! *+6-$/%*+>!-$%,&+%*7*'*)<!7$6/(%$! )#$!2/=&-!,/-)!&8!

)#$!N\^!F4_!Q/-%$-!G(7%<%)$2!.$9$'&,2$+)!*%!7/%$.!&+!)#/)!)&&'4!

D+! /..*)*&+:! 5$! *+)-&.(6$! /! 6&2,'$)$! $1,'/+/)*&+! S/! 8(''! &+$! 6/+! 7$! 8&(+.! /)!

`b&+_caT! /7&()! )#$! N\^! F4_! Q/-%$-! G(7%<%)$2! /+.! *)%! 6&+%)-(6)*&+! ,-&6$%%4!

G/7'$\\A01):!/%!/+!$1)$+%*&+!&8!G/7'$\\:! *%!)#$!6&2,*'$-%!6&2,*'$-!(%$.!)#$-$4!"&!

%)(.<!*)%!%<+)/1!/+.!>-/22/-!,&%%*7*'*)*$%!*%!/!,-$6&+.*)*&+!)&!\#/,)$-!3P:!5#$-$!

)#$!N\^!F4_!>-/22/-!&8!&(-!,-&6$%%&-!*%!.$%6-*7$.!*+!.$)/*'!/66&-.*+>!)&!G/7'$\\A

01)!%<+)/14!

"&! 6&+6'(.$! )#*%! 6#/,)$-:! /! 7-*$8! .$%6-*,)*&+! &8! )#$! D+)$>-/)$.! C$9$'&,2$+)!

0+9*-&+2$+)%!(%$.!&+!&(-!,-&=$6)! *%! %#&5$.! *+!&-.$-! )&!+&)$! )#/)!,-&>-/22*+>!

)/%?!6/+!7$6&2$!$/%*$-!)#/+!5$!$1,$6)4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/.M!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

./D/ 614:FBB!

./D/D. 8L"KE>@B"8EL!

G/7'$\\! *%! /+! &7=$6)A&-*$+)$.! 8-/2$5&-?! )#/)! >$+$-/)$%! 6&2,*'$-%! *+! )#$! d/9/!

,-&>-/22*+>! '/+>(/>$4! "#*%! )&&'! /''&5%! (%! )&! &7)/*+! /! 6&2,*'$-! 5*)#! /! %#&-)$-!

.$9$'&,2$+)!6<6'$:!/+.! *)%!%)-(6)(-$! *%!7/%$.!&+!/+!&7=$6)A&-*$+)$.!#*$-/-6#<4!;%!

/+! &,$+! %&(-6$! ,-&=$6):! 5$! 6/+! %)(.<! *)%! 6&.$! /+.! /./,)! *)! *+! )#$! 5/<! )#/)! 5$!

,-$8$-4!

"#$!>$+$-/)$.!8-/2$5&-?!7<!G/7'$\\!*+6'(.$%!/+!*+)(*)*9$!%)-*6)'<!)<,$.!/7%)-/6)!

%<+)/1!)-$$!/+.!)-$$!5/'?$-!6'/%%$%4!M*)#!)#$%$!%)-(6)(-$%:!G/7'$\\!?$$,%!/!6'$/+!

%$,/-/)*&+!7$)5$$+!>$+$-/)$.!6&.$!/+.!(%$-A5-*))$+!6&.$!5#*6#!2/?$%!)#$!6&.$!

$/%*$-!)&!-$/.!/+.!2/*+)/*+4!!

G/7'$\\! *%!?+&5+!/%! 6&2,*'$-%! 6&2,*'$-!7$6/(%$! *)! *%! /! 6&2,*'$-!&8! %,$6*8*6/)*&+!

8*'$%:! 5#*6#! #/9$! /! )&?$+! .$6'/-/)*&+! X&+$! /+.! /! ,-&.(6)*&+! -('$%! X&+$:! *4$4:! /!

>-/22/-! -$6&>+*X*+>! /! %,$6*8*6! '/+>(/>$4! ! "#$! -$%(')! &8! )#$! 6&2,*'/)*&+! &8! )#*%!

%,$6*8*6/)*&+!8*'$!*%!/!6&2,*'$-!%)-(6)(-$4!M#$+!5$!6&2,*'$!%(6#!%)-(6)(-$:!5$!#/9$!

)#$!7*+/-<!%&(-6$!&8!)#$!6&2,*'$-!)#/)!5$!5/+)$.!)&!6&+%)-(6)4!

./D/D/ 6"F+6!"E!4@8:>!1!BES+8:FK!

G/7'$\\! %,$6*8*$%! /! 6&+6-$)$! '*%)! &8! %)$,%! )&! 8&''&5! *+! &-.$-! )&! &7)/*+! /! 6&2,*'$-!

)#-&(>#!*)%!8-/2$5&-?4!"#*%!'*%)!*%!%#&5+!7$'&5H!

34 \-$/)$!/!G/7'$\\!%,$6*8*6/)*&+!8*'$!6&+)/*+*+>!)#$!)&?$+!.$8*+*)*&+%!/+.!)#$!

>-/22/-!&8!)#$!'/+>(/>$!)#/)!5$!5/+)!)&!-$6&>+*X$4!

F4 01$6()$!G/7'$\\!&+!%(6#!%,$6*8*6/)*&+!8*'$!)&!&7)/*+!)#$!>$+$-/)$.!6'/%%$%!&8!

)#$!8-/2$5&-?4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/.N!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

P4 D2,'$2$+)!/!)-$$!5/'?$-!6'/%%!*+#$-*)$.!8-&2!6'/%%$%!>$+$-/)$.!/)!,-$9*&(%!

%)$,4! "#$%$! 6'/%%$%! 5*''! .&! )#$! )-$/)2$+)! &9$-! )#$! ,/-%$! )-$$! *+! &-.$-! )&!

6&+9$-)!*)!)&!/+&)#$-!./)/!%)-(6)(-$!&-!)&!*+)$-,-$)!)#$!*+,()!./)/!8-&2!)#$!

)-$$!)&!/!%,$6*8*6!&(),()4!

L4 Q-&>-/2!/!2/*+! 6&2,*'$-! 6'/%%! )#/)!(%$%!7&)#!,-$9*&(%! 6'/%%$%:! >$+$-/)$.!

/+.!5-*))$+!&+$%4!

c4 \&2,*'$!)#$!2/*+!6&2,*'$-!6'/%%!5*)#!/!d/9/!6&2,*'$-!*+!&-.$-!)&!&7)/*+!)#$!

7*+/-<!6'/%%$%!)#/)!8&-2!)#$!6&2,*'$-4!

;+&)#$-!9*$5!&8!)#*%!'*%)!6/+!7$!8&(+.!/)!E*>(-$!3F434!

!

Figure 12.1: Steps to make a compiler through SableCC 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/.O!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

./D/DC 6+FB8P8B1"8EL!P8:F!

N+6$! )#$! %)$,%! )&! 6-$/)$! /! 6&2,*'$-! (%*+>! G/7'$\\! /-$! ?+&5+:! *)! *%! +$6$%%/-<! )&!

8&6(%! &+! )#$! %,$6*8*6/)*&+! 8*'$:! 5#*6#! *%! )#$! ?$<%)&+$! &8! )#$! G/7'$\\A7/%$.! 6&.$!

>$+$-/)*&+4!

G(6#!8*'$!6&+)/*+%!.*88$-$+)!X&+$%!5#$-$!)&!.$8*+$!)#$!.*88$-$+)!$'$2$+)%!/+.!-('$%!

)#/)!6&+8&-2!&(-!'/+>(/>$!)&!6&2,*'$4!"#$%$!X&+$%!&+!)#$!%,$6*8*6/)*&+!8*'$!+$$.!)&!

7$!5-*))$+!8&''&5*+>!/!6&+6-$)$!%<+)/1!/%!%#&5+!*+!01/2,'$!3F434!

;%!5$!6/+!%$$!/)!%(6#!$1/2,'$:!)#$-$!/-$!8*9$!2/*+!%$6)*&+%!*+!)#$!%,$6*8*6/)*&+!8*'$!

&8! G/7'$\\4!"#$%$! %$6)*&+%! /-$!Package:!Helpers:!Tokens:!Ignored!Tokens!

/+.! Productions4! D+! &-.$-! )&! (+.$-%)/+.! )#$! +$1)! ,/-)! &8! )#*%! 6#/,)$-! 5$!

-$6&22$+.! )&! -$2$27$-! 6&+6$,)%! %#&5+! /)! 6#/,)$-! ]:! 5#$-$! )#$! 6&2,*'/)*&+!

,-&6$%%!*%!.$%6-*7$.!*+!.$)/*'4!

09$-<!%,$6*8*6!X&+$!5*''!7$!$1,'/*+$.:!*+6'(.*+>!#*%!%,$6*/'!%<+)/1:!.(-*+>!)#$!+$1)!

%$6)*&+%! &8! )#*%! 6#/,)$-! *+! &-.$-! )&! *+)-&.(6$! )#$! .*88$-$+)! 6#/-/6)$-*%)*6%! )#/)! /!

5$''A8&-2$.!%,$6*8*6/)*&+!8*'$!2(%)!8('8*''4!!

D)! 6&('.! 7$! %/*.! )#/)! 5$! 6/+! 5-*)$! 6&22$+)%! *+! )#$! %,$6*8*6/)*&+! 8*'$:! (%*+>! )#$!

.&(7'$! %'/%#! R[[e!,-$6$.*+>!&(-!6&22$+)! '*+$!&-!$+6/,%('/)*+>!/!2&-$A)#/+A&+$A

'*+$!6&22$+)!7$)5$$+![f!/+.!f[!'*?$!*+!2&%)!&8!,-&>-/22*+>!'/+>(/>$%4!

!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//0!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

Package OCLcompiler; 

Helpers 

 alpha = [[‘a’ .. ‘z’]+[‘A’ .. ‘Z’]]; 

 decimal = [‘0’ .. ‘9’]; 

 alphadec =  [alpha + decimal] 

Tokens 

 context = ‘context’; 

 id = alpha alphadec*; 

 inv = ‘inv’; 

 colon = ‘:’; 

 greqthan = ‘>=’; 

 number = [‘0’ .. ‘9’]+; 

 blank = (‘ ‘ | 13 | 10)+; 

Ignored Tokens 

 blank; 

Productions /* grammar */ 

 constraint = context [class]:id inv [name]:id colon  

     expression; 

 name  = id; 

 expression = {basic} operand 

     | {comparison} expression operation 

         operand; 

 operation  = greqthan; 

 operand  = {attribute} id  

     | {constant} number; 

Example 12.1: Specification file for SableCC 

!"#"#$#! %&'(&)*+,*'-&.&/012+

;%! 5$! %/5! /)! 01/2,'$! 3F43:! )#$! %,$6*8*6/)*&+! 8*'$! 8&-! G/7'$\\! 6/+! 7$>*+! 5*)#! /!

,/6?/>$! .$6'/-/)*&+4! "#$! .$6'/-/)*&+! *%! 2/.$! (%*+>! )#$! ?$<5&-.! Package!

8&''&5$.!7<!/!,/)#+/2$!)#/)!*+.*6/)$%!)#$!8&'.$-!5#$-$!G/7'$\\!,()%!)#$!>$+$-/)$.!

8*'$%4!!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//.!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

E,*&'@2'*)17%&'+,-/1,0&''''''''''''''!!!!!!!!!!!!!!!!!!Q/6?/>$!N\^6&2,*'$-g'

' L&1&6,-&('."(&')1*)(&'+,.B,7&'MEN."0+)%&6'

E,*&'D2'0#%-)+%&'+,-/1,0&$$$$$$$$$!!!!!!!!!!!!!!!!!!Q/6?/>$!&6'46&.$4,/-%$-g'

' L&1&6,-&('."(&')1*)(&'+,.B,7&'+,6*&6A'3/)./')*'+%,.&(')1*)(&'+,.B,7&'

''' ."(&A'3/)./')*',%*"'+%,.&(')1*)(&'+,.B,7&'".%'

E,*&'O2'3)-/"#-'+,.B,7&'(&.%,6,-)"1'

' L&1&6,-&('."(&')1*)(&'(&5,#%-'P&0+-4Q'+,.B,7&'

Definition 12.1: Package declaration 

"#*%!.$6'/-/)*&+!*%!&,)*&+/':!/+.!*8!*)!.&$%!+&)!/,,$/-:!)#$!>$+$-/)$.!6'/%%$%!5*''!7$!

,'/6$.! /)! )#$! %/2$! .*-$6)&-<! 5#$-$! G/7'$\\! *%! $1$6()$.:! *4$4:! )#$! .$8/(')! 8&'.$-4!

G*+6$! G/7'$\\! (%$%! d/9/! ,-&>-/22*+>! '/+>(/>$:! *8! 5$! (%$! /! %,$6*8*6! ,/6?/>$!

.*-$6)&-<:!$9$-<!>$+$-/)$.!%&(-6$!6'/%%!5*''!(%$!*)!/%!,/6?/>$!*+!#*%!d/9/!8*'$4!!

!"#"#$#" 3*-4*.5+

;)!#$',$-%!X&+$!5$!6/+!.$%6-*7$!6&+%)-(6)*&+%!'*?$!2/6-&%:!5#*6#!%*2,'*8<!)#$!/*2!

5-*)*+>!6&2,'$1!)&?$+%!7<!2$/+%!&8!6#/-/6)$-!%$)%!&-!-$>('/-!$1,-$%%*&+%4!!

M#$+!G/7'$\\!8*+.%!/!#$',$-!*+%*.$!/!)&?$+!.$6'/-/)*&+:!*)!-$,'/6$%!)#$!#$',$-!7<!*)%!

.$6'/-/)*&+!*+!/!%$2/+)*6!5/<!S%$$!01/2,'$!3F4F!7$'&5T4!!

Helpers 

 myhelper = ‘x’|’y’ 

Tokens 

 mytoken = ‘w’ helper ‘z’ 

'

F/&'%,17#,7&'-/,-'6&+6&*&1-*'R04-"B&1K')*'{%&'(%)$*&+(%}'$#-'1"-'{%&'%)$*+(%};'
>-')*'#*&('-/&'*&0,1-).'0&,1)17;'

Example 12.2: Helper declaration 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

///!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

09$-<!#$',$-!#/9$!)&!7$!5-*))$+!*+!/+!$h(/'*)<!$h(/)*&+!5#*6#!'$8)!%*.$!*%!)#$!#$',$-!

+/2$!/+.!)#$!-*>#)!&+$!6/+!7$!/!-$>('/-!$1,-$%%*&+!&-!/!6#/-/6)$-!%$):!/%!5$!%/*.!

$/-'*$-4!

!"#"#$#$ 61(*25+

;%!5$!.$8*+$.!$/-'*$-!/)! 6#/,)$-!]:! )&?$+%!/-$! )#$!2*+*2(2!(+*)! )#/)! -$,-$%$+)%!

*+8&-2/)*&+4!"#$<!/-$!$%%$+)*/'!/)!)#$!%,$6*8*6/)*&+!8*'$:!7$6/(%$!/-$!)#$!7/%*%!&8!)#$!

>-/22/-!-('$%4!

B$'&5! )#$! '/7$'!Tokens:! )#$! %<+)/1! 8&-! /! )&?$+! '*%)! *%! 9$-<! %*2,'$4!N+'<!#/9$! )&!

5-*)$!/+!*.$+)*8*$-!8&''&5$.!7<!/+!$h(/'!%*>+!/+.!/!-$>('/-!$1,-$%%*&+!&-!6#/-/6)$-!

%$):!%*2*'/-'<!/%!5$!.*.!5*)#!#$',$-%4!

;!6#/-/6)$-!%$)!6&+%*%)%!&8!/!%*+>'$!6#/-/6)$-!&-!/!6&2,'$1!6&+%)-(6)*&+!/%!5$!6/+!

8&(+.!/)!C$8*+*)*&+!3F4F4!

S','6,17&2'`R/e!44!RXea')1().,-&*'-/&'./,6,.-&6*'56"0'R,K'-"'RTK'

'

S',1'#1)"1'"5'./,6,.-&6'*&-*2'``R/e44eXeai`R;e44ejeaa')1().,-&*',%%'./,6,.-&6*'

'

S','()55&6&1.&'"5' ./,6,.-&6' *&-*2' ``R/e44eXeaA`R+eie&eaa' )1().,-&*' 56"0' R,K' -"' R0K'

,1('56"0'R+K'-"'RTK''

Definition 12.2: Complex character sets 

N+! )#$! &)#$-! %*.$:! )#$! %<+)/1! 8&-! -$>('/-! $1,-$%%*&+%! *%! 9$-<! %*2*'/-! )#/+! %<+)/1!

$1,'/*+$.! /)! C$8*+*)*&+! ]4U:! 8&(+.! /)! 6#/,)$-! ]4! @&5$9$-:! )#$-$! $1*%)! %&2$! '*))'$!

6#/+>$%!5*)#! G/7'$\\! *2,'$2$+)/)*&+4! G/7'$\\! %(,,&-)%! (+*&+! S(%*+>! %<27&'! Rke!

7$)5$$+!)5&!$1,-$%%*&+%T:!6&+6/)$+/)*&+!S5-*)*+>!&+$!$1,-$%%*&+!,-$6$.*+>!+$1)!

&+$T!/+.!b'$$+$!6'&%(-$!S(%*+>!f!&-!i!%<27&'%:!/66&-.*+>!)&!b'$$+$!%)/-!&-!b'$$+$!

,'(%T:!/%!5$''!/%!,/-$+)#$%$%4!!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//C!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

E(-)#$-2&-$:!G/7'$\\!/''&5%!)&!(%$!)#$!%<27&'!Rle!)#/)!6/+!7$!(%$.!)&!*+.*6/)$!)#/)!

/+!$1,-$%%*&+!*%!+&)!2/+./)&-<:!*4$4:!*)!6/+!/,,$/-!&-!+&)4!"#*%!&,)*&+/'!7$#/9*&(-!*%!

$1,-$%%$.!,())*+>! )#$! Rle! %<27&'! /)! )#$! $+.! &8! )#$! $1,-$%%*&+! S$4>4:! J$1,3! $1,FlK!

*+.*6/)$%!)#/)!)#$!%$6&+.!$1,-$%%*&+!*%!&,)*&+/'!/+.!*)!6&('.!7$!&2*))$.!*+%*.$!)#$!

8(''!$1,-$%%*&+T4!!

!"#"#$#7 8)21.*,+61(*25+

;)! )#*%! %$6)*&+! /,,$/-! )#$! )&?$+! +/2$%! )#/)! #/9$! )&! 7$! *>+&-$.! 7<! )#$! ^$1$-!

/'>&-*)#2!.(-*+>!)#$!'$1*6/'!/+/'<%*%!S$4>4:!7'/+?%:!-$)(-+%:!6&22$+)%:!)/7%T:!5#*6#!

&(),()!*%!)#$!*+,()!)&?$+*X$.!/%!%$$+!/)!01/2,'$!]4334!!N79*&(%'<:!)#$%$!)&?$+%!5*''!

+&)!/,,$/-!/)!%(6#!&(),()4!

Tokens 

 blank = (‘ ‘ | 13 | 10)+;  UUV%&&1&'*-,6'"5'*+,.&',1(''

          UU6&-#61'./,6*'

' tab = 9;''''''''''''''''''''''''UU'W1)."(&'./,6'5"6'-,$#%,-)"1'

Ignored Tokens 

 blank, tab;'' ''''''UU-"B&1'1,0&*'*&+,6,-&('$4'."00,*'

Example 12.3: Ignored tokens 

!"#"#$#9 %.1,:'/0125+

"#$! ,-*+6*,/'! .*88$-$+6$! 7$)5$$+! G/7'$\\! /+.! &)#$-! 6&2,*'$-! 6&2,*'$-%! *%! )#/)!

G/7'$\\! .&$%! +&)! /''&5! (%*+>! $1,'*6*)! ,-&>-/2! 6&.$! *+%*.$! )#$! >-/22/-!

,-&.(6)*&+! -('$%4! ;%! 5$! $1,'/*+! $/-'*$-:! &+$! &8! )#$! ,-*+6*,'$%! &8! G/7'$\\! *%! )&!

/6#*$9$!/!,$-8$6)!%$,/-/)*&+!7$)5$$+!>$+$-/)$.!/+.!,-&>-/22$.!6&.$4!G*+6$!)#/):!

)&!5-*)$!6(%)&2!6&.$!*+%*.$!)#$!,-&.(6)*&+!-('$%!*%!+&)!/!,&%%*7*'*)<4!

G/7'$\\!.&$%!+&)!6&2,'$)$'<!%(,,&-)!0BIE!%<+)/1!S5$!5*''!.$%6-*7$!)#*%!6&+6$,)!

/)!6#/,)$-!mT! 8&-!,-&.(6)*&+!-('$%:!7$6/(%$!&8!G/7'$\\e%!.$%*>+4!"#$-$!$1*%)!%&2$!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//H!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

+/2*+>!-('$%! )&! 8&''&5! )#/)!0BIE!%<+)/1!.&$%!+&)! 6/--<!&()4!"#$%$!+/2*+>! -('$%!

/-$!$1,'/*+$.!/)!C$8*+*)*&+!3F4P4!

S'J"6'&:&64'+6"(#.-)"1'3)-/'0"6&'-/,1'"1&',%-&61,-):&A'&,./'"1&'0#*-'$&'
+6&.&(&('3)-/','1,0&'$&-3&&1'.#6%4'$6,.B&-*',*'5"%%"3*2'

+6"(#.-)"1'X'{2</')3}!"#$%!&!{2</')F}!"#$'('

=*',1'&H.&+-)"1'5"6'-/)*'6#%&A')5'-/&6&',6&'"1%4'-3"',%-&61,-):&*A'"1'"5'-/&0'

.,1'$&'36)--&1'3)-/"#-'1,0&;'

'

S' >1*)(&',1',%-&61,-):&A' )5',1'&%&0&1-',++&,6*'-3).&A' )-'0#*-'$&'+6&.&(&('

3)-/','1,0&'$&-3&&1'*)0+%&'$6,.B&-*',1('."11&.-&('-"'-/&'&%&0&1-')-*&%5'

3)-/','."%"1',*')1'-/&'1&H-'&H,0+%&2'

+6"(#.-)"1'X'`2<$'$23aH$'$2!$)*+,%!`2<$'$2FaH$'$2!$)*+,'(!

F/&'*,0&'&H.&+-)"1'&H+%,)1&('5"6'5)6*-'.,*&')*':,%)('5"6'-/)*'."1-&H-;'

Definition 12.3: Naming alternatives and elements inside a production rule 

G/7'$\\! (%$%! )#$! +/2$%! )#/)! 5$! 6#&%$! )&! 8&''&5! )#$! +/2*+>! -('$%! )&! +/2$! *)%!

>$+$-/)$.! 6'/%%$%:! /%!5$!5*''! %$$! /)! +$1)! %$6)*&+%4!"#$-$8&-$:! )&! 6#&&%$! )#$!2&%)!

%(*)/7'$!+/2$%!#$',%!(%!5#$+!5$!#/9$!)&!,-&>-/2!)#$!6(%)&2!6&.$!&8!)#$!5/'?$-!

6'/%%$%4!

E*+/''<:!)#$!%<+)/1!&8!)#$!,-&.(6)*&+%!-('$%!*%!9$-<!%*2*'/-!)#/+!)#/)!&+$!$1,'/*+$.!

/)! 6#/,)$-!]:! %$6)*&+!]4F4L4!B$'&5! )#$!Productions! .*-$6)*9$:! $9$-<!,-&.(6)*&+!

-('$!2(%)!7$!5-*))$+!*+.*6/)*+>!)#$!+/2$!&8!)#$!,-&.(6)*&+!*)%$'8:!/!$h(/'!%*>+!/+.!/!

'*%)! &8! /')$-+/)*9$%! %$,/-/)$.! 7<! Rke4! I&)$! )#/)! $9$-<! ,-&.(6)*&+! -('$! 2(%)! 8*+*%#!

5*)#!/!%$2*6&'&+4!

M#$+!5-*)*+>!,-&.(6)*&+%!5$!#/9$! )&! )#*+?! *+!5#/)!5$!5/+)! /+.!#&5! *)! 6/+!7$!

$1,-$%%$.4!"&!(+.$-%)/+.!/''!)#$!/''&5$.!6&+%)-(6)*&+%!8&-!)#$!$1,-$%%*&+%!&8!)#$!

'/+>(/>$!)#/)!5$!5/+)!)&!,-&6$%%!*%!2/+./)&-<4!"#$-$8&-$:!)#$!$/%*$-!5$!5-*)$!)#$!

>-/22/-:! )#$!$/%*$-! *)!5*''! 7$! )&!(+.$-%)/+.!/+.!2/*+)/*+! 8&-!&)#$-!,$&,'$4! D)! *%!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//I!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

#*>#'<!-$6&22$+./7'$!)&!(%$!6&22$+)%!*+!&-.$-!)&!,-&9*.$!.$%6-*,)*&+%!)#/)!6/+!

7$!(%$8('!$9$+!8&-!)#$!&+$!)#/)!*%!5-*)*+>4!

Productions /* grammar */ 

 constraint = context [class]:id inv [name]:id colon  

        expression; 

 name  = id; 

 expression = {basic} operand 

     | {comparison} expression operation  

       operand; 

 operation  = greqthan; 

 operand  = {attribute} id  

     | {constant} number;'

Example 12.4: Productions extracted from Example 12.1  

 

./D/DH QFLFK1"F>!8LPK16"K@B"@KF!

N+6$!5$!#/9$!5-*))$+!)#$!%,$6*8*6/)*&+!8*'$:!5$!#/9$!)&!$1$6()$!G/7'$\\!5*)#!*)!*+!

&-.$-!)&!>$+$-/)$!)#$!6'/%%$%!)#/)!5*''!6&+8&-2!&(-!6&2,*'$-!8-/2$5&-?4!

;%! /! 6&2,*'$-! &8! '/+>(/>$! %,$6*8*6/)*&+! 8*'$%:! G/7'$\\! 6&('.! 8*+.! $--&-%! &+! &(-!

%,$6*8*6/)*&+4! "#$-$8&-$:! *8! *)! #/,,$+%:!5$! #/9$! )&! %&'9$! )#$2!7$8&-$! )&! 6&+)*+($!

5*)#!)#$!6&2,*'/)*&+!,-&6$%%4!

;)!)#*%!%(7%$6)*&+!5$!5*''!$1,'/*+!5#/)!5$!&7)/*+!)#-&(>#!)#$!G/7'$\\!$1$6()*&+!

7<!2$/+%! &8! >$+$-/)*+>! )#$! 8-/2$5&-?! &8! )#$! %,$6*8*6/)*&+! 8*'$! )#/)! 6&+)/*+%! )#$!

)&?$+%:!#$',$-%!/+.!,-&.(6)*&+%!%#&5+!/)!01/2,'$!3F434!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//J!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!"#"#7#! ;*2*.&/012+4.1'*55+

E*-%)!&8!/''!5$!#/9$!)&!%/9$!)#$!%,$6*8*6/)*&+!*+!/!8*'$!S$4>4:!+/2$.!&6'>-/22/-T!/+.!

&,$+!/!)$-2*+/'!*+!&(-!6&2,()$-4!"#$+:!5$!%#&('.!#/9$!/!9$-%*&+!&8!G/7'$\\!S8*'$!

%/7'$664=/-T! )#/)! 6/+! 7$! 8&(+.! /)! `G\\5a4! D+! )#$! )$-2*+/'! 5$! #/9$! )&! 5-*)$! /+.!

$1$6()$!)#$!6&22/+.!)#/)!5$!6/+!%$$!/)!01/2,'$!3F4c4!

>1'"#6'-&60)1,%'&H&.#-&'-/)*'P".%76,00,6')*'-/&'1,0&'"5'-/&'*+&.)5).,-)"1'
5)%&Q2'

~/myfolder$  java -jar sablecc.jar oclgrammar 

!

,1(')5'1"'&66"6'5"#1(A'3&'"$-,)1'-/&'1&H-'"#-+#-2'

!-- Generating parser for oclgrammar in /myfolder 

Verifying identifiers. 

Generating token classes. 

Generating production classes. 

Generating alternative classes. 

Generating analysis classes. 

Generating utility classes. 

Generating the lexer. 

 State: INITIAL 

 - Constructing NFA. 

...................... 

 - Constructing DFA. 

............................................ 

.................... 

 - resolving ACCEPT states. 

Generating the parser. 

.............. 

.............. 

.............. 

.. 

.............. 

Example 12.5: Execution of SableCC with the specification file of Example 12.1 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//M!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

;)!)#$!&(),()!8&(+.!/)!)#$!,-$9*&(%!$1/2,'$!5$!6/+!%$$!)#$!.*88$-$+)!,#/%$%!)#/)!

G/7'$\\!+$$.%!)&!>$+$-/)$!)#$!8-/2$5&-?!8-&2!)#$!%,$6*8*6/)*&+!8*'$4!E*-%)!&8!/'':!*)!

9$-*8*$%! )#$! 8*'$!/+.!)#$+!>$+$-/)$%! )#$!6'/%%$%! 8&-!$9$-<!,/-)!&8! )#$!%,$6*8*6/)*&+:!

*4$4:!)&?$+%:!,-&.(6)*&+%!/+.!/')$-+/)*9$%:!/+.!)-$$!5/'?$-!6'/%%$%4!E*+/''<:!*)!6-$/)$%!

/! +&+A.$)$-2*+*%)*6! /()&2/)&+! *+! &-.$-! )&! >$+$-/)$! )#$! Q/-%$-! 6'/%%4! G(6#!

/()&2/)&+! *%! ,-&6$%%$.! /+.! 6&+9$-)$.! *+)&! /! .$)$-2*+*%)*6! &+$! SCE;T! )&! /9&*.!

2(')*,'$! ,/)#%4! E*+/''<:! )#$! /66$,)! %)/)$%! /-$! -$%&'9$.! /+.! )#$! G/7'$\\! ,-&6$%%!

$+.%4!

"#$!&(),()!&8!)#*%!,-&6$%%!8&''&5%!)#$!+$1)!8&'.$-!#*$-/-6#<H!

'MEN."0+)%&6'P0,)1'5"%(&6')1().,-&('3)-/'-/&'I,.B,7&'()6&.-):&Q'

Y88,1,%4*)*'

' ""$,!-.+/0/12-3-$

$ ""$,!-.+/0/,4-567812-3-$

$ ""$9756:;08/6,4-567812-3-$

$ ""$<7378/749756:;08/6,4-567812-3-$

="8%&H&6$

' ""$.7'7814-6$

$ ""$>7'7812-3-$

$ ""$>7'78?'@7560A!12-3-$

Y88+,6*&6'

' ""$5-8/7814-6$

$ ""$B-8/7812-3-$

$ ""$B-8/78?'@7560A!12-3-$

$ ""$C6-6712-3-$

$ ""$DAE7!F!47'12-3-'

Y881"(&'

' ""$-..$!A47$:078-8@:+$@.-//7/$111$

Example 12.6: Folder structure generated by SableCC 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//N!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

"#$! '$1$-! ,/6?/>$! 6&+)/*+%! )#$! ^$1$-! 6'/%%! )#/)! ,$-8&-2%! )#$! '$1*6/'! /+/'<%*%4! D+!

6/%$!&8!$--&-:!)#$!^$1$-016$,)*&+!*%!)#-&5+4!N+!)#$!&)#$-!#/+.:!)#$!,/-%$-!,/6?/>$!

6&+)/*+%! )#$! Q/-%$-! 6'/%%! )#/)! ,$-8&-2%! )#$! %<+)/1! /+/'<%*%4! D+! 6/%$! &8! $--&-:! )#$!

Q/-%$-016$,)*&+! *%! )#-&5+4! ;'%&! *+! )#*%! ,/6?/>$!5$! 8&(+.! )#$! "&?$+D+.$1! 6'/%%:!

5#*6#!2/*+)/*+%!/+!*.$+)*8*6/)*&+!*+.$1!8&-!$9$-<!)&?$+!&8!)#$!%,$6*8*6/)*&+!8*'$4!;)!

)#*%!)5&!,/6?/>$%:!)#$!4./)!8*'$%!6&+)/*+%!*+)$-+/'!*+8&-2/)*&+!/7&()!)#$!)&?$+%!/+.!

)#$!>-/22/-!%,$6*8*$.!7$8&-$4!M*)#&()!)#$2:!)#$!,/-%$-!6/++&)!5&-?4!

"#$! /+/'<%*%! ,/6?/>$! 6&+)/*+%! )#$! )-$$!5/'?$-! 6'/%%$%4! G,$6*8*6/''<:! %(6#!,/6?/>$!

6&+)/*+%!/+!*+)$-8/6$:!6/''$.!;+/'<%*%4=/9/!/+.!)#-$$!5/'?$-!6'/%%$%!)#/)!*2,'$2$+)!

*)4!

E*+/''<:! )#$! +&.$! ,/6?/>$! 6&+)/*+%! /! 6'/%%! 8&-! $9$-<! )&?$+:! ,-&.(6)*&+! /+.!

/')$-+/)*9$!&8!)#$!%,$6*8*6/)*&+!8*'$4!;)!01/2,'$!3F4Y!5$!6/+!%$$!)#$!6'/%%$%!*+%*.$!

)#*%!,/6?/>$4!

Token.java Productions 

-- TBlank.java -- PConstraint.java 

-- TColon.java -- PExpression.java 

-- TContext.java -- PName.java 

-- TGreqthan.java -- POperand.java  

-- TId.java -- POperation.java 

-- TInv.java 

-- TNumber.java Alternatives 

-- EOF.java -- AAttributeOperand.java 

 -- ABasicExpression.java 

 -- AComparisonExpression.java 

Superclass of Productions, -- AConstantOperand.java 

alternatives and Token -- AConstraint.java 

-- Node.java -- AName.java 

 -- AOperation.java 

Example 12.7: Generated classes inside node package 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

//O!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

;%!5$!$1,'/*+!$/-'*$-:!)#$!+/2$%!6#&%$+!)&!8&''&5!)#$!+/2*+>!-('$%!&8!G/7'$\\!/-$!

(%$.!)&!*.$+)*8<!$9$-<!>$+$-/)$.!6'/%%4!

"#$!2/*+!6'/%%!/)!,/6?/>$!+&.$!*%!Node.java,!5#*6#!*%!)#$!/+6$%)&-!&8!/''!&8!)#$!

&)#$-!6'/%%$%!/)!%(6#!,/6?/>$4!;)!)#$!%/2$!)*2$:!$9$-<!6'/%%!-$,-$%$+)*+>!/!)&?$+!*%!

+/2$.!,-$6$.*+>!/!R"e!7$8&-$!)#$!)&?$+!+/2$!5*)#!)#$!8*-%)!6#/-/6)$-!*+!(,,$-!6/%$!

S$4>4:! )&?$+! 6'/%%$%! 8&-! 6&'&+:! *.! &-! 6&+)$1)! /-$! +/2$.! "\&'&+4=/9/:! "D.4=/9/! /+.!

"\&+)$1)4=/9/:!-$%,$6)*9$'<T4!

D+!)#$!6/%$!&8!,-&.(6)*&+%:!$/6#!&+$!*%!-$,-$%$+)$.!7<!2$/+%!&8!/+!/7%)-/6)!6'/%%:!

5#*6#!+/2$!7$>*+%!5*)#!/!RQe!6#/-/6)$-!8&''&5$.!7<!)#$!,-&.(6)*&+!+/2$!5*)#!)#$!

8*-%)! 6#/-/6)$-! *+! (,,$-! 6/%$! S$4>4:! ,-&.(6)*&+%! 6&+%)-/*+)! /+.! +/2$! /-$!

-$,-$%$+)$.!7<!Q\&+%)-/*+)4=/9/!/+.!QI/2$4=/9/:!-$%,$6)*9$'<T4!

"#$! /')$-+/)*9$! 6'/%%$%! $1)$+.! )#$%$! /7%)-/6)! 6'/%%$%4! 0/6#! /')$-+/)*9$! 6'/%%! *%!

+/2$.!%*2*'/-'<!)#/+!)#$!&)#$-!6'/%%$%!$1,'/*+$.!7$8&-$4!D+!)#*%!6/%$:!)#$!+/2$!*%!

8&-2$.!5*)#! /+! R;e! 6#/-/6)$-! 8&''&5$.! 7<! 7&)#! )#$! /')$-+/)*9$! $'$2$+)! +/2$! S*8!

$1*%)%T! /+.! )#$! +/2$! &8! )#$! ,-&.(6)*&+!5#$-$! *)! 7$'&+>:! $/6#! &+$!5*)#! )#$! 8*-%)!

6#/-/6)$-!*+!(,,$-!6/%$4!

0/6#! /')$-+/)*9$! 6'/%%! #/%! /+! /))-*7()$! 8&-! $9$-<! $'$2$+)! *+%*.$! )#$! /')$-+/)*9$4!

"#$%$! /))-*7()$%! /-$! ,-*9/)$! /+.! 2(%)! 7$! /66$%%$.! (%*+>! )#$! %$))$-! /+.! >$))$-!

2$)#&.%! *+6'(.$.! /)! %(6#! 6'/%%4! ;%! 5$! $1,'/*+$.! 7$8&-$:! *8! /+! $'$2$+)! /,,$/-%!

2&-$! )#/+! &+$! )*2$! /)! )#$! %/2$! /')$-+/)*9$:! *)! 2(%)! 7$! +/2$.! /66&-.*+>! )#$!

+/2*+>! -('$%! &8! G/7'$\\4! "#*%! $'$2$+)! +/2$! *%! +&5! )#$! +/2$! &8! )#$! /))-*7()$!

*+%*.$! )#$!/')$-+/)*9$!6'/%%4!"#$!%$))$-!/+.!>$))$-!2$)#&.%!/-$!+/2$.!(%*+>!J%$)K!

/+.! J>$)K! ?$<5&-.%! 8&''&5$.! 7<! )#$! 6(%)&2! +/2$! &8! )#$! $'$2$+)! *+%*.$! )#$!

/')$-+/)*9$!S*8!$1*%)%T:!&-!)#$!6(--$+)!&+$!S*8!+&)T4!

;)!+$1)!$1/2,'$!5$!%)(.<!)#$!6/%$!&8!)#$!6&+)$1)!,-&.(6)*&+!-('$!%$$+!/)!01/2,'$!

3F434!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/C0!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

S'I6"(#.-)"1',-'*+&.)5).,-)"1'5)%&2'

! 6&+%)-/*+)! !!n!!6&+)$1)!`6'/%%aH*.!*+9!`+/2$aH*.!6&'&+!$1,-$%%*&+g!

!

S'=$*-6,.-'.%,**'6&+6&*&1-)17'-/)*'+6"(#.-)"12''

! Q\&+%)-/*+)4=/9/!

!

S'E"1.6&-&'.%,**'-/,-'&H-&1(*'-/)*'+6"(#.-)"1'.%,**',1('6&+6&*&1-*'-/&'
,%-&61,-):&'J6&+)$1)!`6'/%%aH*.!*+9!`+/2$aH*.!6&'&+!$1,-$%%*&+gK!2'

' =E"1*-6,)1-;9,:,'-/,-'/,*'-/&'1&H-'+6):,-&',--6)$#-&*2'

! +!,-*9/)$!"\&+)$1)!o6&+)$1)og!

!!!!! i!,-*9/)$!"D.!o6'/%%*8*$-og!

!!!!! i!,-*9/)$!"D+9!o*+9og!

!!!!! i!,-*9/)$!"D.!o+/2$og!

!!!!! i!,-*9/)$!"\&'&+!o6&'&+og!

!!!!! i!,-*9/)$!Q01,-$%%*&+!o$1,-$%%*&+og!

!

' C#./'.%,**',%*"'."1-,)1*'-/&'1&H-'*&--&6',1('7&--&6'0&-/"(*'

' i!%$)\&+)$1)S"\&+)$1)!+&.$T!

! i!%$)\'/%%*8*$-S"D.!+&.$T!

! i!%$)D+9S"D+9!+&.$T!

! i!%$)I/2$S"D.!+&.$T!

! i!%$)\&'&+S"\&'&+!+&.$T!

! i!%$)01,-$%%*&+%SQ01,-$%%*&+!+&.$T!

! i!>$)\&+)$1)ST!

! i!>$)\'/%%*8*$-ST!

! i!>$)D+9ST!

! i!>$)I/2$ST!

! i!>$)\&'&+ST!

! i!>$)01,-$%%*&+%ST'

Example 12.8: Generation of constraint production of Example 12.1 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/C.!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!"#"#7#" <050/1.+%&//*.2+&,&4/*,+/1+=&>-*??+

;)!6#/,)$-!33!5$!%/5!#&5!)#$!9*%*)&-!,/))$-+!5&-?%4!I&5:!5$!/-$!>&*+>!)&!$1,'/*+!

)#$!9*%*)&-!,/))$-+!(%$.!7<!G/7'$\\!/+.!*2,'$2$+)$.!*+!*)%!)-$$!5/'?$-!6'/%%$%4!

;!.$8*+*)*&+!&8!)#$!9*%*)&-!,/))$-+!6&('.!7$!/%!G-$/A.H60A!$6A$6:7$58AI.7J$AK$-440!L$

A578-60A!/$A!$6:7$7.7J7!6/$AK$-!$AI27@6$/68H@6H87$&06:AH6$@:-!L0!L$6:7$@.-//7/$AK$6:7$

7.7J7!6/$A!$&:0@:$06$A578-67/M`p@mca4!

"#$!8*-%)!6#/+>$!&8!)#$!9*%*)&-!,/))$-+!*2,'$2$+)$.!7<!G/7'$\\!5*)#!-$%,$6)!)&!)#$!

&-*>*+/'! .$%*>+! *%! )#$! +/2$! &8! )#$! 2/*+! 2$)#&.%! )#/)! -$/'*%$%! )#$! ,/))$-+4! D+!

G/7'$\\! S/+.! *+! G/7'$\\A01):! /%! 5$!5*''! %$$! '/)$-T:! )#$! /66$,)!2$)#&.! *%! +/2$.!

/,,'<:! /+.! $/6#! 9*%*)! 2$)#&.! &8! )#$! O*%*)&-! *+)$-8/6$! *%! +/2$.! 6/%$! 2$)#&.4!

;66&-.*+>! )&! )#$! G/7'$\\! /()#&-%:! )#$%$! +/2$%! /-$! 2&-$! /,,-&,-*/)$.! 8&-! )#$!

9*%*)&-!,/))$-+!6&+6$,)4!

"#$!6/%$!2$)#&.%!/-$!+/2$.!/..*+>!)#$!+/2$!&8!)#$!$'$2$+)!)#/)!*)!7$'&+>%!/8)$-!

)#$! 6/%$!5&-.4! ;%! /+! $1/2,'$:! 8&-! )#$! )&?$+! \&'&+! S"\&'&+! 6'/%%:! /%!5$! $1,'/*+!

$/-'*$-T!)#$!6/%$!2$)#&.!+/2$!*%!6/%$"\&'&+:!5*)#!/!"\&'&+!,/-/2$)$-4!!

W&-$&9$-:! )#$!O*%*)&-! *+)$-8/6$! *%!+/2$.!G5*)6#:!/+.!)#$!I&.$!6'/%%:!5#*6#! *%! )#$!

/+6$%)&-!&8!/''!;G"!6'/%%$%:!*2,'$2$+)%!/+!*+)$-8/6$!6/''$.!G5*)6#/7'$:!%*2*'/-!)#/+!

)#$!O*%*)/7'$!&+$4!G(6#!G5*)6#/7'$! *+)$-8/6$!6&+)/*+%! )#$!.$%6-*,)*&+!&8! )#$!/,,'<!

S-$2$27$-:! /66$,)T! 2$)#&.! *+! &-.$-! )&! 7$! *2,'$2$+)$.! 8&-! $9$-<! 6'/%%! )#/)!

*2,'$2$+)%!)#*%!*+)$-8/6$:!*4$4:!/''!)#$!6'/%%$%!*+#$-*)$.!8-&2!I&.$4!

;66&-.*+>! )&! )#*%! $1,'/+/)*&+:! )#$!G/7'$\\! %)-(6)(-$! 8&-! )#$!9*%*)&-!,/))$-+! '&&?%!

'*?$!/)!E*>(-$!3F4F4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/C/!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 12.2: SableCC visitor structure generated for Example 12.1 

M$!6/+!%$$!)#/)!G5*)6#!*+)$-8/6$!*%!$2,)<!/+.!G5*)6#/7'$!&+$!#/%!&+'<!)#$!/,,'<!

2$)#&.4!"#$!*+)-&.(6)*&+!&8!)#$%$!'&5A-$%)-*6)*9$!*+)$-8/6$%!/''&5%!(%!)&!/..!+$5!

$'$2$+)%!)&!)#$!9*%*)!$+>*+$!5*)#&()!2&.*8<*+>!/+<!$1*%)*+>!6'/%%4!

"#$-$8&-$:!)&!/..!/!+$5!$'$2$+):!5$!.$8*+$!/!+$5!*+)$-8/6$!*2,'$2$+)*+>!G5*)6#!

*+)$-8/6$:!5*)#!/!+$5!6/%$!2$)#&.! 8&-!$9$-<!+$5!$'$2$+)4!"#$!/,,'<!2$)#&.! 8&-!

%(6#! $'$2$+)%!5*''! 6/''! )#$! 6/%$!2$)#&.%! &8! )#*%! +$5! *+)$-8/6$4! G&:! )#$! ,-$9*&(%!

&7=$6)!%)-(6)(-$!-$2/*+%!$h(/'!)#/+!7$8&-$4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/CC!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

"#$! ;+/'<%*%! *+)$-8/6$! .$+&)$.! /)! )#$! '/%)! 8*>(-$! *+6'(.$%! )#$! #$/.$-%! 8&-! $9$-<!

6/%$! 2$)#&.! )&! *2,'$2$+)4! ;%! /! ()*'*)<! 6'/%%:! G/7'$\\! ,-&9*.$%! (%! 5*)#! )#$!

;+/'<%*%;./,)$-!6'/%%!)#/)!6&+)/*+%!/!.$8/(')!*2,'$2$+)/)*&+!8&-!$/6#!6/%$!2$)#&.!

/+.!*2,'$2$+)%!)#$!;+/'<%*%!*+)$-8/6$4!

!"#"#7#$ @=6+A&-(*.+'-&55*5+

G/7'$\\!,-&9*.$%!)5&!;G"!5/'?$-!6'/%%$%!)#/)!$1)$+.!;+/'<%*%;./,)$-!6'/%%4!E*-%)!

&+$:! 6/''$.! C$,)#E*-%);./,)$-! 9*%*)%! )#$! +&.$%! *+! /! +&-2/'! .$,)#A8*-%)! )-/9$-%/'!

S%$$!01/2,'$!3F4mT:!/+.!%$6&+.!&+$:!6/''$.!V$9$-%$.C$,)#E*-%);./,)$-:!2/?$%!)#$!

9*%*)!*+!/!-$9$-%$!.$,)#A8*-%)!)-/9$-%/'!S%$$!01/2,'$!3F43_T4!

class DepthFirstAdapter extends AnalysisAdapter 

{ 

 public void caseAConstraint(AConstraint node) 

 { 

    inAConstraint(node); 

 node.getContext().apply(this);     

 node.getClassifier().apply(this); 

        node.getInv().apply(this); 

       node.getName().apply(this); 

       node.getColon().apply(this); 

 node.getExpression().apply(this); 

       outAConstraint(node); 

    } 

} 

Example 12.9: Depth-first traversal for constraint alternative case method 

D)! *%! +$6$%%/-<! )&! +&)$! )#/)! )#$%$! )5&! .$8/(')! )-$$! 5/'?$-! 6'/%%$%! ,-&9*.$! )5&!

2$)#&.%! 8&-! $/6#! 6/%$! 2$)#&.! &8! /! +&.$! 6'/%%! )#/)! /''&5%! )#$! ,-&>-/22$-! )&!

*+)-&.(6$!6(%)&2!6&.$!*+%*.$!)#*%!,-$.$8*+$.!)-/9$-%/'4!"#$%$!2$)#&.%!/-$!6/''$.!

*+q11!/+.!&()q11:!5#$-$!)#$!q11!*%!)#$!+/2$!&8!)#$!6/%$!/')$-+/)*9$!&-!)&?$+4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/CH!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

;%! 5$! 6/+! 6#$6?! /)! 7&)#! 01/2,'$! 3F4m! /+.! 01/2,'$! 3F43_:! )#$%$! 2$)#&.%! /-$!

6/''$.! 7$8&-$! /+.! /8)$-! 9*%*)*+>! /! +&.$4! B<! )#$! 5/<:! /)! )#$%$! $1/2,'$%! #&5! )&!

)-/9$-%$!)#$!#*$-/-6#*6/'!%)-(6)(-$!&8!+&.$%!*%!%#&5+!7<!2$/+%!&8!6/''*+>!)#$!/,,'<!

2$)#&.! &8! $/6#! /))-*7()$4! G(6#! /))-*7()$%! /-$! )#$! .$%6$+./+)! +&.$%! &7)/*+$.!

)#/+?%! )&! )#$! -$%,$6)*9$'<! >$))$-!2$)#&.! )#/)! 7$'&+>%! )&! )#$! ,/-$+)! +&.$! 7$*+>!

9*%*)$.:!/%!5$!$1,'/*+$.!$/-'*$-4!

class ReversedDepthFirstAdapter extends AnalysisAdapter 

{ 

 public void caseAConstraint(AConstraint node) 

 { 

    inAConstraint(node); 

    node.getExpression().apply(this); 

       node.getColon().apply(this); 

       node.getName().apply(this); 

        node.getInv().apply(this); 

        node.getClassifier().apply(this); 

       node.getContext().apply(this); 

        outAConstraint(node); 

    } 

} 

Example 12.10: Reverse depth-first traversal for constraint alternative case method 

"&! 6&+6'(.$:! *8! 5$! 5/+)! )&! 6-$/)$! /! 6(%)&2! )-$$! 5/'?$-! 6'/%%:! 5$! &+'<! #/9$! )&!

.$9$'&,! /! +$5! 6'/%%! $1)$+.*+>! &+$! &8! )#$! )5&! .$8/(')! 6'/%%$%! %#&5+! 7$8&-$!

SC$,)#E*-%);./,)$-! &-! V$9$-%$.C$,)#E*-%);./,)$-T! &9$--*.*+>! )#$! +$6$%%/-<!

*+q11!/+.!&()q11!2$)#&.4!

I$9$-)#$'$%%:! 5$! /'%&! 6/+! (%$! )#$%$! 6'/%%$%! /%! /! )$2,'/)$! /+.! *2,'$2$+)! &(-!

6(%)&2!)-$$!5/'?$-!6'/%%!7<!&(-!&5+4!B()!)#*%!/')$-+/)*9$!#/%!/+!*+6-$/%$.!'$9$'!&8!

.*88*6(')<!/+.!*%!$--&-A,-&+$4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/CI!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!"#"#7#7 ?1B40-*.+'1B40-&/012+&2,+:5&)*+

N+6$! 5$! #/9$! *2,'$2$+)$.! &(-! ,-$8$--$.! )-$$! 5/'?$-! 6'/%%:! )#$! +$1)! %)$,! *%! )&!

,-&>-/2!/!6&2,*'$-!6'/%%!5*)#!)#$!2/*+!2$)#&.!)&!$1$6()$4!"#*%!)/%?!*%!9$-<!%*2,'$!

.($! )&! )#$! %)-(6)(-$! &8! )#$! 8-/2$5&-?! >$+$-/)$.! 7<! G/7'$\\! /66&-.*+>! )&! &(-!

%,$6*8*6/)*&+!8*'$4!

"#$!6&.$!8&-!)#*%!\&2,*'$-!6'/%%!%#&('.!7$!%*2*'/-!)#/+!)#$!+$1)!d/9/!$1/2,'$4!

class Compiler 

{ 

 public static void main(String[] args) throws Exception 

 { 

  System.out.println(“Type a constraint:”); 

   

  // Creation of the Lexer 

  InputStreamReader in = new InputStreamReader(System.in); 

  PushBackReader pbr = new PushBackReader(in, 1024); 

  Lexer lexer = new Lexer(pbr); 

   

  // Creation of the parser 

  Parser parser = new Parser (lexer); 

   

  // Parse the input constraint 

  Start parsetree = parser.parse(); 

 

  // Start the visitor pattern analysis 

  parsetree.apply(new MyDepthFirstAdapter()); 

  // MyDepthFirstAdapter is our tree walker class extending 

  // the DepthFirstAdapter class 

 } 

} 

Example 12.11: Compiler class 

;%! 5$! 6/+! %$$! /)! 01/2,'$! 3F433:! 5$! &+'<! #/9$! )&! 6-$/)$! )#$! '$1$-! 5*)#! )#$!

,-$8$--$.! *+,()! S/)! )#*%! $1/2,'$:! )#$! *+,()! *%! )#$! %)/+./-.! *+,()! &8! )#$! )$-2*+/'!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/CJ!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

5#$-$! 5$! $1$6()$! )#$! \&2,*'$-! 6'/%%T4! "#$! +$1)! %)$,! *%! )&! 6-$/)$! )#$! ,/-%$-!

*+%)/+6$!5*)#!)#$!'$1$-!/%!/!,/-/2$)$-:!/+.!)&!,/-%$!)#$!*+,()4!!

E*+/''<:!5$! #/9$! )&! %)/-)! )#$! ,-&6$%%!2/.$! 7<! )#$! )-$$!5/'?$-! 6'/%%! )#/)!5*''! .&!

%&2$!%,$6*8*6!/6)*&+%!5*)#!)#$!,/-%$!)-$$!S$4>4:!6-$/)$!)#$!;G"!8-&2!)#$!,/-%$!)-$$:!

&-!)-/+%'/)$!)#$! *+,()! *+)&!/+&)#$-! '/+>(/>$T4!"#*%!/6)*&+!*%!9$-<!%*2,'$4!M$!&+'<!

#/9$!)&! *+*)! )#$!9*%*)&-!,-&6$%%!7<!2$/+%!&8!6/''*+>! )#$!/,,'<!2$)#&.!&8! )#$!G)/-)!

+&.$!6'/%%:!5#*6#!/'5/<%! *%!&(-! *+*)*/'!+&.$!7$6/(%$! *)! *%! )#$!&(),()!&8! )#$!,/-%$!

2$)#&.4!N+6$!5$!#/9$!,-&>-/2!)#$!\&2,*'$-!6'/%%:!5$!&+'<!#/9$!)&!6&2,*'$!*)!/+.!

)&!$1$6()$!*)!)&!6#$6?!*8!/''!*)e%!&?4!

"&! %(22/-*X$:! /)! )#*%! %$6)*&+! 5$! #/9$! (+.$-%)&&.! #&5! G/7'$\\! 6/+! #$',! (%! )&!

.$9$'&,! /! 6&2,*'$-! 8&''&5*+>! /''! )#$! -$h(*-$.! %)$,%:! 8-&2! )#$! 6-$/)*&+! &8! /!

%,$6*8*6/)*&+!8*'$!)&!)#$!,-&>-/22*+>!&8!/!2/*+!\&2,*'$-!6'/%%4!

./DC EB:/D0!+1K6FK!6@46T6"FS!

./DCD. 8L"KE>@B"8EL!

"#$!N\^!F4_!Q/-%$-!G(7%<%)$2!*%!)#$!N\^!F4_!$1,-$%%*&+%!,-&6$%%&-!&8!)#$!C-$%.$+!

N\^F!"&&'?*)4! "#*%! )&&'! #/%! /! %*2*'/-! 8(+6)*&+/'*)<! )#/+! &(-! ,-&6$%%&-4! B()! )#$%$!

)&&'%! /'%&! #/9$! /! %$)! &8! .*88$-$+6$%4! D8! *+)$-$%)*+>:! /! 6&2,'$)$! $1,'/+/)*&+! &8! )#*%!

%(7%<%)$2!6/+!7$!8&(+.!/)!`b&+_ca4!

I$9$-)#$'$%%:! )#$! %)-(6)(-$!(%$.!7<! )#$!C-$%.$+! )$/2! *%! /!,$-8$6)!7/%$! *+!5#*6#!

7$>*+! &(-! .$9$'&,2$+)4! "#-&(>#&()! )#*%! ,#/%$:! )#$! N\^F4_! Q/-%$-! G(7%<%)$2!

*+8-/%)-(6)(-$!/+.!%&(-6$!6&.$!5*''!7$6&2$!*+!&(-!(%$-!2/+(/'!8&-!*2,'$2$+)!&(-!

,-&6$%%&-4!

C($!)&!)#*%!.$%*>+!.$6*%*&+:!)&!%)(.<!/+.!$1,'/*+!5#/)!*%!/+.!#&5!)#*%!)&&'!5&-?%!*%!

2/+./)&-<4!"#$+:! 8*-%)'<!5$!5*''!%#&5!)#$!%)-(6)(-$!/+.!)#$!6&+%)-(6)*&+!,-&6$%%!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/CM!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

&8!)#$!N\^!F4_!Q/-%$-!G(7%<%)$2!/'&+>!)#*%!6#/,)$-4!;+.!/)!+$1)!6#/,)$-!5$!5*''!%$$!

)#$!6#/+>$%!+$$.$.!*+!G/7'$\\!)&!/./,)!*)!)&!N\^!F4_!,/-)*6('/-*)*$%4!

./DCD/ 6"K@B"@KF!

"#$! N\^! F4_! Q/-%$-! G(7%<%)$2! #/%! 8&(-! 2/*+! 2&.('$%4! "#-$$! &8! )#$2! /-$! )#$!

?+&5+! 6&2,*'$-! ,#/%$%! %)(.*$.! 7$8&-$! /)! 6#/,)$-! ]:! )#/)! *%:! /! '$1*6/'! /+.! %<+)/1!

/+/'<X$-%!S'$1$-!/+.!,/-%$-:!-$%,$6)*9$'<T!/+.!/+!/))-*7()$!$9/'(/)&-:!5#*6#!6/+!7$!

%$$+!/%!/!%$2/+)*6!/+/'<X$-4!

"#$! 8&(-)#!2&.('$! *%! /+!;G"!+&.$! 8/6)&-<! )#/)! 6-$/)$%! )#$!;7%)-/6)! G<+)/1!"-$$!

+&.$%!&+!.$2/+.4!"#*%!8/6)&-<!*%!7/%$.!&+!/!#/%#!2/,!%)&-*+>!S+&.$!+/2$:!2$)#&.!

)#/)!6-$/)$%!)#$!+&.$T!,/*-%4!

!

Figure 12.3: OCL 2.0 Parser Subsystem modules 

"#*%!,-&6$%%&-!&8!N\^!F4_!$1,-$%%*&+%!*%!6&++$6)$.!5*)#!/!ZW^!2&.$'!%)&-$.!*+!/!

2$)/./)/! -$,&%*)&-<4! "#$! /))-*7()$! $9/'(/)&-! 2/?$%! /! 2/)6#! 7$)5$$+! )#$! ZW^!

$'$2$+)%! (%$.! *+! )#$! N\^! F4_! *+,()! 6&+%)-/*+)%! /+.! )#$*-! -$,-$%$+)/)*&+! *+! )#$!

-$,&%*)&-<!S*8!$1*%)%T!*+!&-.$-!)&!8*+.!$--&-%!/+.!-$)(-+!8$$.7/6?!)&!(%$-%4!

;%!5$!%/5!/)!$/-'*$-!6#/,)$-%:!)#$!'$1*6/'!/+/'<X$-!.*9*.$%!/+.!&->/+*X$%!)#$!*+,()!

*+)&!)&?$+%4!"#$+:!)#$!%<+)/1!/+/'<X$-!)-/+%8&-2%!)#$!)&?$+!%)-$/2!*+)&!/!6&+6-$)$!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/CN!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

%<+)/1! )-$$!/66&-.*+>! )&! )#$!%,$6*8*6/)*&+! 8*'$4!;+.! 8*+/''<:! )#$!/))-*7()$!$9/'(/)&-!

6&+9$-)%!)#$!\G"!*+)&!)#$!/7%)-/6)!%<+)/1!)-$$!/66&-.*+>!)&!)#$!N\^!F4_!2$)/2&.$'4!

./DCDC >F%F:E+SFL"!EP!"GF!EB:/D0!+1K6FK!6@46T6"FS!

;)! )#*%! ,&*+)! &8! )#$! 6#/,)$-:! )&! $1,'/*+! #&5! )&! 6&+%)-(6)! )#$! N\^! F4_! Q/-%$-!

G(7%<%)$2! *%!2/+./)&-<! )&! ?+&5!5#/)! /-$! )#$! %)$,%! )&! 6#/+>$! &-! /./,)!5*)#! /!

9*$5!)&!)#$!.$9$'&,2$+)!&8!&(-!N\^!F4_!$1,-$%%*&+%!,-&6$%%&-4!

E*-%)'<:!/+!$1)$+.$.!9$-%*&+!&8!G/7'$\\:!)#/)!*%:!/!G/7'$\\A01)!9$-%*&+!*%!+$$.$.4!;)!

%$6)*&+!3F4L!5$!5*''!%#&5!#&5!)&!&7)/*+!*)4!N+6$!5$!#/9$!)#$!G/7'$\\A01)!9$-%*&+:!

)#$!+$1)!%)$,!*%!)&!5-*)$!/!%,$6*8*6/)*&+!8*'$!'*?$!5$!.*.!$/-'*$-!>$+$-/)*+>!/!6&2,*'$-!

5*)#!G/7'$\\4!I$9$-)#$'$%%:!)#*%!%,$6*8*6/)*&+!8*'$!#/%!%&2$!6#/+>$%!*+!6&2,/-*%&+!

5*)#!G/7'$\\!%,$6*8*6/)*&+%4!;''!)#$%$!6#/+>$%!5*''!7$!%#&5+!/)!%$6)*&+!3F4L4P4!

"#$+:!$1$6()*+>!G/7'$\\A01)!5*)#!&(-!%,$6*8*6/)*&+!8*'$!6&+)/*+*+>!)#$!)&?$+%:!/+.!

,-&.(6)*&+%!.$8*+*+>!N\^!F4_!5*''!-$%(')!*+!)#$!>$+$-/)*&+!&8!/+!N\^!F4_!'$1$-!/+.!

/+!N\^!F4_!,/-%$-4!"#$%$!)5&!8*'$%!#/9$!)#$!-$%,&+%*7*'*)<!&8!6-$/)$!)#$!,/-%$!)-$$:!

/'%&!?+&5+!/%!6&+6-$)$!%<+)/1!)-$$!S\G"T4!

D+!)#*%!>$+$-/)*&+!,-&6$%%!5$!/'%&!&7)/*+!/+!/))-*7()$!$9/'(/)&-!7/%$!6'/%%:!5#*6#!*%!

$%%$+)*/'! *+! )#$! +$5! 9*%*)&-! %)-(6)(-$! .$8*+$.! 7<! G/7'$\\A01)e%! .$%*>+4! G(6#!

/))-*7()$! $9/'(/)&-! *%! /+! /7%)-/6)! 6'/%%! )#/)! *2,'$2$+)%! )#$! G5*)6#M*)#V$)(-+!

*+)$-8/6$:! 5#*6#! *%! %*2*'/-! )#/+! G5*)6#! *+)$-8/6$! /%! 5/%! %$$+! 7$8&-$4! ;''! )#*%!

6#/+>$%!*+!)#$!9*%*)&-!,/))$-+!5*''!7$!$1,'/*+$.!*+!.$)/*'!*+!8&''&5*+>!%$6)*&+%4!

"#$! 7/%$! 6'/%%! 2(%)! 7$! $1)$+.$.! *2,'$2$+)*+>! )#$! -$h(*-$.! 2$)#&.%! 5*)#! )#$!

+$6$%%/-<!-('$%!)&!6&+9$-)!)#$!\G"!+&.$%!)&!)#$*-!;G"!8&-2!/%!*+.*6/)$.!*+!)#$!N\^!

F4_!%,$6*8*6/)*&+4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/CO!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 12.4: OCL 2.0 Parser Subsystem Construction 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/H0!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

;! 8(''! +&.$! $9/'(/)&-! 5*''! 7$! .$-*9$.! =&*+*+>! )#$! )5&! 6'/%%$%4! "#$! 7/%$! 6'/%%! *%!

-$%,&+%*7'$! )&! 2/?$! /! 6&--$6)! +&.$! )-/9$-%/':! /+.! &(-! $1)$+%*&+! 6&+%)-(6)%! )#$!

+&.$!6&+9$-%*&+4!

;8)$-! )#/):!5$! #/9$! )&! 6-$/)$! )#$!2/*+! \&2,*'$-! 6'/%%!2*1*+>! )#$! )#-$$! ,-$9*&(%!

6&2,&+$+)%:! *4$4:! )#$!N\^!F4_! '$1$-!/+.!,/-%$-!/+.! )#$!/))-*7()$!$9/'(/)&-:! *+! )#$!

%/2$!5/<!)#/)!5$!.*.!7$8&-$!5*)#!G/7'$\\4!

E*+/'!%)$,!6&+%*%)%!*+!)&!6&2,*'$!)#*%!\&2,*'$-!d/9/!6'/%%!5*)#!/''!*)%!.$,$+.$+6*$%!

/+.! )&! $1$6()$! *)! *+! &-.$-! )&! 6#$6?! )#$! 6&--$6)! 7$#/9*&(-! &8! )#$! N\^! F4_! Q/-%$-!

G(7%<%)$24!

;)!E*>(-$!3F4L!5$!6/+!%$$!*+!7'($!6&'&(-!)#$!2&.('$%!)#/)!5$!#/9$!)&!.$9$'&,!7<!

#/+.4!N+!)#$!&)#$-!%*.$:!)#$!-$%)!&8!%#/,$%!*+.*6/)$!,-&6$%%$%!&-!2&.('$%!2/.$!&-!

>$+$-/)$.!/()&2/)*6/''<4!

./DH 614:FBBUFR"!

./DHD. 8L"KE>@B"8EL!

;)! )#*%! %$6)*&+! 5$! *+)-&.(6$! G/7'$\\A01)! /%! )#$! 6&2,*'$-! >$+$-/)&-! 6#&%$+! )&!

6&+%)-(6)! )#$! 8-/2$5&-?! 8&-! &(-! N\^! F4_! $1,-$%%*&+%! ,-&6$%%&-4! "#$! -$/%&+! 8&-!

)#*%! .$6*%*&+! *%! 7$6/(%$! G/7'$\\A01)! *%! )#$! >$+$-/)&-! &8! )#$! N\^! F4_! Q/-%$-!

G(7%<%)$2!&8!)#$!C-$%.$+!N\^F!"&&'?*):!/+.!#/%!/''! )#$!8(+6)*&+/'*)<!-$h(*-$.!7<!

&(-!,-&=$6)4!

;)!+$1)!,/-)%!&8!)#*%!6#/,)$-!5$!5*''!%)(.<!G/7'$\\A01)e%!6-$/)*&+:!)#$!6#/+>$%!)#/)!

*)! *2,'*$%! *+! 7&)#! )#$! %,$6*8*6/)*&+! 8*'$! /+.! )#$! +&.$! 9*%*)&-! ,-&6$%%! *+! &-.$-! )&!

2/?$! $/%*$-! )&! (+.$-%)/+.! )#$! 8&''&5*+>! 6#/,)$-%! )#/)! $1,'/*+! &(-! N\^! F4_!

>-/22/-!/+.!)#$!.$9$'&,2$+)!,-&6$%%:!/2&+>!&)#$-!)#*+>%4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/H.!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

./DHD/ VGT!FR"FL>!614:FBB!

;%! 5$! $1,'/*+$.! 7$8&-$:! G/7'$\\! *%! /! >&&.! )&&'! )&! >$+$-/)$! )#$! +$6$%%/-<!

8-/2$5&-?! )&! .$9$'&,! /! 6&2,*'$-4! I$9$-)#$'$%%:! )#$-$! $1*%)! %&2$! '/+>(/>$%! )&!

6&2,*'$!)#/)!+$$.!%,$6*/'!8$/)(-$%!)#/)!G/7'$\\!*%!+&)!/7'$!)&!,-&9*.$4!D+!)#*%!%$)!&8!

2&-$!6&2,'$1!'/+>(/>$%!5$!8&(+.!)#$!N\^!F4_4!

"#$!2/*+! '*2*)/)*&+!&8!G/7'$\\!>$+$-/)$.! 8-/2$5&-?! *%! 8&(+.!/)! )#$! )-$$!5/'?$-!

6'/%%$%4! "#$<! /-$! (+(%/7'$! 8&-! )#$! /))-*7()$! $9/'(/)&-! &8! )#$! N\^! F4_! Q/-%$-!

G(7%<%)$24!

G(6#!)-$$!5/'?$-!6'/%%$%!,-&9*.$!)#$!2$)#&.%!*+q11!/+.!&()q11!)#/)!/-$!&+'<!6/''$.!

7$8&-$! /+.!/8)$-! )#$!.$%6$+)! *+)&! )#$! 6#*'.!+&.$%!&8! /! 6(--$+)!+&.$4!B()!N\^!F4_!

+$$.%!)&!*+=$6)!6(%)&2!6&.$!7$)5$$+!)#$!.$%6$+)!)&!$/6#!6#*'.!+&.$4!!

"#$!-$/%&+!8&-! )#*%!-$h(*-$.!7$#/9*&(-! *%! )#$!./)/!.$,$+.$+6*$%!)#/)!$1*%)! *+! )#$!

$9/'(/)*&+!&8! )#$!N\^!F4_!+&.$%4!G*+6$!N\^! *%!/! '$8)A)&A-*>#)! '/+>(/>$:! )#$-$!$1*%)!

./)/!+$$.$.!7<!)#$!%*7'*+>%!&8!/!+&.$!)&!6&2,()$!)#$*-!&5+!$9/'(/)*&+4!

W&-$&9$-:! )#$%$! ./)/! .$,$+.$+6*$%! %#&('.! 7$! -$%&'9$.! 7<! ,/%%*+>! )#$! -$h(*-$.!

*+8&-2/)*&+! )&! )#$! +&.$%! )#/)! 6&('.! +$$.! *):! 7()! G/7'$\\! +&)! /''&5%! *+)-&.(6*+>!

/..*)*&+/'! ,/-/2$)$-%! *+! )#$! 9*%*)&-! *+8-/%)-(6)(-$! )&! .$%6$+)! *+)&! &)#$-! +&.$%4!

;+&)#$-!,&%%*7*'*)<!*%!)&!-$)(-+!)#*%!*+8&-2/)*&+!7<!$/6#!+&.$!5#$+!*)%!$9/'(/)*&+!

8*+*%#:!7()!G/7'$\\!9*%*)&-!,/))$-+!.$%*>+!*2,'*$%!)#/)!7&)#!)#$!/,,'<!/+.!6/%$q11!

2$)#&.%!/-$!9&*.4!

!

!

!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/H/!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

F"'#1(&6*-,1('-/&'(,-,'(&+&1(&1.)&*A'%""B',-'1&H-'MEN'D;Z'."1*-6,)1-2'

context Person::salary : Real init: self.agesWorking*1000.00 

'

=1,%4*)17'-/)*'*)0+%&'."1*-6,)1-A'3&'.,1'*&&'-/,-'&H)*-*')15"60,-)"1'-"'
*/,6&'$&-3&&1'-/&'()55&6&1-&'*&.-)"1*'"5'*#./'."1*-6,)1-;'

'

!):)()17'-/&'."1*-6,)1-')1'+,6-*A'3&'5"#1(2'

8'Person::salaryA'-/&'."1*-6,)1&('&%&0&1-'

8'RealA'-/&'-4+&'"5'-/&'."1*-6,)1&('&%&0&1-'

8'self.agesWorking*1000.00A'-/&')1)-),%)T&6'&H+6&**)"1'-/,-')*'0,(&'$42'

' 8'self.agesWorkingA','+6"+&6-4'-"'."1*#%-A'-/,-'$&%"71*'-"'*&%5'

' 8'1000.00A','6&,%'."1*-,1-'

'

='%)*-'"5'(,-,'(&+&1(&1.)&*'*/"#%('$&2'

8'Person::salary'0#*-'6&-#61')-*'-4+&'-"'$&'."0+,6&('3)-/'-/&'-4+&'

36)--&1')1'-/&'."1*-6,)1-'P)1'-/)*'.,*&'RealQ;'

8'self.agesWorking'1&&(*'-"'B1"3'-/&'-4+&'"5'self')1'"6(&6'-"'./&.B')5'

agesWorking'&H)*-*')1'*#./'-4+&;'F/)*'-4+&'0#*-'$&'+,**&('3/&1'

Person::salary')*'."0+#-&(;'

8'self.agesWorking'/,*'-"'6&-#61')-*'-4+&')1'"6(&6'-"'./&.B')5')-'0,-./&*'

3)-/'1000.00'-4+&;'

8'self.agesWorking*1000.00'/,*'-"'6&-#61')-*'"+&6,-)"1'6&*#%-'-4+&')1'

"6(&6'-"'./&.B')5')-'0,-./&*'3)-/'Person::salary'-4+&;'

'

=*'3&'/,:&'*&&1A'&:&1','*)0+%&'."1*-6,)1-'/)(&*','%"-'"5'(&+&1(&1.)&*;'

Example 12.12: Constraint dependencies 

"#$!C-$%.$+!)$/2:!*+!)#$!.$9$'&,2$+)!&8!)#$*-!N\^!F4_!Q/-%$-!G(7%<%)$2!/%!/!,/-)!

&8!)#$!C-$%.$+!N\^F!"&&'?*):!8&(+.!)#$%$!#/+.*6/,%!/+.!%&'9$.!)#$2!7<!$1)$+.*+>!

)#$! 7/%*6! 9$-%*&+! &8! G/7'$\\! 5*)#! /..*)*&+/'! 8$/)(-$%! )#/)! ,-&9*.$.! )#$! +$$.$.!

7$#/9*&(-!5*)#&()!'&%*+>!)#$!,&5$-!&8!)#$!&-*>*+/'4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/HC!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

./DHDC 614:FBBUFR"!BG1LQF6!

"#$! G/7'$\\A01)! >$+$-/)*&+! ,-&6$%%!5/%! .&+$! (%*+>! G/7'$\\4! "#$!C-$%.$+! )$/2!

5-&)$! /! >-/22/-! %,$6*8<*+>! )#$! 6#/+>$%! )#/)! G/7'$\\A01)! 2(%)! 8('8*''4! G(6#!

>-/22/-:!/%!/!%,$6*8*6/)*&+!8*'$:!5/%!)#$!*+,()!&8!/!+$5!G/7'$\\!$1$6()*&+4!N+!)#$!

&)#$-!#/+.:!)#$!%&(-6$!6&.$!&8!G/7'$\\!5/%!/./,)$.!)&!,-&.(6$!/%!&(),()!8&-!$9$-<!

$1$6()*&+!)#$!/7%)-/6)!6'/%%!)#/)!*%!)#$!/))-*7()$!$9/'(/)&-!%?$'$)&+4!

"#$+:!)#$!&(),()!&8!)#*%!,-&6$%%!5/%!/!6&2,'$)$!9$-%*&+!&8!)#$!G/7'$\\!$1)$+%*&+:!

?+&5+!/%!G/7'$\\A01)! )#/)!,-&9*.$%!)#$!+$6$%%/-<! 8(+6)*&+/'*)*$%! 8&-! )#$!N\^!F4_!

'/+>(/>$4!

;%!5$! $1,'/*+$.! 7$8&-$:! )#*%! +$5! 9$-%*&+! /''&5%! ,/%%*+>! *+8&-2/)*&+! 7$)5$$+! /!

+&.$!/+.!*)%!.$%6$+./+)%!/+.!9*6$!9$-%/4!"#$!)&,A.&5+!%#/-*+>!*%!2/.$!7<!,/%%*+>!

/! ,/-/2$)$-! 5*)#! )#$! +$6$%%/-<! *+8&-2/)*&+! )&! )#$! .$%6$+./+)%! *+! )#$! /,,'<!

2$)#&.4! ;%! 5$'':! )#$! 7&))&2A(,! %#/-*+>! *%!2/.$! 7<! /! -$)(-+! ,/-/2$)$-! *+! $/6#!

/,,'<!2$)#&.:!5#*6#!-$,-$%$+)%!)#$!;G"!+&.$!,-&6$%%$.!8&-!$/6#!.$%6$+./+)4!

M*)#!)#*%!.$%*>+:!/!+&.$!6/+!%#/-$!*+8&-2/)*&+!5*)#!*)%!.$%6$+./+)%!*+)-&.(6*+>!/!

,/-/2$)$-! S.$8*+$.! /%! *+#$-*)$.! *+8&-2/)*&+T! *+)&! )#$! #$/.$-! 6/''! &8! )#$! /,,'<!

2$)#&.:!/+.!)#$+!$/6#!2$)#&.!5*''!-$)(-+!/!,/-/2$)$-!5*)#!)#$!;G"!*+8&-2/)*&+!

S.$8*+$.!/%!%<+)#$%*X$.!*+8&-2/)*&+T!)#/)!6/+!7$!$%%$+)*/'!8&-!)#$!6(--$+)!+&.$4!

"&! 6(%)&2*X$! )#$! >$+$-/)*&+! &8! )#$! /))-*7()$! $9/'(/)&-! 7/%$! 6'/%%:! G/7'$\\A01)!

*+)-&.(6$%! 8&(-! .*-$6)*9$%:! )#/)! *%:! r6#/*+:! r+&6-$/)$:! r6(%)&2#$-*)/>$! /+.!

r2/?$)-$$:!5#*6#!6#/+>$!)#$!7$#/9*&(-!&8!%(6#!%?$'$)&+4!"#$%$!.*-$6)*9$%!6/+!7$!

(%$.!*+!)#$!%,$6*8*6/)*&+!8*'$!8&-!G/7'$\\A01)!/+.!5*''!7$!$1,'/*+$.!/)!%$6)*&+!3F4L4c4!

G(6#! 8*'$! #/%! /! +$5! %<+)/1! )#/)! 2(%)! 7$! ?+&5+4! 09$-<! ,-&.(6)*&+! -('$! 2(%)!

*+.*6/)$!5#/)!*%!)#$!)<,$!&8!)#$!;G"!+&.$!)#/)!-$)(-+%!&+6$!)#$!$9/'(/)*&+!,-&6$%%!

8*+*%#$%4! "#*%! )<,$! +/2$!2(%)! /,,$/-! 7$)5$$+! 7<! )#$! ,-&.(6)*&+! +/2$! /+.! )#$!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/HH!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

$h(/'!%*>+!/+.!2(%)!7$!8'/+?$.!7<!/+>'$!7-/6?$)%4!B<!)#$!5/<:!)#*%!)<,$!+/2$!(%/>$!

6/+!7$!/,,'*$.!)&!/')$-+/)*9$%!*+!/!,-&.(6)*&+4!

N)#$-! 6#/+>$! *%! )#$! ,&%%*7*'*)<! )&!2/-?! /! )&?$+! &-! /')$-+/)*9$! $'$2$+)!5*)#! /! Rse!

%<27&'!,-$6$.*+>!%(6#!)&?$+!&-!/')$-+/)*9$4!"#*%!/6)*&+!*+9&'9$%!)#/)!)#$!)&?$+!&-!

/')$-+/)*9$!2/-?$.!5*''!7$!%?*,,$.!.(-*+>!)#$!/))-*7()$!$9/'(/)*&+4!"#*%!5/<:! )#$!

%<+)/6)*6!%(>/-3!6/+!7$!$-/%$.4!!

"#$%$!&+$%!/-$!,/-)!&8!G/7'$\\A01)!6#/+>$%!5*)#!-$%,$6)!)&!6&22&+!G/7'$\\4!"#$!

2/*+!6#/+>$!*%!)#$!+$5!9*%*)&-!%)-(6)(-$!)#/)!5*''!7$!*+)-&.(6$.!/)!+$1)!%$6)*&+4!

./DHDH LFV!FR"FL>F>!%868"EK!1KBG8"FB"@KF!

"#$!+$5!9*%*)&-!/-6#*)$6)(-$!*+6'(.$.!*+!G/7'$\\A01)!6/+!7$!8&(+.!/)!E*>(-$!3F4c4!D)!

*%! *2,&-)/+)! )&!+&)$! )#/)!,-$9*&(%!G/7'$\\!9*%*)&-! 6'/%%$%!/-$! %)*''! >$+$-/)$.:!7()!

/-$!+&)!%#&5+!/)!*2/>$!*+!&-.$-!)&!*2,-&9$!(+.$-%)/+./7*'*)<4!

I&5:! G5*)6#! /+.! G5*)6#/7'$! *+)$-8/6$%! /-$! G5*)6#M*)#V$)(-+! /+.!

G5*)6#/7'$M*)#V$)(-+:!5#*6#!,/<!/))$+)*&+!&+!)#$!,/-/2$)$-!-$)(-+!8(+6)*&+/'*)<!

/..$.4!

;)! )#$! %/2$! 5/<! )#/+! 5*)#! G/7'$\\:! G5*)6#/7'$M*)#V$)(-+! .$8*+$%! )#$! /,,'<!

2$)#&.! )#/)! *+6'(.$%! /! +$5! &7=$6)! ,/-/2$)$-! /%! *+,()! *+! /..*)*&+! )&! )#$!

G5*)6#M*)#V$)(-+! &+$4! D)! /'%&! -$)(-+%! /+&)#$-! &7=$6)! )#/)! 5*''! 7$! )#$! ;G"! +&.$!

&7=$6)!6&2,()$.!8&-!$/6#!+&.$4!

N+!)#$!&)#$-!#/+.:!G5*)6#M*)#V$)(-+!*+)$-8/6$!*%!$2,)<!/+.!*)!*%!*2,'$2$+)$.!7<!

;+/'<%*%M*)#V$)(-+! *+)$-8/6$! )#/)! 6&+)/*+%! )#$! %/2$! 6/%$! 2$)#&.%! )#/+! *+!

;+/'<%*%!6'/%%:!7()!5*)#!/!+$5!,/-/2$)$-!/%!*+,()4!

                                                
1
 syntactic sugar: additions to the syntax of a computer language that do not affect its functionality but 

make it "sweeter" for humans to use. 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/HI!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 12.5: SableCC-Ext Visitor Pattern Structure 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/HJ!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

"#$%$!6/%$!2$)#&.%!/'%&!6&+)/*+!)#$!-$)(-+!;G"!+&.$:!/%!%<+)#$%*X$.!/))-*7()$!)&!

%#/-$! *+! 7&))&2A(,! .*-$6)*&+4! 0/6#!2$)#&.! *%! *2,'$2$+)$.! *+! ^;))-09/';./,)$-!

/7%)-/6)!6'/%%4!

^;))-09/';./,)$-!/'%&!6&+)/*+%!)#$!#$/.$-%!8&-!)#$!6&2,()$;%)E&-!2$)#&.%:!5#*6#!

/-$!)#$!2$)#&.%!)#/)!2/?$!)#$!/))-*7()$!$9/'(/)*&+!S%$2/+)*6!/+/'<%*%T!/+.!6-$/)$!

)#$! 6&--$%,&+.*+>! ;G"! +&.$! 8&-! $9$-<! +&.$! 6'/%%4! "#$%$! 2$)#&.%! 6&+)/*+! /%!

,/-/2$)$-%! )#$! ,-$9*&(%! %*7'*+>%e! ;G"! +&.$%! /+.! /! %,$6*/'! ./)/! %)-(6)(-$! 6/''$.!

@$-*)/>$4!

"#$!@$-*)/>$!6&+)/*+%!/''!+$$.$.! *+8&-2/)*&+!/7&()! )#$!6&+)$1)!&8! )#$!+&.$!S$4>4:!

5#/)!*%!)#$!6&+)$1)(/'!6'/%%!&-!)#$!6&+%)-/*+$.!$'$2$+)!*+!)#$!6&+%)-/*+)!*+!,-&6$%%:!

5#/)! *%! )#$! 6'/%%! &8! %$'8! ?$<5&-.:!5#/)! *)$-/)&-! 9/-*/7'$%! 6/+!7$!(%$.! *+%*.$! )#$!

7&.<!$1,-$%%*&+!&8!/+!*)$-/)&-:!5#/)!*%!)#$!%&(-6$!$1,-$%%*&+!&8!/+!&,$-/)*&+:!/+.!

%&!&+T4!

"#$! @$-*)/>$! 6/+! 7$! 6&2,()$.! 7<! 2$/+%! &8! )#$! *+%*.$t;')$-+/)*9$!

I/2$uo6&2,()$@$-*)/>$E&-ot0'$2$+)! I/2$u:! 5#*6#! *%! ,-&6$%%$.! 7$8&-$! )&!

.$%6$+)! *+)&!/+!$'$2$+)!+&.$!&8!/+!/')$-+/)*9$!+&.$4!"#$!+/2$!&8! )#*%!2$)#&.! *%!

2/.$!/..*+>! )#$! /')$-+/)*9$!+&.$!+/2$!/+.! )#$! $'$2$+)!+/2$! *+%*.$! )#$!,'/6$%!

.$+&)$.!5*)#!/+>'$!7-/6?$)%!*+!)#$!,-$9*&(%!.$8*+*)*&+4!;%!5$!5*''!%$!+$1)!)&!*):!)#*%!

2$)#&.!*%!+&)!2/+./)&-<4!D8!+$$.$.:!5$!2(%)!(%$!)#$!.*-$6)*9$!r6(%)&2#$-*)/>$!/)!

)#$!$+.!&8!/+!/')$-+/)*9$!*+!)#$!%,$6*8*6/)*&+!8*'$:!)&!6-$/)$!*)!*+!)#$!%?$'$)&+!6'/%%4!D8!

)#*%!.*-$6)*9$!.&$%!+&)!/,,$/-:!/!6&,<!&8!)#$!,/-$+)!+&.$!#$-*)/>$!*%!,/%%$.!*+%)$/.!

)&!)#$!.$%6$+./+)%4!

"#$+:!%*+6$!5$!#/9$!/!%?$'$)&+!6'/%%!)#/)!2/?$%!)#$!)-$$!)-/9$-%/'!/+.!6/''!)#$!/''!

+&.$%!8&-!*)%$'8:!/%!%,$6*8*$.!7<!)#$!%,$6*8*6/)*&+!8*'$:!&(-!=&7!*%!)&!$1)$+.!)#*%!6'/%%!

)&!6&2,()$!)#$!6&2,()$;%)E&-!/+.!)#$!6(%)&2!#$-*)/>$!2$)#&.%!*+!&-.$-!)&!6-$/)$!

)#$!;G"!+&.$%!/+.!2/?$!)#$!;G"!)-$$!'*+?*+>!)#$24!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/HM!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

^;))-09/';./,)$-:!/%!/!%?$'$)&+!6'/%%:! 6&+)/*+%! )#$!6/%$!2$)#&.%! *2,'$2$+)/)*&+!

)#/)!8&''&5%!)#$!+$1)!/'>&-*)#2H!

34 B$>*+! 5*)#! )#$! G)/-)! +&.$! /+.! 6/''! *)%! /,,'<! 2$)#&.:! 5*)#! /! 6'/%%! $1)$+.*+>!

^;))-09/';./,)$-!/+.!/+!$2,)<!@$-*)/>$!/%!,/-/2$)$-%4!

F4 "#$!/,,'<!2$)#&.!6/''%!)#$!6/%$!2$)#&.!8&-!)#$!6(--$+)!+&.$:!/+.!)#*%!2$)#&.!

.&!)#$!8&''&5*+>!/6)*&+%H!

F434 N7)/*+!&+$!&8!*)%!.$%6$+./+)!+&.$%!)&!7$!,-&6$%%$.:!!

F4F4 D8! 6(%)&2! #$-*)/>$! &7=$6)! +$$.$.:! 6/''! )#$! *+%*.$o6&2,()$@$-*)/>$E&-o!

2$)#&.!8&-!)#$!6(--$+)!.$%6$+./+)!*+!&-.$-!)&!6/'6('/)$!*)%!@$-*)/>$!

F4P4 \/''! )#$!/,,'<!2$)#&.!8&-!)#$!6(--$+)!.$%6$+./+)!5*)#!)#$!@$-*)/>$!/%!/+!

/..*)*&+/'!,/-/2$)$-4!p$)!)#$!-$)(-+!;G"!+&.$!&7=$6)!/+.!%)&-$!*)4!

F4L4 V$,$/)!8-&2!F43!)&!#$-$!8&-!$9$-<!.$%6$+./+)!)#/)!#/%!+&)!7$$+!,-&6$%%$.4!

P4 \/''! )#$! ;G"! +&.$! 8/6)&-<! )&! 6-$/)$! )#$! ;G"! +&.$! &8! )#$! 6(--$+)! +&.$! 7$*+>!

,-&6$%%$.4! "#*%! 7$#/9*&(-! 6/+! 7$! %?*,,$.! 2/-?*+>! )#$! /')$-+/)*9$! 5*)#! )#$!

r+&6-$/)$!/')$-+/)*9$4!

L4 \/''!)#$!6&2,()$;%)E&-!2$)#&.!8&-!)#$!6(--$+)!+&.$!5*)#!)#$!@$-*)/>$!/+.!)#$!

;G"!+&.$!&7=$6)!&8!$9$-<!,-$9*&(%!.$%6$+./+)!+&.$!,-&6$%%$.:!/%!,/-/2$)$-%4!

"#*%! ,/-/2$)$-%! 6&+)/*+! )#$! ;G"! +&.$! &8! %)$,! P:! *8! $1*%)%4! "#$! -$)(-+! &8! )#*%!

2$)#&.!*%!)#$!;G"!&8!)#$!6(--$+)!+&.$4!

c4 V$)(-+!)#*%!;G"!+&.$4!

E*+/''<:! *)! *%! *2,&-)/+)! )&! +&)$! )#/)! )#$! +/2$! &8! )#$! %?$'$)&+! 6'/%%! *%! +&)! 6/%(/'4!

^;))-09/';./,)$-! *%! )#$!/))-*7()$!$9/'(/)&-!7/%$!6'/%%!+/2$!7$6/(%$! )#$!N\^!F4_!

>-/22/-!*%!/+!'A/))-*7()$!>-/22/-4!D)!2$/+%!)#/)!/''!,-&.(6)*&+%!&8!)#$!>-/22/-!

#/9$!/+!/))-*7()$!/%%*>+$.!)&!$9/'(/)$!/66&-.*+>!)&!/!%$)!&8!-('$%!S)#/)!6/+!7$!8&(+.!

/)! `N7=_UaT4! ;+.! )#$! 8*-%)! R'e! *+.*6/)$%! )#/)! )#$! /'>&-*)#2! )&! 2/?$! )#$! /))-*7()$!

$9/'(/)*&+!(%$%!/!'$8)A)&A-*>#)!.$,)#A8*-%)!)-$$!5/'?4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/HN!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

./DHDI 1""K84@"F!F%1:@1"EK!

;)! )#*%! %$6)*&+! 5$! 5*''! %#&5! *+! .$)/*'! )#$! /))-*7()$! $9/'(/)&-! *+%*.$! )#$! 9*%*)&-!

/-6#*)$6)(-$!&8!G/7'$\\A01)!5*)#!/+!$1/2,'$4!

E*-%)! &8! /''! 5$!2(%)! 6&2,'$)$! )#$! $1,'/+/)*&+! &8! )#$! %,$6*8*6/)*&+! 8*'$! .*-$6)*9$%!

r6#/*+:!r+&6-$/)$:!r6(%)&2#$-*)/>$!/+.!r2/?$)-$$4!

C*-$6)*9$!r6#/*+! *%!(%$.!)&!+&)$!)#/)! )#$!/')$-+/)*9$!2/-?$.!5*)#! *)!2(%)!6&+)/*+!

&+'<! &+$! $'$2$+)! *+%*.$:! /+.! *)%! %<+)#$%*X$.! /))-*7()$! #/9$! )&! 7$! -$)(-+$.! /%!

%<+)#$%*X$.! /))-*7()$! &8! )#*%! /')$-+/)*9$! .*-$6)'<4! D)! %?*,%! )&! .&! (++$6$%%/-<!

,-&6$%%*+>4!

N+! )#$!&)#$-!#/+.:!r+&6-$/)$!.*-$6)*9$!.$'$>/)$%! )#$! -$%,&+%*7*'*)<! )&! 6-$/)$! )#$!

;G"!+&.$!8&-!/+!/')$-+/)*9$!&-!$'$2$+)!)&!)#$!6&2,()$;%)E&-!2$)#&.!*+%)$/.!&8!)&!

)#$!6/%$q11!2$)#&.!.*-$6)'<4!

;'%&:! )#$! r6(%)&2#$-*)/>$! .*-$6)*9$! *+.*6/)$%! )#/)! )#$! $'$2$+)! 2/-?$.! 5*)#! *)!

+$$.%!/!6(%)&2!6&.$!)&!6&2,()$!*)%!@$-*)/>$!&7=$6)4!"#$!-$%(')!&8!)#*%!.*-$6)*9$!*%!

)#$!6-$/)*&+!&8!)#$!*+%*.$446&2,()$@$-*)$/>$E&-44!2$)#&.!)&!*2,'$2$+)4!

N""B',-'1&H-'+6"(#.-)"1'"5',1'/4+"-/&-).,%'MEN'D;Z'*+&.)5).,-)"1'5)%&2'

'$)o$1,o6%!-.+$/012!n!!!! '$)!!!!`9/-*/7'$%aH*+*)*/'*X$.o9/-*/7'$o'*%)o6%!

!!!!!!!!!! ! ! *+!!`$1,-$%%*&+aH$1,-$%%*&+!3456$)78+9:$";+!g!

["-&'-/,-'-/&'=CF'1"(&'-4+&'"5'-/)*'+6"(#.-)"1')*'N&-\H+A',*')1().,-&('
$&-3&&1',17%&'$6,.B&-*;'

F/&'].#*-"0/&6)-,7&'()6&.-):&')0+%)&*'-/&'7&1&6,-)"1'"5'-/&'
)1*)(&=N&-\H+E*^."0+#-&_&6)-,7&J"6^\H+6&**)"1'0&-/"('-/,-')1'-/)*'

.,*&'+6"$,$%4'.6&,-&',1'_&6)-,7&'3)-/'-/&'%&-':,6),$%&*')1*)(&'$&.,#*&'

&H+6&**)"1'1&&(*'-"'B1"3'-/&0'-"')-*'."0+#-,-)"1;'

Example 12.13: Example of #customheritage directive 



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/HO!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

E*+/''<:! r2/?$)-$$! *+.*6/)$%! )#/)! )#$! -$%,&+%*7*'*)<! )&! ?$$,! /+.! %)&-$! )#$! '$8)!

%*7'*+>%e! ;G"! +&.$%! *%! .$'$>/)$.! )&! )#$! 6&2,()$;%)E&-! 2$)#&.! &! )#$! 6(--$+)'<!

,-&6$%%$.!+&.$4!"#$-$8&-$:!%(6#!2$)#&.!,-&.(6$%!/+!;G"!)-$$! 8-&2!/!\G"! '*%)!&8!

+&.$%4!

;)!)#*%!2&2$+):!5$!5*''!%)(.<!#&5!G/7'$\\A01)!5&-?%!5*)#!/+!$1/2,'$!7/%$.!&+!

)#$! D8! 6&+%)-(6)*&+! &8! )#$! N\^! F4_! '/+>(/>$4! E*-%)! &8! /'':! 5$! 2(%)! )&! 5-*)$! )#$!

+$6$%%/-<!)&?$+%!/+.!,-&.(6)*&+%!*+%*.$!)#$!%,$6*8*6/)*&+!8*'$!/66&-.*+>!)&!*)%!+$5!

%<+)/14!

*8o$1,o6%'`>5\H+a'X''''''*8!`6&+.*)*&+aH'&>*6/'o$1,o6%!

! ! ! !!!!!!!!)#$+!`)#$+o7-/+6#aH&6'o$1,-$%%*&+o6%!

! ! ! !!!!!!!!$'%$!`$'%$o7-/+6#aH&6'o$1,-$%%*&+o6%!

! ! ! !!!!!!!!$+.*8!!!g!

'&>*6/'o$1,o6%!t444u!n!444!g!

&6'o$1,-$%%*&+o6%!t444u!n!444!g!

Example 12.14: Production for OCL 2.0 If construction 

"#$! 8*-%)! %)$,! &8! )#$! 9*%*)&-! ,/))$-+!5#$+! %&2$&+$! 6/''%! )#$! /,,'<!2$)#&.! &8! /+!

;D801,\%!+&.$:!5#*6#!*%!)#$!/')$-+/)*9$!+/2$!8&-!)#$!>-/22/-!,-&.(6)*&+!*8o$1,o6%!

*+! 01/2,'$! 3F43L:! *%! )&! 6/''! )#$! 6/%$! 2$)#&.! &8! )#*%! /')$-+/)*9$:! *4$4:! )#$!

6/%$;D801,\%!2$)#&.4!

public Object apply(SwitchWithReturn sw, Object param)   
      throws AttrEvalException  

{ 

 return ((AnalysisWithReturn) sw).caseAIfExpCs(this, param); 

} 

Example 12.15: Apply method for If construction of Example 12.14 

"#$!N7=$6)!,/-/2$)$-!6/''$.!,/-/2!*+!01/2,'$!3F43c!*%!)#$!@$-*)/>$!)#/)!*%!%#/-$.!

*+!/!)&,A.&5+!)-/9$-%$4!



!!!!!!!! ! >$A$2)?9$-(!8-7*,'(*;5(;*$! ./!

 

/I0!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

"#$! 6/%$! 2$)#&.! >$+$-/)$.! /()&2/)*6/''<! *+%*.$! )#$! ^;))-09/';./,)$-! /7%)-/6)!

6'/%%!S)#$!/))-*7()$!$9/'(/)&-!%?$'$)&+!6'/%%T!%#&('.!7$!%*2*'/-!)#/+!/%!8&''&5%H!

!public final IfExp caseAIfExpCs(AIfExpCs node, Object param)  
       throws AttrEvalException {  

 // All this code is generated automatically by SableCC-Ext 

 Heritage nodeHrtg = (Heritage) param; 

    Heritage childHrtg = null; 

 // Descending to condition 

 PLogicalExpCs childCondition = node.getCondition(); 

 OclExpression astCondition = null; 

   if( childCondition != null) { 

  astCondition = (OclExpression)     
  childCondition.apply(this, nodeHrtg.copy());  

 } 

 // Descending to then branch 

   POclExpressionCs childThenBranch = node.getThenBranch(); 

 OclExpression astThenBranch = null; 

 if( childThenBranch != null) { 

  astThenBranch = (OclExpression)     
  childThenBranch.apply(this, nodeHrtg.copy()); 

 } 

 // Descending to else branch 

 POclExpressionCs childElseBranch = node.getElseBranch(); 

 OclExpression astElseBranch = null; 

 if( childElseBranch != null) { 

  astElseBranch = (OclExpression)     
  childElseBranch.apply(this, nodeHrtg.copy()); 

 } 

 // create AST node for current CST node here. 

 // If #nocreate appears, the next line will be skipped 

 IfExp myAst = (IfExp) factory.createNode("IfExp"); 

 // Next method is abstract here and must be implemented 

 myAst = computeAstFor_AIfExpCs(myAst, nodeHrtg, astCondition, 

                 astThenBranch , astElseBranch); 

 return myAst; 

} 

Example 12.16: Case method for if expression inside LAttrEvalAdapter skeleton generated by 

SableCC-Ext automatically 
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Figure 12.6: Screenshot of the Demo used to check the correct behaviour of our processor 
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context_declaration_list_cs <List> =  

    [context]:context_declaration_cs 

       [tail]:context_declaration_list_cs? #nocreate 

    ; 

 

context_declaration_cs <OclContextDeclaration> =  

    {classifier} <OclClassifierContextDecl>   

 context [context_name]:path_name_cs 

 [constraints]:classifier_constraint_cs+ #customheritage 

    | {attr_or_assoc} <OclAttrOrAssocContextDecl>  

 context [context_name]:path_name_cs  

 colon [type]:type_specifier  

 [constraints]:init_or_der_value_cs+ #customheritage 

    | {operation}   <OclOperationContextDecl>    

 context [context_name]:path_name_cs  

 [signature]:operation_signature_cs  

 [constraints]:operation_constraint_cs+ #customheritage 

    ; 

Definition 13.1: Grammar rules for constraint structures 
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5*)#!)#$!JN6'K!)/>!/+.!)#$<!.&!+&)!7$'&+>!)&!)#$!N\^!2$)/2&.$'4!;%!5$!%/*.:!)#$<!

/-$!(%$.! )&! 8/6*'*)/)$! )#$!,-&6$%%*+>!&8! )#$!;G"%!,-&9*.*+>!/!5-/,,$-! )#/)!/''&5%!
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Figure 13.1: SableCC-Ext generated classes for constraint structures 
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operation_signature_cs <OclOperationSignature> = 

        paren_open  

        [parameters]:formal_parameter_list_cs? 

        paren_close  

        [return_type]:operation_return_type_specifier_cs? 

    ; 

    

operation_return_type_specifier_cs <Classifier> = 

        colon [return_type]:type_specifier #chain 

    ; 

Definition 13.2: Grammar rules for operation signatures 

;+&)#$-!)*2$:!)#$!-$'/)*&+!7$)5$$+!,-&.(6)*&+!-('$%!/+.!)#$*-!>$+$-/)$.!6'/%%$%!7<!
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!

Figure 13.2: SableCC-Ext generated classes for operation signature 
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/J.!
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.$8*+*)*&+%!*+6'(.$!/+!$+)*)<!.$6'/-/)*&+!)#/)!6/+!7$!/+!/))-*7()$!&-!/+!&,$-/)*&+4!

classifier_constraint_cs <OclClassifierConstraint> = 

      {invariant} <OclInvariantClassifierConstraint> 

        inv [name]:simple_name? colon 

        [invariant]:ocl_expression_cs 

    | {definition} <OclDefinitionClassifierConstraint> 

        def [name]:simple_name? colon  

        [definition]:definition_constraint_cs 

    ; 

 

definition_constraint_cs <OclDefinitionConstraint> = 

        [entity]:defined_entity_decl_cs  

        !equals 

        [definition]:ocl_expression_cs #customheritage 

    ; 

 

defined_entity_decl_cs <OclDefinedEntityDecl> = 

      {attribute} <OclAttributeDefinedEntityDecl> 

      [attribute]:formal_parameter_cs  

    | {operation} <OclOperationDefinedEntityDecl> 

      [operation_name]:simple_name  

      [operation]:operation_signature_cs  

    ; 

Definition 13.3: Grammar rules for invariants and definitions 
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Figure 13.3: SableCC-Ext generated classes for invariants and definitions 
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)#$!,-$6$.*+>!)&?$+H!*+*)!&-!.$-*9$4!

init_or_der_value_cs <OclAttrOrAssocConstraint> = 

      {init} <OclInitConstraint>  

        init [name]:simple_name? colon  

        [initializer]:ocl_expression_cs             

    | {derive} <OclDeriveConstraint>  

        derive [name]:simple_name? colon  

        [derive_expression]:ocl_expression_cs 

    ; 

Definition 13.4: Grammar rules for initializations and derivations 

"#$!>$+$-/)*&+!&8!)#$!6'/%%$%!*%!9$-<!&79*&(%!#$-$!.($!)&!7&)#!/')$-+/)*9$%!/-$!9$-<!
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!

Figure 13.4: SableCC-Ext generated classes for initializations or derivations 

!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/JH!
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$1,-$%%*&+%4! ;''! )#-$$! #/9$! )#$! %/2$! 6&+%)-(6)*&+! $'$2$+)%! *+6'(.*+>! )#$!

%)$-$&)<,$!&8!)#$!6&+%)-/*+)!S,-$:!,&%)!&-!7&.<T:!)#$!+/2$!&8!)#$!6&+%)-/*+)!/+.!)#$!

N\^!$1,-$%%*&+!&8!*)4!

operation_constraint_cs <OclOperationConstraint> = 

        [stereotype]:op_constraint_stereotype_cs  

        [name]:simple_name? colon 

        [expression]:ocl_expression_cs #customheritage 

    ; 

    

op_constraint_stereotype_cs <OclOperationConstraintStereotype> =  

        {pre} pre       #nocreate 

    |   {post} post     #nocreate 

    |   {body} body     #nocreate 

    ; 

Definition 13.5: Grammar rules for operation constraints 

!

Figure 13.5: SableCC-Ext generated classes for operation constraints 

!
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/!,/)#!+/2$!*%!/!6&+6/)$+/)*&+!&8!*.$+)*8*$-%!5*)#!/!.&(7'$!6&'&+!JHHK!7$)5$$+!)#$24!

identifier_cs <String> = 

      {simple} simple_name #chain 

    | {iterate} iterate #chain 

    | {iterator_name} iterator_name_cs #chain 

    | {ocl_op_name} ocl_op_name #chain 

    ; 

 

path_name_cs <List>   =  

    [qualifier]:path_name_head_cs* [name]:identifier_cs #nocreate; 

 

path_name_head_cs <String> =  

    identifier_cs dbl_colon #chain; 

Definition 13.6: Grammar rules for names and identifiers 

!

Figure 13.6: SableCC-Ext generated classes for names and identifiers 
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$1,-$%%*&+!&8!)#$!'$)!6&+%)-(6)*&+4!

ocl_expression_cs <OclExpression> = 

      {with_let}    let_exp_cs      #chain 

    | {without_let} logical_exp_cs  #chain 

    ; 

 

let_exp_cs <LetExp> = 

        let [variables]:initialized_variable_list_cs 

        in  [expression]:expression #customheritage #nocreate 

    ; 

 

if_exp_cs <IfExp> = 

     if [condition]:logical_exp_cs 

        then [then_branch]:ocl_expression_cs 

        else [else_branch]:ocl_expression_cs 

     endif 

    ;  

 

expression <OclExpression> = ocl_expression_cs #chain; 

Definition 13.7: Grammar rules for principal expressions 
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Figure 13.7: SableCC-Ext generated classes for principal expressions 
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logical_exp_cs <OclExpression> = 

      {chain} <OclExpression> [operand]:relational_exp_cs #chain 

    | {binary} <OperationCallExp> [operand]:relational_exp_cs 

         [tail]:logical_exp_tail_cs+ 

    ; 

  

logical_exp_tail_cs <OclBinaryExpTail> =   

      [operator]:logic_op [operand]:relational_exp_cs 

    ; 

Definition 13.8: Grammar rules for logical expressions 

!

Figure 13.8: SableCC-Ext generated classes for logical expressions 
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relational_exp_cs <OclExpression> = 

      {chain} [operand]:additive_exp_cs #chain 

    | {binary} <OperationCallExp> [operand]:additive_exp_cs 

            [tail]:relational_exp_tail_cs 

    ; 

 

relational_exp_tail_cs <OclBinaryExpTail> = 

        [operator]:rel_op [operand]:additive_exp_cs 

    ; 

Definition 13.9: Grammar rules for relational expressions 

!

Figure 13.9: SableCC-Ext generated classes for relational expressions 
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additive_exp_cs <OclExpression> = 

      {chain} [operand]:multiplicative_exp_cs #chain 

    | {binary} <OperationCallExp> [operand]:multiplicative_exp_cs 

          [tail]:additive_exp_tail_cs+ 

    ; 

 

additive_exp_tail_cs <OclBinaryExpTail> =  

        [operator]:add_op [operand]:multiplicative_exp_cs 

    ; 

Definition 13.10: Grammar rules for additive expressions 

!

Figure 13.10: SableCC-Ext generated classes for additive expressions 
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multiplicative_exp_cs <OclExpression> = 

      {chain} [operand]:unary_exp_cs #chain 

    | {binary} <OperationCallExp> [operand]:unary_exp_cs 

          [tail]:multiplicative_exp_tail_cs+  

    ; 

 

multiplicative_exp_tail_cs <OclBinaryExpTail> =  

        [operator]:mult_op [operand]:unary_exp_cs 

    ; 

Definition 13.11: Grammar rules for multiplicative expressions 

!

Figure 13.11: SableCC-Ext generated classes for multiplicative expressions 
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unary_exp_cs <OclExpression> = 

      {unary_op} <OperationCallExp> [operator]:unary_op 

          [operand]:postfix_exp_cs  

    | {unary_nop}   [postfix]:postfix_exp_cs  #chain 

    ;  

 

postfix_exp_cs <OclExpression> = 

      {primary}[primary]:primary_exp_cs #chain 

    | {with_tail}   [leftmost_exp]:primary_exp_cs 

          postfix_exp_tail_cs+ #maketree #nocreate 

    ; 

 

postfix_exp_tail_cs <OclExpression> = 

      {prop}  dot [prop_call]:property_call_exp_cs #customheritage 

          #nocreate 

    | {arrow_prop} arrow_right [tail]:arrow_property_call_exp_cs 

          #chain 

    ; 

 

primary_exp_cs <OclExpression> = 

      {literal} literal_exp_cs #chain 

    | {parenthesized} paren_open expression paren_close #chain  

    | {property} [prop_call]:property_call_exp_cs #customheritage 

          #nocreate 

    | {if} if_exp_cs #chain 

    ; 

Definition 13.12: Grammar rules for unary expressions 

N+!)#$!&)#$-!#/+.!/!,&%)8*1!)/*'!$1,-$%%*&+!*%!/!,-&,$-)<!6/''!$1,-$%%*&+!,-$6$.$.!

7<!/!.&)!)&?$+!&-!/+!/--&5!,-&,$-)<!6/''!$1,-$%%*&+!,-$6$.$.!7<!/+!/--&5!)&?$+4!

G(6#! 6&+%)-(6)*&+%! /-$! )#$! -*>#)! ,/-)! &8! /! 6/''! $1,-$%%*&+! '*?$!

7'587//0A!#17'587//0A!Q!&-!7'587//0A!#"W7'587//0A!Q4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/MC!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.12: SableCC-Ext generated classes for unary expressions 

"#$! .*/>-/2! 7$8&-$! -$,-$%$+)%! )#$! >$+$-/)$.! 6'/%%$%! 8&-! )#$! >-/22/-! -('$%!

$1,'/*+$.!/)!C$8*+*)*&+!3P43F!

.CDCDH +KE+FK"T!B1::!FR+KF668EL6!

E&''&5*+>!&(-!$1,'/+/)*&+!+$1)! %$6)*&+! *%!.$.*6/)$.! )&!,-&,$-)<! 6/''! $1,-$%%*&+%4!

E*-%)! /')$-+/)*9$! &8! 58A5786+S@-..S7'5S@/! ,-&.(6)*&+! *%! /! ,/)#! +/2$! 5*)#! /! )*2$!

$1,-$%%*&+4!D)!*%!(%$.!)&!/66$%%!/))-*7()$%!&-!/%%&6*/)*&+!$+.%!5#*6#!+/2$!2/)6#$%!

5*)#! ,/)#! +/2$4! "*2$! $1,-$%%*&+%! /-$! )#$! $'$2$+)%! )#/)! 6&+)/*+! )#$! w,-$!

.*-$6)*9$4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/MH!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

property_call_exp_cs <OclExpression> =         

     {path_time} <OclExpression> [name]:path_name_cs 

       [time]:time_exp_cs?    #nocreate 

    |{arg_list}  <OclExpression> [name]:path_name_cs 

       [time]:time_exp_cs? parameters]:property_call_parameters_cs 

       #customheritage #nocreate  

    |{qualified} <OclExpression> [name]:path_name_cs 

      [qualifiers]:qualifiers #customheritage [time]:time_exp_cs? 

      #nocreate  ; 

 

property_call_parameters_cs <List> = 

      paren_open [param_list]:actual_parameter_list_cs? 

      #customheritage paren_close #nocreate  ; 

Definition 13.13: Grammar rules for property call expressions 

G$6&+.! /')$-+/)*9$! *%! /! ,/)#! +/2$! 5*)#! ,/-/2$)$-%4! D)! 6/+! 7$! (%$.! )&! 6/''!

&,$-/)*&+%!5*)#! ,/-/2$)$-%4! ;+.! 8*+/''<:! '/%)! /')$-+/)*9$! (%$! h(/'*8*$-%! )&! /66$%%!

$'$2$+)%4!

!

Figure 13.13: SableCC-Ext generated classes for property call expressions 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/MI!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!$#$#7#! O:&-0E0*.5+

x(/'*8*$-%! ,-&.(6)*&+%! /-$! 6&22&+! '*%)%! &8! /0J5.7S!-J7! )&?$+%! %$,/-/)$.! 7<!

6&22/%4!M$!6/+!(%$!2&-$!)#/+!&+$!h(/'*8*$-!*+!/!h(/'*8*$.!,-&,$-)<!6/''!$1,-$%%*&+!

/')#&(>#!*+!&(-!,-&6$%%*+>!&8!/!h(/'*8*$.!,-&,$-)<!6/''!$1,-$%%*&+!5$!&+'<!%(,,&-)!

&+$! h(/'*8*$-! 8&-! 7*+/-<! -$'/)*&+%#*,%! 5*)#! /%%&6*/)*&+! 6'/%%! /+.! )#$! %/2$! 6'/%%!

&5+$-!8&-!)#$!/%%&6*/)*&+!$+.%4!

qualifiers <List> = 

      bracket_open qualifiers_list_cs #customheritage  

      bracket_close #chain ; 

 

qualifiers_list_cs <List> = 

      [element]:qualifiers_list_element_cs 

      [tail]:qualifiers_list_tail_cs? #nocreate ; 

 

qualifiers_list_element_cs <String> = 

 {qualifier}simple_name #chain ; 

 

qualifiers_list_tail_cs <List> = 

        comma [tail]:qualifiers_list_cs #chain ; 

Definition 13.14: Grammar rules for qualifiers 

!

Figure 13.14: SableCC-Ext generated classes for qualifiers 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/MJ!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

.CDCDI 1KKEV!FR+KF668EL6!

;--&5!$1,-$%%*&+%!/-$!%(6#!$1,-$%%*&+%!)#/)!/-$!,-$6$.$.!7<!/+!/--&5!Au!)&?$+4!

"#$-$!/-$!)#-$$!/')$-+/)*9$%!*+%*.$!)#*%!,-&.(6)*&+4!

arrow_property_call_exp_cs <OclExpression> = 

     {iterate} <IterateExp>  

         T.iterate paren_open 

         [iterators]:iterate_vars_cs? #customheritage 

         [accumulator]:initialized_variable_cs 

         vertical_bar [body]:expression #customheritage 

         paren_close 

    | {iterator} <IteratorExp> 

      [name]:iterator_name_cs paren_open 

         [iterators]:iterator_vars_cs? #customheritage 

         [body]:expression #customheritage paren_close 

    | {operation} <OperationCallExp> 

         [name]:simple_name paren_open 

       [parameters]:actual_parameter_list_cs? #customheritage 

       paren_close 

    ; 

Definition 13.15: Grammar rules for arrow expressions 

E*-%)! /')$-+/)*9$! *%! /+! *)$-/)$! 6&+%)-(6)*&+%4! ;%!5$! $1,'/*+$.! *+! $/-'*$-! 6#/,)$-%:!

*)$-/)$! 6&+%)-(6)*&+%! 7$>*+%!5*)#! )#$! 0678-67! ?$<5&-.! 8&''&5$.!7<! /+! $1,-$%%*&+!

7$)5$$+! ,/-$+)#$%$%! *+6'(.*+>! *)$-/)$! 9/-*/7'$%:! /+! /66(2('/)&-! 9/-*/7'$:! /+.! /!

7&.<!$1,-$%%*&+!,-$6$.$.!7<!/!9$-)*6/'!7/-4!;%!*+.*6/)$.:!*)!-$%(')%!*+!/+!D)$-/)$01,!

&7=$6)4!

G$6&+.!/')$-+/)*9$!*%!/+!*)$-/)&-!6&+%)-(6)*&+!)#/)!7$>*+%!5*)#!/!*)$-/)&-!+/2$!S$4>4:!

8&-;'':! &+$:! %$'$6):! -$=$6):! vT! 8&''&5$.! 7<! /+! $1,-$%%*&+! 7$)5$$+! ,/-$+)#$%$%!

*+6'(.*+>! *)$-/)&-!9/-*/7'$%:!5*)#!/!9$-)*6/'!7/-! *+%*.$:!/+.!/!7&.<!$1,-$%%*&+4!;%!

*+.*6/)$.:!*)!-$%(')%!*+!/+!D)$-/)&-01,!&7=$6)4!

^/%)!/')$-+/)*9$! *%! /! 6&''$6)*&+!&,$-/)*&+! *+6'(.*+>!/! '*%)!&8! /6)(/'!,/-/2$)$-%4!;%!

*+.*6/)$.:!*)!-$%(')%!*+!/+!N,$-/)*&+\/''01,!&7=$6)4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/MM!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.15: SableCC-Ext generated classes for arrow expressions 

.CDCDJ "8SF!FR+KF668EL6!

"*2$!$1,-$%%*&+%!,-&.(6)*&+%!,-&9*.$!)#$!(%/>$!&8!)#$!w,-$!.*-$6)*9$!)&!7$!(%$.!

*+!,&%)6&+.*)*&+%4!!

time_exp_cs <OclTimeExp> = 

        is_marked_pre_cs #chain 

    ; 

     

is_marked_pre_cs <OclTimeExp> = 

        at_pre #nocreate 

    ; 

Definition 13.16: Grammar rules for time expressions 

"#$! -$%(')! &8! )#$%$! ,-&.(6)*&+%! *%! /+! N6'"*2$01,! &7=$6):! 5#*6#! *%! ,/-)! &8! )#$!

/..*)*&+/'!6'/%%$%!&8!C-$%.$+!N\^F!"&&'?*)!)#/)!%*2,'*8*$%!)#$!,/-%*+>!,-&6$%%4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/MN!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.16: SableCC-Ext generated classes for time expressions 

.CDCDM %1K814:F6!

D+!)#*%!%$6)*&+!5$!5*''!,-$%$+)!)#$!%$)!&8!,-&.(6)*&+%!)#/)!-$6&>+*X$!9/-*/7'$%!8&-!)&!

(%$!*+!)#$!N\^!F4_!'/+>(/>$4!

!$#$#P#! 8/*.&/*+D&.0&>-*5+

"#$! 0678-67S3-8/S@/! ,-&.(6)*&+! %,$6*8*$%! )#$! 8*-%)! ,/-)! &8! /+! *)$-/)$! 6&+%)-(6)*&+%!

)#/)! 6&+%*%)%! *+! /! '*%)! &8! 9/-*/7'$%! 8&''&5$.! 7<! /! %$2*! 6&'&+! %*>+4! G(6#! 9/-*/7'$%!

%#/-$! )#$! %/2$! ,-&.(6)*&+! )#/+! /6)(/'! ,/-/2$)$-%! .($! )&! )#$<! /-$! %<+)/6)*6/''<!

*.$+)*6/'4!

iterate_vars_cs <List> = 

      [iterators]:actual_parameter_list_cs #customheritage 

      semi_colon #chain 

   ; 

Definition 13.17: Grammar rule for iterate variables 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/MO!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.17: SableCC-Ext generated classes for iterate variables 

!$#$#P#" 8/*.&/1.+D&.0&>-*5+

"#$!0678-6A8S3-8/S@/$,-&.(6)*&+!%,$6*8*$%!)#$!8*-%)!,/-)!&8!/!*)$-/)&-!$1,-$%%*&+!)#/)!

6&+%*%)%! *+! /! '*%)! &8! 9/-*/7'$%! 8&''&5$.! 7<! /! 9$-)*6/'! 7/-! )#/)! %$,/-/)$%! )#$%$!

9/-*/7'$%! 8-&2!)#$! *)$-/)&-!7&.<!$1,-$%%*&+4!"#$%$!9/-*/7'$%!/-$! %,$6*8*$.!7<! )#$!

%/2$!,-&.(6)*&+!)#/+!/6)(/'!,/-/2$)$-%!7$6/(%$!)#$<!/-$!%<+)/6)*6/''<!*.$+)*6/'4!

iterator_vars_cs <List> = 

      [iterators]:actual_parameter_list_cs #customheritage 

      vertical_bar       

      #chain 

    ; 

Definition 13.18: Grammar rule for iterator variables 

!

Figure 13.18: SableCC-Ext generated classes for iterator variables 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/N0!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!$#$#P#$ 820/0&-0F*,+D&.0&>-*5+

D+*)*/'*X$.!9/-*/7'$%!/-$!(%$.!)&!-$,-$%$+)!9/-*/7'$%!*+!.*88$-$+)!%*)(/)*&+%!'*?$!8&-!

$1/2,'$! *+%*.$! /! '$)! $1,-$%%*&+4! "#$%$! ,-&.(6)*&+%! %,$6*8<! /! '*%)! &8! 9/-*/7'$%!

%$,/-/)$.!7<!6&22/%4!0/6#!$'$2$+)!&8!%(6#!'*%)!6&+%*%)%!*+!/!+/2$!/+.!)<,$!S'*?$!/!

8&-2/'!,/-/2$)$-T:!/+.!/+!$1,-$%%*&+!)#/)!*+*)*/'*X$%!)#$!$'$2$+)!S&-!9/-*/7'$T4!

initialized_variable_list_cs <List> =  

        [item]:initialized_variable_cs 

        [tail]:initialized_variable_list_tail_cs* #nocreate  ; 

 

initialized_variable_list_tail_cs <Variable> = 

        comma [item]:initialized_variable_cs #chain  ; 

 

initialized_variable_cs <Variable> = 

        [name_and_type]:formal_parameter_cs 

        [initializer]:variable_initializer  ; 

 

variable_initializer <OclExpression> = 

        !equals [init_value]:ocl_expression_cs #chain  ; 

Definition 13.19: Grammar rules for initialized variables 

!

Figure 13.19: SableCC-Ext generated classes for initialized variables 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/N.!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

.CDCDN +1K1SF"FK6!

D+!)#*%!%$6)*&+!5$!5*''!*+)-&.(6$!)#$!,-&.(6)*&+%!)#/)!-$6&>+*X$%!'*%)!&8!,/-/2$)$-%!

)#/)! 6/+! 7$! (%$.! *+! )#$! %,$6*8*6/)*&+! &8! /+! &,$-/)*&+! #$/.$-! &-! .*-$6)'<! *+! /+!

&,$-/)*&+!6/''4!

!$#$#Q#! @'/:&-+4&.&B*/*.5+

;6)(/'!,/-/2$)$-%!/-$!)#$!,/-/2$)$-%!(%$.!*+!/+!&,$-/)*&+!6/''4!"#$%$!,-&.(6)*&+%!

-$,-$%$+)! /! '*%)! &8! ,/-/2$)$-%! %$,/-/)$.! 7<! 6&22/%4! 0/6#! ,/-/2$)$-! 6/+! 7$!

.*-$6)'<!/+!$1,-$%%*&+!&-!/!8&-2/'!,/-/2$)$-!.$,$+.*+>!&+!*8!)#$!)<,$!%,$6*8*6/)*&+!

*%!+$$.$.!&-!+&)4!

actual_parameter_list_cs <List> = 

       [element]:actual_parameter_list_element_cs 

       [tail]:actual_parameter_list_tail_cs? #nocreate 

    ; 

 

actual_parameter_list_tail_cs <List> = 

        comma [tail]:actual_parameter_list_cs #chain 

    ; 

 

actual_parameter_list_element_cs <OclActualParameterListItem> = 

      {untyped} [element]:expression 

    | {typed}   [param]:formal_parameter_cs 

    ; 

Definition 13.20: Grammar rules for actual parameters 

M#$+!5$!(%$!/+!&,$-/)*&+! *+%*.$!/+!N\^!$1,-$%%*&+!5$!(%$! )#$!(+)<,$.!7-/+6#!

7$6/(%$!)#$!,/-/2$)$-%!/-$!+&)!8&-2/'4!"#$<!/-$!-$/'!,/-/2$)$-%4!

D)! *%! *2,&-)/+)! )&! +&)$! #$-$! )#$! (%/>$! &8! )#$! /..*)*&+/'! 6'/%%!

O@.,@6H-.B-8-J7678>0/6F67J! )&! 6&+)/*+! )#$! -$%(')/+)! &7=$6)! &8! )#$!

-@6H-.S5-8-J7678S.0/6S7.7J7!6S@/!,-&.(6)*&+4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/N/!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.20: SableCC-Ext generated classes for actual parameters 

!$#$#Q#" R1.B&-+4&.&B*/*.5+

E&-2/'!,/-/2$)$-%!/-$!)#$!&)#$-!?*+.!&8!,/-/2$)$-%!)#/)!#/9$!)&!7$$+!-$6&>+*%$.!

7<!&(-!N\^!F4_!>-/22/-4!

"#$%$!,-&.(6)*&+%!,-&9*.$! )#$! %,$6*8*6/)*&+!&8! /! '*%)! &8! ,/-/2$)$-%! %$,/-/)$.!7<!

6&22/%4!0/6#!,/-/2$)$-!6&+%*%)%!*+!/!%*2,'$!+/2$!8&''&5$.!7<!/!6&'&+!/+.!/!)<,$!

%,$6*8*$-4!

D)! *%! *2,&-)/+)!)&!+&)$!)#/)!#$-$!5$!(%$!\'/%%*8*$-!2$)/6'/%%!)&!%,$6*8<!)#$!-$)(-+!

&7=$6)!&8!/! KA8J-.S5-8-J7678S6+57S/57@0K078!,-&.(6)*&+! *+%)$/.!&8!"<,$!2$)/6'/%%4!

M$! 2/*+)/*+! \'/%%*8*$-! 7$6/(%$! C-$%.$+! >-/22/-! (%$! \'/%%*8*$-! /+.! .($! )&!

/')#&(>#! \'/%%*8*$-! *%! /+! *+%)/+6$! &8! "<,$:! /''! )<,$%! )#/)! 6/+! 7$! (%$.! *+! &(-!

>-/22/-! /-$! *+.*-$6)'<! /'%&! %(76'/%%$%! &8! \'/%%*8*$-:! %&! )&! (%$! \'/%%*8*$-! *%! +&)! /!

'*2*)/)*&+4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/NC!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

formal_parameter_cs <OclFormalParameter> = 

        [name]:simple_name 

        [type]:formal_parameter_type_specifier 

    ; 

   

formal_parameter_type_specifier <Classifier> = 

        colon [type]:type_specifier #chain 

    ; 

 

formal_parameter_list_cs <List> = 

        [item]:formal_parameter_cs  

        [tail]:formal_parameter_list_tail_cs? #nocreate 

    ; 

 

formal_parameter_list_tail_cs <List> = 

        comma [tail]:formal_parameter_list_cs #chain 

    ; 

Definition 13.21: Grammar rules for formal parameters 

!

Figure 13.21: SableCC-Ext generated classes for formal parameters 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/NH!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

.CDCDO "T+F6!

"#*%!%$6)*&+!*+)-&.(6$%!)#$!,-&.(6)*&+%!&8!&(-!>-/22/-!)#/)!,-&9*.$!%,$6*8*6/)*&+!

&8!)<,$%!*+!N\^!$1,-$%%*&+%4!

type_specifier <Classifier> = 

     {simple_type} simple_type_specifier_cs #chain #nocreate 

   | {collection_type} collection_type_specifier_cs #chain 

       #nocreate 

   | {tuple_type} tuple_type_specifier_cs #chain #nocreate      

    ; 

Definition 13.22: Grammar rules for types 

M$!#/9$!)#-$$!/')$-+/)*9$%!*+%*.$!)#$!,-&.(6)*&+!-('$4!E*-%)!&+$!-$6&>+*X$%!%*2,'$!

)<,$%:! '*?$! D+)$>$-:! B&&'$/+! &-! G)-*+>4! ^/%)! )5&! /')$-+/)*9$%! -$6&>+*%$! 6&''$6)*&+!

)<,$%!/+.!)(,'$!)<,$%!-$%,$6)*9$'<4!

!

Figure 13.22: SableCC-Ext generated classes for types 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/NI!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!$#$#S#! =0B4-*+/H4*5+

G*2,'$! )<,$%! ,-&.(6)*&+! *%! 9$-<! >$+$-/'! 7$6/(%$! *+6'(.$%! &+'<! /! ,/)#! +/2$! /%!

/')$-+/)*9$4!"#*%!%*2,'*6*)<!*2,'*$%!)#/)!)#$!%$2/+)*6!6#$6?*+>!5*''!7$!2&-$!.*88*6(')!

/')#&(>#!*)!*%!7$))$-!)#/+!/!2&-$!6&2,'$1!>-/22/-4!

simple_type_specifier_cs <Classifier> = 

       path_name_cs #nocreate 

    ; 

Definition 13.23: Grammar rule for simple types 

M*)#!)#*%!,-&.(6)*&+!5$!6/+!-$6&>+*%$!,-*2*)*9$!)<,$%!'*?$!D+)$>$-:!G)-*+>:!V$/'!&-!

B&&'$/+:!/+.!/'%&!ZW^!6'/%%$%!&-!$+(2$-/)*&+!)<,$%:!5#*6#!/'-$/.<!/-$!9/'*.!)<,$%4!

!

Figure 13.23: SableCC-Ext generated classes for simple types 

!$#$#S#" ?1--*'/012+/H4*5+

\&''$6)*&+!)<,$e%!,-&.(6)*&+!*%!9$-<!%*2,'$4!D)!6&+%*%)%!*+!/!?$<5&-.!%,$6*8<*+>!)#$!

6&''$6)*&+!)<,$!S$4>4:!G$):!B/>:!N-.$-$.G$)!/+.!G$h($+6$T!8&''&5$.!7<!/+&)#$-!)<,$!

%,$6*8*$.!7$)5$$+!,/-$+)#$%$%4!

@$-$!5$!.&!+&)!/''&5!\&''$6)*&+"<,$!/%!/!9/'*.!?$<5&-.!)&!%,$6*8<!/!6&''$6)*&+!)<,$!

?*+.!7$6/(%$!&8!\&''$6)*&+"<,$!6'/%%!*+!)#$!N\^!2$)/2&.$'!*%!/7%)-/6):!)#$-$8&-$!*)!

2(%)!+&)!#/9$!*+%)/+6$%4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/NJ!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

collection_type_specifier_cs <CollectionType> = 

        [kind]:collection_type_identifier_cs  

        paren_open [type]:type_specifier paren_close #nocreate 

   ; 

Definition 13.24: Grammar rule for collection types 

!

Figure 13.24: SableCC-Ext generated classes for collection types 

!$#$#S#$ 6:4-*+/H4*5+

"(,'$! )<,$%e! ,-&.(6)*&+%! /-$! /'%&! 9$-<! %*2,'$! 7$6/(%$! &+'<! 6&+%*%)%! *+! )#$!

"(,'$"<,$!)&?$+!8&''&5$.!7<!/!'*%)!&8!8&-2/'!,/-/2$)$-%!7$)5$$+!,/-$+)#$%$%4!

0/6#!$'$2$+)! *+%*.$!/! )(,'$! )<,$!.$6'/-/)*&+!(%$%! )#$!%/2$!,-&.(6)*&+!/%! 8&-2/'!

,/-/2$)$-!7$6/(%$!)#$<!/-$!%<+)/6)*6/''<! *.$+)*6/'4!"#$<!/-$! 8&-2$.!5*)#!/!+/2$!

/+.!/!)<,$4!

tuple_type_specifier_cs <TupleType> = 

        tuple_type paren_open 

        [tuple_members]:formal_parameter_list_cs? 

        paren_close #nocreate 

    ; 

Definition 13.25: Grammar rule for tuple types 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/NM!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.25: SableCC-Ext generated classes for tuple types 

.CDCD.0 :8"FK1:!FR+KF668EL6!

"#$!8*+/'!%$6)*&+!&8!&(-!N\^!F4_!>-/22/-!*%!.$.*6/)$.!)&!'*)$-/'!$1,-$%%*&+%4!;%!5$!

$1,'/*+$.!*+!$/-'*$-!6#/,)$-%:!'*)$-/'!$1,-$%%*&+%!/-$!.*9*.$.!*+!)#-$$!>-&(,%4!E*-%)!

&+$!*%!)#$!>-&(,!&8!)#$!,-*2*)*9$!'*)$-/'%!*+6'(.*+>!D+)$>$-:!V$/':!G)-*+>!/+.!B&&'$/+!

6&+%)/+)!9/'($%4!

"#$!&)#$-!>-&(,%!/-$!)#$!6&''$6)*&+!/+.!)(,'$!'*)$-/'%:!5#*6#!/-$!9$-<!(%$8('!*+!)#$!

N\^!F4_!'/+>(/>$4!

literal_exp_cs <LiteralExp> = 

     {lit_primitive}    primitive_literal_exp_cs    #chain 

   | {lit_collection}   collection_literal_exp_cs   #chain 

   | {lit_tuple}        tuple_literal_exp_cs        #chain 

   ; 

Definition 13.26: Grammar rule for literal expressions 

;%!<&(!6/+!%$$:!)#$!,-&.(6)*&+!-('$!#$-$!*%!9$-<!%*2,'$!7$6/(%$!*)!&+'<!6&+)/*+%!/+!

/')$-+/)*9$!8&-!&+$!&8!)#$%$!>-&(,%4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/NN!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.26: SableCC-Ext generated classes for literal expressions 

!$#$#!T#! %.0B0/0D*+-0/*.&-5+

Q-*2*)*9$! '*)$-/'%!/-$!.*9*.$.!*+)&!)#-$$!>-&(,%4!E*-%)!&+$!*+6'(.$%!+(2$-*6! '*)$-/'!

$1,-$%%*&+%!/%!5-*))$+!*+!)#$!580J06037S.0678-.S7'5S@/!,-&.(6)*&+!&8!&(-!>-/22/-4!!

G(6#!8*-%)!/')$-+/)*9$!*%!/'%&!.*9*.$.!*+!)5&!7-/+6#$%H!*+)$>$-!/+.!-$/'!'*)$-/'%4!0/6#!

&+$! 6&+)/*+%! /! )&?$+! $'$2$+)! )#/)! -$6&>+*%$%! D+)$>$-! &-!V$/'! 9/'($%4! "#$! -$)(-+!

&7=$6)! &8! %(6#! ,-&.(6)*&+%! *%! /+! D+)$>$-^*)$-/'01,! &-! /! V$/'^*)$-/'01,4! B&)#! /-$!

2$)/6'/%%$%!&8!)#$!N\^!F4_!2$)/2&.$'4!

G$6&+.!/')$-+/)*9$!*+%*.$!,-*2*)*9$!'*)$-/'%e!,-&.(6)*&+!*%!)#$!%)-*+>!/')$-+/)*9$!)#/)!

-$6&>+*%$%!G)-*+>!9/'($%!/+.!-$)(-+%!/+!*+%)/+6$!&8!G)-*+>^*)$-/'01,!2$)/6'/%%4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/NO!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

;+.!8*+/''<:!)#$!'/%)!/')$-+/)*9$!*%!8&-!)&!-$6&>+*%$!7&&'$/+!9/'($%!'*?$!)-($!&-!8/'%$4!

primitive_literal_exp_cs <PrimitiveLiteralExp> = 

      {numeric} numeric_literal_exp_cs  #chain 

    | {string} string_literal_exp_cs    #chain 

    | {boolean} boolean_literal_exp_cs  #chain 

    ; 

 

numeric_literal_exp_cs <NumericLiteralExp> = 

      {int}  <IntegerLiteralExp> [integer]:integer_literal 

    | {real} <RealLiteralExp>    [real]:real_literal    

    ; 

   

string_literal_exp_cs <StringLiteralExp> = 

        [value]:string_literal 

    ; 

   

boolean_literal_exp_cs <BooleanLiteralExp> = 

      {false} false #nocreate | {true} true #nocreate 

    ; 

Definition 13.27: Grammar rules for primitive literals 

!

Figure 13.27: SableCC-Ext generated classes for primitive literals 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/O0!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!$#$#!T#" 6:4-*+-0/*.&-5+

"&! -$6&>+*%$! )(,'$! '*)$-/'%! 7<! 2$/+%! &8! ,-&.(6)*&+! -('$%! *%! 9$-<! %*2,'$! #$-$!

7$6/(%$!5$!&+'<!+$$.!/!"(,'$!)&?$+!8&''&5$.!7<!/!'*%)!&8!)(,'$!$'$2$+)%!7$)5$$+!

6(-'<!7-/6?$)%4!

I&)$!)#/)!5$!.&!+&)!-$(%$! 0!060-.0(74S3-80-I.7S.0/6S@/!,-&.(6)*&+!7$6/(%$!/')#&(>#!

$'$2$+)%! *+%*.$! /! )(,'$! '*)$-/'! $1,-$%%*&+! /-$! %<+)/6)*6/''<! *.$+)*6/'! )&! *+*)*/'*X$.!

9/-*/7'$%:!)#$!)<,$!%,$6*8*$-!&8!)#$%$!$'$2$+)%!*%!&,)*&+/'4!0/6#!)(,'$!$'$2$+)!#/%!/!

+/2$:!/!)<,$!/+.!/+!$1,-$%%*&+!)#/)!.$8*+$%!*)%!9/'($4!

tuple_literal_exp_cs <TupleLiteralExp> =  

        tuple brace_open  

        [tuple_part]:tuple_part_list_cs 

        brace_close 

    ;  

tuple_part_list_cs <List> = 

        [item]:tuple_part_cs 

        [tail]:tuple_part_list_tail_cs* #nocreate 

    ; 

 

tuple_part_list_tail_cs <Variable> = 

        comma 

        [item]:tuple_part_cs #chain 

    ; 

 

tuple_part_cs <Variable> = 

        [name]:simple_name 

        tuple_part_type? 

        [initializer]:variable_initializer 

    ; 

 

tuple_part_type <Classifier> =  

        !colon [type]:type_specifier #chain 

    ; 

Definition 13.28: Grammar rules for tuple literals 

D)!*%!*2,&-)/+)!)&!+&)$!)#/)!*+%*.$!)#$!)(,'$o,/-)o6%!,-&.(6)*&+!5$!6/+!%$$!)#$!)<,$!

&8!)#$!2$27$-!&8!/!)(,'$!'*)$-/'!$1,-$%%*&+!*%!%<+)/6)*6/''<!&,)*&+/'4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/O.!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.28: SableCC-Ext generated classes for tuple literals 

D+! )#$! ,-$9*&(%! 2&.$'! 5$! 6/+! %$$! )#$! >$+$-/)$.! 6'/%%$%! 8&-! )#$! )(,'$! '*)$-/'%!

,-&.(6)*&+%4! ;%! 5$! 6/+! 6&2,/-$! 5*)#! )#$! >$+$-/)$.! 6'/%%$%! 8&-! /+! *+*)*/'*X$.!

9/-*/7'$!'*%):!)#$<!/-$!9$-<!%*2*'/-4!

"#$!-$'/)*&+!7$)5$$+!;"(,'$Q/-)\%!/+.!Q"(,'$Q/-)"<,$\%!#/%!/! 6/-.*+/'*)<!&8!_!

&-!3!7$6/(%$:!/%!5/%!$1,'/*+$.!$/-'*$-:!5#$+!5-*)*+>!/!)(,'$!,/-)! *)! *%!&,)*&+/'! )&!

%,$6*8<!*)!)<,$4!

!$#$#!T#$ ?1--*'/012+-0/*.&-5+

^/%)!$'$2$+)%!)&!-$6&>+*%$!/-$!6&''$6)*&+!'*)$-/'%4!D)!*%!*2,&-)/+)!)&!-$2$27$-!#$-$!

)#/)!5$!6/+!6-$/)$!/!6&''$6)*&+!'*)$-/'!)#-&(>#!/!'*%)!&8!$'$2$+)%!5*)#!)#$!%/2$!)<,$!

&-!)#-&(>#!/!-/+>$!&8!9/'($%4!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/O/!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

E*-%)! &8! /''! 5$! 6/+! %$$! @A..7@60A!S.0678-.S7'5S@%! ,-&.(6)*&+! )#/)! -$6&>+*%$%! /!

6&''$6)*&+!?*+.! *.$+)*8*$-! SG$):!B/>:!N-.$-$.G$)!&-!G$h($+6$T! 8&''&5$.!7<!/! '*%)!&8!

6&''$6)*&+!$'$2$+)%!7$)5$$+!6(-'<!7-/6?$)%4!

collection_literal_exp_cs <CollectionLiteralExp> = 

        [kind]:collection_type_identifier_cs 

        brace_open 

        [parts]:collection_literal_parts_cs? 

        brace_close 

    ; 

 

collection_literal_parts_cs <List> = 

        [part]:collection_literal_part_cs 

        [tail]:collection_literal_parts_tail_cs? #nocreate 

    ; 

 

collection_literal_parts_tail_cs <List> = 

        comma [tail]:collection_literal_parts_cs #chain 

    ; 

 

collection_literal_part_cs <CollectionLiteralPart> = 

        {range}      collection_range_cs #chain 

    |   {single_exp} <CollectionItem> expression 

    ; 

 

collection_range_cs <CollectionRange> = 

        [first]:expression dbl_dot [last]:expression 

    ; 

Definition 13.29: Grammar rules for collection literals 

I$1)!,-&.(6)*&+! -('$%! *2,'$2$+)! )#*%! '*%)! &8! $'$2$+)%! %$,/-/)$.!7<! 6&22/%!/+.!

8*+/''<!@A..7@60A!S.0678-.S5-86S@/!,-&.(6)*&+!%,$6*8*$%!#&5!/+!$'$2$+)!*%!2/.$4!0/6#!

$'$2$+)!6/+!7$!/+!$1,-$%%*&+!&-!/!-/+>$!&8!9/'($%!)#/)!6&+%*%)%!*+!)5&!$1,-$%%*&+%!

%$,/-/)$.!7<!/!.&(7'$!.&)4!!



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/OC!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

Figure 13.29: SableCC-Ext generated classes for collection literals 



!!!!!!!! ! EB:!/D0!Q*,99,*! .C!

 

/OH!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

!

!



 

!

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-"."/0+1"23!+60:"88! ;A!



!!!!!!!! ! >$A$2)?9$-(!+*)5$''! .H!

 

/OJ!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

.H >F%F:E+SFL"!+KEBF66!

.HD. 1L!8"FK1"8%F!1++KE1BG!

"#$!.$9$'&,2$+)!&8!&(-!N\^!$1,-$%%*&+%!,-&6$%%&-!8&''&5%!/+!*)$-/)*9$!,-&6$%%4!;%!

5$!7-*$8'<!*+)-&.(6$.!*+!)#$!8*-%)!6#/,)$-!)#$%$!/-$!)#$!%)$,%!)&!2/?$!&(-!,/-%$-H!

34 G$'$6)!/!%(7%$)!&8!)#$!N\^!F4_!'/+>(/>$!/+.!%)(.<!*)4!

F4 M-*)$! /! %,$6*8*6/)*&+! 8*'$! 8&-! G/7'$\\A01)! *+6'(.*+>! 7&)#! )&?$+%! /+.!

,-&.(6)*&+%!*+!&-.$-!)&!-$6&>+*X$!)#$!'/+>(/>$!&8!)#$!,-$9*&(%!%(7%$)4!

P4 D+9&?$! G/7'$\\A01)! 5*)#! %(6#! %,$6*8*6/)*&+! 8*'$! *+! &-.$-! )&! &7)/*+! )#$!

>$+$-/)$.!8-/2$5&-?!)#/)!5*''!7$!(%$8('!)&!.&!)#$!,/-%*+>!,-&6$%%4!

L4 \&2,'$)$! )#$! +$6$%%/-<! 2$)#&.%! &8! )#$! %?$'$)&+! 5/'?$-! 6'/%%!

S^;))-09/';./,)$-4=/9/! 8*'$T! 5*)#! )#$! 6&--$6)! *+%)-(6)*&+%! )&! ,-&9*.$! )#$!

*+%)/+)*/)*&+!&8!N\^!$1,-$%%*&+%!/%!2$)/2&.$'!*+%)/+6$%4!

c4 "$%)! )#$!7$#/9*&(-!&8! )#$!,/-%$-!5*)#! %&2$!$1/2,'$%! *+! &-.$-! )&! 9$-*8<! /!

6&--$6)!8(+6)*&+/'*)<4!

U4 p&!7/6?!)&!8*-%)!%)$,!(+)*'!&(-!,/-%$-!%(,,&-)%!/''!N\^!F4_!'/+>(/>$4!

;)!)#*%!6#/,)$-!5$!5*''!$1,'/*+!%&2$!6#/+>$%!2/.$!)&!)#$!Q/-%$-!G(7%<%)$2!&8!)#$!

C-$%.$+!N\^F!"&&'?*)!)&!2/?$!$/%*$-!)#$!.$9$'&,2$+)!&8!&(-!,-&6$%%&-4!"#$+:!5$!

5*''! %#&5! /+! $1/2,'$! &8! .$9$'&,2$+)! *)$-/)*&+! 5*)#! )#$! /..*)*&+! &8! /! +$5!

#<,&)#$)*6/'!N\^!%)/)$2$+)!)&!&(-!,/-%$-4!



!!!!!!!! ! >$A$2)?9$-(!+*)5$''! .H!

 

/OM!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

.HD/ P8K6"!6"F+6!

G*+6$!5$!#/9$!7/%$.!)#$!.$%*>+!&8!&(-!,-&6$%%&-!&+!)#$!C-$%.$+!N\^F!"&&'?*):!5$!

7$>/+!5*)#! /! -$'$/%$!,/6?/>$!&8! %(6#! )&&'! /+.!5$!/./,)! *)! (+)*'! )&! &7)/*+! /!+$5!

%)-(6)(-$!&8! 8*'$%! )#/)!7$6&2$! *+!&(-!,-&6$%%&-4!;)! )#*%! %$6)*&+!5$!5*''! *+)-&.(6$!

%&2$! &8! )#$! 6#/+>$%! 2/.$! *+! &-.$-! )&! %)-(6)(-$! )#$! 6&.$! /+.! /./,)! *)! )&! &(-!

*)$-/)*9$!.$9$'&,2$+)!,-&6$%%4!

.HD/D. 1>1+"8LQ!614:FBBUFR"!

G/7'$\\A01)! 6&2$%! *+%*.$! )#$! -$'$/%$! ,/6?/>$! &8! )#$! C-$%.$+! N\^F! "&&'?*)4!M$!

.$6*.$.! )&! $1)-/6)! *)! /+.! )&! #/9$! *)! /%! /+! *+.$,$+.$+)! )&&'! *+! *)%! &5+! -$'$/%$!

,/6?/>$4!"&!.&!)#*%!)/%?!5$!#/.!)&!%)(.<!5#*6#!5$-$!)#$!(+*&+!,&*+)%!7$)5$$+!)#*%!

)&&'!/+.!C-$%.$+!)&&'!*+!&-.$-!)&!%$,/-/)$!)#$2!*+!/!6&--$6)!5/<4!

;8)$-! )&! 6&+9$-)! G/7'$\\A01)! *+)&! /! %)/+./'&+$! )&&'! 5$! #/9$! )#$! +$1)! ,/6?/>$!

#*$-/-6#<H!

• ;9"77"96H!*+%*.$!)#*%!.*-$6)&-<!5$!8*+.!)#$!%,$6*8*6/)*&+!8*'$%!8&-!G/7'$\\A

01)4!\&+6-$)$'<!5$!/-$! *+)$-$%)$.! *+! )#$!>26N\^F_F41>-/22/-! 8*'$:!5#*6#!

6&+)/*+%!/''!&(-!N\^!F4_!>-/22/-4!G(6#!>-/22/-!*%!7/%$.!&+!)#$!C-$%.$+!

N\^! >-/22/-! /')#&(>#! *)! #/%! %$9$-/'! 6#/+>$%! 7$6/(%$! C-$%.$+! &+$!

6&+)/*+%!%&2$!-('$%!)#/)!/-$!-$'/)$.!)&!)#$!ZW^!34c!9$-%*&+!*+%)$/.!&8! )#$!

F4_4!

• #:<H!6&+)/*+%!/''! '*7-/-*$%!+$$.$.!)&!(%$!G/7'$\\!/+.!G/7'$\\A01)! *+6'(.*+>!

/+)'-!)&&'!/+!2&-$4!

• )<=H!6&+)/*+%!)#$!%)-(6)(-$!&8!d/9/!7*+/-<!8*'$%!S46'/%%T!+$$.$.!)&!5&-?!5*)#!

G/7'$\\A01)4! D)! *%! *2,&-)/+)! #$-$! )#$! %(7.*-$6)&-<! &7=4=2*A/,*4(2'F! )#/)!

&5+%!)#$!7*+/-<!6'/%%$%!&8!)#$!2$)/2&.$'!6'/%%$%!(%$.!*+!0*+/pW\4!"#*%!*%!/!



!!!!!!!! ! >$A$2)?9$-(!+*)5$''! .H!

 

/ON!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

6#/+>$!*+!G/7'$\\A01)!%)/+./'&+$!9$-%*&+!.($!)&!/./,)!*)!)&!&(-!6&+6$,)(/'!

2&.$'*+>!$+9*-&+2$+)!(%$.4!

• 694H! 6&+)/*+%! )#$! %&(-6$! d/9/! 6'/%%$%! S4=/9/T4! "#$! >$+$-/)$.! 8-/2$5&-?! &8!

&(-!>-/22/-!*%!,'/6$.!#$-$!*+%*.$!)#$!.*-$6)&-<!%-64,/-%$-4%/7'$664!

• <5:#>?07'H! *%! )#$! 8*'$! 6&+)/*+*+>! )#$! /+)! *+%)-(6)*&+! )&! >$+$-/)$! &(-!

8-/2$5&-?!)#-&(>#!G/7'$\\A01)!/+.!&(-!N\^!F4_!>-/22/-4!

D)!*%!*2,&-)/+)!)&!+&)$!)#/)!)&!>$+$-/)$!)#$!8-/2$5&-?!6'/%%$%!&8!&(-!,-&6$%%&-!5$!

#/9$!)&!(%$!)#$!+$1)!/+)!6&22/+.!*+!/! )$-2*+/'!5*)#!)#$!/+)! )&&'! *+%)/''$.!7$*+>!

'&6/)$.!*+!)#$!7/%$!.*-$6)&-<!&8!)#$!G/7'$\\A01)!-$'$/%$!.*-$6)&-<H!

~/> ant compiler.generation 

;+&)#$-! *2,&-)/+)! 6&+6$,)! *%! )#/)! 5$! #/.! )&! 6#/+>$! )5&! %,$6*/'! 8*'$%! *+%*.$!

G/7'$\\A01)! ,/6?/>$! %)-(6)(-$4! "#$%$! 8*'$%! /-$! /8@1A8L1/-I.7@@1/-I.7@@1-!-.+/7/16'6!

/+.! /8@1A8L1/-I.7@@1/-I.7@@1D+57Y-512-3-! 7&)#! *+%*.$! )#$! /8@1A8L1/-I.7@@1/-I.7@@!

%(7.*-$6)&-<4!

E*-%)! &+$! 6&+)/*+%! )$2,'/)$%! 8&-! )#$! 6&.$! >$+$-/)*&+! &8! )#$! 8-/2$5&-?! 6'/%%$%4!

G(6#!)$2,'/)$%!#/9$!/!,-&7'$2!5*)#!)#$!*2,&-)%4!"#$!*2,&-)!%)/)$2$+)%!/-$!#/-.A

5*-$.! *+%*.$! )#$! 6&.$! >$+$-/)*&+! )$2,'/)$%! /+.! )#$<! -$8$-$+6$%! 6'/%%$%! &8! )#$!

C-$%.$+! N\^F! "&&'?*)4! "#$-$8&-$! 5$! #/.! )&! %)(.<! %(6#! 8*'$! /+.! 6#/+>$! )#$%$!

*2,&-)%!,-&,$-'<!5*)#!)#$!0*+/!pW\!9$-%*&+!&8!)#$!*2,&-)$.!6'/%%$%4!

;+.! 8*+/''<:! %$6&+.! 8*'$!2/,%! )<,$!+/2$%! )&!,/6?/>$!+/2$%!&8! )#/)! )<,$4!Z%$.! *+!

>$+$-/)&-! 8&-! ^;))-09/';./,)$-! S&(-! >$+$-/)$.! %?$'$)&+! 5/'?$-! 6'/%%T! )&! /''&5!

-$8'$6)*9$!/66$%%!)&!)<,$!%<%)$2!/+.!)<,$!6#$6?%:!*)!6&+)/*+$.!-$8$-$+6$%!)&!6'/%%$%!

&8!C-$%.$+!N\^F!"&&'?*)!)#/)!5$-$!6#/+>$.!8&-!0*+/!pW\!$+9*-&+2$+)!6'/%%$%4!



!!!!!!!! ! >$A$2)?9$-(!+*)5$''! .H!

 

/OO!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

.HD/D/ 1>1+"8LQ!"GF!+1K6FK!6@46T6"FS!

;8)$-! %$,/-/)*+>! G/7'$\\A01)! 8-&2! )#$! 5#&'$! -$'$/%$! ,/6?/>$! &8! C-$%.$+! N\^F!

"&&'?*)!5$!#/.!)&!/./,)!%&2$!,/-)%!&8!)#$!8-/2$5&-?!&8!)#$!Q/-%$-!G(7%<%)$2!*+!

&-.$-! )&! 2/?$! *)! 6&2,/)*7'$! 5*)#! )#$! +$5! >$+$-/)$.! 6'/%%$%! 8-&2! G/7'$\\A01)!

6&++$6)$.!5*)#!)#$!0*+/!pW\!6&+6$,)(/'!2&.$'*+>!$+9*-&+2$+)4!

@$-$!5$!,-$%$+)!)#$!2&%)!%*>+*8*6/+)!6#/+>$%!2/.$!)&!/./,)!)#$!Q/-%$-!G(7%<%)$2!

)&! )#$! 0*+/! pW\4! I&)$! )#/)! 5$! 5*''! +&)! *+)-&.(6$! )#$! 8*+/'! %)-(6)(-$! &8! &(-!

,-&6$%%&-!#$-$!.($!)&!*)!5*''!7$!$1,'/*+$.!/)!+$1)!6#/,)$-4!M$!&+'<!5/+)!)&!%#&5!

*2,&-)/+)!$'$2$+)%!)#/)!5$-$!6#/+>$.4!

!7#"#"#! U1,*+E&'/1.H+

"#$!I&.$!E/6)&-<!SI&.$E/6)&-<4=/9/T!*%!&+$!&8!)#$!2&%)!*2,&-)/+)!$'$2$+)%!*+!)#$!

C-$%.$+! N\^F! "&&'?*)! 7$6/(%$! *)! ,-&9*.$%! )#$! @87-67ZA47[C680!L$ 6+57\! 2$)#&.4!

G(6#! 2$)#&.! -$)(-+%! /+! &7=$6)! 5#&%$! )<,$! *%! %,$6*8*$.! 7<! )#$! *+,()! ,/-/2$)$-!

G)-*+>4!E&-!$1/2,'$:!*8!5$!5/+)!)&!&7)/*+!/!^*%):!5$!&+'<!#/9$!)&!6/''!%(6#!2$)#&.!

5*)#!)#$!G)-*+>!J^*%)K!/%!/!,/-/2$)$-4!

"#*%! 8/6)&-<! *%! 7/%$.! &+! /! #/%#! )/7'$! &8! ,/*-%! t"<,$! +/2$:! 6&+%)-(6)&-! &8! %(6#!

)<,$u4!G&:!5#$+!/!+/2$!*%!8&(+.:!)#$!8/6)&-<!6/''%!)#$!2$)#&.!)&!6-$/)$!%(6#!6'/%%!

)<,$4!

"#$!I&.$!E/6)&-<!5/%!*+*)*/'*X$.!5*)#!,/*-%!&+!*)%!#/%#!)/7'$!%,$6*8<*+>!6'/%%$%!&8!

)#$!C-$%.$+!2$)/2&.$'4!"#$-$8&-$:!5$!6#/+>$.!)#*%! *+*)*/'*X/)*&+!5*)#!+$5!,/*-%!

*.$+)*8<*+>! )#$! 6'/%%$%! &8! )#$! ZW^! /+.! N\^! 2$)/2&.$'%! &8! )#$! 0*+/! pW\!

$+9*-&+2$+)4!;%!5$!$1,'/*+$.!5#$+!5$! *+)-&.(6$.!0*+/!pW\:! $9$-<! 6'/%%! *+! )#$!

0*+/!pW\!2$)/2&.$'%!#/9$!/! 8/6/.$!6'/%%! )#/)!,-&9*.$%!/!,(7'*6!6-$/)&-!2$)#&.!

8&-! $/6#! $'$2$+)!5*)#*+! *)4! G&:!5$! 6#/+>$.! )#$!C-$%.$+! 6'/%%$%! /+.!2$)#&.%! 8&-!

)#$%$!&+$%!)&!2/?$!/!6&--$6)!/./,)/)*&+!)&!&(-!)&&'4!



!!!!!!!! ! >$A$2)?9$-(!+*)5$''! .H!

 

C00!
1-()-&)!%&22$3,'!

4,*5$2)-,!65#))2!)7!8-7)*9,(&5'!

:,-3;,3$'!,-<!6='($9'!>$?,*(9$-(!

"$5#-&5,2!@-&A$*'&(=!)7!B,(,2)-&,!

"#$%&''()*'!

+%),&'')%!

"#*%!5/<!5$!#/9$!+&5!/!I&.$!E/6)&-<!)#/)!*%!-$'/)$.!)&!)#$!0*+/!pW\!/+.!*%!(%$.!

*+!)#$!%/2$!5/<!)#/+!7$8&-$4!

!7#"#"#" @=6+;*2*.&/1.+

"#$! ;G"! p$+$-/)&-! *%! )#$! 6'/%%! )#/)! *2,'$2$+)%! %(6#! 2$)#&.%! )#/)! /-$! +&)!

6&2,'$)$.!*+!)#$!%?$'$)&+!6'/%%!,-&9*.$.!7<!G/7'$\\A01)4!C-$%.$+!,-&9*.$%!/!6'/%%!

5*)#! /''! )#$%$! 2$)#&.%! *2,'$2$+)$.:! /')#&(>#! *)! *%! 9$-<! -$'/)$.! )&! *)%! &5+!

2$)/2&.$'!6'/%%$%4!E(-)#$-2&-$:!%(6#!6'/%%$%!*2,'$2$+)%!)#$!ZW^!2$)/2&.$'!*+!

*)%!34c!9$-%*&+!/+.!5$!+$$.!/!F4_!/./,)/)*&+4!

C($! )&! )#$%$! ,-&7'$2%:! 5$! .$6*.$.! )&! 7$>*+! &(-! &5+! *2,'$2$+)/)*&+! &8! %(6#!

2$)#&.%!*+!/!+$5!;G"!p$+$-/)&-!6'/%%!.*88$-$+)!)#/+!C-$%.$+!&+$4!M$!)#&(>#)!)#/)!

.*-$6)'<!6#/+>$!)#$!C-$%.$+!;G"!p$+$-/)&-!5*''!7$!/!)$.*&(%!/+.!$--&-A,-&+$!)/%?!

%&!)&!7$>*+!/!+$5!*2,'$2$+)/)*&+!8-&2!)#$!>-&(+.!(,!#$-$!5/%!)#$!7$%)!.$6*%*&+4!

N(-!;G"!p$+$-/)&-! 6'/%%! *%! *+%*.$! )#$!^;))-pW\;%)p$+$-/)&-4=/9/! 8*'$4!E*-%)!&8! /''!

5$!.$6*.$.!)&!7$>*+!5*)#!/!2*+*2/'!%(7%$)!&8!)#$!N\^!F4_!'/+>(/>$!/+.!5$!5-*)$!/!

7/%*6! %,$6*8*6/)*&+! 8*'$! 5*)#! &+'<! *+9/-*/+)! 6&+%)-/*+)%! /+.! -$'/)*&+/'! $1,-$%%*&+!

5*)#!D+)$>$-%4!G&!5$!&+'<!5$-$!/7'$!)&!,/-%$!6&+%)-/*+)%!'*?$!)#$!8&''&5*+>H!

context Person inv: 1<9 

Example 14.1: Very simple OCL constraint 

"#$!/))-*7()$!$9/'(/)*&+!%?$'$)&+!6'/%%!>$+$-/)$.!8&-!)#$!>-/22/-!)#/)!5$!5-&)$!

+$$.$.!7$)5$$+!/!)$+!/+.!/!)5$+)<!&8!2$)#&.%!)&!,-&9*.$!)#$!%$2/+)*6!6#$6?*+>!

/+.!)#$!2$)/2&.$'!*+%)/+)*/)*&+!&8!%(6#!$1,-$%%*&+%4!

C($! )&! )#$! -$%(')! &8! )#$%$! ,-&6$%%$%! 5/%! %/)*%8/6)&-<:! 5$! &,)$.! )&! 8&''&5! )#*%!

*)$-/)*9$! 2$)#&.! /+.! )&! /..! 2&-$! 6&2,'$1*)<! )&! )#$! >-/22/-! /+.! )&! )#$! ;G"!

p$+$-/)&-!8*'$!(+)*'!6&2,'$)$!)#$!5#&'$!N\^!F4_!'/+>(/>$4!



!!!!!!!! ! "#$#%&'(#)*!+,&-#..! /0!

 

12/!
3)*&)4&!54%%#67.!

87,-#%&)7!9-:&&%!&;!<);&,(7*4-.!

=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

!"#$#$#% &'()*+,)+-).*

!"#$ !%&#$ '"#'(#)$ *+$ ,"#$ -.)/#)$ 012/%/,#3$ *+$ ,"#$ 4)#/5#6$ 789:$ !**;(<,$ </$ .6$

#;#3#6,$,".,$=*)(/$<6$.$/#'*65$/=##&$*+$,"#$&.)/#$,)##>$

?#$5#'<5#5$ ,*$3.(#$*1)$*=6$ ,%&#$ '"#'(#)$ #;#3#6,$ <6$ ,"#$ /.3#$ /=##&$ ,".6$ ,"#$

&.)/<6@$ &)*'#//>$ !*$ 5*$ ,"</$ =#$ ')#.,#$ .$ 6#=$ A.B.$ /*1)'#$ ';.//$ '.;;#5$

!%&#8"#'(>C.B.$ ,".,$ <3&;#3#6,/$ .$ )#+;#',<B#$ B</<,*)>$ !"</$ B</<,*)$ 1/#/$ ,"#$ A.B.$

D#+;#',<*6$E-F$ ,".,$ &)*B<5#/$ ,"#$ +16',<*6.;<,%$ *+$ 5</'*B#)$ ,"#$ C.B.$ ';.//$ *+$ .$ C.B.$

*2C#',$ .65$ ,*$ .''#//$ ,*$ <,/$ .,,)<21,#/$ .65$3#,"*5/>$?<,"$ .;;$ *+$ <,$ =#$ .)#$ .2;#$ ,*$

5#,#)3<6#$ ,"#$ '*))#',$ ';.//$ *+$ .$ A.B.$72C#',G$ ,"#)#+*)#$=#$ '.6$ <3&;#3#6,$ .$ ,%&#$

'"#'(#)$3#,"*5$ +*)$ #B#)%$#;#3#6,$ <6$ ,"#$789$3#,.3*5#;>$ H1),"#)3*)#G$=#$*6;%$

".B#$ ,*$ '.;;$ ,"#$ /.3#$ 3#,"*5$ =<,"$ ,"#$ #;#3#6,$ ,*$ '"#'($ ./$ .$ &.).3#,#)>$ 71)$

)#+;#',<B#$B</<,*)$</$.2;#$,*$5#,#)3<6#$,"#$';.//$*+$/1'"$&.).3#,#)$.65$,"#6$<6B*(#$

,"#$'*))#',$'"#'(#)$3#,"*5>$

?<,"$,"</$5#/<@6$<5#.$=#$/<3&;<+%$,"#$<3&;#3#6,.,<*6$*+$,"#$!%&#$8"#'(#)$=<,"$.$

5<B<5#$ .65$ '*6I1#)$ /,).,#@%$ ,".,$ '*6/</,/$ <6$ ,*$ <3&;#3#6,$*6;%$ ,"#$ ,%&#$ '"#'(#)$

3#,"*5$*+$#.'"$#;#3#6,$<6$,"#$789$3#,.3*5#;$/#&.).,#;%>$

H<6.;;%$=#$6.3#5$,"#$,%&#$'"#'(#)$@;*2.;$3#,"*5$./$!"#$%&$%'$="*/#$&.).3#,#)$</$

.6$#;#3#6,$*+$,"#$3#,.3*5#;>$8.;;<6@$/1'"$3#,"*5$=#$<65<)#',;%$'.;;$,"#$&.),<'1;.)$

3#,"*5$=)<,,#6$,*$'"#'($,"#$&.).3#,#)$.''*)5<6@$,*$<,/$';.//>$

/0D1 3!EFG!<AFH3A<IEJ!9G<ACKLC39F!

F3.@<6#$,".,$,"#$72C#',$J.6.@#3#6,$K)*1&$L7JKMG$="<'"$3.6.@#/$2*,"$,"#$NJ9$

.65$789$3*5#;<6@$;.6@1.@#/G$5#'<5#/$,*$.55$.$6#=$#O&)#//<*6$/,.,#3#6,$,*$,"#$/#,$

*+$#O&)#//<*6/$*+$,"#$72C#',$8*6/,).<6,$9.6@1.@#$:>P>$E;/*$<3.@<6#$,".,$/1'"$6#=$

/,.,#3#6,$ </$ .$ '*33*6$ /=<,'"Q'./#$ '*6/,)1',<*6$ ,".,$ </$ &)#/#6,$ <6$ 3*/,$

&)*@).33<6@$;.6@1.@#/>$
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12M!
3)*&)4&!54%%#67.!

87,-#%&)7!9-:&&%!&;!<);&,(7*4-.!

=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

?<,"$,"</$<3.@<6.)%$'*6,#O,$=#$=<;;$#O&;.<6$"*=$,*$3.(#$.$'*3&;#,#$5#B#;*&3#6,$

<,#).,<*6$*+$*1)$&)*'#//*)$*+$789$:>P$#O&)#//<*6/>$

/0D1D/ 3!EFG!+HI+I93=!

H<)/,$ *+$ .;;G$ ,*$ 165#)/,.65$ ,"#$ 6#=$ ;.6@1.@#$ /,.,#3#6,$ .65$ <,/$ 3#,.3*5#;$

<6/,.6,<.,<*6$</$3.65.,*)%>$

E/$=#$'.6$/##$2#;*=$.$/=<,'"Q'./#$/,.,#3#6,$'*6,.<6/$,")##$5<++#)#6,$&.),/>$H<)/,$

*6#$'*6/</,/$*6$.$/=<,'"$(#%=*)5$+*;;*=#5$2%$.6$#O&)#//<*6$2#,=##6$&.)#6,"#/#/>$

01'"$#O&)#//<*6$</$,"#$#;#3#6,$,".,$=#$=<;;$#B.;1.,#>$

R#O,$/#',<*6$*+$.$/=<,'"Q'./#$/,.,#3#6,$</$+*)3#5$2%$.,$;#./,$*6#$'./#$/#',<*6>$S.'"$

'./#$/#',<*6$'*6/</,/$*6$.$'./#$(#%=*)5$.65$,=*$#O&)#//<*6/$/#&.).,#5$2%$.$,"#6$

(#%=*)5>$ H<)/,$ #O&)#//<*6$ "#)#$ </$ .$ &*//<2;#$ B.;1#$ *+$ ,"#$ &)#B<*1/$ #;#3#6,$

#O&)#//<*6$ ,*$ #B.;1.,#G$ .65$ /#'*65$ *6#$ '*6/</,/$ *6$ .6$ #O&)#//<*6$ ,".,$ =<;;$ 2#$

#O#'1,#5$ *6;%$ <+$ ,"#$ B.;1#$ #O&)#//<*6$ 3.,'"#/$ =<,"$ /1'"$ #;#3#6,$ #O&)#//<*6$

#O#'1,#5>$ F,$ </$ <3&*),.6,$ ,*$ 6*,#$ ,".,$ #.'"$ './#$ /#',<*6$ #65/$ =<,"$ .6$ #65'./#$

(#%=*)5>$$

H<6.;;%G$ ;./,$/#',<*6$</$,"#$5#+.1;,$#O&)#//<*6$,".,$=<;;$2#$#O#'1,#5$*6;%$ <+$6*6#$*+$

,"#$ B.;1#$ #O&)#//<*6/$ *+$ ,"#$ './#$ /#',<*6/$ 3.,'"#/$ =<,"$ ,"#$ B.;1#$ *+$ ,"#$ +<)/,$

#;#3#6,$#O&)#//<*6>$$

switch (element-oclexpression)  

  case value-oclexpression then result-oclexpression endcase 

  case value-oclexpression then result-oclexpression endcase 

   ...  

  case value-oclexpression then result-oclexpression endcase 

  default default-oclexpression enddefault 

endswitch 

Definition 14.1: Switch-case proposed statement 
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3)*&)4&!54%%#67.!

87,-#%&)7!9-:&&%!&;!<);&,(7*4-.!

=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

E/$=#$".B#$#O&;.<6#5G$ .;;$ (#%=*)5/$.)#$3.65.,*)%$.65$.,$ ;#./,$*6#$ './#$ /#',<*6$

31/,$.&&#.)$=<,"<6$,"#$/=<,'"Q'./#$/,.,#3#6,>$

E$'*33*6$#O.3&;#$*+$1/#$'*1;5$2#$./$+*;;*=/T$

context Person::baseSalary:Real 

init: switch (self.category) 

          case Category::Director then 5000.0 endcase 

          case Category::Engineer then 3500.0 endcase 

          case Category::Employee then 1450.0 endcase 

          default 1000.0 enddefault 

      endswitch 

Example 14.2: Example of switch-case usage 

!"</$#O.3&;#$#B.;1.,#/$.6$.,,)<21,#$*+$.$';.//$,".,$".B#$.$,%&#$,".,$'*6/</,/$*6$.6$

#613#).,<*6$*+$B.;1#/>$E''*)5<6@$,*$,"#$B.;1#$*+$,"#$#613#).,<*6$.$5<++#)#6,$D#.;$

B.;1#$ </$ )#,1)6#5$ ,*$ <6<,<.;<U#$ ,"#$ .,,)<21,#$ ()*$+),)-"$ *+$ -#)/*6$ ';.//>$ F+$ ,"#$

'.,#@*)%$ 5*#/$ 6*,$3.,'"$=<,"$ 6*6#$ *+$ ,"#$ './#/G$ 2%$ 5#+.1;,$ .$ B.;1#$ *+$ VPPP>P$ </$

)#,1)6#5>$

$

Figure 14.1: Fragment of the OCL 2.0 metamodel including the new switch-case statement 
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3)*&)4&!54%%#67.!

87,-#%&)7!9-:&&%!&;!<);&,(7*4-.!

=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

E,$,"</$<3.@#$=#$'.6$/##$.$&*//<2;#$<3&;#3#6,.,<*6$*+$,"#$789$3#,.3*5#;$)#;.,<B#$

&.),$ ,*$ ,"</$ <3.@<6.)%$ /=<,'"Q'./#$ /,.,#3#6,>$ 0=<,'"8./#SO&$ 3#,.';.//$ </$ .$

/12';.//$ *+$ 7';SO&)#//<*6$ .65$ '*6,.<6/$ ,=*$ <6/,.6'#/$ *+$ <,$ )#&)#/#6,<6@$ ,"#$

#;#3#6,$#O&)#//<*6$.65$,"#$#O&)#//<*6$'*6,.<6#5$<6$,"#$5#+.1;,$/#',<*6>$

?#$ 5#'<5#5$ ,*$ )#&)#/#6,$ ,"#$ './#$ /#',<*6/$ =<,"$ .$ 6#=$ 3#,.';.//$ '.;;#5$

8./#S;#3#6,$,".,$'*6,.<6/$.6$7';SO&)#//<*6$/&#'<+%<6@$,"#$B.;1#$.65$.6*,"#)$*6#$

)#&)#/#6,<6@$ ,"#$ )#/1;,$ ,*$ #O#'1,#$ <+$ /1'"$B.;1#$3.,'"#/$=<,"$ ,"#$ #;#3#6,$*+$ ,"#$

/=<,'"Q'./#$/,.,#3#6,>$

F6$ *1)$ *&<6<*6G$ ,"</$ <3&;#3#6,.,<*6$ '*1;5$ 2#$ .$ )#.;</,<'$3#,.3*5#;$ /,)1',1)#$ <6$

'./#$ *+$ 7JK$ 5#'<5#/$ ,*$ .55$ ,"#$ /=<,'"Q'./#$ /,.,#3#6,$ <6,*$ ,"#$ /#,$ *+$ 789$ :>P$

#O&)#//<*6/>$

/0D1DM NH3OO3H!CK3ENF9!

76'#$=#$".B#$165#)/,**5$"*=$,"#$6#=$/,.,#3#6,$=*)(/G$6#O,$/,#&$'*6/</,/$*6$,*$

3*5<+%$*1)$@).33.)$<6$*)5#)$,*$&)*B<5#$,"#$6#=$+16',<*6.;<,%>$

H<)/,$ *+$ .;;$ </$ ,*$ .55$ ,"#$ 6#=$ ,*(#6/$ <6,*$ ,"#$ !*(#6$ /#',<*6>$ F6$ *1)$ './#$=#$=<;;$

<6,)*51'#$/<O$6#=$,*(#6/$51#$,*$,*(#6$,"#6$=./$.55#5$=<,"$,"#$<+$#O&)#//<*6/$'./#>$

F,$ </$ <3&*),.6,$ ,*$ 6*,#$ "#)#$ ,".,$=#$ &1,/$ .6$ #O';.3.,<*6$3.)($ 2#+*)#$ ,"#$ ,*(#6$

6.3#$,*$<65<'.,#$,".,$/1'"$,*(#6$=<;;$6*,$2#$'*3&1,#5>$F+$=#$5*$6*,$1/#$,"</$3.)(G$

="#6$ 0.2;#88QSO,$ @#6#).,#/$ ,"#$ /(#;#,*6$ ,).B#)/.;$ ';.//$ ,"#$ %./#0!$1*!2.-$

3#,"*5/$L)#3#32#)$/1'"$3#,"*5/$="#6$=#$#O&;.<6#5$0.2;#88QSO,$.,$/#',<*6$V:>W$

*+$'".&,#)$V:M$=<;;$'*6,.<6$.$0,)<6@$=<,"$,"#$,*(#6$6.3#$+*)$#.'"$,*(#6$<6/<5#$,"#$

'1))#6,$&)*51',<*6>$

76'#$=#$".B#$<6,)*51'#5$,"#$6#=$,*(#6/G$=#$".B#$,*$<6';15#$,"#$6#=$&)*51',<*6/$

,".,$ =<;;$ '*6/,)1',$ ,"#$ /=<,'"Q'./#$ #O&)#//<*6>$ -)*51',<*6$ *34!%&5%)*$5$6#5%*7

'*6+*)3/$,"#$3.<6$)1;#$,".,$/&#'<+<#/$"*=$,"</$/,.,#3#6,$</$3.5#>$
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E/$ =#$ '.6$ /##G$ ,"#$ 5#+.1;,$ /#',<*6$ =<,"<6$ ,"#$ /=<,'"Q'./#$ '*6/,)1',<*6$ </$

3.65.,*)%G$ .;,"*1@"$ <6$ *1)$ './#$ =<;;$ *6;%$ 2#$ #O#'1,#5$ L<+$ *1)$ &.)/#)$ *6#$ 5.%$

#O#'1,#/$ 789$ #O&)#//<*6M$="#6$ 6*6#$ *+$ ,"#$ './#$ B.;1#/$3.,'"#/$=<,"$ ,"#$3.<6$

#O&)#//<*6$B.;1#>$

R#O,$,*$<,$=#$".B#$,")##$&)*51',<*6/$,".,$'*6+*)3/$,"#$;</,$*+$'./#/$<6/<5#$.$/=<,'"$

#O&)#//<*6>$!"</$</$.$'*33*6$;</,$=<,"$.,$;#./,$*6#$'./#$#;#3#6,>$F,$</$<3&*),.6,$,*$

6*,#$ "#)#$ ,".,$ ,"#$ )#,1)6$ *2C#',$ *+$ .$ %)*$5,4*!5$,$/$8!5%*$ </$ .6$

9%,:)*$;-)8%&<6#-$**4.8$*2C#',>$!"</$';.//$=<;;$".B#$,*$2#$<3&;#3#6,#5$2#'.1/#$</$

.$1,<;<,%$';.//$ ,".,$=<;;$'*6,.<6$2*,"$,"#$B.;1#$.65$)#/1;,$#O&)#//<*6$ <6/<5#$.$'./#$

/#',<*6>$!"#)#+*)#G$ /1'"$ ;</,$*+$#;#3#6,/$=<;;$2#$.$ ;</,$*+$9%,:)*$;-)8%&<6#-$**4.8$

*2C#',/>$

9%,:)*$;-)8%&<6#-$**4.8$';.//$=<;;$2#$ ;<(#$';.//$/"*=6$.,$H<@1)#$VW>:>$D#3#32#)$

,".,$/1'"$(<65$*+$';.//#/$</$&;.'#5$<6/<5#$&.'(.@#$)*!,4($*+$*1)$/,)1',1)#>$

Tokens  

! switch   = 'switch'; 

! default   = 'default'; 

! enddefault  = 'enddefault'; 

! endswitch  = 'endswitch'; 

! case   = 'case'; 

! endcase   = 'endcase';  

 

Productions 

switch_case_exp_cs <SwitchCaseExp> = 

   switch paren_open [element]:ocl_expression_cs paren_close 

   case_list_cs 

   default [defexp]:ocl_expression_cs enddefault 

   endswitch 

   ; 

 

case_list_cs <List> = 

   [element]:case_list_element_cs [tail]:case_list_tail_cs? 

   #nocreate 

   ; 

 

case_list_element_cs <OclCaseBranchExpression> = 

 {case} case [value]:ocl_expression_cs then 
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          [result]:ocl_expression_cs endcase 

    ; 

 

case_list_tail_cs <List> = 

    [tail]:case_list_cs #chain 

    ;  

 

primary_exp_cs <OclExpression> = 

     {literal} literal_exp_cs #chain 

    |{parenthesized} paren_open expression paren_close #chain  

    | {property} [prop_call]:property_call_exp_cs #customheritage 

                 #nocreate 

    | {if} if_exp_cs #chain 

    | {switch} switch_case_exp_cs #chain 

    ; 

Definition 14.2: Changes made to OCL 2.0 grammar to support switch-case statement 

H<6.;;%$=#$ 5*$ 6*,$ ".B#$ ,*$ +*)@#,$ ,*$ <6';15#$ .$ 6#=$ .;,#)6.,<B#$ <6/<5#$ &)*51',<*6$

#-4/)-"5$6#5%*$<6$*)5#)$,*$;<6($=<,"$*34!%&5%)*$5$6#5%*$&)*51',<*6>$

$

Figure 14.2: OclCaseBranchExpression class 

/0D1D1 NFEFH3AF"!C=399F9!

76'#$=#$".B#$<6,)*51'#5$,"#$6#=$'".6@#/$3.5#$<6$*1)$0.2;#88QSO,$/&#'<+<'.,<*6$

+<;#G$<>#>G$*1)$789$:>P$@).33.)G$6#O,$/,#&$</$,*$<6B*(#$0.2;#88QSO,$<6$*)5#)$,*$*2,.<6$

,"#$6#=$@#6#).,#5$';.//#/$<6';15<6@$,"#$6#=$/(#;#,*6$*+$,)##Q=.;(#)$';.//$,".,$=<;;$

2#$#O,#65#5$=<,"$,"#$/=<,'"Q'./#$&)*'#//<6@>$
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Figure 14.3: Complete SableCC-Ext generated classes for switch-case productions 

E/$%*1$'.6$/##$ <6$,"#$&)#B<*1/$ <3.@#G$#.'"$.;,#)6.,<B#$"./$ <,/$*=6$.&&;%$3#,"*5$

="<'"$</$#//#6,<.;$&.),$*+$,"#$B</<,*)$&.,,#)6>$
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/0D1D0 NFEFH3AF"!AH35FH93=!

E/$#O&;.<6#5$="#6$=#$5#/')<2#5$0.2;#88QSO,G$ .$ /(#;#,*6$';.//$=<,"$ ,"#$ ,).B#)/.;$

.)*165$,"#$@).33.)$&)*51',<*6/$</$&)*B<5#5>$01'"$';.//$</$9E,,)SB.;E5.&,#)$.65$

*1)$.<3$</$,*$#O,#65$<,$,*$<3&;#3#6,$,"#$3#,"*5/$,".,$'*3&1,#$E0!$6*5#/$.65$,".,$

'.;'1;.,#$X#)<,.@#$&.).3#,#)/>$$$

public final SwitchCaseExp caseASwitchCaseExpCs(ASwitchCaseExpCs 

                  node, Object param) throws AttrEvalException {  

  Heritage nodeHrtg = (Heritage) param; 

  Heritage childHrtg = null;  

  // Descending into element OclExpression to obtain its AST 

  POclExpressionCs childElement = node.getElement(); 

  OclExpression astElement = null; 

  if( childElement != null) { 

    astElement = (OclExpression) childElement.apply(this, 

                nodeHrtg.copy()); 

  } 

  // Descending into CaseList production to obtain its AST 

  PCaseListCs childCaseListCs = node.getCaseListCs(); 

  List astCaseListCs = null; 

  if( childCaseListCs != null) { 

    astCaseListCs = (List) childCaseListCs.apply(this, 

      nodeHrtg.copy()); 

  } 

  // Descending into default OclExpression to obtain its AST 

  POclExpressionCs childDefexp = node.getDefexp(); 

  OclExpression astDefexp = null; 

  if( childDefexp != null) { 

    astDefexp = (OclExpression) childDefexp.apply(this, 

     nodeHrtg.copy()); 

  } 

 

  // create AST node through factory for current CST node here. 

  SwitchCaseExp myAst = (SwitchCaseExp) 

                        factory.createNode("SwitchCaseExp"); 

  // Method to implement. Previous ASTs are parameters here 

  myAst = computeAstFor_ASwitchCaseExpCs(myAst, nodeHrtg, 

                    astElement, astCaseListCs, astDefexp); 

  return myAst; 

} 

 

public final List caseACaseListCs(ACaseListCs node, Object param) 

                                       throws AttrEvalException {  

   Heritage nodeHrtg = (Heritage) param; 
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   Heritage childHrtg = null; 

   // Descending into an element of the case list 

   PCaseListElementCs childElement = node.getElement(); 

   OclCaseBranchExpression astElement = null; 

   if( childElement != null) { 

     astElement = (OclCaseBranchExpression) 

                   childElement.apply(this, nodeHrtg.copy()); 

   } 

   // Descending into the next elements of the case list 

   PCaseListTailCs childTail = node.getTail(); 

   List astTail = null; 

   if( childTail != null) { 

      astTail = (List) childTail.apply(this, nodeHrtg.copy()); 

   } 

 

   // Method to implement. Previous ASTs are parameters here  

   List myAst = computeAstFor_ACaseListCs(nodeHrtg, astElement, 

                astTail); 

   return myAst; 

} 

 

public final OclCaseBranchExpression 

       caseACaseCaseListElementCs(ACaseCaseListElementCs  

       node, Object param) throws AttrEvalException {  

 

   Heritage nodeHrtg = (Heritage) param; 

   Heritage childHrtg = null; 

   // Descending into value OclExpression 

   POclExpressionCs childValue = node.getValue(); 

   OclExpression astValue = null; 

   if( childValue != null) { 

     astValue = (OclExpression) childValue.apply(this, 

                 nodeHrtg.copy()); 

   } 

   // Descending into result OclExpression 

   POclExpressionCs childResult = node.getResult(); 

   OclExpression astResult = null; 

   if( childResult != null) { 

     astResult = (OclExpression) childResult.apply(this, 

                  nodeHrtg.copy()); 

   } 

   // create AST node through factory for current CST node here. 

   OclCaseBranchExpression myAst = (OclCaseBranchExpression) 

              factory.createNode("OclCaseBranchExpression"); 

   // Method to implement. Previous ASTs are parameters here 

   myAst = computeAstFor_ACaseCaseListElementCs(myAst, nodeHrtg, 

           astValue, astResult); 

   return myAst; 

}     
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public final List caseACaseListTailCs(ACaseListTailCs node,  

                          Object param) throws AttrEvalException {  

 

   Heritage nodeHrtg = (Heritage) param; 

   Heritage childHrtg = null; 

   // Descending into PCaseListCs production 

   PCaseListCs childTail = node.getTail(); 

   List astTail = null; 

   if( childTail != null) { 

      astTail = (List) childTail.apply(this, nodeHrtg.copy()); 

   } 

   // create AST node for current CST node here. 

   List myAst = astTail; 

   return myAst; 

} 

Definition 14.3: Generated methods inside LAttrEvalAdapter.java class 

E/$=#$/.<5$2#+*)#G$.;;$,"</$'*5#$</$.1,*3.,<'.;;%$@#6#).,#5$2%$0.2;#88QSO,>$E,$6#O,$

/#',<*6$=#$=<;;$<3&;#3#6,$,"#$3#,"*5/$,".,$'*3&1,#$,"#$E0!$6*5#/>$

/0D1DP CIO+=FA<EN!AKF!EFG!OFAKI"9!

F6$ '*5#$ <6/<5#$ 4#+<6<,<*6$ VW>Y$ =#$ ".B#$ /##6$ ,")##$ 3#,"*5/$ ,".,$ 31/,$ 2#$

<3&;#3#6,#5$<6$*)5#)$,*$'*3&;#,#$,"#$,).B#)/.;$*B#)$,"#$#;#3#6,/$<6$*1)$789$:>P$

@).33.)>$ F6$ ,"#$ 6#O,$ +).@3#6,$ *+$ A.B.$ /*1)'#$ '*5#$ *=6#5$ 2%$

=1!!->?:1*!>$8$-)!.-@A)B)$=#$+*165$,"#$<3&;#3#6,.,<*6$+*)$,"#/#$3#,"*5/>$

H<)/,$*6#$)#,1)6/$.6$9%,:)*$;-)8%&<6#-$**4.8$*2C#',>$E;;$=#$31/,$5*$</$,*$/#,$2*,"$

7';SO&)#//<*6$ E0!$ 6*5#/$ ,".,$ .)#$ ,"#$ &.).3#,#)/$ *+$ ,"</$ 3#,"*5$ <6,*$ ,"#$

9%,:)*$;-)8%&<6#-$**4.8$&.).3#,#)$.65$)#,1)6$<,>$$

!"</$=.%$=#$'.6$)#,1)6$.$/%6,"#/<U#5$.,,)<21,#$,".,$'*6,.<6/$5*12;#$<6+*)3.,<*6T$

.6$7';SO&)#//<*6$)#&)#/#6,<6@$,"#$B.;1#$#O&)#//<*6$*+$.$'./#$/#',<*6$.65$.6*,"#)$

7';SO&)#//<*6$=<,"$,"#$)#/1;,$#O&)#//<*6$*+$,"#$/.3#$'./#$/#',<*6>$
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public OclCaseBranchExpression 

computeAstFor_ACaseCaseListElementCs(OclCaseBranchExpression 

            myAst, Heritage nodeHrtg, OclExpression astValue,  

            OclExpression astResult) throws AttrEvalException { 

 myAst.setValueExpression(astValue); 

 myAst.setResultExpression(astResult); 

 return myAst; 

} 

 

public SwitchCaseExp computeAstFor_ASwitchCaseExpCs(SwitchCaseExp 

             myAst, Heritage nodeHrtg, OclExpression astElement,  

             List astCaseListCs, OclExpression astDefexp)  

                                      throws AttrEvalException { 

 myAst.setElement(astElement); 

 myAst.setDefault(astDefexp); 

   

 for (Iterator it = astCaseListCs.iterator(); it.hasNext();) { 

    OclCaseBranchExpression cbe =  

                      (OclCaseBranchExpression) iterator.next(); 

    CaseElement ce =  

  (CaseElement) factory.createNode("CaseElement"); 

    ce.setValue(cbe.getValueExpression()); 

    ce.setResult(cbe.getResultExpression()); 

    ce.setOwner(myAst); 

 } 

 tc.typecheck(myAst); 

 return myAst; 

} 

 

public List computeAstFor_ACaseListCs(Heritage nodeHrtg, 

     OclCaseBranchExpression astElement, List astTail) 

                       throws AttrEvalException { 

 List result = null; 

    if ( astTail != null ) { 

       astTail.add(astElement); 

       result = astTail; 

    } else { 

       result = (List) factory.createNode("List"); 

       result.add(astElement); 

    } 

    return result; 

} 

Definition 14.4: Methods to control the new switch-case statement behaviour, which are placed 

inside LAttrGMCAstGenerator.java class 
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0#'*65$3#,"*5$/#,/$,"#$5<++#)#6,$#O&)#//<*6/$<6,*$,"#$0=<,'"8./#SO&$*2C#',>$R*,#$

,".,$ +*)$ #B#)%$ 3#32#)$ *+$ ,"#$ ;</,$ &.//#5$ ./$ .$ &.).3#,#)G$ ="<'"$ </$ .6$

9%,:)*$;-)8%&<6#-$**4.8$*2C#',G$=#$".B#$,*$')#.,#$.$6#=$<6/,.6'#$*+$8./#S;#3#6,$

3#,.';.//$=<,"$,"#$'*))#',$B.;1#/>$$

R*,#$ ,".,$ ;./,$ <6/,)1',<*6$ 2#+*)#$ ,"#$ )#,1)6$ /,.,#3#6,$ </$ .$ '.;;$ ,*$ ,"#$ !"#$%&$%'$

3#,"*5$*+$.6$*2C#',$<6/,.6'#$*+$,"#$!%&#8"#'($';.//$L,'G$<6$,"#$'*5#M>$!"</$3#,"*5$

3.(#/$ ,"#$ ,%&#$'*6+*)3.6'#$.6.;%/</$*+$#.'"$#;#3#6,$&.//#5$./$.$&.).3#,#)>$E/$

=#$ =<;;$ <6$ 6#O,$ '".&,#)/G$ !%&#8"#'($ ';.//$ </$ 2./#5$ <6$ .6*,"#)$ (<65$ *+$ B</<,*)$

&.,,#)6>$E6$<3&*),.6,$)#/,)<',<*6$"#)#$</$,*$'"#'($,".,$,"#$#;#3#6,$#O&)#//<*6$.65$

#.'"$B.;1#$#O&)#//<*6$*+$#B#)%$'./#$/#',<*6$".B#$'*3&.,<2;#$,%&#/>$

9./,$3#,"*5$ *6;%$ '*6/,)1',/$ .$ )#/1;,.6,$ ;</,$ C*<6<6@$ .6$ #;#3#6,$ .65$ .6*,"#)$ ;</,>$

!"</$ 3#,"*5$ </$ ,"#$ *6#$ <6$ '".)@#$ ,*$ '*6/,)1',$ ,"#$ +<6.;$ ;</,$ *+$

9%,:)*$;-)8%&<6#-$**4.8$#;#3#6,/>$

/0D1DQ AF9A<EN!AKF!EFG!9A3AFOFEA!

H<6.;;%G$ *6'#$ =#$ ".B#$ +<6</"#5$ ,"#$ <3&;#3#6,.,<*6$ .65$ .;;$ ,"#/#$ /,#&/$ <,$ </$ ,"#$

3*3#6,$ ,*$ ,#/,$ <+$ ,"#$2#".B<*1)$*+$ ,"#$&.)/#)$ </$ '*))#',>$?#$".B#$ ,*$5*$ ,"#$6#O,$

B#)<+<'.,<*6/T$

V> 8"#'($ ,".,$ ,"#$ /=<,'"Q'./#$ #O&)#//<*6$ '*1;5$ 2#$ =)<,,#6$ .65$ /%6,.',<'.;;%$

'"#'(#5$=<,"*1,$#))*)/>$

:> 8"#'($ ,"</$ 6#=$ /,.,#3#6,$=<,"$ #O.3&;#/$ ,".,$ 5*$ 6*,$ &)*51'#$ #))*)/$ .65$

B#)<+%$,".,$&.)/#)Z/$2#".B<*1)$</$'*))#',>$

Y> 8"#'($ ,"#$ /=<,'"Q'./#$ #O&)#//<*6$ =<,"$ #O.3&;#$ ,".,$ &)*51'#$ #))*)/$ .65$

B#)<+%$,".,$/1'"$#))*)/$.)#$/"*=6$,*$1/#)$<6$.$'*))#',$=.%>$
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!/#$#%#$ D8+-8A)*E)F).*

!"</$&.'(.@#$'*6,.<6/$2*,"$,"#$9#O#)>C.B.$';.//$.65$,"#$9#O#)SO'#&,<*6>C.B.>$H<)/,$

*6#$</$,"#$#;#3#6,$,".,$,*(#6<U#/$,"#$<6&1,$*+$*1)$&)*'#//*)$.''*)5<6@$,*$,"#$,*(#6$

5#+<6<,<*6$*+$,"#$/&#'<+<'.,<*6$+<;#$+*)$0.2;#88QSO,$,".,$=#$#O&;.<6#5$.,$'".&,#)$VY>$

!"#$ )#/1;,$ *+$ ,"#$ #O#'1,<*6$ *+$ ,"</$ ';.//$ </$ .$ /,)#.3$ *+$ ,*(#6/$ )#&)#/#6,<6@$ ,"#$

&)*'#//#5$ <6&1,>$ H1),"#)3*)#G$ <+$ .6%$ #))*)$ *''1)/$ <6$ ,"</$ &)*'#//$ ,"#$

9#O#)SO'#&,<*6$</$,")*=6$<6$*)5#)$,*$.;#),$,"#$1/#)/>$

!/#$#%#% D8+-8A)*79=)*

!"</$ &.'(.@#$ '*6,.<6/$ .;;$ @#6#).,#5$ 6*5#/$ 2%$ 0.2;#88QSO,$ .''*)5<6@$ ,*$ ,"#$

/&#'<+<'.,<*6$+<;#$*+$*1)$789$:>P$@).33.)>$E,$'".&,#)$VY$="#)#$=#$#O&;.<6#5$*1)$

@).33.)$ =#$ /,15<#5$ ,"#$ 5<++#)#6,$ &)*51',<*6/$ .65$ .;,#)6.,<B#/G$ .65$ ,"#6$ =#$

/"*=#5$/#B#).;$5<.@).3/$=<,"$,"#/#$@#6#).,#5$';.//#/>$

F,$ </$ <3&*),.6,$ ,*$#3&"./<U#$,".,$@#6#).,#5$';.//#/$)#&)#/#6,<6@$&)*51',<*6/$.)#$

.2/,).',$A.B.$';.//#/$.65$,"#<)$6.3#/$2#@<6$=<,"$.$]-Z$'".).',#)>$76$,"#$*,"#)$".65G$

@#6#).,#5$';.//#/$)#&)#/#6,<6@$.;,#)6.,<B#/$=<,"<6$.$&)*51',<*6$.)#$'*6')#,#$A.B.$

';.//#/$ #O,#65<6@$ .2/,).',$ *6#/$ .65$ ,"#<)$ 6.3#/$ 2#@<6$ =<,"$ .6$ ]EZ$ '".).',#)>$

H<6.;;%G$ ';.//#/$ )#&)#/#6,<6@$ ,*(#6/$ .)#$ .;/*$ '*6')#,#$ /12';.//#/$ *+$ !*(#6>C.B.$

';.//$.65$,"#<)$6.3#/$2#@<6$=<,"$.$]!Z$'".).',#)>$$
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+%),&'')%!

!/#$#%#" D8+-8A)*(8.6).*

!"</$&.'(.@#$'*6,.<6/$,"#$-.)/#)>C.B.$';.//$)#&)#/#6,<6@$,"#$-.)/#)$'*3&*6#6,$*+$

*1)$&)*'#//*)$*+$789$:>P$#O&)#//<*6/>$!"#$)#/1;,$*+$ ,*$.&&;%$ ,"#$#)-*$$3#,"*5$*+$

/1'"$ ';.//$ </$ ,"#$ +<)/,$ 6*5#$ *+$ ,"#$ &.)/#$ ,)##G$ )#&)#/#6,#5$ 2%$ .6$ <6/,.6'#$ *+$ ,"#$

+!)-!@A)B)$';.//$+)*3$6*5#$&.'(.@#>$

F+$ .6%$ #))*)$ </$ +*165$ 51)<6@$ ,"#$ &.)/<6@$ &)*'#//G$ .6$ <6/,.6'#$ *+$ ,"#$

-.)/#)SO'#&,<*6>C.B.$';.//$</$,")*=6$<6$*)5#)$,*$.;#),$1/#)/>$

F6/<5#$ ,"</$ &.'(.@#$ =#$ .;/*$ +<65$ .6$ #O,).$ ';.//$ '.;;#5$ !*(#6F65#O>C.B.$ ,".,$

<5#6,<+<#/$#B#)%$,*(#6$*+$,"#$!*(#6$/#',<*6$*+$*1)$/&#'<+<'.,<*6$+<;#$+*)$0.2;#88QSO,$

=<,"$.6$<6,#@#)$6132#)>$01'"$<5#6,<+<#)$</$<6,#)6.;;%$1/#5$2%$5<++#)#6,$'*3&*6#6,/$

.;*6@$*1)$&.)/<6@$&)*'#//>$

/PDMD0 +3CU3NF!BA<=!

!"</$</$,"#$;./,$&.'(.@#$&;.'#5$<6/<5#$,"#$&.'(.@#$&.)/#)>$E/$=#$=<;;$/##G$<6/<5#$,"</$

5<)#',*)%$=#$+<65$A.B.$';.//#/$1/#5$,*$/<3&;<+%$/*3#$&)*'#//#/$*+$*1)$&)*'#//*)>$

!/#$#"#! G2@E@2'#:8;8*

!"</$';.//$'*6,.<6/$.$;*,$*+$3#,"*5/$1/#5$<6/<5#$/#B#).;$'*3&*6#6,/G$;<(#$,"#$E0!$

K#6#).,*)$9E,,)KJ8E/,K#6#).,*)>C.B.>$

E3*6@$*,"#)/G$N,<;<,%$';.//$'*6,.<6/$3#,"*5/$,*$B#)<+%$<+$#O</,/$'*66#',<*6$2#,=##6$

,*$.//*'<.,<*6$#65/G$ ,*$'"#'($ <+$.$&)*&#),%$ </$*=6#5$2%$.6$NJ9$';.//$*)$ ,*$')#.,#$

6#=$789$3#,.3*5#;$<6/,.6'#/$+)*3$*,"#)/$&)#B<*1/;%$')#.,#5>$

E;;$ 3#,"*5/$ =<,"*1,$ .$ /&#'<+<'$ &;.'#$ =#)#$ .;;*'.,#5$ <6/<5#$ ,"</$ ';.//>$ !"#)#+*)#$

"#)#$=#$'.6$$+<65$.$;*,$*+$5<++#)#6,$(<65/$*+$3#,"*5/>$
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+%),&'')%!

!/#$#"#$ H)IE)+2@;)J@6@29.#:8;8*

!"</$ </$ .$ B#)%$ <3&*),.6,$ ';.//$ ,".,$=*)(/$=<,"$ ,"#$ A.B.$D#+;#',<B#$E-F$ ^ADE=_$ <6$

*)5#)$,*$3.(#$.$/&#'<.;$B</<,*)$,".,$5</'*B#)/$,"#$';.//$,%&#$*+$,"#$*2C#',/$.''#//<6@$

,*$,"#<)$A.B.$<6,#)6.;$5#/')<&,<*6>$

E/$#O&;.<6#5$.,$&)#B<*1/$'".&,#)G$=#$*6;%$".B#$,*$=)<,#$.$6#=$';.//$#O,#65<6@$,"</$

*6#$ ="#)#$ .$ B</<,*)$ 3#,"*5$ </$ <3&;#3#6,#5$ +*)$ #.'"$ #;#3#6,$ ,*$ &)*'#//>$ 01'"$

3#,"*5/$".B#$.$&.).3#,#)$=<,"$,"#$/.3#$';.//$,".6$=#$".B#$,*$'*3&1,#$=<,"<6$<,>$

!"#6G$ ,"#)#$ #O</,/$ .$ @#6#).;$3#,"*5$ ,*$ 2#$ '.;;#5$ +*)$ #.'"$ #;#3#6,>$ 01'"$3#,"*5$

1/#/$,"#$D#+;#',<B#$E-F$,*$B#)<+%$,"#$';.//$,%&#$*+$,"#$*2C#',$&.).3#,#)$.65$+<6.;;%$

/#.)'"#/$<6/<5#$,"#$6#=$A.B.$';.//$#O,#65<6@$D#+;#',<B#[</<,*)>C.B.$<6$*)5#)$,*$+<65$

,"#$3#,"*5$,".,$"./$.$&.).3#,#)$*+$/1'"$';.//$,%&#>$76'#$<,$"./$+*165$,"#$3#,"*5G$

<6B*(#/$<,$=<,"$,"#$*2C#',$,*$'*3&1,#$./$&.).3#,#)>$

E,$ 6#O,$ /#',<*6$ !%&#8"#'(>C.B.$ =<;;$ 2#$ /,15<#5G$ ./$ .6$ <3&;#3#6,.,<*6$ *+$ ,"#$

D#+;#',<B#[</<,*)>$

!/#$#"#% &'()5,)+-#:8;8*

!%&#8"#'($';.//$ </$,"#$'*3&*6#6,$,".,$5*#/$,"#$,%&#$'"#'(<6@$*+$,"#$#;#3#6,/$*+$

,"#$789$3#,.3*5#;>$ F,$ <3&;#3#6,/$ ,"#$ D#+;#',<B#[</<,*)$ #O&;.<6#5$ 2#+*)#>$ F6/<5#$

,"</$';.//$=#$+*165$.$@#6#).;$3#,"*5$6.3#5$!"#$%&$%'$,".,$.53<,/$*6#$&.).3#,#)>$

01'"$&.).3#,#)$</$,"#$*2C#',$,*$6##5$.$'"#'($+*)$<,/$,%&#/>$

H*)$#B#)%$#;#3#6,$ ,*$'"#'($ ,"#)#$#O</,/$.6$$B),0)!$$3#,"*5$=<,"$*6#$&.).3#,#)>$

!"#$ &.).3#,#)$ *+$ /1'"$3#,"*5$ <5#6,<+<#/$ ,"#$ #;#3#6,$ ,*$ &)*'#//>$ !*$ 165#)/,.65$

,"</$2#".B<*1)$=#$=<;;$/##$.$/<3&;#$#O.3&;#$*+$1/.@#$=<,"$.6$#;#3#6,$<6/,.6'#$*+$

F+SO&$3#,.';.//$)#&)#/#6,<6@$.6$4E$#O&)#//<*6>$
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!"#$#%#&'()(%*%+#,#$*-%.#)"/0%)/%1#%2*--#0%3/$%#4#$5%#-#.#,)%)/%6$/2#((7%

public Type typecheck (TypedElement te)  

          throws WellFormednessException , AttrEvalException 

%

892"%.#)"/0%2*,%1#%2*--#0%3/$%*,%:3;&6%#-#.#,)7%

// imagine that tc is an instance of TypeCheck class  

// and ifexp an instance of IfExp metaclass 

tc.typecheck(ifexp); 

!"'(%',4/2*)'/,%'.6-'#(%)"*)%<#3-#2)'4#%='(')/$%(#*$2"#(%*,0%)"#,%"*(%)/%

3',0%*%.#)"/0%>')"%)"#%,#&)%('+,*)9$#7%

public void evaluate(IfExp exp) throws AttrEvalException 

%

!"'(%.#)"/0%'(%2*--#0%3/$%)"#%'3#&6%',()*,2#%/3%:3;&6%.#)*2-*((?%:,('0#%)"'(%

.#)"/0%>#%2/9-0%0/%*(%3/--/>(7%

OclExpression cond = exp.getCondition(); 

OclExpression thenBranch = exp.getThenExpression(); 

OclExpression elseBranch = exp.getElseExpression(); 

Type condType = typecheck(cond); 

Type thenType = typecheck(thenBranch); 

Type elseType = typecheck(elseBranch); 

%

@(',+%)"'(%A',0%/3%4'(')/$%>#%/,-5%"*4#%)/%/1)*',%)"#%*))$'19)#(%/3%:3;&6%

.#)*2-*((%*,0%)"#,%2*--%)"#%)56#2"#2A%.#)"/0%/3%#*2"%/,#%)/%/1)*',%)"#'$%

)56#(?%!"'(%$#29$('4#%()$*)#+5%('.6-'3'#(%)"#%)56#%2"#2A',+%6$/2#((?%

B,%)"'(%#&*.6-#C%-*()%()#6%2/,('()(%',%)/%2*-29-*)#%)"#%)56#%/3%)"#%:3;&6%

3$/.%)"#%)56#(%/3%')(%*))$'19)#(?%

Example 15.1: Usage of the TypeCheck class as a subclass of the ReflectiveVisitor 

/PDMDP +3CU3NF!IC==<8H3HV!

F6/<5#$ ,"</$ &.'(.@#$ =#$ +<65$ ,"#$ 7';9<2).)%>C.B.$ +<;#$ ,".,$ '*6,.<6/$ .65$

<3&;#3#6,.,<*6$*+$.$+.',*)%$*+$*&#).,<*6/>$H*)$#.'"$*&#).,<*6$/&#'<+<#5$<6$,"#$789$

:>P$/&#'<+<'.,<*6$5*'13#6,$^72CP`_$=#$".B#$')#.,#5$.6$#6,)%$<6$.$X./"J.&>$E/$=#$

#O&;.<6#5$ .,$ &)#B<*1/$ '".&,#)$ )#;.,#5$ ,*$ ,"#$ R*5#H.',*)%$ '*3&*6#6,G$ ,"#$

7';9<2).)%$3.<6,.<6/$,"#$/.3#$/,)1',1)#>$?#$<3&;#3#6,#5$.$@#6#)<'$3#,"*5$,".,$
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6##5/$.$0,)<6@$./$&.).3#,#)>$01'"$0,)<6@$</$1/#5$,*$<65<'.,#$,"#$6.3#$*+$,"#$789$:>P$

*&#).,<*6$,*$+<65>$

!"</$ 3#,"*5$ </$ '.;;#5$ +<657';7&#).,<*6a%R.3#$ .65$ +<)/,$ *+$ .;;$ B#)<+<#/$ <+$ .6$

*&#).,<*6$=<,"$,"#$/#.)'"<6@$6.3#$#O</,/$<6$,"#$3#,.5.,.$)#&*/<,*)%>$F+$.++<)3.,<B#$

)#,1)6/$<,$21,$<+$,"#$*&#).,<*6$</$6*,$+*165G$<,$</$')#.,#5$.65$,"#6$)#,1)6#5>$

?<,"$ ,"</$ 5#/<@6$ 5#'</<*6$ =#$ .B*<5$ ,*$ ".B#$ )#&#.,#5$ *&#).,<*6/$ <6/<5#$ ,"#$

3#,.5.,.$)#&*/<,*)%>$

H1),"#)3*)#G$ <6/<5#$ ,"</$ A.B.$ ';.//$ =#$ ".B#$ 3#,"*5/$ ,*$ 5*$ ,"#$ /.3#$ ./$ =<,"$

*&#).,<*6/$ 21,$ =<,"$ ,"#$ 2./<'$ ,%&#/$ 5#/')<2#5$ <6/<5#$ ,"#$ 789$ :>P$ /&#'<+<'.,<*6>$

!"#/#$,%&#/$.)#$0,)<6@G$a**;#.6G$D#.;$.65$F6,#@#)>$

F,$</$<3&*),.6,$,*$#3&"./<U#$,".,$/#&.).,<6@$,"#$')#.,<*6$*+$,%&#/$.65$*&#).,<*6/$*+$

,"#$789$:>P$9<2).)%$+)*3$,"#$3.<6$'*5#$&)*B<5#/$.6$<6')#./<6@$'".6@#.2<;<,%$,".,$

'.6$2#$1/#+1;$<+$,"#$789$;.6@1.@#$</$#O,#65#5$*)$3*5<+<#5>$

/PDMDQ +3CU3NF!FW3O+=F9!

H<6.;;%G$ ,"#)#$ #O</,/$ .6*,"#)$ /#'*65.)%$ &.'(.@#$ 6.3#5$ $6)/#,$*$ ,".,$ *2B<*1/;%$

'*6,.<6/$ /*3#$ ';.//#/$ <3&;#3#6,<6@$ 5<++#)#6,$ #O.3&;#/$ *+$ 1/.@#>$ !"#$ 3.<6$

#O.3&;#$"#)#$</$,"#$4#3*7';:P-.)/#)>C.B.$+<;#$,".,$'*6,.<6/$,"#$/*1)'#$'*5#$,".,$

'*6/,)1',/$,"#$4#3*$&)*@).3$&)#/#6,#5$.,$H<@1)#$V:>`>$

/PD1 KIG!AI!B9F!AKF!+3H9FH!

/PD1D/ B93NF!FW3O+=F!

E,$ ,"</$ /#',<*6$=#$=<;;$ #O&;.<6$ ,"#$ /,#&/$ ,".,$ 1/#)$31/,$ +*;;*=$ <6$ *)5#)$ ,*$=*)($

=<,"$,"#$&)*'#//*)$*+$789$:>P$#O&)#//<*6/>$
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"#$%&''()*'!

+%),&'')%!

!/#%#!#! ?9K*29*9L28@7*87*M4N*I@E)*

!*$2#@<6$*1)$ C*2G$ <,$ </$3.65.,*)%$,*$*=6$.6$\JF$+<;#$ ,".,$/&#'<+<#/$.$'*))#',$NJ9$

'*6'#&,1.;$3*5#;>$

E,$ '".&,#)$ ="#)#$ =#$ <6,)*51'#5$ S<6.$ KJ8$ L/##$ '".&,#)$ bG$ /#',<*6$ b>bM$ ./$ *1)$

'*6'#&,1.;$ 3*5#;<6@$ #6B<)*63#6,$ <,$ </$ &*//<2;#$ ,*$ +<65$3*)#$ <6+*)3.,<*6$ .2*1,$

"*=$ ,*$ *2,.<6$ .6$ \JF$ +<;#$ +)*3$ .$ 8E0S$ ,**;$ L<6$ *1)$ './#G$ -*/#<5*6$ +*)$ NJ9MG$ *)$

5<)#',;%$ <6/,.6,<.,<6@$3*5#;$#;#3#6,/$=)<,<6@$ ,"#$6##5#5$ A.B.$'*5#>$X#)#$=#$=<;;$

/1&&*/#$,".,$%*1$(6*=$,"#$=.%$*+$*2,.<6<6@$\JF$+<;#/>$

F,$ </$ <3&*),.6,$ ,*$ #3&"./<U#$ ,".,$ .$ &)#'*65<,<*6$ +*)$ *1)$ &)*'#//*)$ *+$ 789$ :>P$

#O&)#//<*6/$ </$ ,".,$#B#)%$#;#3#6,$ <6/<5#$,"#$\JF$ +<;#$)#&)#/#6,<6@$.6$NJ9$3*5#;$

,".,$'.6$".B#$.$,%&#$"./$/1'"$,%&#$/&#'<+<#5$<6/<5#$/1'"$\JF$+<;#>$H*)$#O.3&;#G$,"#$

,%&#$ *+$ ,"#$ .,,)<21,#/$ <6/<5#$ .6$ NJ9$ ';.//$ 31/,$ 6*,$ 2#$ #3&,%>$ 7,"#)=</#$ *1)$

&)*'#//*)$'.66*,$=*)($&)*&#);%$51#$,*$<,/$,%&#$'*6+*)3.6'#$'"#'(<6@$&)*'#//$=<;;$

+.<;$2#'.1/#$<,$=<;;$6*,$+<65$,"#$,%&#/$,*$'"#'(>$

!/#%#!#$ 5.)82@7A*8*7)K*(.9:)+2*

F6$ *)5#)$ ,*$ &)#&.)#$ ,"#$ #6B<)*63#6,$ *+$ *1)$ &)*'#//*)G$ =#$ ".B#$ ,*$ ')#.,#$ .6$

<6/,.6'#$*+$,"#$S<6.$KJ8$';.//$-)*C#',>$

Project p; String name = “myProject”; 

p = new Project(name); 

System.out.println(“Project “+name+” has been created”); 

Example 15.2: Creating a new project 

?#$'.6$*&,$,*$/#,$.$6.3#$,*$/1'"$-)*C#',$<6/,.6'#>$76'#$=#$".B#$5*6#$<,G$ <,$</$,"#$

3*3#6,$*+$;*.5<6@$,"#$\JF$+<;#$'*6,.<6<6@$,"#$)#&)#/#6,.,<*6$*+$.6$NJ9$3*5#;>$
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+%),&'')%!

String XMIfileName = “/Users/Desktop/XMI/mymodel.xmi”; 

p.importXMI(XMIfileName);  

System.out.println(“Import finished”); 

Example 15.3: Importing an XMI file 

?<,"$,"#/#$#./%$/,#&/$=#$".B#$,"#$&)*C#',$')#.,#5$.65$,"#$<6+*)3.,<*6$'*6,.<6#5$

<6/<5#$ ,"#$ \JF$ +<;#$ ;*.5#5$ =<,"<6$ ,"#$ 3#,.5.,.$ )#&*/<,*)%$ *+$ ,"#$ S<6.$ KJ8$

'*6'#&,1.;$3*5#;<6@$#6B<)*63#6,>$

F,$ </$ <3&*),.6,$ ,*$6*,#$ ,".,$S<6.$KJ8$ ;<2).)%$31/,$2#$ <3&*),#5$"#)#$ <6$*)5#)$ ,*$

.B*<5$#))*)/$*+$2<6.)%$ +<;#/$6*,$ +*165>$01'"$ ;<2).)%$'.6$2#$ +*165$<6$ AED$+*)3.,$.,$

S<6.$ KJ8$ =#2$ /<,#$ ^KJ8=_>$ !"#$ 2<6.)%$ A.B.$ ';.//#/$ *+$ *1)$ &)*'#//*)$ .)#$ .;/*$

<6';15#5$<6$/1'"$;<2).)%>$

!/#%#!#% 5.)82@7A*2,)*+9C(97)726*9I*9O.*(8.6).*

R#O,$ /,#&$ .+,#)$ =#$ ".B#$ 2*,"$ &)*C#',$ .65$ 3*5#;$ ;*.5#5$ <6/<5#$ ,"#$ 3#,.5.,.$

)#&*/<,*)%$'*6/</,/$*6$,*$'*6/,)1',$,"#$'*3&*6#6,/$*+$*1)$&.)/#)>$

// text variable contains OCL 2.0 constraints 

String text = “context Person inv: ...   

               context Project inv: ... 

               ... 

               context Work::salary:Real init: ... ”;   

Lexer lexer = new Lexer ( 

                  new PushBackReader( 

                      new StringReader(text),1024));  

Parser parser = new Parser(lexer); 

Example 15.4: Creation of lexer and parser components 
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A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

E/$=#$ '.6$ /##G$ +<)/,$ *+$ .;;$ =#$ 1/#$ .$ 0,)<6@$ B.)<.2;#$ ,*$ /,*)#$ ,"#$ 789$ :>P$ ,#O,1.;$

'*6/,).<6,/>$ ?<,"$ /1'"$ 0,)<6@$ =#$ 31/,$ ')#.,#$ .$ A.B.$ -1/"a.'(D#.5#)$ *2C#',$ <6$

*)5#)$,*$&.//$<,$,*$,"#$'*6/,)1',*)$3#,"*5$*+$,"#$;#O<'.;$.6.;%U#)$L;#O#)M>$

H<6.;;%G$,*$'*6/,)1',$,"#$&.)/#)$'*3&*6#6,$=#$".B#$,*$1/#$,"#$&)#B<*1/$;#O#)$./$.$

&.).3#,#)$*+$<,/$'*6/,)1',*)$3#,"*5>$

E,$ ,"</$&*<6,$ ;#O<'.;$.65$/%6,.',<'.;$#))*)/$.)#$)#,1)6#5$./$ A.B.$SO'#&,<*6/$./$=#$

=<;;$#O&;.<6$;.,#)>$

!/#%#!#" D.9+)66@7A*P50*)F(.)66@976*

!*$&)*'#//$789$'*6/,).<6,/$</$.$B#)%$/<3&;#$,./($<+$=#$".B#$+*;;*=#5$,"#$&)#B<*1/$

/,#&/>$

Start ast = parser.parse(); 

ast.apply(new LAttrGMCAstGenerator(p), new Heritage()); 

Example 15.5: Processing the compilation tree 

?#$".B#$,*$'.;;$ ,"#$#)-*$FG$3#,"*5$*+$ ,"#$-.)/#)$*2C#',G$="<'"$=<;;$)#,1)6$1/$,"#$

E0!$*+$,"#$&)*'#//#5$'*6/,).<6,/>$8*6')#,#;%$=#$=<;;$*2,.<6$.$)#+#)#6'#$,*$,"#$+<)/,$

6*5#$*+$/1'"$,)##G$="<'"$</$.6$<6/,.6'#$*+$,"#$0,.),$';.//>$

R#O,$/,#&$'*6/</,/$*6$,*$1/#$,"#$B</<,*)$&.,,#)6$<6$*)5#)$,*$2#@<6$,"#$,)##$,).B#)/.;$

,")*1@"$ .;;$ ,)##$ 6*5#/>$ ?#$ '.6$ 5*$ <,$ '.;;<6@$ ,"#$ )##,"$ 3#,"*5$ *+$ ,"#$ &)#B<*1/$

)#+#)#6'#G$=<,"$,=*$&.).3#,#)/>$

H<)/,$ &.).3#,#)$ </$ .6$ <6/,.6'#$ *+$ 9E,,)KJ8E/,K#6#).,*)$ ';.//G$ ="<'"$ 6##5/$ ,"#$

<6<,<.;$-)*C#',$*2C#',$*+$ ,"#$2#@<66<6@$./$ .$&.).3#,#)$ +*)$ <,/$ '*6/,)1',*)$3#,"*5>$

!"</$ 6#=$ <6/,.6'#$ 5#.;/$ =<,"$ ,"#$ 6#'#//.)%$ ,)#.,3#6,$ +*)$ #.'"$ 6*5#$ *+$ ,"#$
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'*3&<;.,<*6$,)##G$')#.,<6@$,"#$'*))#/&*65#6,$<6/,.6'#/$<6,*$,"#$789$3#,.3*5#;$*+$

,"#$3#,.5.,.$)#&*/<,*)%>$

0#'*65$ &.).3#,#)$ </$ .$ 6#=$ <6/,.6'#$ *+$ X#)<,.@#$ ';.//G$="<'"$ 5#.;/$=<,"$ /".)<6@$

<6+*)3.,<*6$2#,=##6$&.)#6,$6*5#/$.65$<,/$5#/'#65.6,/>$

F6$ './#$ *+$ #O</,<6@$ &)*2;#3/$ *6$ ,"</$ &)*'#//G$ #.'"$ #))*)$ </$ )#,1)6#5$ ./$ .$ A.B.$

#O'#&,<*6>$

!/#%#!#/ Q29.)*.)6OE26*@729*87*M4N*I@E)*

76'#$ =#$ ".B#$ &)*'#//#5$ ,"#$ 789$ #O&)#//<*6/G$ 6#O,$ /,#&$ </$ ,*$ /.B#$ ,"#$ '".6@#/$

3.5#$ =<,"<6$ ,"#$ 3#,.5.,.$ )#&*/<,*)%$ L6#=$ <6/,.6,<.,<*6$ *+$ 789$ #O&)#//<*6/$ ./$

789$3#,.3*5#;$<6/,.6'#/M$<6$.$6#=$\JF$+<;#>$

String 
outputXMIfile(“/Users/Desktop/mymodelwithconstraints.xmi”); 

p.saveXMI(outputXMIfile);%

Example 15.6: Storing metadata into a new XMI file 

F,$ </$ <3&*),.6,$ ,*$ ';*/#$ ,"#$ '1))#6,$ <6/,.6'#$ *+$ -)*C#',$ '.;;<6@$ ,"#$ %,.*$H-.A$%!FG$

3#,"*5$ *6'#$ =#$ ".B#$ +<6</"#5$ ,*$ =*)($ =<,"$ <,$ <6$ *)5#)$ ,*$ .B*<5$ <6'*6/</,#6'#$

&)*2;#3/$=<,"$,"#$3#,.5.,.$)#&*/<,*)%$*+$,"#$S<6.$SJK$#6B<)*63#6,>$

p.closeProject();%

Example 15.7: Method to close the current project and its metadata repository 

/PD1DM FHHIH!XFF"83CU!

F6$*1)$&)*'#//*)$*+$789$:>P$#O&)#//<*6/G$#B#)%$,<3#$,".,$.6$#))*)$ </$ +*165$.$ A.B.$

#O'#&,<*6$</$,")*=6$=<,"$,"#$<6+*)3.,<*6$*+$,"#$#))*)$.65$="#)#$<,$*''1)/>$
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87,-#%&)7!9-:&&%!&;!<);&,(7*4-.!

=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!
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!"#)#$.)#$5<++#)#6,$(<65/$*+$ #O'#&,<*6/$5#&#65<6@$*6$ ,"#$ /,.@#$*+$ ,"#$&)*'#//$ <6$

="<'"$,"#$#))*)$".&&#6/>$?#$=<;;$/"*=$,"#/#$(<65/$<6$,"#$6#O,$;</,T$

• 9#O#)SO'#&,<*6T$ #O'#&,<*6$ ,")*=6$ <+$ .6$ #))*)$ ".&&#6/$ 51)<6@$ ,"#$ ;#O<'.;$

.6.;%/</$*+$,"#$<6&1,$'*6/,).<6,/>$

• -.)/#)SO'#&,<*6T$#O'#&,<*6$,")*=6$<+$.6$#))*)$*''1)/$51)<6@$,"#$#O#'1,<*6$

*+$,"#$#)-*$FG$3#,"*5$*+$-.)/#)$';.//>$

• E,,)SB.;SO'#&,<*6T$ #O'#&,<*6$ ,")*=6$ <+$ .6$ #))*)$ *''1)/$ 51)<6@$ ,"#$

#B.;1.,<*6$*+$.,,)<21,#/$.65$,"#$<6/,.6,<.,<*6$<6,*$,"#$3#,.3*5#;$*+$,"#$789$

<6&1,$'*6/,).<6,/>$

• ?#;;H*)3#56#//SO'#&,<*6T$ ,"</$ #O'#&,<*6$ </$ /12';.//$*+$E,,)SB.;SO'#&,<*6$

.65$ <,$ </$ 1/#5$ ,*$ 2#$ ,")*=6$ ="#6$ .6$ #))*)$ </$ +*165$ 51)<6@$ ,"#$ ,%&#$

'*6+*)3.6'#$'"#'(<6@$&)*'#//>$

/PD1D1 HI==83CU!

E',1.;;%G$ S<6.$ KJ8$ 1/#/$ ,"#$ J4D^J4D=_$ 3#,.5.,.$ )#&*/<,*)%$ &)*B<5#5$ 2%$

R#,2#.6/$ '*3316<,%^RS!=_>$ 01'"$ )#&*/<,*)%$ .;;*=/$ 1/<6@$ ,).6/.',<*6/$ ;<(#$ <6$

5.,.2./#/>$$

!"</$ +#.,1)#$ </$ 1/#+1;$ <6$ './#$ *+$ 6##5$ .$ )*;;2.'($ <6$ ,"#$ '".6@#/$3.5#$ <6/<5#$ ,"#$

)#&*/<,*)%G$ <+$ +<6.;;%$=#$ ".B#$ ,*$ .2*),$ ,"#$ &)*'#//<6@$ *+$ 789$ #O&)#//<*6/$ 51#$ ,*$

/#3.6,<'$#))*)/$L;<(#$.6$<6'*3&.,<2<;<,%$*+$,%&#/$<6$.6$.)<,"3#,<'.;$#O&)#//<*6M>$

?#$ =<;;$ #O&;.<6$ "#)#$ "*=$ ,*$ 1/#$ ,"</$ +#.,1)#$ <6/<5#$ ,"#$ &)#B<*1/$ '*5#$ ,".,$

'*6/,)1',/$ ,"#$ 5<++#)#6,$ '*3&*6#6,/$ *+$ *1)$ &)*'#//*)$ *+$ 789$ :>P$ #O&)#//<*6/$ <6$

*)5#)$,*$.B*<5$.6$<6'*6/</,#6,$3#,.5.,.$)#&*/<,*)%$51#$,*$<6'*3&;#,#$'*6/,).<6,/>$
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// get the default repository  

MDRepository repository = 

             MDRManager.getDefault().getDefaultRepository();  

// start a write transaction  

repository.beginTrans(true);  

try {  

   // Code where the repository is modified  

   Start ast = parser.parse();  

   ast.apply(new LAttrGMCAstGenerator(p), new Heritage());  

} catch (Exception e){ 

   // We can do something with the exception 

   e.printStackTrace(); 

} finally {  

   // release the transaction  

   repository.endTrans(true);  

} 

Example 15.8: Basic usage of rollback in transactions 

?#$ '.6$ *2/#)B#$ ,".,$ +<)/,$=#$ *2,.<6$ ,"#$ )#&*/<,*)%$ )#+#)#6'#$ ,".,$ </$ 2#<6@$ 1/#5$

.',1.;;%G$<6$*)5#)$,*$2#$.2;#$,*$'.;;$,"#$($I48J-)8*$.65$$8DJ-)8*$3#,"*5/$=<,"$,"#$

,)%c'.,'"$A.B.$/,)1',1)#>$

H<)/,$&.).3#,#)$,".,$=#$&.//$,*$($I48J-)8*$/&#'<+<#/$<+$,"#$'1))#6,$,).6/.',<*6$</$.$

=)<,#$ ,).6/.',<*6$ L,)1#M$ *)$ .$ )#.5Q*6;%$ ,).6/.',<*6$ L+.;/#M>$ F6$ *)5#)$ ,*$ .;;*=$

)*;;2.'($L#)./#$.;;$'".6@#/$3.5#$,*$.'"<#B#$,*$2#$<6$.6$#.);<#)$<6<,<.;$/,.,#M$=#$".B#$

,*$&.//$.$,)1#$a**;#.6$B.;1#>$

01'"$3#'".6</3$*+$)*;;2.'($</$#O#'1,#5$="#6$.6$#O'#&,<*6$</$'.&,1)#5$<6/<5#$,"#$

,)%$'*6/,)1',<*6>$!"#)#+*)#G$="#6$.6$#))*)$</$+*165$51)<6@$,"#$&.)/<6@$&)*'#//$.6$

#O'#&,<*6$</$,")*=6$.65$'.1/#/$,".,$.;;$6#=$<6/,.6'#/$')#.,#5$=<,"<6$/1'"$&)*'#//$

<6/<5#$ ,"#$3#,.5.,.$)#&*/<,*)%$.)#$5#;#,#5$ <6$*)5#)$ ,*$)#'*B#)$ ,"#$ <6<,<.;$ /,.,#$*+$

/1'"$)#&*/<,*)%>$



!!!!!!!! ! A:#!IC=!MD2!+7,.#,! /P!

 

111!
3)*&)4&!54%%#67.!

87,-#%&)7!9-:&&%!&;!<);&,(7*4-.!

=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

/PD1D0 X3C3"F!I+FH3A<IE9!

!"#)#$#O</,/$.6*,"#)$=.%$*+$&)*'#//$789$:>P$'*6/,).<6,/>$ F6$*)5#)$,*$/<3&;<+%$,"#$

1/.@#$ *+$ *1)$ &)*'#//*)$ =#$ &)*B<5#$ /*3#$ *&#).,<*6/$ <6/<5#$ .$ +.'.5#$ ';.//$ ,".,$

5<)#',;%$'*6/,)1',/$,"#$&)*'#//*)Z/$'*3&*6#6,/>$

F6/<5#$,"#$A.B.$';.//$H)-*$-2)%)D$$&;.'#5$<6,*$,"#$&.'(.@#$+.'.5#789$=#$+<65$,"#$

)DD9%,<6#-$**4.8$ 3#,"*5$ ,".,$ "./$ ,=*$ &.).3#,#)/>$ H<)/,$ *6#$ </$ .$ 0,)<6@$

)#&)#/#6,<6@$,"#$789$:>P$'*6/,).<6,/$,*$&.)/#)>$0#'*65$&.).3#,#)$'*6/</,/$<6$*6#$

<6/,.6'#$*+$H-.A$%!$,".,$31/,$".B#$<3&*),#5$.$NJ9$3*5#;$&)#B<*1/;%>$

/PD0 CIE5FH9<IE!+HICF99!

E;*6@$,"</$/#',<*6$=#$=<;;$<6,)*51'#$,"#$'*6B#)/<*6$,".,$*1)$&)*'#//*)$*+$789$:>P$

#O&)#//<*6/$ </$ .2;#$ ,*$ 5*>$ H<)/,$ *+$ .;;$ .$ 5<.@).3$ </$ /"*=6$ '*6,.<6<6@$ ,"#$

<6/,.6,<.,<*6$*+$ #.'"$#;#3#6,$*)$ '*6/,)1',<*6$*+$ ,"#$789$ ;.6@1.@#>$!"#6G$=#$=<;;$

#O&;.<6$,"#$\JF$+).@3#6,$@#6#).,#5$+*)$/1'"$5<.@).3/>$

/PD0D/ CIE9AH3<EA!CIEA3<EFH9!

E/$ =#$ #O&;.<6#5$ <6$ &)#B<*1/$ '".&,#)/G$ ,"#$ 789$ :>P$ ;.6@1.@#$ &)*B<5#/$ .$ /#,$ *+$

'*6/,).<6,$ '*6,.<6#)/G$ .;/*$ (6*=6$ ./$ '*6,#O,$ /,)1',1)#/>$ X#)#$ =#$ =<;;$ /"*=$ ,"#$

'*6B#)/<*6$ &)*'#//$ *+$ ,"#/#$ '*6/,)1',<*6/$ ./$ =).&&#)/$ +*)$ ,"#$ *,"#)$ 789$

#O&)#//<*6/>$

!/#"#!#! N7;8.@8726*87=*=)I@7@2@976*

F6B.)<.6,/$ .65$ 5#+<6<,<*6/$ .)#$ '*6/,).<6,$ '*6,.<6#)/$ ,".,$ ".B#$ .$ 8;.//<+<#)$ ./$ .$

'*6,#O,>$ E,$ 6#O,$ #O.3&;#$ =#$ =<;;$ )#3#32#)$ ,"#$ ,#3&;.,#/$ +*)$ ,*$ =)<,#$ 2*,"$

<6B.)<.6,/$.65$5#+<6<,<*6/>$
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:,4*$'*,)7%

context Class  

inv constraintName : <insert invariant expression here> 

D#3',')'/,%/3%*))$'19)#7%

context Class  

def constraintName : newAttribute:Type  

      = <insert definition expression here> 

D#3',')'/,%/3%E9#$5%/6#$*)'/,7%

context Class  

def constraintName : newQueryOperation(parameter list):Type 

       = <insert query expression here>  

Example 15.9: Invariants and definitions construction templates 

E/$=#$".B#$ /##6G$ .$5#+<6<,<*6$'*6,#O,$ '.6$5#+<6#$.$6#=$.,,)<21,#$*)$.$6#=$I1#)%$

*&#).,<*6>$ a*,"$ <6B.)<.6,/$ .65$ 5#+<6<,<*6/$ /".)#$ ,"#$ /.3#$ /,)1',1)#$ *+$

<6/,.6,<.,<*6G$./$=#$'.6$/##$.,$2#;*=$<3.@#>$

$

Figure 15.2: Instantiation for an invariant context construction 

E,$ H<@1)#$ Vb>:$=#$ /"*=$ ,"#$ <6/,.6,<.,<*6$ *+$ .6$ <6B.)<.6,>$ F,$ </$ <3&*),.6,$ ,*$ 6*,#$

"#)#$ ,".,$ ,"#$ *6;%$ '".6@#$ 2#,=##6$ ,"#$ <6/,.6,<.,<*6$ *+$ .6$ <6B.)<.6,$ .65$ ,"#$
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<6/,.6,<.,<*6$ *+$ .$ 5#+<6<,<*6$ </$ ,"#$ B.;1#$ *+$ *"/(.,$ .,,)<21,#$ *=6#5$ 2%$ ,"#$

SO&)#//<*6F67';$<6/,.6'#>$$

41#$,*$S<6.$KJ8$5*#/$6*,$/1&&*),$/,#)#*,%&#/$=#$5#'<5#5$,*$<5#6,<+%$,"#$(<65$*+$.$

'*6/,).<6,$1/<6@$/1'"$.,,)<21,#$*+$,"</$<6/,.6'#>$!"#)#+*)#G$="#6$=#$.)#$&)*'#//<6@$

.6$ <6B.)<.6,$ ,"#$ *"/(.,$ .,,)<21,#$ =<;;$ ".B#$ ,"#$ ]<6BZ$ B.;1#$ ="#)#./$ ="#6$ =#$

&)*'#//$.$5#+<6<,<*6$<,$=<;;$".B#$,"#$]5#+Z$B.;1#>$

?"#6$ S<6.$ KJ8$ /1&&*),/$ /,#)#*,%&#/$ =#$ =<;;$ *&,$ ,*$ 1/#$ ,"#3$ ,*$ .&&;%$ .6$

dd<6B.)<.6,ee$*)$dd5#+<6<,<*6ee$/,#)#*,%&#$,*$,"#$'*6/,).<6,$<6/,.6'#>$

<uml2.Kernel.Constraint xmi.id = 'id1' name = 'constraintName' 

 visibility = 'public'> 

   <uml2.Kernel.Constraint.constrainedElement> 

         <uml2.Kernel.Class xmi.idref = 'classRef'/> 

   </uml2.Kernel.Constraint.constrainedElement> 

   <uml2.Kernel.Constraint.specification> 

      <uml:ExpressionInOcl xmi.id = 'id2' symbol = 'inv'> 

         <uml:ExpressionInOcl.bodyExpression> 

            <uml:OperationCallExp xmi.idref = 'opRef'/> 

         </uml:ExpressionInOcl.bodyExpression> 

         <uml:ExpressionInOcl.contextVariable> 

            <uml:Variable xmi.idref = 'var1'/> 

         </uml:ExpressionInOcl.contextVariable> 

      </uml:ExpressionInOcl> 

   </uml2.Kernel.Constraint.specification> 

</uml2.Kernel.Constraint>  

  

<uml:Variable xmi.id = 'var1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.Class xmi.idref = 'classRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:Variable.selfOwner> 

      <uml:ExpressionInOcl xmi.idref = 'id2'/> 

   </uml:Variable.selfOwner> 

</uml:Variable> 

Definition 15.1: XMI representation for an invariant context construction 

H<6.;;%G$.,$&)#B<*1/$5#+<6<,<*6$=#$'.6$/##$,"#$'*6B#)/<*6$*+$,"#$<6/,.6,<.,<*6$+*)$.6$

<6B.)<.6,$'*6/,).<6,>$R*,#$ ,".,$ ,"#$6.3#$*+$ ,"#$'*6/,).<6,$ </$/,*)#5$ <6$ ,"#$"#.5#)$
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,.@$ *+$ ,"#$ 8*6/,).<6,$ #;#3#6,>$ F6$ ,"</$ './#G$ ,"#$ '*6/,).<6#5$ #;#3#6,$ </$ .$ ';.//$

2#'.1/#$ ,"#$ '*6,#O,$ </$ .6$ <6B.)<.6,>$ F6$ './#$ *+$ .$ 5#+<6<,<*6G$ /1'"$ '*6/,).<6#5$

#;#3#6,$'*1;5$2#$,"#$&)*&#),%$*)$,"#$*&#).,<*6$5#+<6#5>$

!"#$ 2*5%$ #O&)#//<*6$ *+$ ,"#$ <6B.)<.6,$ '*6B#)/<*6$ <6$ ,"</$ './#$ </$ .6$

7&#).,<*68.;;SO&$ .;,"*1@"$ <,$ '*1;5$ 2#$ .6*,"#)$ <6/,.6'#$ *+$ 7';SO&)#//<*6>$

H1),"#)3*)#G$ ,"#$ '*6,#O,$ B.)<.2;#$ </$ ,"#$ /.3#$ <6$ 2*,"$ './#/$ .65$ )#+#)#6'#/$ ,"#$

';.//$="#)#$ ,"#$ '*6/,).<6,$ </$ &;.'#5>$?#$ '.6$ /##$ ,"#$\JF$ )#&)#/#6,.,<*6$ *+$ /1'"$

B.)<.2;#$="*/#$,%&#$</$,"#$';.//$,".,$=#$".B#$3#6,<*6#5>$

!/#"#!#$ N7@2@8E@R82@976*87=*=).@;82@976*

E6*,"#)$(<65/$*+$'*6/,).<6,/$.)#$,"#$ <6<,<.;<U.,<*6/$.65$5#)<B.,<*6/$'*6/,)1',<*6/>$

!"#%$'.6$2#$=)<,,#6$./$#O&;.<6#5$<6$,"#$#O.3&;#$2#;*=>$

:,')'*-'F*)'/,7%

context Class::property:Type  

init constraintName: <insert initialization expression here> 

D#$'4*)'/,7%

context Class::property:Type  

derive constraintName: = <insert derivation expression here>  

Example 15.10: Initializations and derivations construction templates 

F,$ </$<3&*),.6,$,*$)#3#32#)$"#)#$,".,$.$&)*&#),%$'.6$)#&)#/#6,$2*,"$.6$.,,)<21,#$

.65$.6$.//*'<.,<*6$#65>$

F6<,<.;<U.,<*6/$.65$5#)<B.,<*6/$.)#$'*6/,)1',<*6/$ ,".,$/".)#$ ,"#$/.3#$,#3&;.,#>$ F6$

,"</$ './#G$ ,"#$ '*6/,).<6#5$ #;#3#6,$ *+$ ,"#/#$ '*6/,).<6,/$ </$ .$ &)*&#),%>$ !"#$ *6;%$

5<++#)#6'#$ +)*3$ ,"#$ <6/,.6,<.,<*6$ *+$ .6$ <6B.)<.6,$ *)$ 5#+<6<,<*6$ =<,"$ )#/&#',$ ,*$

<6<,<.;<U.,<*6/$.65$5#)<B.,<*6/$ </$ ,"#$ /%32*;$*+$ ,"#$SO&)#//<*6F67';$ <6/,.6'#$ ,".,$
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]5#)<B#Z$+*)$5#)<B.,<*6/>$

$

Figure 15.3: Instantiation for an initialization context construction 

E/$ =#$ '.6$ /##G$ 2*,"$ 5<.@).3$ .65$ \JF$ )#&)#/#6,.,<*6$ .)#$ B#)%$ /<3<;.)$ ,".6$

<6B.)<.6,/$.65$5#+<6<,<*6/>$

<uml2.Kernel.Constraint xmi.id = 'id1' name = 'constraintName' 

 visibility = 'public'> 

   <uml2.Kernel.Constraint.constrainedElement> 

      <uml2.Kernel.Property xmi.idref = 'propertyRef'/> 

   </uml2.Kernel.Constraint.constrainedElement> 

   <uml2.Kernel.Constraint.specification> 

      <uml:ExpressionInOcl xmi.id = 'id2' symbol = 'init'> 

         <uml:ExpressionInOcl.bodyExpression> 

            <uml:IntegerLiteralExp xmi.idref = 'ileRef'/> 

         </uml:ExpressionInOcl.bodyExpression> 

         <uml:ExpressionInOcl.contextVariable> 

            <uml:Variable xmi.idref = 'var1'/> 

         </uml:ExpressionInOcl.contextVariable> 

      </uml:ExpressionInOcl> 

   </uml2.Kernel.Constraint.specification> 

</uml2.Kernel.Constraint>  

  

<uml:Variable xmi.id = 'var1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.Class xmi.idref = 'classRef'/> 
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   </uml2.Kernel.TypedElement.type> 

   <uml:Variable.selfOwner> 

      <uml:ExpressionInOcl xmi.idref = 'id2'/> 

   </uml:Variable.selfOwner> 

</uml:Variable> 

Definition 15.2: XMI representation for an initialization context construction 

!/#"#!#% D.)+97=@2@976S*(962+97=@2@976*87=*L9='*9I*9().82@976*

H<6.;;%G$ ,"#$ ;./,$(<65$*+$'*6/,).<6,/$ </$ ,"#$*&#).,<*6$'*6,#O,/>$8*6')#,#;%$ ,"#%$.)#$

&)#'*65<,<*6/G$&*/,'*65<,<*6/$.65$2*5%$*+$*&#).,<*6/>$

?#$'.6$)#3#32#)$,"#<)$/%6,.O$;**(<6@$.,$,"#$6#O,$#O.3&;#/>$

G$#2/,0')'/,7%

context Class::operation(list of parameters):Type  

pre constraintName: <insert precondition expression here> 

H/05%/3%/6#$*)'/,7%

context Class::operation(list of parameters):Type  

body constraintName: = <insert body expression here>  

G/()2/,0')'/,7%

context Class::operation(list of parameters):Type  

post constraintName: <insert postcondition expression here> 

Example 15.11: Preconditions, postconditions and body of operations construction templates 

01'"$'*6/,)1',<*6/$".B#$,"#$/.3#$3#,.3*5#;$<6/,.6,<.,<*6$,".6$&)#B<*1/$*6#/G$21,$

<6$ ,"</$ './#$ =#$ 1/#$ ]&)#ZG$ ]&*/,Z$ *)$ ]2*5%Z$ ./$ B.;1#/$ +*)$ ,"#$ /%32*;$ .,,)<21,#$ *+$

SO&)#//<*6F67';$<6/,.6'#>$H1),"#)3*)#G$,"#$'*6/,).<6#5$#;#3#6,$"#)#$</$.;=.%/$.6$

*&#).,<*6$*+$,"#$'*6'#&,1.;$3*5#;>$

R*=$=#$=<;;$ <6,)*51'#$ ,"#$ <6/,.6,<.,<*6$5<.@).3$.65$ ,"#$\JF$ )#&)#/#6,<6@$ /1'"$

<6/,.6,<.,<*6$+*)$.$'*33*6$&)#'*65<,<*6>$
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Figure 15.4: Instantiation for a precondition construction 

<uml2.Kernel.Constraint xmi.id = 'id1' name = 'constraintName' 

 visibility = 'public'> 

   <uml2.Kernel.Constraint.constrainedElement> 

      <uml2.Kernel.Operation xmi.idref = 'operationRef'/> 

   </uml2.Kernel.Constraint.constrainedElement> 

   <uml2.Kernel.Constraint.specification> 

      <uml:ExpressionInOcl xmi.id = 'id2' symbol = 'pre'> 

         <uml:ExpressionInOcl.bodyExpression> 

            <uml:BooleanLiteralExp xmi.idref = 'bleRef'/> 

         </uml:ExpressionInOcl.bodyExpression> 

         <uml:ExpressionInOcl.contextVariable> 

            <uml:Variable xmi.idref = 'var1'/> 

         </uml:ExpressionInOcl.contextVariable> 

      </uml:ExpressionInOcl> 

   </uml2.Kernel.Constraint.specification> 

</uml2.Kernel.Constraint>  

  

<uml:Variable xmi.id = 'var1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.Class xmi.idref = 'classRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:Variable.selfOwner> 

      <uml:ExpressionInOcl xmi.idref = 'id2'/> 

   </uml:Variable.selfOwner> 

</uml:Variable> 

Definition 15.3: XMI representation for a precondition context construction 
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A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

/PD0DM AV+F9!

F6$ ,"</$ /#',<*6$=#$=<;;$ 5#/')<2#$ ,"#$ '*6B#)/<*6$&)*'#//$ +*)$ ,"#$ ,%&#/$1/#5$ <6$ ,"#$

789$:>P$;.6@1.@#>$

!/#"#$#! T828&'()6*

E/$=./$ #O&;.<6#5$ #.);<#)G$ <6$ ,"#$ /&#'<+<'.,<*6$ 5*'13#6,$ *+$ ,"#$ 789$ :>P$ ;.6@1.@#$

,"#)#$.)#$+*1)$,%&#/T$F6,#@#)G$D#.;G$0,)<6@$.65$a**;#.6>$?#$1/#$,"#3$./$<6/,.6'#/$*+$

4.,.!%&#$3#,.';.//$./$/"*=6$.,$6#O,$<3.@#>$

$

Figure 15.5: Instantiation for DataTypes of basic types 

!"#$)#&)#/#6,.,<*6$*+$/1'"$5.,.$,%&#/$<6,*$,"#$\JF$;.6@1.@#$/1&&*),#5$2%$,"#$S<6.$

KJ8$'*6'#&,1.;$3*5#;<6@$#6B<)*63#6,$</$./$+*;;*=/T$

<uml2.Kernel.DataType xmi.id = 'dt1' name = 'Integer' 

  qualifiedName = '' isLeaf = 'false' isAbstract = 'false'> 

</uml2.Kernel.DataType> 

<uml2.Kernel.DataType xmi.id = 'dt2' name = 'Real' 

  qualifiedName = '' isLeaf = 'false' isAbstract = 'false'> 

</uml2.Kernel.DataType> 

<uml2.Kernel.DataType xmi.id = 'dt3' name = 'String' 

  qualifiedName = '' isLeaf = 'false' isAbstract = 'false'> 

</uml2.Kernel.DataType> 

<uml2.Kernel.DataType xmi.id = 'dt4' name = 'Boolean' 

  qualifiedName = '' isLeaf = 'false' isAbstract = 'false'> 

</uml2.Kernel.DataType> 

Definition 15.4: XMI representation for datatypes of basic types 
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!/#"#$#$ 59EE)+2@97&'()*

!"#)#$#O</,$+*1)$'.,#@*)<#/$*+$'*;;#',<*6$,%&#/T$a.@!%&#G$0#,!%&#G$7)5#)#50#,!%&#$

.65$0#I1#6'#!%&#>$S.'"$*6#$'*6,.<6/$.$)#+#)#6'#$,*$,"#$,%&#$*+$ <,/$#;#3#6,/>$?#$

=<;;$/"*=$.6$#O.3&;#$*+$a.@!%&#$="*/#$#;#3#6,/$.)#$F6,#@#)/T$Bag(Integer)>$

$

Figure 15.6: Instantiation for a BagType whose element type is Integer 

!"#$ &)#B<*1/$ <6/,.6,<.,<*6$ "./$ .$ 5<)#',$ '*6B#)/<*6>$ F,$ </$ <3&*),.6,$ ,*$ 6*,#$ ,".,$

,"#/#$ ,%&#/$ .;/*$ '*6,.<6$ .$ /&#'<.;$ +<#;5$ <6/<5#$ ,"#$ \JF$ )#&)#/#6,.,<*6$ ="#)#$ .;;$

#;#3#6,/$=<,"$/1'"$,%&#/$.)#$)#+#)#6'#5>$!"</$+<#;5$</$6.3#5$f!"#$D<,$/$8!9EJ"#$7

./$=#$'.6$/##$.,$6#O,$\JF$'*5#>$

<uml:BagType xmi.id = 'bt1' name = 'Bag(Integer)' isLeaf = 'false' 

 isAbstract = 'false'> 

   <uml2.Kernel.Type._typedElementOfType> 

      <uml:CollectionLiteralExp xmi.idref = 'cleRef'/> 

   </uml2.Kernel.Type._typedElementOfType> 

   <uml:CollectionType.elementType> 

      <uml2.Kernel.DataType xmi.idref = 'integerRef'/> 

   </uml:CollectionType.elementType> 

</uml:BagType> 

Definition 15.5: XMI representation for a Bag collection type 

!/#"#$#% &O(E)&'()*

?#$/"*1;5$)#3#32#)$"#)#$,".,$.$!1&;#!%&#$</$.$,%&#$,".,$/&#'<+<#/$.$,1&;#$.65$<,/$

3#32#)/>$ !1&;#!%&#$ "./$ ,"#$ /.3#$ /,)1',1)#$ ,".6$ .$ NJ9$ ';.//>$ !"#)#+*)#$ <,/$

3#32#)/$.)#$<6/,.6'#/$*+$-)*&#),%>$
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A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

E,$6#O,$<3.@#$=#$'.6$/##$.6$<6/,.6,<.,<*6$#O.3&;#$+*)$.$!1&;#!%&#$,".,$*6;%$"./$.6$

.,,)<21,#$6.3#5$].ZT$TupleType(a:Integer)$

$

Figure 15.7: Instantiation for a tuple type with only one owned attribute 

E''*)5<6@$,*$<,G$,"#$)#&)#/#6,.,<*6$*+$.$!1&;#!%&#$=<,"$,"#$\JF$;.6@1.@#$</$;<(#$,"#$

'*5#$<6/<5#$6#O,$5#+<6<,<*6>$

<uml:TupleType xmi.id = 'tt1' name = 'TupleType(a:Integer)' isLeaf  

 = 'false' isAbstract = 'false'> 

   <uml2.Kernel.Type._typedElementOfType> 

      <uml:TupleLiteralExp xmi.idref = 'tleRef'/> 

   </uml2.Kernel.Type._typedElementOfType> 

   <uml2.Kernel.Class.ownedAttribute> 

      <uml2.Kernel.Property xmi.id = 'p1' isUnique = 'false'  

      isOrdered = 'false' lower = '0' upper = '0' name = 'a'   

      isLeaf = 'false' isStatic = 'false' isReadOnly = 'false'            

      isDerived = 'false' isDerivedUnion = 'false' isComposite =  

      'false'> 

         <uml2.Kernel.TypedElement.type> 

            <uml2.Kernel.DataType xmi.idref = 'integerRef'/> 

         </uml2.Kernel.TypedElement.type> 

         <uml2.Kernel.Property.tupleLiteralPart> 

            <uml:TupleLiteralPart xmi.idref = 'tlpRef'/> 

         </uml2.Kernel.Property.tupleLiteralPart> 

      </uml2.Kernel.Property> 

   </uml2.Kernel.Class.ownedAttribute> 

</uml:TupleType> 

Definition 15.6: XMI representation for a tuple type 

F6/<5#$ ,"#$ 3.<6$ !1&;#!%&#$ ,.@$ =#$ +<65$ .$ /#',<*6$ 6.3#5$ f!"#$D<,$/$8!9EJ"#$$

="#)#$ .;;$ #;#3#6,/$ ,".,$ ".B#$ /1'"$ ,%&#$ .)#$ )#+#)#6'#5>$ H1),"#)3*)#G$ ,"#)#$ </$

.6*,"#)$/#',<*6$<6';15<6@$.;;$*=6#5$.,,)<21,#/>$01'"$/#',<*6$'*6,.<6/$,"#$5#+<6<,<*6$

*+$*6;%$*6#$-)*&#),%$"#)#$51#$,*$<6$*1)$#O.3&;#$=#$*6;%$".B#$*6#$3#32#)>$01'"$
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-)*&#),%$ '*6,.<6/$ <,/$ 6.3#G$ <,/$ ,%&#$ L.$ )#+#)#6'#$ ,*$ ,"#$ 4.,.!%&#$ F6,#@#)MG$ .65$

+<6.;;%$.$)#+#)#6'#$,*$,"#$!1&;#9<,#).;-.),$,".,$*=6/$<,>$

/PD0D1 =<AFH3=!FW+HF99<IE9!

E,$,"</$&*<6,$=#$=<;;$5#/')<2#$,"#$'*6B#)/<*6$&)*'#//$*+$,"#$;<,#).;$#O&)#//<*6/$*+$

,"#$789$:>P$;.6@1.@#>$

!/#"#%#! <OC).@+*E@2).8E6*

H<)/,$ ;<,#).;/$ ,*$ /,15%$ .)#$ ,"#$ 613#)<'$ ;<,#).;/$ '*3&*/#5$ 2%$ 2*,"$ D#.;9<,#).;SO&$

.65$ F6,#@#)9<,#).;SO&>$ !"#%$ .)#$ ,"#$ 3#,.';.//#/$ ,".,$ =).&&$ D#.;$ .65$ F6,#@#)$

'*6/,.6,$B.;1#/$1/#5$<6/<5#$789$#O&)#//<*6/>$

 
Figure 15.8: Instantiation for Real and Integer literals 

F,$</$<3&*),.6,$,*$6*,#$,".,$<6$,"#$\JF$)#&)#/#6,.,<*6$*+$/1'"$';.//#/$,"#)#$#O</,/$.$

;<6($ ,*$ ,"#$ ,%&#$ )#+#)#6'#$*+$ /1'"$ <6/,.6'#>$ F6$*1)$ './#G$ ;<6(/$ ,*$D#.;$.65$ F6,#@#)$

5.,.$,%&#/>$

<uml:RealLiteralExp xmi.id = 'rle1' name = '' realSymbol = '0.9'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'realRef'/> 

   </uml2.Kernel.TypedElement.type> 

</uml:RealLiteralExp> 

 

<uml:IntegerLiteralExp xmi.id = 'ile1' name = ''  

integerSymbol = '7'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'integerRef'/> 

</uml:IntegerLiteralExp> 

Definition 15.7: XMI representation for numeric literals 
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0<3<;.);%$ ,".6$ =<,"$ 613#)<'$ ;<,#).;/G$ ,*$ /,*)#$ 0,)<6@$ '*6/,.6,$ B.;1#/$ =#$ 1/#$ ,"#$

0,)<6@9<,#).;SO&$3#,.';.//>$

$

Figure 15.9: Instantiation for an String literal representing the 'John' value 

!"#$<6/,.6,<.,<*6$+*)$,"#/#$'./#/$</$)#&)#/#6,#5$1/<6@$,"#$\JF$;.6@1.@#$./$/"*=6$

2#;*=>$

<uml:StringLiteralExp xmi.id = 'sle1' name = 'John'  

stringSymbol = 'John'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'stringRef'/> 

   </uml2.Kernel.TypedElement.type> 

</uml:StringLiteralExp> 

Definition 15.8: XMI representation for String literal 

!/#"#%#% U99E)87*E@2).8E6*

!*$'*3&;#,#$,"#$<6/,.6,<.,<*6$*+$2./<'$;<,#).;/$=#$".B#$,*$/&#'<+%$"*=$,*$'*6B#),$.$

a**;#.6$ '*6/,.6,$ B.;1#$ L,)1#$ *)$ +.;/#M>$ !*$ 5*$ ,"</$=#$ 1/#$ ,"#$ a**;#.69<,#).;SO&$

3#,.';.//$,".,$/,*)#/$/1'"$B.;1#>$

$

Figure 15.10: Instantiation for a Boolean value 
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!"#$ '*6B#)/<*6$ *+$ <,$ <6,*$ ,"#$\JF$ ;.6@1.@#$ *+$ ,"#$S<6.$KJ8$ </$ B#)%$ /<3<;.)$ ,".6$

*,"#)$ 2./<'$ ;<,#).;$ #O&)#//<*6/>$ F6$ ,"</$ './#$ ,"#$ ,%&#$ )#+#)#6'#$ ;<6(/$ =<,"$ ,"#$

a**;#.6$5.,.$,%&#>$

<uml:BooleanLiteralExp xmi.id = 'ble1' name = ''  

booleanSymbol = 'true'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'booleanRef'/> 

   </uml2.Kernel.TypedElement.type> 

</uml:StringLiteralExp> 

Definition 15.9: XMI representation for Boolean literal 

!/#"#%#" B7OC).82@97*E@2).8E6*

E6*,"#)$(<65$*+$;<,#).;/$</$#613#).,<*6$;<,#).;$#O&)#//<*6/>$!*$1/#$.6$#613#).,<*6$

;<,#).;$ #O&)#//<*6$ <,$ </$ 6#'#//.)%$ ,*$ =)<,#$ ,"#$ S613#).,<*6$ 6.3#$ +*;;*=#5$ 2%$ .$

5*12;#$ '*;*6$ .65$ ,"#$ #613#).,<*6$ ;<,#).;>$ F6$ *1)$ #O.3&;#$ =#$ '.6$ /##$ ,"#$

<6/,.6,<.,<*6$*+$.6$S613#).,<*6$'.;;#5$K#65#)>$F,$"./$,=*$;<,#).;/G$3.;#$.65$+#3.;#>$

$

Figure 15.11: Instantiation of an enumeration literal 
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!"#$ &)#B<*1/$ <6/,.6,<.,<*6$ /"*=/$ .$ S6139<,#).;SO&$ )#&)#/#6,<6@$ ,"#$

Gender::male$ ;<,#).;$ #O&)#//<*6>$ R*,#$ ,".,$ ,"#$ ,%&#$ *+$ /1'"$ #O&)#//<*6$ </$ ,"#$

S613#).,<*6$ 1/#5>$ S613#).,<*6$ ;<,#).;$ #O&)#//<*6/$ '.6$ 2#$ 1/#5$ ,*$ <6<,<.;<U#$

.,,)<21,#/$*)$<6$'*3&.)</*6/>$

!"#$6#O,$\JF$ '*5#$'*6,.<6/$ +<)/,;%$ ,"#$ <6/,.6,<.,<*6$*+$ ,"#$&)#B<*1/$#613#).,<*6$

.''*)5<6@$ ,*$ ,"#$ NJ9$ 3#,.3*5#;G$ .65$ ,"#6$ ,"#$ )#&)#/#6,.,<*6$ *+$ ,"#$

S6139<,#).;SO&$.''*)5<6@$,*$,"#$789$3#,.3*5#;>$

<uml2.Kernel.Enumeration xmi.id = 'en1' name = 'Gender'  

isLeaf = 'false' isAbstract = 'false'> 

   <uml2.Kernel.Type._typedElementOfType> 

      <uml2.Kernel.Property xmi.idref = 'ref1'/> 

   </uml2.Kernel.Type._typedElementOfType> 

   <uml2.Kernel.Enumeration.ownedLiteral> 

      <uml2.Kernel.EnumerationLiteral xmi.id = 'el1' 

      name = 'male'/> 

      <uml2.Kernel.EnumerationLiteral xmi.id = 'el2'  

      name = 'female'/> 

   </uml2.Kernel.Enumeration.ownedLiteral> 

</uml2.Kernel.Enumeration> 

 

<uml:EnumLiteralExp xmi.id = 'ele1' name = 'Gender'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.Enumeration xmi.idref = 'en1'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:EnumLiteralExp.referredEnumLiteral> 

      <uml2.Kernel.EnumerationLiteral xmi.idref = 'el1'/> 

   </uml:EnumLiteralExp.referredEnumLiteral> 

</uml:EnumLiteralExp> 

Definition 15.10: XMI representation for an enumeration literal 

!/#"#%#/ 59EE)+2@97*E@2).8E6*

8*;;#',<*6$;<,#).;/$&)*B<5#$,"#$&*//<2<;<,%$*+$1/#$'*;;#',<*6/$./$B.;1#/$,*$1/#$<6/<5#$

789$#O&)#//<*6/>$!*$/"*=$"*=$,*$'*6B#),$.$'*;;#',<*6$;<,#).;$,*$,"#$789$3#,.3*5#;$

=#$=<;;$1/#$.6$#O.3&;#$*+$.$a.@$;<,#).;T$Bag{1, 2 .. 5, 6}.$
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Figure 15.12: Instantiation for a Bag literal expression 

01'"$ a.@$ ;<,#).;$ "./$ ,")##$ 3#32#)/$ <6$ <,/$ 5#+<6<,<*6>$ H<)/,$ .65$ ;./,$ *6#/$ .)#$

8*;;#',<*6F,#3$<6/,.6'#/$="#)#./$,"#$/#'*65$*6#$</$.$8*;;#',<*6D.6@#>$?#$'.6$/##$

.,$&)#B<*1/$ <3.@#$ ,"#$ <6/,.6,<.,<*6$ <6/<5#$ ,"#$789$3#,.3*5#;$ +*)$ /1'"$a.@>$ F,$ </$

<3&*),.6,$,*$6*,#$,".,$,"#$(<65$*+$,"#$'*;;#',<*6$</$/,*)#5$<6/<5#$,"#$'*))#/&*65#6,$

.,,)<21,#$*+$,"#$8*;;#',<*69<,#).;SO&>$E;;*=#5$B.;1#/$+*)$<,$.)#$a.@G$0#,G$7)5#)#50#,$

.65$0#I1#6'#>$

<uml:CollectionLiteralExp xmi.id = 'cle1' kind = 'Bag'> 

   <uml2.Kernel.TypedElement.type> 

      <uml:BagType xmi.idref = 'bagTypeRef'/> 

   </uml2.Kernel.TypedElement.type>    

   <uml:CollectionLiteralExp.part> 
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      <uml:CollectionItem xmi.idref = 'ci1'/> 

      <uml:CollectionRange xmi.idref = 'cr1'/> 

      <uml:CollectionItem xmi.idref = 'ci2'/> 

   </uml:CollectionLiteralExp.part> 

</uml:CollectionLiteralExp> 

 

<uml:CollectionRange xmi.id = 'cr1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'integerTypeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:CollectionLiteralPart.collectionLiteralExp> 

      <uml:CollectionLiteralExp xmi.idref = 'cle1'/> 

   </uml:CollectionLiteralPart.collectionLiteralExp> 

   <uml:CollectionRange.first> 

      <uml:IntegerLiteralExp xmi.idref = 'integerRef1'/> 

   </uml:CollectionRange.first> 

   <uml:CollectionRange.last> 

      <uml:IntegerLiteralExp xmi.idref = 'integerRef2'/> 

   </uml:CollectionRange.last> 

</uml:CollectionRange> 

 

<uml:CollectionItem xmi.id = 'ci1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'integerTypeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:CollectionLiteralPart.collectionLiteralExp> 

      <uml:CollectionLiteralExp xmi.idref = 'cle1'/> 

   </uml:CollectionLiteralPart.collectionLiteralExp> 

   <uml:CollectionItem.item> 

      <uml:IntegerLiteralExp xmi.idref = 'integerRef3'/> 

   </uml:CollectionItem.item> 

</uml:CollectionItem> 

 

<uml:CollectionItem xmi.id = 'ci2'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'integerTypeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:CollectionLiteralPart.collectionLiteralExp> 

      <uml:CollectionLiteralExp xmi.idref = 'cle1'/> 

   </uml:CollectionLiteralPart.collectionLiteralExp> 

   <uml:CollectionItem.item> 

      <uml:IntegerLiteralExp xmi.idref = 'integerRef4'/> 

   </uml:CollectionItem.item> 

</uml:CollectionItem> 

Definition 15.11: XMI representation for a Bag collection literal 
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E,$&)#B<*1/$\JF$=#$'.6$*2/#)B#$,"#$5<)#',$)#&)#/#6,.,<*6$*+$ ,"#$789$3#,.3*5#;$

<6/,.6'#/$/"*=#5$2#+*)#$+*)$*1)$a.@$;<,#).;$#O.3&;#>$

!/#"#%#V &O(E)*E@2).8E6*

E$,1&;#$;<,#).;$#O&)#//<*6$&)*B<5#/$,"#$&*//<2<;<,%$*+$1/#$.$31;,<Q.,,)<21,#$/,)1',1)#$

<6/<5#$,"#$789$#O&)#//<*6/>$F6$,"#$6#O,$#O.3&;#$*+$<6/,.6,<.,<*6$=#$=<;;$1/#$.$,1&;#$

;<,#).;$#O&)#//<*6$;<(#$,"</T$Tuple{a:Integer=9, b:String=’James’}$

$

Figure 15.13: Instantiation of a tuple literal expression 

E/$ #O&;.<6#5$ ="#6$ =#$ 5#/')<2#5$ ,"#$ 789$ 3#,.3*5#;G$ ,"#$ #;#3#6,/$ *+$ .$

!1&;#9<,#).;SO&$ .)#$ <6/,.6'#/$ *+$ ,"#$ !1&;#9<,#).;-.),$ 3#,.';.//>$ H1),"#)3*)#G$

/1'"$<6/,.6'#/$/,*)#$,"#$B.;1#$*+$,"#$#;#3#6,$<6$.6$7';SO&)#//<*6$.65$<,/$5#+<6<,<*6$
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<6$.6$ <6/,.6'#$*+$-)*&#),%>$H*;;*=<6@$,"#/#$)1;#/G$ <6$,"#$&)#B<*1/$ <3.@#$=#$/"*=$

,"#$<6/,.6,<.,<*6$+*)$,"#$,1&;#$;<,#).;$#O&)#//<*6$&)#/#6,#5$./$#O.3&;#>$$

<uml:TupleLiteralExp xmi.id = 'tle1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml:TupleType xmi.idref = 'tupleTypeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:TupleLiteralExp.part> 

      <uml:TupleLiteralPart xmi.idref = 'tlp1'/> 

      <uml:TupleLiteralPart xmi.idref = 'tlp2'/> 

   </uml:TupleLiteralExp.part> 

</uml:TupleLiteralExp>  

 

<uml:TupleLiteralPart xmi.id = 'tlp2' name = 'b'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'stringTypeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:TupleLiteralPart.tupleLiteralExp> 

      <uml:TupleLiteralExp xmi.idref = 'tle1'/> 

   </uml:TupleLiteralPart.tupleLiteralExp> 

   <uml:TupleLiteralPart.value> 

      <uml:StringLiteralExp xmi.idref = 'stringRef1'/> 

   </uml:TupleLiteralPart.value> 

   <uml:TupleLiteralPart.attribute> 

      <uml2.Kernel.Property xmi.idref = 'p2'/> 

   </uml:TupleLiteralPart.attribute> 

</uml:TupleLiteralPart> 

 

<uml:TupleLiteralPart xmi.id = 'tlp1' name = 'a'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'integerTypeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:TupleLiteralPart.tupleLiteralExp> 

      <uml:TupleLiteralExp xmi.idref = 'tle1'/> 

   </uml:TupleLiteralPart.tupleLiteralExp> 

   <uml:TupleLiteralPart.value> 

      <uml:IntegerLiteralExp xmi.idref = 'integerRef1'/> 

   </uml:TupleLiteralPart.value> 

   <uml:TupleLiteralPart.attribute> 

      <uml2.Kernel.Property xmi.idref = 'p1'/> 

   </uml:TupleLiteralPart.attribute> 

</uml:TupleLiteralPart> 

Definition 15.12: XMI representation for a tuple literal 
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<3&*),.6,$ ,*$ 165#)/,.6,$ "*=$ ,"#$ #;#3#6,/$ .)#$ ;<6(#5$ "#)#$ 1/<6@$ <5#6,<+<#)/$ ./$

)#+#)#6'#>$

/PD0D0 =FA!FW+HF99<IE9!

9#,$ #O&)#//<*6/$ .;;*=$ 1/$ ,*$ 5#+<6#$ B.)<.2;#/$ ,".,$ =<;;$ 2#$ 1/#5$ <6/<5#$ 789$

#O&)#//<*6/$ <6$*)5#)$ ,*$ <3&)*B#$ ,"#$ )#.5.2<;<,%$*+$ ,"#3>$E,$6#O,$ <3.@#$=#$/"*=$

,"#$ <6/,.6,<.,<*6$ +*)$ .$ ;#,$ #O&)#//<*6$=<,"$ *6;%$ *6#$ B.)<.2;#$ 5#+<6#5>$ D#3#32#)$

,".,$<,$</$&*//<2;#$,*$/&#'<+%$3*)#$,".6$*6#$B.)<.2;#$<6$.$;#,$#O&)#//<*6>$H*)$,"</$'./#$

,"#$<6/,.6,<.,<*6$'".6@#/$.$;<,,;#$51#$,*$#.'"$B.)<.2;#$</$&;.'#5$<6$.$9#,SO&$.65$,"#$

/#,$ *+$ 9#,SO&/$ .)#$ '".<6#5$ ,")*1@"$ ,"#$ 48$ )#;.,<*6>$ !"#)#+*)#$ <+$ =#$ ".B#$ ,=*$

B.)<.2;#/$5#';.)#5$<6$,"#$/.3#$;#,$#O&)#//<*6G$+<)/,$*6#$</$&;.'#5$<6$.$9#,SO&$="*/#$

<6$#O&)#//<*6$</$.6*,"#)$9#,SO&$,".,$*=6/$,"#$/#'*65$B.)<.2;#>$

$

Figure 15.14: Instantiation for a let expression 

F,$</$<3&*),.6,$,*$6*,#$,".,$.,$,"</$<3.@#$=#$".B#$1/#5$7';SO&)#//<*6$;<(#$<6/,.6'#/$

21,$ <,$ </$ .$ <6,#6,<*6#5$ #))*)>$ F6$ )#.;$ ;#,$ #O&)#//<*6/$ ,"#$ 48$ #O&)#//<*6$ .65$ ,"#$

484!<6#-$**4.8$*+$.$B.)<.2;#$.)#$2*,"$'*6')#,#$#O&)#//<*6/>$H*)$#O.3&;#G$<6$,"#$\JF$

)#&)#/#6,.,<*6$</$&*//<2;#$,*$/##$,".,$,"#$48$#O&)#//<*6$</$.6$7&#).,<*68.;;SO&$.65$

,"#$484!<6#-$**4.8$*+$,"#$5#';.)#5$B.)<.2;#$</$.6$F6,#@#)9<,#).;SO&>$
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<uml:LetExp xmi.id = 'le1' name = 'Let a'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'inTypeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:LetExp.in> 

      <uml:OperationCallExp xmi.idref = 'inRef'/> 

   </uml:LetExp.in> 

   <uml:LetExp.variable> 

      <uml:Variable xmi.idref = 'v1'/> 

   </uml:LetExp.variable> 

</uml:LetExp> 

 

<uml:Variable xmi.id = 'v1' name = 'a'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'integerRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:Variable.initExpression> 

      <uml:IntegerLiteralExp xmi.idref = 'ileRef'/> 

   </uml:Variable.initExpression> 

   <uml:Variable.letExp> 

      <uml:LetExp xmi.idref = 'le1'/> 

   </uml:Variable.letExp> 

</uml:Variable> 

Definition 15.13: XMI representation for a let expression 

/PD0DP <X!FW+HF99<IE9!

!"#$<+$#O&)#//<*6/$.)#$1/#+1;$'*6/,)1',<*6/$,".,$&)*B<5#/$.$/<3&;#$<6/,)1',<*6/$+;*=$

'*6,)*;>$F,$</$<3&*),.6,$,*$)#3#32#)$"#)#$,"#$6*,.,<*6$+*)$,"#/#$#O&)#//<*6/G$/*$<6$

,"#$6#O,$#O.3&;#$=#$'.6$*2/#)B#$<,>$

:3%#&6$#(('/,7%

if <boolean condition>  

  then <expression> 

  else <expression> 

endif 

Example 15.12: Notation for if expressions 
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3#,.';.//$;<6(#5$=<,"$,"#$,")##$7';SO&)#//<*6/$,".,$)#&)#/#6,/$,"#$'*65<,<*6G$,"#$

,"#6$2).6'"$.65$,"#$#;/#$2).6'">$

$

Figure 15.15: Instantiation for an if expression 

H<6.;;%$=#$'.6$*2/#)B#$ <6$ ,"#$\JF$ )#&)#/#6,.,<*6$2#;*=$ ,".,$#.'"$*+$ ,"#/#$ ,")##$

7';SO&)#//<*6$ <6/,.6'#/$ </$ .6$ <6/,.6'#$ *+$ .$ 3#,.';.//$ ,".,$ </$ /12';.//$ *+$

7';SO&)#//<*6>$

<uml:IfExp xmi.id = 'ie1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'datatypeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:IfExp.condition> 

      <uml:BooleanLiteralExp xmi.idref = 'condRef'/> 

   </uml:IfExp.condition> 

   <uml:IfExp.thenExpression> 

      <uml:BooleanLiteralExp xmi.idref = 'thenRef'/> 

   </uml:IfExp.thenExpression> 

   <uml:IfExp.elseExpression> 

      <uml:BooleanLiteralExp xmi.idref = 'elseRef'/> 

   </uml:IfExp.elseExpression> 

</uml:IfExp> 

Definition 15.14: XMI representation for an if expression 
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+16',<*6.;<,%$*+$&)*'#//$.;;$,"#$#;#3#6,/$*+$.$/*1)'#$'*;;#',<*6>$D#3#32#)$,".,$.;;$

*+$,"#3$31/,$2#$1/#5$&)#'#5#5$2%$,"#$.))*=$Qe$*&#).,*)$./$=./$#O&;.<6#5$#.);<#)>$

$

Figure 15.16: Instantiation for an iterator expression 

H*)$.6$<,#).,*)$#O&)#//<*6$=#$'.6$1/#$3*)#$,".6$*6#$<,#).,*)$B.)<.2;#>$F6$/1'"$'./#$

.;;$ <,#).,*)$B.)<.2;#/$=*1;5$.&&#.)$ <6$2*,"$ ,"#$&)#B<*1/$ <3.@#$.65$ ,"#$6#O,$\JF$

)#&)#/#6,.,<*6>$

<uml:IteratorExp xmi.id = 'ie1' name = 'exists'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'booleanRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:CallExp.source> 

      <uml:OperationCallExp xmi.idref = 'allInstancesRef'/> 

   </uml:CallExp.source> 

   <uml:LoopExp.body> 

      <uml:OperationCallExp xmi.idref = 'oceRef'/> 

   </uml:LoopExp.body> 

   <uml:LoopExp.iterator> 

      <uml:Variable xmi.idref = 'v1'/> 

   </uml:LoopExp.iterator> 

</uml:IteratorExp> 

Definition 15.15: XMI representation for an iterator expression 
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F,#).,#$ #O&)#//<*6/$ .)#$ .$ @#6#).;$ '*6/,)1',<*6$ /<3<;.)$ ,".6$ <,#).,*)$ #O&)#//<*6/>$

!"#%$'.6$2#$1/#5$ <6$ ,"#$/.3#$&;.'#/$ ,".6$ <,#).,*)/$.65$.;/*$'.6$".B#$3*)#$ ,".6$

*6#$<,#).,*)$B.)<.2;#>$

$

Figure 15.17: Instantiation for an iterate expression 

!"#$ 3.<6$ 5<++#)#6'#$ 2#,=##6$ <,#).,*)$ <6/,.6,<.,<*6$ </$ ,".,$ <,#).,#$ '*6/,)1',<*6/$

".B#$ .$ )#/1;,$ B.)<.2;#$ ,".,$ /&#'<+<#/$ ,"#$ )#/1;,$ *+$ ,"#$ #O&)#//<*6>$ !"#)#+*)#G$ =#$

31/,$/,*)#$<,>$

<uml:IterateExp xmi.id = 'iexp1' name = 'iterate'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'typeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:CallExp.source> 

      <uml:PropertyCallExp xmi.idref = 'pceRef'/> 

   </uml:CallExp.source> 

   <uml:LoopExp.body> 

      <uml:OperationCallExp xmi.idref = 'oceRef'/> 

   </uml:LoopExp.body> 

   <uml:LoopExp.iterator> 

      <uml:Variable xmi.idref = 'v1'/> 

   </uml:LoopExp.iterator> 

   <uml:IterateExp.result> 

      <uml:Variable xmi.idref = 'v2'/> 

   </uml:IterateExp.result> 

</uml:IterateExp> 

Definition 15.16: XMI representation for an iterate expression 
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1PQ!
3)*&)4&!54%%#67.!

87,-#%&)7!9-:&&%!&;!<);&,(7*4-.!

=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

/PD0DS +HI+FHAV!C3==!FW+HF99<IE9!

-)*&#),%$'.;;$#O&)#//<*6/$.;;*=$1/$ ,*$.''#//$ ,*$ ,"#$.,,)<21,#/$*)$.//*'<.,<*6$#65/$

+)*3$.$ /*1)'#$ ';.//>$!*$1/#$ ,"#3$=#$31/,$ +*;;*=$ ,"#$5*,$6*,.,<*6$./$ <6$ ,"#$6#O,$

#O.3&;#>$

I22#((%*,%*))$'19)#%/3%2-*((7%

source.attributeName 

%

I22#((%*,%*((/2'*)'/,%#,0%3$/.%*%2-*((7%

source.associationEndName 

source.classNameInLowerCase 

*%2-*((%,*.#%',%-/>#$%2*(#%2*,%1#%9(#0%)/%*22#((%*((/2'*)'/,%#,0(%>')"/9)%

$/-#,*.#%

Example 15.13: Notation for property call expressions 

!*$ <6/,.6,<.,#$ .$ &)*&#),%$ '.;;$ #O&)#//<*6$ =#$ ".B#$ ,*$ ')#.,#$ .$ -)*&#),%8.;;SO&$

<6/,.6'#$ .65$ ,"#6$ ;<6($ <,$ ,*$ ,"#$ &)*&#),%$ <6/,.6'#$ ,*$ .''#//$ .65$ ,*$ ,"#$ &)#B<*1/$

/*1)'#$#O&)#//<*6$;<(#$<6$,"#$6#O,$<3.@#>$

$

Figure 15.18: Instantiation for a property call expression 

76'#$ =#$ ".B#$ 5*6#$ ,"</$ <6/,.6,<.,<*6G$ ,"#$ )#&)#/#6,.,<*6$ *+$ <,$ <6,*$ ,"#$ \JF$

;.6@1.@#$*=6#5$2%$,"#$S<6.$KJ8$#6B<)*63#6,$</$/"*=6$<6$,"#$6#O,$&<#'#$*+$'*5#>$
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<uml:PropertyCallExp xmi.id = 'pce1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml2.Kernel.DataType xmi.idref = 'typeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:CallExp.source> 

      <uml:VariableExp xmi.idref = 've1'/> 

   </uml:CallExp.source> 

   <uml:PropertyCallExp.referredProperty> 

      <uml2.Kernel.Property xmi.idref = 'p1'/> 

   </uml:PropertyCallExp.referredProperty> 

</uml:PropertyCallExp> 

Definition 15.17: XMI representation for a property call expression 

/PD0DT 399IC<3A<IE!C=399!C3==!FW+HF99<IE9!

0<3<;.);%$,".6$&)*&#),%$'.;;$#O&)#//<*6/G$.//*'<.,<*6$';.//$'.;;$#O&)#//<*6/$.;;*=$1/$

,*$ .''#//$ .6$ .//*'<.,<*6$ ';.//$ +)*3$*6#$*+$ ,"#$3#32#)/$*+$ /1'"$ .//*'<.,<*6>$ F,$ </$

6#'#//.)%$,*$1/#$,"#$/.3#$5*,$6*,.,<*6$./$2#+*)#>$

I22#((%*,%*((/2'*)'/,%2-*((%3$/.%*%.#.1#$%/3%(92"%*((/2'*)'/,7%

source.associationClassNameInLowerCase 

Example 15.14: Notation for association class call expressions 

F6$,"</$'./#G$=#$".B#$,*$')#.,#$.6$<6/,.6'#$*+$E//*'<.,<*68;.//8.;;SO&$,*$)#&)#/#6,$

,"#$.//*'<.,<*6$';.//$'.;;$#O&)#//<*6$&)*'#//#5$2%$*1)$&)*'#//*)>$

$

Figure 15.19: Instantiation for an association class call expression 
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A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

E/$=#$'.6$*2/#)B#$<6$,"#$&)#B<*1/$<3.@#G$/1'"$E//*'<.,<*68;.//8.;;SO&$<6/,.6'#$</$

;<6(#5$=<,"$.6$E//*'<.,<*68;.//$.65$.;/*$=<,"$.$/*1)'#$#O&)#//<*6>$!"#)#+*)#$,"#$

)#&)#/#6,.,<*6$<6,*$\JF$;.6@1.@#$</$.$5<)#',$'*6B#)/<*6>$

<uml:AssociationClassCallExp xmi.id = 'acce1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml:BagType xmi.idref = 'typeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:CallExp.source> 

      <uml:PropertyCallExp xmi.idref = 'pce2'/> 

   </uml:CallExp.source> 

   <uml:AssociationClassCallExp.referredAssociationClass> 

      <uml2.AssociationClasses.AssociationClass xmi.idref = 'ac'/> 

   </uml:AssociationClassCallExp.referredAssociationClass> 

</uml:AssociationClassCallExp> 

Definition 15.18: XMI representation for an association class call expression 

/PD0D/2 I+FH3A<IE!C3==!FW+HF99<IE9!

F6$,"#$789$:>P$;.6@1.@#$<,$</$<3&*),.6,$,*$'.;;$*&#).,<*6/>$F6$,"#$6#O,$#O.3&;#$=#$

'.6$/##$,"#$6*,.,<*6$,*$5*$,"</$,./(>$

@(#%*%.*)"#.*)'2*-%/$%-/+'2*-%1',*$5%/6#$*)'/,7%

13 + 25 

@(#%*%.*)"#.*)'2*-%/$%-/+'2*-%9,*$5%/6#$*)'/,7%

not true 

J*--',+%*,%/6#$*)'/,%/3%2-*((%>')"%$#)9$,7%

source.operationName(list of parameters) 

J*--',+%*,%BJK%(6#2'3'2%0/)%/6#$*)'/,7%

source.operationName(list of parameters) 

p.oclAsType(Customer) 

J*--',+%*,%BJK%(6#2'3'2%*$$/>%/6#$*)'/,7%

source->operationName(list of parameters) 

Set{1,2,3,4}->size() 

Example 15.15: Notation for operation call expressions 
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1PT!
3)*&)4&!54%%#67.!

87,-#%&)7!9-:&&%!&;!<);&,(7*4-.!

=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

F6$ .;;$ './#/$ .6$ *&#).,<*6$ '.;;$ #O&)#//<*6/$ ".B#$ .$ /*1)'#$ #O&)#//<*6$ ="#)#$ <,$ </$

.&&;<#5$.65$.6$*&#).,<*6>$F+$,"#$*&#).,<*6$'.;;$"./$&.).3#,#)/G$,"#%$.)#$/,*)#5$<6,*$

,"#$)-I0/$8!$+<#;5$*+$7&#).,<*68.;;SO&$<6/,.6'#>$

H1),"#)3*)#$<+$=#$.)#$'.;;<6@$.6$*&#).,<*6$=<,"$.$16.)%$*&#).,*)G$,"#$*&#).65$=<;;$

2#$ /,*)#5$ ./$ ,"#$ /*1)'#$ *+$ ,"#$ *&#).,*)>$ F6$ .55<,<*6G$="#6$ .$ 2<6.)%$ *&#).,<*6$ </$

'.;;#5$L;<(#$ <6$Y$g$:MG$ ,"#$ ;#+,$*&#).65$</$/,*)#5$./$*.0-%$$*+$ ,"#$7&#).,<*68.;;SO&$

<6/,.6'#$ ="#)#./$ ,"#$ )<@",$ *&#).65$ </$ /,*)#5$ ;<(#$ .$ &.).3#,#)$ <6$ ,"#$ )-I0/$8!$

+<#;5>$

$

Figure 15.20: Instantiation for an operation call expression 

F6$ ,"#$ &)#B<*1/$ <3.@#$ =#$ '.6$ *2/#)B#$ ,"#$ <6/,.6,<.,<*6$ *+$ .6$ *&#).,<*6$ '.;;$

#O&)#//<*6$ +*;;*=<6@$ ,"#$ )1;#/$ #O&;.<6#5$ 2#+*)#G$ .65$ ,"#6$ ,"#$ '*6B#)/<*6$ ,*$ ,"#$

\JF$ )#&)#/#6,.,<*6$ +*)$ ,"</$ 7&#).,<*68.;;SO&$ <6/,.6'#$ </$ /"*=6$ .,$ 6#O,$ &<#'#$ *+$

'*5#>$

<uml:OperationCallExp xmi.id = 'oce1'> 

   <uml2.Kernel.TypedElement.type> 

      <uml:SetType xmi.idref = 'typeRef'/> 

   </uml2.Kernel.TypedElement.type> 

   <uml:CallExp.source> 

      <uml:VariableExp xmi.idref = 've1'/> 

   </uml:CallExp.source> 

   <uml:OperationCallExp.argument> 

      <uml:IntegerLiteralExp xmi.idref = 'ileRef'/> 
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   </uml:OperationCallExp.argument> 

   <uml:OperationCallExp.referredOperation> 

      <uml2.Kernel.Operation xmi.idref = 'op1'/> 

   </uml:OperationCallExp.referredOperation> 

</uml:OperationCallExp> 

 

<uml2.Kernel.Operation xmi.id = 'op1' name = 'including'  

isLeaf = 'false' isStatic = 'false' upper = '0' isUnique = 'false' 

 isQuery = 'false' lower = '0' isOrdered = 'false'> 

   <uml2.Kernel.Operation.referringExp> 

      <uml:OperationCallExp xmi.idref = 'oce1'/> 

   </uml2.Kernel.Operation.referringExp> 

</uml2.Kernel.Operation> 

Definition 15.19: XMI representation for an operation call expression 

/PDP <E5FH9F!CIE5FH9<IE!

E,$ &)#B<*1/$ /#',<*6$=#$ ".B#$ /,15<#5$ ,"#$ '*6B#)/<*6$ &)*'#//$ *+$ *1)$ &)*'#//*)$ <6$

*)5#)$ ,*$ ,).6/+*)3$ ,#O,1.;$ 789$ :>P$ '*6/,).<6,/$ <6,*$ <6/,.6'#/$ *+$ ,"#$ 789$ :>P$

3#,.3*5#;>$ R*=G$ =#$ =<;;$ <6,)*51'#$ ,"#$ <6B#)/#$ '*6B#)/<*6$ ,".,$ )#,1)6/$ /1'"$

3#,.3*5#;$<6/,.6'#/$<6,*$,"#<)$*)<@<6.;$,#O,1.;$'*6/,).<6,/>$

!*$ 5*$ ,"</$ ,./($ =#$ 5#'<5#5$ ,*$ <3&;#3#6,$ .6*,"#)$ B</<,*)$ ';.//$ #O,#65<6@$

D#+;#',<B#[</<,*)$ #O&;.<6#5$ 2#+*)#>$?<,"$ ,"</$ .)'"<,#',1)#$=#$ +*;;*=$ .$ 5<B<5#$ .65$

'*6I1#)$ /,).,#@%$ ,".,$ /<3&;<+<#/$ ,"#$&)*'#//<6@$*+$ ,"#$3#,.3*5#;$ <6/,.6'#/$16,<;$

2#'*3#$,#O,1.;$'*6/,).<6,/>$

E$6#=$&.'(.@#$</$<6,)*51'#5$"#)#$<6/<5#$,"#$S<6.$KJ8$&)*C#',$'.;;#5$%.8B$-!$-9:=G$

="<'"$ '*6,.<6/$ ,"#$ 8*6B#),#)789>C.B.$ +<;#$ )#&)#/#6,<6@$ ,"#$ <6B#)/#$ '*6B#),#)$

'*3&*6#6,>$$

!*$(6*=$"*=$<,$=*)(/$=#$=<;;$.5.&,$,"#$SO.3&;#$Vb>V$)#;.,#5$,*$,"#$!%&#$8"#'($

'*3&*6#6,$=<,"$,"#$*=6$3#,"*5/$*+$,"</$6#=$'*3&*6#6,>$?#$'.6$/##$<,$<6$,"#$6#O,$

#O.3&;#>$
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!"#$#%#&'()(%*%+#,#$*-%.#)"/0%)/%1#%2*--#0%3/$%#4#$5%#-#.#,)%)/%6$/2#((7%

public String convert (Element e)  

%

892"%.#)"/0%2*,%1#%2*--#0%3/$%*,%:3;&6%#-#.#,)7%

// Imagine that conv is an instance of ConverterOCL class  

// and ifexp an instance of IfExp metaclass 

conv.convert(ifexp); 

!"'(%',4/2*)'/,%'.6-'#(%)"*)%<#3-#2)'4#%='(')/$%(#*$2"#(%*,0%)"#,%"*(%)/%

3',0%*%.#)"/0%>')"%)"#%,#&)%('+,*)9$#7%

public String conversion(IfExp exp)  

%

!"#$#%#&'()(%*%2/,4#$('/,%.#)"/0%3/$%#4#$5%#-#.#,)%/3%)"#%.#)*./0#-?%

!"'(%.#)"/0%'(%2*--#0%3/$%)"#%'3#&6%',()*,2#%/3%:3;&6%.#)*2-*((?%:,('0#%)"'(%

.#)"/0%>#%2/9-0%0/%*(%3/--/>(7%

OclExpression cond = exp.getCondition(); 

OclExpression thenBranch = exp.getThenExpression(); 

OclExpression elseBranch = exp.getElseExpression(); 

String condTxT = convert(cond); 

String thenTxT = convert(thenBranch); 

String elseTxT = convert(elseBranch); 

%

@(',+%)"'(%A',0%/3%4'(')/$%>#%/,-5%"*4#%)/%/1)*',%)"#%*))$'19)#(%/3%:3;&6%

.#)*2-*((%*,0%)"#,%2*--%)"#%2/,4#$)%.#)"/0%/3%#*2"%/,#%)/%/1)*',%)"#'$%

)#&)9*-%$#6$#(#,)*)'/,?%!"'(%$#29$('4#%()$*)#+5%('.6-'3'#(%)"#%',4#$(#%

2/,4#$('/,%6$/2#((?%

B,%)"'(%#&*.6-#C%-*()%()#6%2/,('()(%',%)/%$#)9$,%)"#%)#&)9*-%$#6$#(#,)*)'/,%

/3%)"#%>"/-#%:3;&6?%

return “if “ + condTxT + “ then “ + thenTxT +  

                         ” else “ + elseTxT + ” endif”; 

Example 15.16: Usage of the TypeCheck class as a subclass of the ReflectiveVisitor 

!"#)#+*)#$ ,*$ '".6@#$ ,"#$ 2#".B<*1)$ *+$ .$ '*6')#,#$ '*6B#)/<*6$ =#$ *6;%$ ".B#$ ,*$

'".6@#$,"#$'*6B#)/<*6$3#,"*5$*+$,"#$#;#3#6,$ <6$I1#/,<*6>$!"</$/,).,#@%$&)*B<5#/$

.6$#./<#)$'".6@#.2<;<,%$,*$*1)$&)*'#//*)>$
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3)*&)4&!54%%#67.!
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=7)6>76#.!7)?!9@.*#(.!"#'7,*(#)*!

A#-:)4-7%!B)4$#,.4*@!&;!C7*7%&)47!

"#$%&''()*'!

+%),&'')%!

/PDQ "F=FAF!CIE9AH3<EA9!

F6/<5#$ &.'(.@#$ +.'.5#789$=#$ '.6$ +<65$ ,"#$ 4#;#,#[</<,*)>C.B.$ +<;#$ ,".,$ '*6,.<6/$ .$

6#=$D#+;#',<B#[</<,*)$<3&;#3#6,.,<*6>$!"</$'*3&*6#6,$&)*B<5#/$,"#$&*//<2<;<,%$*+$

5#;#,#$ .$ '*6/,).<6,$ &)#B<*1/;%$ &)*'#//#5$ .65$ 6*=$ <6/,.6,<.,#5$ <6,*$ ,"#$ 789$ :>P$

3#,.3*5#;$ *+$ ,"#$ 3#,.5.,.$ )#&*/<,*)%$ *=6#5$ 2%$ ,"#$ S<6.$ KJ8$ '*6'#&,1.;$

3*5#;<6@$#6B<)*63#6,>$

E/$=#$".B#$/##6$="#6$2*,"$!%&#8"#'($.65$D#+;#',<B#[</<,*)$=#)#$#O&;.<6#5G$,"</$

(<65$*+$B</<,*)$1/#/$,"#$A.B.$D#+;#',<B#$E-F$<6$*)5#)$,*$5</'*B#)$,"#$';.//$,%&#$*+$,"#$

#;#3#6,/$,*$&)*'#//>$

!"#)#+*)#G$,*$#O&;.<6$,"#$2#".B<*1)$*+$,"#$4#;#,#[</<,*)$=#$=<;;$.5.&,$,"#$SO.3&;#$

Vb>V$=<,"$,"#$*=6$3#,"*5/$*+$,"</$6#=$'*3&*6#6,>$

!"#$#%#&'()(%*%+#,#$*-%.#)"/0%)/%1#%2*--#0%3/$%#4#$5%#-#.#,)%)/%6$/2#((7%

public boolean remove (Element e) 

%

892"%.#)"/0%2*,%1#%2*--#0%3/$%*,%:3;&6%#-#.#,)7%

// imagine that dv is an instance of DeleteVisitor class  

// and ifexp an instance of IfExp metaclass 

dv.remove(ifexp); 

!"'(%',4/2*)'/,%'.6-'#(%)"*)%<#3-#2)'4#%='(')/$%(#*$2"#(%*,0%)"#,%"*(%)/%

3',0%*%.#)"/0%>')"%)"#%,#&)%('+,*)9$#7%

public boolean delete(IfExp exp) 

%

!"'(%.#)"/0%'(%2*--#0%3/$%)"#%'3#&6%',()*,2#%/3%:3;&6%.#)*2-*((?%:,('0#%)"'(%

.#)"/0%>#%2/9-0%0/%*(%3/--/>(7%

OclExpression cond = exp.getCondition(); 

OclExpression thenBranch = exp.getThenExpression(); 

OclExpression elseBranch = exp.getElseExpression(); 

boolean condDeleted = remove(cond); 

boolean thenDeleted = remove(thenBranch); 
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boolean elseDeleted = remove(elseBranch); 

if (condDeleted && thenDeleted && elseDeleted) { 

   exp.refDelete(); 

   return true 

}  

@(',+%)"'(%A',0%/3%4'(')/$%>#%/,-5%"*4#%)/%/1)*',%)"#%*))$'19)#(%/3%:3;&6%

.#)*2-*((%*,0%)"#,%2*--%)"#%$#./4#%.#)"/0%3/$%#*2"%/,#%)/%0#-#)#%)"#.?%

!"'(%$#29$('4#%()$*)#+5%('.6-'3'#(%)"#%#$*(9$#%6$/2#((?%

B,%)"'(%#&*.6-#C%-*()%()#6%2/,('()(%/,%)/%0#-#)#%)"#%:3;&6%',()*,2#%3$/.%)"#%

.#)*0*)*%$#6/(')/$5?%!/%0/%)"'(%>#%9(#%)"#%$#3D#-#)#%/6#$*)'/,%/>,#0%15%

#*2"%#-#.#,)%/3%)"#%;',*%LMJN(%'.6-#.#,)*)'/,%3/$%)"#%@MK%*,0%BJK%

.#)*./0#-(?%

Example 15.17: Usage of the DeleteVisitor class as a subclass of the ReflectiveVisitor 

H<6.;;%G$,"#)#$#O</,/$.6*,"#)$=.%$*+$5#;#,#$.$'*6/,).<6,>$0<3<;.);%$,".6$=#$5<5$=<,"$

,"#$ 1/.@#$ *+$ ,"#$ &)*'#//*)$ ,*$ &.)/#$ '*6/,).<6,/G$=#$ ".B#$ &)*B<5#5$ .6$ .55<,<*6.;$

+.'.5#$3#,"*5$ ,*$ /<3&;<+%$ ,"#$ 1/.@#$ *+$ ,"#$4#;#,#[</<,*)>$ 01'"$3#,"*5$ </$ &;.'#5$

<6/<5#$,"#$-.)/#)H.'.5#>C.B.$+<;#$*+$,"#$+.'.5#789$&.'(.@#>$

!*$5#;#,#$.$'*6/,).<6,$1/<6@$,"</$3#,"*5$<,$</$3.65.,*)%$,*$(6*=$,"#$6.3#$*+$,"#$

'*6/,).<6,>$F,$</$<3&*),.6,$,*$)#3#32#)$"#)#$,".,$#B#)%$(<65$*+$'*6/,).<6,$"./$,"#$

&*//<2<;<,%$ ,*$ 2#$ 6.3#5$1/<6@$ .$ 6.3#$ <6/<5#$ ,"#$ /,)1',1)#$ *+$ <,/$ '*6,#O,>$ E,$ 6#O,$

#O.3&;#$=#$=<;;$/"*=$/*3#$#O.3&;#/$*+$6.3#5$'*6/,).<6,/$.65$,"#6$,"#$3#,"*5$

,*$5#;#,#$,"#3>$

I%-'()%/3%2/,()$*',)(%6$#4'/9(-5%6*$(#0%

context Employee  

 inv c1 : salary > 1000 

 inv c2 : age > 0 

context Employee::hasDescendants:Boolean  

 derive c3 : self.descendants->size() > 0 

context Department::getEmployeeNames():Set(String) 

 post c4: result = self.employee.name->asSet() 
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context Person::address:String 

 init: ‘no address’ 

%

!"#,C%)/%0#-#)#%)"#(#%2/,()$*',)(%>#%.9()%#&#29)#7 

// Suppose that p is the actual Project instance with the  

// XMI model containing the previous constraints  

ParserFacade pf = new ParserFacade(); 

pf.deleteOclExpression(“c1”,p); 

pf.deleteOclExpression(“c2”,p); 

pf.deleteOclExpression(“c3”,p); 

pf.deleteOclExpression(“c4”,p); 

 

:)%'(%'.6/$)*,)%)/%,/)#%)"*)%-*()%2/,()$*',)%'(%,/)%6/(('1-#%)/%0#-#)#%>')"%

)"'(%.#)"/0%1#2*9(#%')%0/#(%,/)%2/,)*',(%*%,*.#%)/%1#%'0#,)'3'#0?%

Example 15.18: Usage of DeleteVisitor with the deleteOclExpression method owned by the 

ParserFacade class 

?#$)#'*33#65$1/<6@$.$6.3#$<6$*)5#)$,*$<5#6,<+%$#.'"$'*6/,).<6,$.65$,"#6$1/#$,"#$

+.'.5#$ 3#,"*5$ <6/,#.5$ *+$ 5<)#',;%$ ,"#$ 3#,"*5$ *+$ 4#;#,#[</<,*)$ ';.//>$ F,$ </$ .;/*$

<3&*),.6,$,*$6*,#$,".,$=#$.)#$*6;%$.2;#$,*$5#;#,#$'*3&;#,#$'*6/,).<6,/$.65$6*,$*6;%$

/<6@;#$#;#3#6,/$*)$#O&)#//<*6/>$F,$</$51#$,*$.B*<5$<6'*6/</,#6,$'*6/,).<6,/>$

/PDR WO<CIE5FHAFH!3E"!IBH!IC=!+HICF99IH!

?"#6$ =#$ <6,)*51'#5$ ,"#$ S<6.$ KJ8$ '*6'#&,1.;$ 3*5#;<6@$ #6B<)*63#6,$ .65$ <,/$

'*3&;3#6,.)%$,**;/$=#$/"*=#5$,"#$\JF8*6B#),#)$./$.$,**;$,".,$'*6B#),/$\JF$+<;#/$

+)*3$.$+*)3.,$,*$.6*,"#)$*6#>$ F6$*1)$'./#$=#$5#/')<2#$"*=$,*$1/#$ <,$ ,*$'*6B#),$.$

-*/#<5*6$+*)$NJ9$\JF$+<;#$<6,*$.$+<;#$,*$2#$1/#5$2%$S<6.$KJ8>$

!*$ &)*B<5#$ .$ @).&"<'.;$ =.%$ +*)$ 3*5#;;<6@$ =#$ /.<5$ ,".,$ =#$ '*1;5$ '*6/,)1',$ .$

'*6'#&,1.;$ /'"#3.$5<)#',;%$ <6$ -*/#<5*6$ +*)$NJ9$ .65$ ,"#6$ '*6B#),$ <,$ ,*$ ,"#$ S<6.$

KJ8$ +*)3.,>$ F6$ *)5#)$ ,*$ "#;&$ 1/#)/$ ,*$ =*)($ =<,"$ *1)$ 789$ &)*'#//*)$ =#$ ".B#$

#O,#65#5$,"#$\JF8*6B#),#)$=<,"$.$6#=$+#.,1)#$,".,$3.%$2#$#O&;.<6#5>$
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<6+*)3.,<*6$ </$ 6*,$ /,*)#5$ <6/<5#$ ,"#$ \JF$ +<;#$ ="#6$ =#$ #O&*),$ *1)$ 5<.@).3/$ ./$

#O&;.<6#5$<6$/#',<*6$b>b>V$*+$,"#$'".&,#)$b>$H1),"#)3*)#G$-*/#<5*6$5*#/$6*,$B#)<+%$

=#,"#)$/1'"$'*6/,).<6,/$.)#$=#;;Q+*)3#5$#O&)#//<*6/>$

!"#)#+*)#G$=#$".B#$".B#$<6';15#5$.$6#=$'*6B#)/<*6$<6/<5#$,"#$\JF8*6B#),#)$,".,$

5#.;/$=<,"$'*33#6,$#;#3#6,/$*+$-*/#<5*6$5<.@).3/>$R*=G$<+$=#$=.6,$,*$=)<,#$.6$

789$:>P$'*6/,).<6,$5<)#',;%$<6$.$5<.@).3$*+$-*/#<5*6$=#$*6;%$".B#$,*$=)<,#$<,$<6/<5#$

.$'*33#6,$*+$/1'"$5<.@).3>$\JF8*6B#),#)$/#.)'"#/$+*)$,"*/#$'*33#6,/$.65$@#,/$

,"#<)$'*6,#6,/$<6$*)5#)$,*$&.//$,"#3$,*$*1)$&)*'#//*)$*+$789$:>P$#O&)#//<*6/>$

0*$=#$".B#$3.5#$.$ ;<6($2#,=##6$,"#$-*/#<5*6G$,"#$\JF8*6B#),#)$.65$*1)$,**;$,*$

&.)/#$789$'*6/,).<6,/$5<)#',;%$<6/<5#$,"#$'*6B#)/<*6$&)*'#//$*+$,"#$\JF8*6B#),#)$

+)*3$-*/#<5*6$+*)3.,$,*$S<6.KJ8$+*)3.,>$

$

Figure 15.21: Usage of constraints inside Poseidon to be checked by our OCL processor 

F6$ ,"#$&)#B<*1/$ +<@1)#$=#$ '.6$ /##$"*=$ ,*$1/#$ .$ '*33#6,$=<,"$ .$ '*6/,).<6,>$ F,$ </$

<3&*),.6,$ ,*$ 6*,#$ ,".,$ <+$ =#$ 5#'<5#$ ,*$ =)<,#$ *1)$ '*6/,).<6,/$ 5<)#',;%$ <6$ ,"#$

-*/#<5*6$5<.@).3G$#))*)/$+*165$51)<6@$,"#$'"#'(<6@$&)*'#//$3.5#$2%$*1)$,**;$=<;;$

2#$,")*=6$51)<6@$,"#$'*6B#)/<*6$&)*'#//$*+$,"#$\JF8*6B#),#)>$!"#)#+*)#G$=#$=<;;$

".B#$,*$/*;B#$/1'"$#))*)/$5<)#',;%$<6/<5#$,"#$'*33#6,/>$
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/Q C39F!9AB"VJ!"8=+!
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'*6/,).<6,/$ =)<,,#6$ <6$ .$ =#;;Q(6*=6$ './#$ /,15%$ 3.5#$ <6/<5#$ ,"#$ KJ8$ D#/#.)'"$

K)*1&$^KJ8=_>$

71)$,**;$=<;;$&)*'#//$/1'"$'*6/,).<6,/$.65$,"#6$=#$=<;;$/"*=$.$5<.@).3$=<,"$,"#$

)#/1;,.6,$<6/,.6'#/$*+$,"</$&)*'#//>$F+$.6%$&)*2;#3$</$+*165$51)<6@$,"#$'*6B#)/<*6$<,$

=<;;$2#$#O&;.<6#5$"#)#$<6$*)5#)$,*$"#;&$+1,1)#$1/#)/$*+$,"#$&)*'#//*)$"*=$,*$=*)($

=<,"$<,>$

H<6.;;%G$ <,$ </$ <3&*),.6,$ ,*$ #3&"./<U#$ ,".,$ ,"</$ '".&,#)$ =<;;$ 6*,$ 2#$ .$ '*))#',6#//$

'"#'(#)$+*)$.;;$'*6/,).<6,/$=)<,,#6$<6$,"#$'./#$/,15%$,".,$=#$=<;;$&)#/#6,$"#)#>$

/QDM AKF!"8=+!9V9AFO!

!"#$'./#$/,15%$=#$=<;;$1/#$<6$,"</$'".&,#)$</$,"#$4a9-$8./#$0,15%$=)<,,#6$2%$S;#6.$

-;.6./$.65$E6,*6<$7;<Bh$^-7P`_>$F,$'*6,.<6/$&.),/$*+$,"#$'*6'#&,1.;$/'"#3.$*+$,"#$

4a9-$/%/,#3G$=)<,,#6$<6$NJ9>$

4a9-$ ^4a9-=_G$ .;/*$ (6*=6$ ./$ 4<@<,.;$ a<2;<*@).&"%$ i$ 9<2).)%$ -)*C#',G$ </$ .$

'*3&1,#)$/'<#6'#$=#2/<,#$"*/,#5$.,$N6<B#)/<,j,$!)<#)G$<6$K#)3.6%>$F,$=./$*)<@<6.;;%$

.$5.,.2./#$.65$;*@<'$&)*@).33<6@$2<2;<*@).&"%$/<,#G$.65$"./$#O</,#5$.,$;#./,$/<6'#$

,"#$ VklP/>$ 4a9-$ ;</,#5$ 3*)#$ ,".6$ *6#$ 3<;;<*6$ .),<';#/$ *6$ '*3&1,#)$ /'<#6'#$ <6$

J.)'"$:PPl>$
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<6,)*51'#5$2#+*)#>$01'"$/'"#3.$5#.;/$=<,"$&#)/*6/$.65$,"#<)$&12;<'.,<*6/G$="<'"$

3.%$ 2#$ #5<,#5$ 2**(/$ *)$ .1,"*)#5$ &12;<'.,<*6/$ /1'"$ ./$ .1,"*)#5$ 2**(/G$ 2**($

'".&,#)/$.65$C*1)6.;$&.&#)/>$

$

Figure 16.1: DBLP model used in the case study 
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!*$2#$"*6#/,$=#$31/,$.++<)3$,".,$,"</$3*5#;$"./$/*3#$'".6@#/$<6$)#/&#',$=<,"$,"#$

*)<@<6.;$1/#5$<6$,"#$'./#$/,15%>$?#$".B#$'".6@#5$,"#$m#.)$,%&#$*+$%#.)$.,,)<21,#/$

+*)$,"#$0,)<6@$5.,.$,%&#$2#'.1/#$*1)$&)*'#//*)$5*#/$6*,$/1&&*),$1/#)Q5#+<6#5$5.,.$

,%&#/$2%$6*=>$

H1),"#)3*)#G$ =#$ ".B#$ '".6@#5$ .@@)#@.,#$ .//*'<.,<*6/$ ,*$ 6*)3.;$ .//*'<.,<*6/$

2#'.1/#$,"#$'*6B#),#)$,**;$,".,$'*6B#),/$\JF$3*5#;/$+)*3$-*/#<5*6$+*)3.,$,*$S<6.$

KJ8$+*)3.,$5*#/$6*,$/1&&*),$,"</$(<65$*+$.//*'<.,<*6/>$

E+,#)$,".,G$=#$#O&*),$,"</$'*6'#&,1.;$3*5#;$=)<,,#6$<6$-*/#<5*6$+*)$NJ9$<6,*$,"#$

\JF$ +*)3.,>$?#$".B#$ +*;;*=#5$ ,"#$/,#&/$/"*=6$.,$ '".&,#)$bG$="#6$=#$#O&;.<6#5$

,"#$S<6.$KJ8$#6B<)*63#6,>$

76'#$ =#$ ".B#$ ,"#$ 3*5#;$ '*6B#),#5$ <6,*$ ,"#$ S<6.$ KJ8$ +*)3.,$ =#$ '.6$ /,.),$ ,"#$

&)*'#//$ *+$ '*6B#)/<*6$ +*)$ *1)$ /#;#',#5$ '*6/,).<6,/>$ 01'"$ '*6/,).<6,/$ .)#$ =)<,,#6$

<6/<5#$,"#$5*'13#6,$*+$,"#$'./#$/,15%>$

/QD1 CIE5FH9<IE!FW3O+=F9!

F6$ ,"</$ /#',<*6$ =#$ =<;;$ <6,)*51'#$ .$ 3<6<3.;$ /#,$ *+$ '*6/,).<6,/$ *+$ ,"#$ 4a9-$ './#$

/,15%$5*'13#6,$^-7P`_$=<,"$,"#<)$<6/,.6,<.,<*6$5<.@).3/$*+$,"#$<6/,.6'#/$')#.,#5$

2%$*1)$&)*'#//*)$*+$789$:>P$#O&)#//<*6/>$

/QD1D/ <"FEA<X<C3A<IE!CIE9AH3<EA9!

H<)/,$'*6/,).<6,$,*$&)*'#//$</$.$/<3&;#$<5#6,<+<'.,<*6$'*6/,).<6,$,".,$<65<'.,#/$=<'"$

.,,)<21,#$</$,"#$&)<3.)%$(#%G$1/<6@$5.,.2./#$;.6@1.@#G$*+$,"#$'*6,#O,1.;$';.//>$

context Person inv nameIsKey: -- First constraint 

  Person.allInstances()->isUnique(name) 

Example 16.1: First constraint to check 
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$

Figure 16.2: Complete instantiation for constraint "nameIsKey" 

!"#$*1,&1,$<6/,.6,<.,<*6$,".,$)#/1;,/$*+$,"#$&.)/<6@$&)*'#//$3.5#$2%$*1)$&)*'#//*)$

*+$789$#O&)#//<*6/$</$/"*=6$.,$,"</$<3.@#>$
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!"#$3.<6$#O&)#//<*6$*+$,"#$'*6/,).<6,$</$,"#$4*K84L0$$ <,#).,*)$#O&)#//<*6$,".,$"./$

,"#$ .&&;<'.,<*6$ *+$ ,"#$ ),,M8*!)8%$*$ *&#).,<*6$ ,*$ ,"#$ -#)/*6$ ';.//$ ./$ /*1)'#>$

H1),"#)3*)#G$,"#$2*5%$*+$,"</$<,#).,*)$</$.$&)*&#),%$'.;;$#O&)#//<*6$,".,$)#+#)#6'#/$

,"#$8)/$$-)*&#),%$*+$/1'"$';.//>$

E/$=#$'.6$/##G$#B#6$.$/<3&;#$'*6/,).<6,$"<5#/$.$'*3&;#O<,%$&)*'#//$*+$<6/,.6,<.,<*6$

,".,$31/,$2#$5*6#$&)*&#);%>$

/QD1DM <EAFNH<AV!CIE9AH3<EA9!

!"#$ /#'*65$ '*6/,).<6,$ /#;#',#5$ </$ .$ '*33*6$ <6,#@)<,%$ '*6/,).<6,$ ,".,$ .;;*=/$

3*5#;;#)/$ ,*$ /#,$ .6$ <6B.)<.6,$ ,*$ ,"#<)$3*5#;/$ <6$ *)5#)$ ,*$ /&#'<+%$ .$ /<,1.,<*6$ ,".,$

.;=.%/$31/,$2#$,)1#>$

-- Second constraint: 

-- The pages of the papers (JournalPaper) published in a journal  

-- issue (JournalIssue) do not overlap among them. 

context JournalIssue inv correctPagination: 

  self.journalPaper->forAll(p1,p2|p1<>p2 implies 

       p1.iniPage > p2.endPage or p2.iniPage > p1.endPage) 

Example 16.2: Second constraint to check 

76'#$=#$".B#$&)*'#//#5$ /1'"$ '*6/,).<6,$=#$5*$6*,$ +<65$ .6%$ #))*)$ 2#'.1/#$ /1'"$

'*6/,).<6,$</$B#)%$'*33*6>$F,$'*6,.<6/$.$3.<6$E.-1,,$<,#).,*)$,".,$'*6,)*;/$&.@#/$*+$

&.&#)/>$

?#$ '.6$ 1/#$ ,"</$ /,)1',1)#$ *+$ +*)E;;$ <,#).,*)$ =<,"$ ,=*$ <,#).,*)$ B.)<.2;#/$ ,".,$ .)#$

'*3&.)#5$<6$*)5#)$,*$B#)<+%$.$'*6/,).<6,$*B#)$.,,)<21,#/$*+$,"#/#$B.)<.2;#/>$F6$,"</$

'./#$=#$'*6,)*;$,".,$&.@#/$*+$&.&#)/$5*$6*,$*B#);.&$.3*6@$,"#3>$

!*$ /"*=$ ,"#$ <6/,.6,<.,<*6$ *+$ ,"</$ '*6/,).<6,$=#$=<;;$ 1/#$ .$ "<#).)'"<'.;$ /,)1',1)#$

<6/,#.5$ *+$ .6$ <6/,.6'#$ 5<.@).3$ <6$ *)5#)$ ,*$ <3&)*B#$ ,"#$ 165#)/,.65.2<;<,%$ *+$ ,"#$

*1,&1,$\JF$,")*=6$2%$*1)$&)*'#//*)>$?#$".B#$<3&;#3#6,#5$.$6#=$A.B.$';.//$'.;;#5$
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Constraint correctPagination 
  ConstrainedElement 
    Class JournalIssue 
  Specification 
    ExpressionInOcl inv 
      ContextVariable 
        Variable  
          Type 
            Class JournalIssue 
      BodyExpression 
        IteratorExp forAll 
          Iterator             
            Variable p1 
              Type 
                Class JournalPaper             
            Variable p2 
              Type 
                Class JournalPaper 
          Source 
            PropertyCallExp  
              ReferredProperty 
                Property  
                  Type 
                    Class JournalPaper 
              Source 
                VariableExp  
                  ReferredVariable 
                    Variable self 
                      Type 
                        Class JournalIssue 
                  Type 
                    Class JournalIssue 
              Type 
                Class JournalPaper 
          Body 
            OperationCallExp  
              ReferredOperation 
                Operation or 
              Argument                 
                OperationCallExp  
                  ReferredOperation 
                    Operation > 
                  Argument                     
                    PropertyCallExp  
                      ReferredProperty 
                        Property endPage 
                          Type 
                            DataType Integer 
                      Source 
                        VariableExp  
                          ReferredVariable 
                            Variable p1 
                              Type 
                                Class JournalPaper 
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                          Type 
                            Class JournalPaper 
                      Type 
                        DataType Integer 
                  Source 
                    PropertyCallExp  
                      ReferredProperty 
                        Property iniPage 
                          Type 
                            DataType Integer 
                      Source 
                        VariableExp  
                          ReferredVariable 
                            Variable p2 
                              Type 
                                Class JournalPaper 
                          Type 
                            Class JournalPaper 
                      Type 
                        DataType Integer 
                  Type 
                    DataType Boolean 
              Source 
                OperationCallExp  
                  ReferredOperation 
                    Operation implies 
                  Argument                     
                    OperationCallExp  
                      ReferredOperation 
                        Operation > 
                      Argument                         
                        PropertyCallExp  
                          ReferredProperty 
                            Property endPage 
                              Type 
                                DataType Integer 
                          Source 
                            VariableExp  
                              ReferredVariable 
                                Variable p2 
                                  Type 
                                    Class JournalPaper 
                              Type 
                                Class JournalPaper 
                          Type 
                            DataType Integer 
                      Source 
                        PropertyCallExp  
                          ReferredProperty 
                            Property iniPage 
                              Type 
                                DataType Integer 
                          Source 
                            VariableExp  
                              ReferredVariable 
                                Variable p1 
                                  Type 
                                    Class JournalPaper 
                              Type 
                                Class JournalPaper 
                          Type 
                            DataType Integer 
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                      Type 
                        DataType Boolean 
                  Source 
                    OperationCallExp  
                      ReferredOperation 
                        Operation <> 
                      Argument                         
                        VariableExp  
                          ReferredVariable 
                            Variable p2 
                              Type 
                                Class JournalPaper 
                          Type 
                            Class JournalPaper 
                      Source 
                        VariableExp  
                          ReferredVariable 
                            Variable p1 
                              Type 
                                Class JournalPaper 
                          Type 
                            Class JournalPaper 
                      Type 
                        DataType Boolean 
                  Type 
                    DataType Boolean 
              Type 
                DataType Boolean 
          Type 
            DataType Boolean 

Example 16.3: Hierachical output for the constraint found in the Example 16.2 

?#$".B#$3.)(#5$=<,"$ ,"#$/.3#$'*;*)$ ,"#$/.3#$ <6/,.6'#$.65$ <,/$ ;<6(/$ <6$*)5#)$ ,*$

<3&)*B#$,"#$165#)/,.65.2<;<,%$*+$,"</$*1,&1,>$

/QD1D1 "FH<53A<IE!HB=F9!

E6*,"#)$'*6/,).<6,$*+$,"#$/#;#',#5$/#,$</$.$5#)<B.,<*6$)1;#$+*)$.$5#)<B#5$.,,)<21,#$*+$

,"#$&)#B<*1/$3*5#;>$ F6$ ,"</$'./#$ ,"</$)1;#$1/#/$.6$ <+$#O&)#//<*6$ ,*$/#;#',$2#,=##6$

,=*$.;,#)6.,<B#/$5#&#65<6@$*6$.$'*65<,<*6>$

76'#$=#$&)*'#//#5$ ,"</$ '*6/,).<6,$=#$ +*165$.$&)*2;#3$=<,"$ ,"#$#0(,4%)!4.8N$)-$

.,,)<21,#$*+$,"#$S5<,#5a**($';.//$51#$,*$,"#$31;,<&;#$<6"#)<,.6'#$*+$/1'"$';.//>$$

?#$1/#$,"#$\JF8*6B#),#)$,**;$*+$,"#$S<6.$KJ8$#6B<)*63#6,$<6$*)5#)$,*$'*6B#),$.$

\JF$ 3*5#;$ <6$ -*/#<5*6$ +*)3.,$ ,*$ ,"#$ S<6.$ KJ8$ +*)3.,>$ 01'"$ ,**;$ "./$ .$ ;<,,;#$
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&)*2;#3$=<,"$3*5#;/$,".,$'*6,.<6/$#O.3&;#/$*+$31;,<&;#$<6"#)<,.6'#$2#'.1/#$*6;%$

'*6B#),/$ *6#$ *+$ ,"#$ /1&#)';.//$ ;<6(/>$ F6$ *1)$ './#G$ *1)$ 4a9-$3*5#;$ '*6,.<6/$ ,"#$

S5<,#5a**($ ';.//$ ./$ /12';.//$ *+$ 2*,"$ a**($ .65$ -12;<'.,<*6$ ';.//#/>$ a1,$ ,"#$

\JF8*6B#),#)$ *6;%$ /,*)#/$ <6/<5#$ S5<,#5a**($ ';.//$ .$ )#+#)#6'#$ ,*$ <,/$ /1&#)';.//$

-12;<'.,<*6$21,$6*,$a**(>$

-- The year of BookChapter publication is the publication year of  

-- the book or journal issue that publishes it. 

context BookChapter::year:String  

  derive: if self.editedBook->notEmpty()  

          then self.editedBook.publicationYear 

          else self.bookSeriesIssue.publicationYear 

          endif 

Example 16.4: Original third constraint 

F6$,"#$&)#B<*1/$'*6/,).<6,$=#$'.6$/##$,"#$*)<@<6.;$B#)/<*6$*+$5#)<B.,<*6$)1;#$.65$<6$

,"#$ '*6/,).<6,$ 2#;*=$ =#$ '.6$ *2/#)B#$ ,"#$ '".6@#$ <6$ ,"#$ .,,)<21,#$ 51#$ ,*$ ,"#$

\JF8*6B#),#)$&)*2;#3>$

-- The year of BookChapter publication is the publication year of  

-- the book or journal issue that publishes it. 

context BookChapter::year:String  

  derive: if self.editedBook->notEmpty()  

          then self.editedBook.year --This is the change 

          else self.bookSeriesIssue.publicationYear 

          endif 

Example 16.5: Third constraint with changes 

?#$5#'<5#5$,*$'".6@#$,"#$'*6/,).<6,$ <6$*)5#)$,*$2#$&)*'#//#5$2#'.1/#$,"#$\JF$</$

6*,$ '*))#',$ 51#$ ,*$ ,"#$ <6"#)<,.6'#$ &)*2;#3$ *+$ ,"#$ \JF8*6B#),#)>$ F6$ &.),<'1;.)G$

'".6@<6@$ ,"#$ .,,)<21,#$ &12;<'.,<*6m#.)$ +*)$ ,"#$ .,,)<21,#$ %#.)G$ ="<'"$ </$ <6"#)<,#5$

+)*3$-12;<'.,<*6$ ';.//G$ <3&;<#/$ ,".,$ ,"#$&)*2;#3$=<,"$ ,"#$31;,<&;#$ <6"#)<,.6'#$ </$

.B*<5#5$.;,"*1@"$,"#$'*6/,).<6,$</$6*,$/#3.6,<'.;;%$#I1.;$,*$,"#$*)<@<6.;>$$
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R#B#),"#;#//G$ *1)$ .<3$ "#)#$ </$ ,*$ &)#/#6,$ "*=$ ,"#$ *1,&1,$ *+$ ,"#$ &)*'#//$ </$3.5#$

<6/,#.5$ *+$ ,"#$ /#3.6,<'/$ *+$ ,"#$ '*6/,).<6,/$ /#;#',#5>$ F6$ ,"#$ 6#O,$ *1,&1,$ *+$ ,"#$

X13.671,&1,K#6#).,*)$ ,**;$ =#$ '.6$ *2/#)B#$ ,"#$ <6/,.6,<.,<*6$ ')#.,#5$ +*)$ ,"#$

&)#B<*1/$'*6/,).<6,>$

Constraint  
  ConstrainedElement 
    Property year 
      DataType String 
  Specification 
    ExpressionInOcl derive 
      ContextVariable 
        Variable  
          Type 
            Class BookChapter 
      BodyExpression 
        IfExp  
          Condition 
            OperationCallExp  
              ReferredOperation 
                Operation notEmpty 
              Source 
                PropertyCallExp  
                  ReferredProperty 
                    Property  
                      Type 
                        Class EditedBook 
                  Source 
                    VariableExp  
                      ReferredVariable 
                        Variable self 
                          Type 
                            Class BookChapter 
                      Type 
                        Class BookChapter 
                  Type 
                    Class EditedBook 
              Type 
                DataType Boolean 
          ThenExpression 
            PropertyCallExp  
              ReferredProperty 
                Property year 
                  Type 
                    DataType String 
              Source 
                PropertyCallExp  
                  ReferredProperty 
                    Property  
                      Type   
                        Class EditedBook 
                  Source 
                    VariableExp  
                      ReferredVariable 
                        Variable self 
                          Type 
                            Class BookChapter 
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                      Type 
                        Class BookChapter 
                  Type 
                    Class EditedBook 
              Type 
                DataType String 
          ElseExpression 
            PropertyCallExp  
              ReferredProperty 
                Property publicationYear 
                  Type 
                    DataType String 
              Source 
                PropertyCallExp  
                  ReferredProperty 
                    Property  
                      Type 
                        Class BookSeriesIssue 
                  Source 
                    VariableExp  
                      ReferredVariable 
                        Variable self 
                          Type 
                            Class BookChapter 
                      Type 
                        Class BookChapter 
                  Type 
                    Class BookSeriesIssue 
              Type 
                DataType String 
          Type 
            DataType String 

Example 16.6: Hierarchical output for the constraint found in the Example 16.5 

/QD1D0 YBFHV!9+FC<X<C3A<IE!

H<6.;;%$ =#$ <6,)*51'#5$ <6$ ,"#$ 3*5#;$ *+$ ,"#$ 4a9-$ /%/,#3$ .6$ #O,).$ ';.//$ 6.3#5$

-12;<'.,<*64#,.<;/$ ,".,$ @<B#6$ .$ &#)/*6$ &)*B<5#/$ ,"#$ <6+*)3.,<*6$ *+$ ,"#$ B*;13#$

<//1#/$.65$,"#$&.&#)/$&12;</"#5$<6$#.'"$*+$,"#3>$

!"</$ <6+*)3.,<*6$ </$@<B#6$,")*1@"$.$I1#)%$3#,"*5$'.;;#5$$EE$%!$ ,".,$ </$&.),$*+$ ,"#$

2#".B<*1).;$/'"#3.$*+$,"#$4a9->$

E,$6#O,$5#/')<&,<*6$ </$&*//<2;#$,*$/##$,"#$/,)1',1)#$*+$ ,"#$-12;<'.,<*64#,.<;/$';.//$

<6';15<6@$ ,"#$)8*3$-$ .,,)<21,#$ ,".,$=<;;$ '*6,.<6$ ,"#$ <6+*)3.,<*6$ )#,1)6#5$ 2%$ ,"#$

$EE$%!$3#,"*5>$
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Class: PublicationDetails  

Attributes:  

  answer: Set (TupleType  

                 (year: Year,  

                  yearPublications:  

                    Set (TupleType  

                            authorsOrEditors: Set(String),  

                            title: String,  

                            edition: String)))  

Operations:  

  effect()                         

  

context PublicationDetails::effect()  

post:  

  answer =   

   self.person.publication.year -> asSet() -> collect(y |   

     Tuple  

       {year = y,  

        yearPublications =   

          self.person.publication -> select (p | p.year = y)  

            -> collect (p2 |  

                Tuple  

                {authorsOrEditors = p2.person.name,  

                 title = p2.title,  

                 edition = p2.edition})}) -> sortedBy(year) 

Example 16.7: Specification for PublicationDetails class 

H1),"#)3*)#G$=#$'.6$.;/*$*2/#)B#$.$&*/,'*65<,<*6$+*)$,"#$$EE$%!$3#,"*5$#O&;.<6<6@$

"*=$,*$*2,.<6$,"#$<6+*)3.,<*6$)#I1<)#5>$

71)$+<)/,$/,#&$=./$,*$5#+<6#$,"#$.6/=#)$.,,)<21,#$<6/<5#$,"#$-12;<'.,<*64#,.<;/$';.//$

2#'.1/#$=#$'.66*,$5*$<,$5<)#',;%$,")*1@"$-*/#<5*6$+*)$NJ9>$

context PublicationDetails  

  def answerAttribute: 

      answer:Set( 

               TupleType(year:String, 

                         yearPublications:Set( 

                           TupleType( 

                                authorsOrEditors:Set(String), 

                                title:String, 

                                edition:String)))) = Set{} 

Example 16.8: Fourth constraint to check 
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F6$ ,"</$ './#$ =#$ 5#'<5#5$ ,*$ 1/#$ .$ 5#+<6<,<*6$ '*6/,).<6,$ <6$ ="<'"$ =#$ 5#+<6#$ /1'"$

.,,)<21,#$<6';15<6@$<,/$,%&#$.65$,"#$B.;1#$*+$<,$./$.6$#3&,%$/#,>$

!"#$*1,&1,$@#6#).,#5$./$<6/,.6'#/$,)##$</$,"#$"<#).)'"%'".;$/,)1',1)#$/"*=6$"#)#>$

Constraint answerAttribute 
  ConstrainedElement 
    Property answer 
      SetType 
        ElementType 
          TupleType  
            OwnedAttribute               
              Property year 
                Type 
                  DataType String               
              Property yearPublications 
                SetType 
                  ElementType 
                    TupleType  
                      OwnedAttribute                         
                        Property authorsOrEditors 
                          Type 
                            SetType 
                              ElementType 
                                DataType String                         
                        Property title 
                          Type 
                            DataType String                         
                        Property edition 
                          Type 
                            DataType String 
  Specification 
    ExpressionInOcl def 
      ContextVariable 
        Variable  
          Type 
            Class PublicationDetails 
      BodyExpression 
        CollectionLiteralExp Set 
          Type 
            SetType 

Example 16.9: Hierarchical structure for constraint found in the Example 16.8 

76'#$ =#$ &)*'#//#5$ ,"#$ &*/,'*65<,<*6$ =#$ +*165$ /*3#$ &)*2;#3/$ )#;.,#5$ ,*$ ,"#$

'*;;#',<*6$(<65/>$F,$ </$6##5#5$,*$<6';15#$,*$)*+$!FG$*&#).,<*6/$.+,#)$,"#$,=*$'*;;#',$

<,#).,*)/$2#'.1/#$,"#$)#/1;,$*+$,"#3$</$.$a.@$<6/,#.5$*+$.$0#,$'*;;#',<*6>$
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H1),"#)3*)#G$<6$,"#$*)<@<6.;$'*6/,).<6,$.&&#.)/$.$/*),#5a%$<,#).,*)$,*$<65<'.,#$,".,$

,"#$)#/1;,.6,$!1&;#/$<6';15#/$<6$,"#$*1,&1,$0#,$.)#$*)5#)#5$2%$,"#$"$)-$3#32#)$*+$

,"#/#$,1&;#/>$

F,$ </$.6$#))*)$2#'.1/#$./$/&#'<+<#5$ <6$,"#$789$:>P$/&#'<+<'.,<*6$5*'13#6,$^72CP`_G$

,"#$ )#/1;,.6,$ ,%&#$ *+$ ,"#$ 2*5%$ *+$ .$ /*),#5a%$ <,#).,*)$31/,$ ".B#$ 5#+<6#5$ ,"#$ ndo$

'*3&.)</*6$ *&#).,*)>$ F6$ *1)$ './#G$ %#.)$ </$ .$ 0,)<6@$ .65$ <,$ "./$ 6*$ /1'"$ *&#).,*)$

5#+<6#5>$

F,$ </$ <3&*),.6,$ ,*$6*,#$"#)#$ ,".,$=#$&)#B<*1/;%$'".6@#$ ,"#$ ,%&#$*+$%#.)$.,,)<21,#$

+)*3$ m#.)$ ,*$ 0,)<6@$ 2#'.1/#$ *1)$ &)*'#//*)$ 5*#/$ 6*,$ /1&&*),$ '1/,*3$4.,.!%&#/G$

,"#)#+*)#$<,$</$&*//<2;#$,*$'*6/<5#)$<,$./$.$'*))#',$1/.@#$<6$,"#$*)<@<6.;$'*6/,).<6,>$

context PublicationDetails::effect():Boolean 

post pubdetails: 

answer = self.person.publication.year->asSet() 

  ->collect(y| 

          Tuple{year = y,  

                yearPublications =  

                  self.person.publication->select(p|p.year=y)-> 

                    collect(p2| 

                      Tuple 

                      {authorsOrEditors = p2.person.name->asSet(), 

                       title=p2.title, 

                       edition=p2.edition})->asSet()} 

           )->asSet() --we can use ->asSequence()->asSet() instead 

Example 16.10: Fifth constraint to check 

F6$ *1)$ './#$=#$ 5#'<5#5$ ,*$ 5#;#,#$ ,"</$ *&#).,<*6$ +)*3$ ,"#$ '*6/,).<6,$ *)$ ,*$ 1/#$ .$

&)#B<*1/$ )*+$L0$8%$$ *&#).,<*6$ 2#+*)#$ ,"#$ ;./,$ )*+$!$ 6##5#5$ +*)$ ,"#$ +<)/,$ %.,,$%!$

<,#).,*)$51#$,*$,"#$)*+$L0$8%$$/&#'<+<#/$,".,$,"#$)#/1;,$=<;;$2#$*)5#)#5$.;,"*1@"$<,$

5*#/$6*,$ <65<'.,#/$"*=$ ,"#$ /*),<6@$ </$5*6#>$!"#$ +<6.;$ B#)/<*6$*+$ ,"#$ '*6/,).<6,$ </$

/"*=6$.,$&)#B<*1/$789$'*5#>$
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H<6.;;%G$ <,$ </$ <3&*),.6,$ ,*$6*,#$ ,".,$ ,"#$*1,&1,$ <6/,.6'#$ ,)##$ +*)$ ,"</$ '*6/,).<6,$ </$

,**$ ;.)@#G$ /*$ =#$ &)#+#))#5$ ,*$ 5*$ 6*,$ /"*=$ <,$ "#)#>$ !"#$ 3*5#;/$ .65$ /#;#',#5$

'*6/,).<6,/$ '.6$ 2#$ +*165$ .,$3%$=#2/<,#$ ^[<;;=_$="#)#$ .)#$ +)##$ ,*$ 5*=6;*.5$ .65$

,#/,$=<,"$,"#$X13.671,&1,K#6#).,*)$*+$*1)$&)*'#//*)$*+$789$:>P$#O&)#//<*6/>$

$
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/R XBABHF!GIHU!

/RD/ G3V9!AI!<O+HI5F!AKF!+3H9FH!

76'#$=#$".B#$#O&*/#5$"*=$</$3.5#$*1)$&)*'#//*)$*+$789$:>P$#O&)#//<*6/$.65$<,/$

+#.,1)#/G$<,$</$,"#$3*3#6,$*+$#O&;.<6$/*3#$&*//<2;#$#O,#6/<*6/$*)$'".6@#/$,*$.&&;%$

,"</$,**;$<6$*)5#)$,*$<3&)*B#$<,>$

!"#$ -.)/#)$ 012/%/,#3$ *+$ ,"#$ 4)#/5#6$ 789:$ !**;(<,$ "./$ /*3#$ ;<3<,.,<*6/$ .65$

)#'*@6</#5$ 21@/>$ H*)$ #O.3&;#G$ ,"#)#$ .)#$ &)*2;#3/$ ="#6$ 6.B<@.,<6@$ +)*3$ .6$

.//*'<.,<B#$';.//$,*$,"#<)$.//*'<.,<*6$#65/G$.65$=#$".B#$,*$)#3#32#)$,".,$/1'"$,**;$

*6;%$/1&&*),/$NJ9$<6$<,/$B#)/<*6$V>b>$

F6$*1)$&)*'#//*)$=#$.)#$ +<O#5$3*/,$*+$ ,"#/#$&)*2;#3/$.65$=#$".B#$.5.&,#5$ <,$ ,*$

,"#$ ;./,$ B#)/<*6$ *+$ ,"#$ NJ9>$ R#B#),"#;#//G$ *1)$ ,**;$ </$ 6*,$ &#)+#',$ .65$ "./$ /*3#$

&)*2;#3/$ ,".,$=#)#$ <6,)*51'#5$ <6$&)#B<*1/$#O.3&;#/>$71)$.<3$"#)#$ </$ ,*$ /"*=$.$

@#6#).;$B<#=$*+$,"#/#$&)*2;#3/$.65$&*//<2;#$/*;1,<*6/$+*)$,"#3>$

/RD/D/ CIO+=FAF!9IOF!IC=!CIE9AHBCA<IE9!

71)$ ,**;$ /1&&*),/$ ,"#$ 789$ ;.6@1.@#$ <6$ <,/$ B#)/<*6$ :>P>$ ?#$ ".B#$ ,.(#6$ '.)#$ ,*$

'*6/,)1',$ .$ &)*'#//*)$ ,".,$ .;;*=/$ .;;$ &*//<2;#$ 789$ '*6/,)1',<*6/$ ,*$ 3.(#$

'*6/,).<6,/G$21,$+<6.;;%$=#$(6*=$,".,$/*3#$'*6/,)1',<*6/$.)#$6*,$/1&&*),#5>$

-)<6'<&.;;%G$=#$ 5#'<5#5$ ,*$ .B*<5$ /1&&*),$3#//.@#$ #O&)#//<*6/G$ <>#>G$ '*6/,)1',<*6/$

,".,$ <65<'.,#/$ ,"#$ #O#'1,<*6$ *+$ .$3#,"*5$ <6$ /*3#$ &.),$ *+$ .6$ #O&)#//<*6$ 5#6*,#5$

=<,"$p$.65$pp$,*(#6/>$F,$=./$.$,<3#$&)*2;#3$2#'.1/#$*1)$&;.6<+<'.,<*6$=./$'".6@#5$

51#$ ,*$ #O,#)6.;$ &)*2;#3/$ .65$ =#$ 5#'<5#5$ ,*$ 5*$ 6*,$ /1&&*),$ <,>$ F,$ </$ 6*,$ .$ 2<@$
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&)*2;#3$ 2#'.1/#$ /1'"$ '*6/,)1',<*6/$ .)#$ ;#//$ <3&*),.6,$ ,".6$ *,"#)/$ ,".,$ .)#$
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Table 18.1: Activites finished before the inscription of the project 
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Figure 18.1: Estimated plan 
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Figure 18.2: Real plan 
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Activity Days Dedication Hours 

Analize existent OCL tools 5 80% 32 

Analize the requirements of our 

system 
5 60% 24 

Choose a tool to be the basis of 

our processor 
4 70% 22,4 

Analize SableCC and SableCC-

Ext 
5 80% 32 

Adapt OCL 2.0 grammar 15 30% 36 

Conceptual schema of genera-

ted classes 
4 60% 19,2 

Analize future extensions and 

improvements 
3 40% 9,6 

Final report 50 70% 280 

  TOTAL 455,2 

Table 19.1: Work dedication for an analyst 

Activity Days Dedication Hours 

Study Eina GMC 5 50% 20 

Study Dresden tool 5 50% 20 

Generate SableCC-Ext indepen-

dent release package adapted 

to Eina GMC 

5 70% 28 

Develop constraints instantia-

tion 
100 80% 640 

Develop type checking 40 40% 128 

Develop facade methods 4 30% 9,6 

Develop delete visitor 10 40% 32 

Develop inverse converter 15 30% 36 

Tests 5 60% 24 

  TOTAL 937,6 

Table 19.2: Work dedication for a programmer 
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Figure 19.1: Comparison between salary evolutions of analyst versus programmer from July 2007 

to March 2008 extracted from [IJTw] 
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Worker Hours Salary (! / hour) Total 

Analyst 455,2 13,40 6.099,68! 

Programmer 937,6 11,60 10.876,16! 

  TOTAL 16.975,84! 

Table 19.3: Final cost of the project 
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5$! -/#.! %**)$3#@!7)! ./+7! -/)! '+8*&)-)! :(%88%(! <+(! -/)!ABC!D4E! &%$:2%:)!2.)3!
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Package parser.sablecc; 
 
Helpers 
  all                   = [0 .. 0xffff]; 
  lf                    = 10; 
  cr                    = 13; 
  tab                   =  9; 
  space                 = ' '; 
  enye = 241; 
  line_terminator       = cr | lf | cr lf; 
  input_character       = [all - [cr + lf]]; 
  decimal_digit         = ['0' .. '9']; 
  octal_digit           = ['0' .. '7']; 
  hex_digit             = ['0' .. '9'] | ['a' .. 'f'] | ['A' .. 'F'] ; 
  loweralpha            = [['a' .. 'z']+ enye]; 
  upperalpha            = ['A' .. 'Z']; 
  name_start_character  = [loweralpha + upperalpha]; 
  name_character        = [[name_start_character + '_'] + decimal_digit]; 
  char_e = 'e' | 'E'; 
  sign = '+' | '-'; 
  backslash             = '\'; 
  quote                 = '"'; 
  tick                  = '''; 
  dot                   = '.'; 
  minus                 = '-'; 
  dbl_dash              = '--'; 
  commentblock_start    = '/*'; 
  commentblock_end      = '*/'; 
  noasterisk            = [ all - '*' ]; 
  noslash               = [ all - '/' ]; 
  asterisk              = '*'; 
  string_not_unescaped  = [ ''' + [ backslash + [cr + lf] ] ]; 
  basic_escape_code     = 'a' | 'b' | 'f' | 'n' | 'r' | 't' | 'v' | tick 
   | quote | '?' | backslash ; 
   
octal_escape_code     = octal_digit ( octal_digit octal_digit? )? ; 
  hex_escape_code       = 'x' hex_digit ( hex_digit (hex_digit hex_digit? 
       )? )? ; 
  escape_sequence      = backslash ( basic_escape_code |             
   octal_escape_code | hex_escape_code ); 
  string_literal_part   = [all - string_not_unescaped] | escape_sequence; 
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Tokens 
! newline               = line_terminator; 
! blank                 = tab | space* ; 
! commentline           = dbl_dash input_character* line_terminator; 
! commentblock       = commentblock_start ( noasterisk | asterisk   
   noslash )* commentblock_end; 
! tick                  = '''; 
! paren_open            = '('; 
! paren_close           = ')'; 
! comma                 = ','; 
! arrow_right           = '->'; 
! dot                   = '.'; 
! dbl_dot               = '..'; 
! colon                 = ':'; 
! dbl_colon             = '::'; 
! semi_colon            = ';'; 
  equals                = '='; 
! question_mark         = '?'; 
! hash                  = '#'; 
! at_pre                = '@pre'; 
! bag                   = 'Bag'; 
! collection            = 'Collection'; 
! ordered_set           = 'OrderedSet'; 
! sequence              = 'Sequence'; 
! set                   = 'Set'; 
! tuple                 = 'Tuple'; 
! tuple_type            = 'TupleType'; 
! bracket_open          = '['; 
! bracket_close         = ']'; 
! body                  = 'body'; 
! context               = 'context'; 
! def                   = 'def'; 
! derive                = 'derive'; 
! else                  = 'else'; 
! endif                 = 'endif'; 
! endpackage            = 'endpackage'; 
  false <Boolean>       = 'false'; 
! if                    = 'if'; 
! in                    = 'in'; 
! init                  = 'init'; 
! inv                   = 'inv'; 
! let                   = 'let'; 
! package               = 'package'; 
! pre                   = 'pre'; 
! post                  = 'post'; 
! then                  = 'then'; 
  true <Boolean>        = 'true'; 
! brace_open            = '{'; 
! brace_close           = '}'; 
! vertical_bar          = '|'; 
  integer_literal <Integer>   = decimal_digit+; 
  real_literal <Double>       = decimal_digit+ dot decimal_digit+ 
      | decimal_digit+ dot decimal_digit+ char_e 
  sign? decimal_digit+; 
  string_literal <String>     = tick string_literal_part* tick; 
  iterate               = 'iterate'; 
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  select                = 'select'; 
  reject                = 'reject'; 
  collect               = 'collect'; 
  for_all               = 'forAll'; 
  any                   = 'any'; 
  exists                = 'exists'; 
  one                   = 'one'; 
  is_unique             = 'isUnique'; 
  sorted_by             = 'sortedBy'; 
  collect_nested        = 'collectNested'; 
  ocl_op_is_type_of     = 'oclIsTypeOf'; 
  ocl_op_is_kind_of     = 'oclIsKindOf'; 
  ocl_op_as_type        = 'oclAsType'; 
  minus                 = '-'; 
  star                  = '*'; 
  slash                 = '/'; 
  plus                  = '+'; 
  rel_gt                = '>'; 
  rel_lt                = '<'; 
  rel_gte               = '>='; 
  rel_lte               = '<='; 
  rel_notequal          = '<>'; 
  log_and               = 'and'; 
  log_or                = 'or'; 
  log_xor               = 'xor'; 
  log_implies           = 'implies'; 
  not                   = 'not'; 
  simple_name           = name_start_character name_character*; 
 
Ignored Tokens 
  commentline, commentblock, newline, blank; 
 
Productions 
  context_declaration_list_cs <List> =  
        [context]:context_declaration_cs 
        [tail]:context_declaration_list_cs? #nocreate 
    ; 
 
  context_declaration_cs <OclContextDeclaration> =  
    {classifier} <OclClassifierContextDecl>   
       context [context_name]:path_name_cs 
 [constraints]:classifier_constraint_cs+   
 #customheritage 
    | {attr_or_assoc} <OclAttrOrAssocContextDecl>  
 context [context_name]:path_name_cs  
 colon [type]:type_specifier  
 [constraints]:init_or_der_value_cs+       
 #customheritage 
    | {operation}   <OclOperationContextDecl>    
 context [context_name]:path_name_cs  
 [signature]:operation_signature_cs  
 [constraints]:operation_constraint_cs+    
 #customheritage 
    ; 
 
   classifier_constraint_cs <OclClassifierConstraint> = 
     {invariant} <OclInvariantClassifierConstraint> 
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        inv [name]:simple_name? colon [invariant]:ocl_expression_cs 
    |{definition} <OclDefinitionClassifierConstraint> 
       def [name]:simple_name? colon definition]:definition_constraint_cs 
    ; 
 
   definition_constraint_cs <OclDefinitionConstraint> = 
        [entity]:defined_entity_decl_cs  
        !equals 
        [definition]:ocl_expression_cs #customheritage 
    ; 
 
   defined_entity_decl_cs <OclDefinedEntityDecl> = 
     {attribute} <OclAttributeDefinedEntityDecl> 
 [attribute]:formal_parameter_cs  
    |{operation} <OclOperationDefinedEntityDecl> 
 [operation_name]:simple_name  
 [operation]:operation_signature_cs  
    ; 
 
   operation_signature_cs <OclOperationSignature> = 
        paren_open parameters]:formal_parameter_list_cs? 
        paren_close [return_type]:operation_return_type_specifier_cs? 
    ; 
    
   operation_return_type_specifier_cs <Classifier> = 
        colon [return_type]:type_specifier #chain 
    ; 
 
   operation_constraint_cs <OclOperationConstraint> = 
        [stereotype]:op_constraint_stereotype_cs  
        [name]:simple_name? colon 
        [expression]:ocl_expression_cs #customheritage 
    ; 
    
   op_constraint_stereotype_cs <OclOperationConstraintStereotype> =  
        {pre} pre   #nocreate | {post} post #nocreate 
    |   {body} body #nocreate 
    ; 
 
   init_or_der_value_cs <OclAttrOrAssocConstraint> = 
        {init} <OclInitConstraint>  
         init [name]:simple_name? colon [initializer]:ocl_expression_cs             
    |   {derive} <OclDeriveConstraint>  
         derive [name]:simple_name? colon  
         [derive_expression]:ocl_expression_cs 
    ; 
  
  identifier_cs <String> = 
      {simple} simple_name #chain 
    | {iterate} iterate #chain 
    | {iterator_name} iterator_name_cs #chain 
    | {ocl_op_name} ocl_op_name #chain 
    ; 
 
  path_name_cs <List> = [qualifier]:path_name_head_cs* 
   [name]:identifier_cs #nocreate; 
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  path_name_head_cs <String> = identifier_cs dbl_colon #chain; 
 
  iterator_name_cs <String> =  
      {select} T.select #chain   | {reject} T.reject #chain 
    | {collect} T.collect #chain | {for_all} T.for_all #chain 
    | {exists} T.exists #chain   | {any} T.any #chain 
    | {one} T.one #chain         | {is_unique} T.is_unique #chain 
    | {sorted_by} T.sorted_by #chain 
    | {collect_nested} T.collect_nested #chain 
    ; 
 
   ocl_op_name <String> = 
      {kind_of} T.ocl_op_is_kind_of      #chain 
    | {type_of} T.ocl_op_is_type_of      #chain 
    | {as_type} T.ocl_op_as_type         #chain 
    ; 
 
  ocl_expression_cs <OclExpression> = 
      {with_let}    let_exp_cs      #chain 
    | {without_let} logical_exp_cs  #chain 
    ; 
 
  let_exp_cs <LetExp> = 
        let [variables]:initialized_variable_list_cs 
        in  [expression]:expression #customheritage #nocreate 
    ; 
 
  if_exp_cs <IfExp> = 
     if [condition]:logical_exp_cs 
        then [then_branch]:ocl_expression_cs 
        else [else_branch]:ocl_expression_cs 
     endif 
    ; 
  
  logical_exp_cs <OclExpression> = 
    {chain}    <OclExpression>    [operand]:relational_exp_cs #chain 
    | {binary} <OperationCallExp> [operand]:relational_exp_cs 
               [tail]:logical_exp_tail_cs+ 
    ; 
  
  logical_exp_tail_cs <OclBinaryExpTail> =   
      [operator]:logic_op [operand]:relational_exp_cs 
    ; 
 
  logic_op <String> =  
      {and} log_and #chain  | {or} log_or            #chain 
    | {xor} log_xor #chai   | {implies} log_implies  #chain 
    ; 
 
  relational_exp_cs <OclExpression> = 
    {chain} [operand]:additive_exp_cs #chain 
    |{binary} <OperationCallExp> [operand]:additive_exp_cs 
                                 [tail]:relational_exp_tail_cs 
    ; 
 
  relational_exp_tail_cs <OclBinaryExpTail> = 
        [operator]:rel_op [operand]:additive_exp_cs 
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    ; 
 
  rel_op <String> = 
      {eq}  equals  #chain   | {ne} rel_notequal #chain 
    | {gt}  rel_gt  #chain   | {lt} rel_lt       #chain 
    | {gte} rel_gte #chain   | {lte} rel_lte     #chain 
    ; 
 
  additive_exp_cs <OclExpression> = 
      {chain} [operand]:multiplicative_exp_cs #chain 
    | {binary} <OperationCallExp>  [operand]:multiplicative_exp_cs 
             [tail]:additive_exp_tail_cs+ 
    ; 
 
  additive_exp_tail_cs <OclBinaryExpTail> =  
        [operator]:add_op [operand]:multiplicative_exp_cs 
    ; 
 
  add_op <String> =  
      {plus} plus #chain | {minus} minus #chain 
    ; 
 
  multiplicative_exp_cs <OclExpression> = 
      {chain} [operand]:unary_exp_cs #chain 
    | {binary} <OperationCallExp> [operand]:unary_exp_cs 
            [tail]:multiplicative_exp_tail_cs+  
    ; 
 
  multiplicative_exp_tail_cs <OclBinaryExpTail> =  
        [operator]:mult_op [operand]:unary_exp_cs 
    ; 
 
  mult_op <String> =  
      {mult} star #chain | {div} slash #chain 
    ; 
 
  unary_exp_cs <OclExpression> = 
      {unary_op} <OperationCallExp> [operator]:unary_op 
              [operand]:postfix_exp_cs  
    | {unary_nop} [postfix]:postfix_exp_cs  #chain 
    ; 
 
  unary_op <String> =  
      {minus} minus #chain | {not} not #chain 
    ; 
 
  postfix_exp_cs <OclExpression> = 
      {primary}   [primary]:primary_exp_cs #chain 
    | {with_tail} [leftmost_exp]:primary_exp_cs postfix_exp_tail_cs+ 
                  #maketree #nocreate 
    ; 
 
  postfix_exp_tail_cs <OclExpression> = 
    {prop} dot [prop_call]:property_call_exp_cs #customheritage #nocreate 
    | {arrow_prop} arrow_right [tail]:arrow_property_call_exp_cs #chain 
    ; 
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  primary_exp_cs <OclExpression> = 
      {literal} literal_exp_cs #chain 
    |{parenthesized} paren_open expression paren_close #chain  
    | {property} [prop_call]:property_call_exp_cs #customheritage 
      #nocreate 
    |{if} if_exp_cs #chain 
    ; 
 
  expression <OclExpression> = ocl_expression_cs #chain; 
 
  property_call_exp_cs <OclExpression> =         
    {path_time} <OclExpression> [name]:path_name_cs [time]:time_exp_cs? 
      #nocreate 
    |{arg_list} <OclExpression> [name]:path_name_cs  [time]:time_exp_cs?  
      [parameters]:property_call_parameters_cs #customheritage #nocreate  
    |{qualified} <OclExpression> [name]:path_name_cs 
      [qualifiers]:qualifiers #customheritage [time]:time_exp_cs? 
      #nocreate 
    ; 
 
  property_call_parameters_cs <List> = 
      paren_open [param_list]:actual_parameter_list_cs? #customheritage 
      paren_close #nocreate 
    ; 
 
  qualifiers <List> = 
      bracket_open qualifiers_list_cs #customheritage bracket_close 
      #chain 
    ; 
 
  qualifiers_list_cs <List> = 
     [element]:qualifiers_list_element_cs [tail]:qualifiers_list_tail_cs? 
     #nocreate 
    ; 
 
  qualifiers_list_element_cs <String> = 
     {qualifier}simple_name #chain 
    ; 
 
  qualifiers_list_tail_cs <List> = 
     comma [tail]:qualifiers_list_cs #chain 
    ; 
 
  arrow_property_call_exp_cs <OclExpression> = 
     {iterate} <IterateExp>  
      T.iterate paren_open [iterators]:iterate_vars_cs? #customheritage 
         [accumulator]:initialized_variable_cs vertical_bar 
         [body]:expression #customheritage paren_close 
    | {iterator} <IteratorExp> 
         [name]:iterator_name_cs paren_open  
         [iterators]:iterator_vars_cs? #customheritage 
         [body]:expression #customheritage paren_close 
    | {operation} <OperationCallExp> 
         [name]:simple_name paren_open  
         [parameters]:actual_parameter_list_cs?  
         #customheritage paren_close 
    ; 
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  iterate_vars_cs <List> = 
      [iterators]:actual_parameter_list_cs #customheritage  
      semi_colon #chain 
    ; 
 
  iterator_vars_cs <List> = 
      [iterators]:actual_parameter_list_cs #customheritage 
      vertical_bar #chain 
    ; 
 
  initialized_variable_list_cs <List> =  
        [item]:initialized_variable_cs 
        [tail]:initialized_variable_list_tail_cs* #nocreate 
    ; 
 
  initialized_variable_list_tail_cs <Variable> = 
        comma [item]:initialized_variable_cs #chain 
    ; 
 
  initialized_variable_cs <Variable> = 
        [name_and_type]:formal_parameter_cs 
        [initializer]:variable_initializer 
    ; 
 
  variable_initializer <OclExpression> = 
        !equals [init_value]:ocl_expression_cs #chain 
    ; 
 
  actual_parameter_list_cs <List> = 
      [element]:actual_parameter_list_element_cs 
      [tail]:actual_parameter_list_tail_cs? #nocreate 
    ; 
 
  actual_parameter_list_tail_cs <List> = 
        comma [tail]:actual_parameter_list_cs #chain 
    ; 
 
  actual_parameter_list_element_cs <OclActualParameterListItem> = 
      {untyped} [element]:expression 
    | {typed}   [param]:formal_parameter_cs 
    ; 
 
  formal_parameter_cs <OclFormalParameter> = 
        [name]:simple_name [type]:formal_parameter_type_specifier 
    ; 
   
  formal_parameter_type_specifier <Classifier> =   
        colon [type]:type_specifier #chain 
    ; 
 
  formal_parameter_list_cs <List> = 
        [item]:formal_parameter_cs  
        [tail]:formal_parameter_list_tail_cs ? #nocreate 
    ; 
 
  formal_parameter_list_tail_cs <List> = 



!!!!!!!! ! B":!*D+!M429924( 3(

 

,**!
-$.#$)#!/)&&012(!

324%0&#$2!5%6##&!#7!8$7#492.)%(!

:2$1'210(!2$;!5<(.09(!=0>24.90$.!

?0%6$)%2&!@$)A04().<!#7!"2.2&#$)2!

+,-./001230(

4.25/002.(

        comma [tail]:formal_parameter_list_cs #chain 
    ; 
 
  type_specifier <Classifier> = 
     {simple_type} simple_type_specifier_cs #chain #nocreate 
   | {collection_type} collection_type_specifier_cs #chain #nocreate 
   | {tuple_type} tuple_type_specifier_cs #chain #nocreate 
    ; 
   
  simple_type_specifier_cs <Classifier> = 
        path_name_cs #nocreate 
    ; 
 
  collection_type_specifier_cs <CollectionType> = 
        [kind]:collection_type_identifier_cs paren_open 
        [type]:type_specifier paren_close #nocreate 
   ; 
 
  collection_type_identifier_cs <CollectionKind> = 
     {set} set #nocreate           | {bag} bag #nocreate 
   | {sequence} sequence #nocreate | {collection} collection #nocreate 
   | {ordered_set} ordered_set #nocreate 
   ; 
 
  tuple_type_specifier_cs <TupleType> = 
        tuple_type paren_open [tuple_members]:formal_parameter_list_cs? 
        paren_close #nocreate 
    ; 
 
  time_exp_cs <OclTimeExp> = 
        is_marked_pre_cs #chain 
    ; 
     
  is_marked_pre_cs <OclTimeExp> = 
        at_pre #nocreate 
    ;   
 
  literal_exp_cs <LiteralExp> = 
     {lit_primitive}    primitive_literal_exp_cs    #chain 
   | {lit_collection}   collection_literal_exp_cs   #chain 
   | {lit_tuple}        tuple_literal_exp_cs        #chain 
   ; 
 
  primitive_literal_exp_cs <PrimitiveLiteralExp> = 
      {numeric} numeric_literal_exp_cs  #chain 
    | {string} string_literal_exp_cs    #chain 
    | {boolean} boolean_literal_exp_cs  #chain 
    ; 
 
  numeric_literal_exp_cs <NumericLiteralExp> = 
      {int}  <IntegerLiteralExp> [integer]:integer_literal 
    | {real} <RealLiteralExp>    [real]:real_literal    
    ; 
   
  string_literal_exp_cs <StringLiteralExp> = 
        [value]:string_literal 
    ; 
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  boolean_literal_exp_cs <BooleanLiteralExp> = 
      {false} false #nocreate | {true} true #nocreate 
    ; 
 
  tuple_literal_exp_cs <TupleLiteralExp> =  
        tuple 
        brace_open  
        [tuple_part]:tuple_part_list_cs  
        brace_close 
    ; 
 
  tuple_part_list_cs <List> =  
        [item]:tuple_part_cs 
        [tail]:tuple_part_list_tail_cs* #nocreate 
    ; 
 
  tuple_part_list_tail_cs <Variable> = 
        comma 
        [item]:tuple_part_cs #chain 
    ; 
 
  tuple_part_cs <Variable> = 
        [name]:simple_name 
        tuple_part_type? 
        [initializer]:variable_initializer 
    ; 
 
  tuple_part_type <Classifier> =  
        !colon [type]:type_specifier #chain 
    ; 
 
  collection_literal_exp_cs <CollectionLiteralExp> = 
        [kind]:collection_type_identifier_cs 
        brace_open 
        [parts]:collection_literal_parts_cs? 
        brace_close 
    ; 
 
  collection_literal_parts_cs <List> = 
        [part]:collection_literal_part_cs 
        [tail]:collection_literal_parts_tail_cs? #nocreate 
    ; 
 
  collection_literal_parts_tail_cs <List> = 
        comma [tail]:collection_literal_parts_cs #chain 
    ; 
 
  collection_literal_part_cs <CollectionLiteralPart> = 
        {range}      collection_range_cs #chain 
    |   {single_exp} <CollectionItem> expression 
    ; 
 
  collection_range_cs <CollectionRange> = 
        [first]:expression dbl_dot [last]:expression 
    ; 
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