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Abstract: This paper is loosely connected to the paper 'Teaching Touchy
Transformations' presented at the Educator's Symposium during the
MODELS conference in 2008 by the same author. That paper reports on a
teaching unit on model transformations within a course on UML and OCL.
The current paper puts forward course exercises dealing with the same
example model as the '"Teaching Touchy Transformations' paper, however
the exercises can be also studied independently. The exercises concentrate
on syntactically and semantically different versions of invariants.

Context

The teaching unit from the paper at the Educator's Symposium during the MODELS conference in
2008 is part of a course on UML and OCL. The course formally explains OCL syntax and
semantics, see [Richters and Gogolla, 2001]. This paper describes exercises which delve into the
details and language features of OCL by starting from a simple example model and by discussing
small differences of invariants. The small syntactic differences may lead to semantically equivalent
or non-equivalent invariants.

Exercises

This exercise starts from a simple example model describing a digital support system for a library.

The library offers book copies to users. A user can borrow a copy or in
other words, an exemplar, of a book. A book is characterized by an
author list, a year of publication, and a unique title. A copy is
determined by the number of return actions of the copy, the book of
which the copy is an exemplar of, and a unique signature. A user has

an address and a unique name. At most one user can borrow a copy of a
book at one particular point in time. Book, copy, and user properties
are first manipulated by initialization actions. Both users and copies
are able to perform actions for borrowing and returning.

Additionally, certain conditions must hold. If properties such as
author, title, signature, address, and name are described by
strings, the string is not allowed to be undefined or to be equal to
the empty string. A year of publication is equal to or greater than
1455 (the year in which the Gutenberg bible was published). A user
having borrowed a copy of a particular book is not allowed to borrow
another copy of the same book at the same time. An author can appear
at most once in an author list. Finally, as already indicated above,
certain properties such as title, signature, and name are unique.



Initialization, borrow and return actions have to respect the above
conditions. They can only be performed meaningfully in reasonable
situations. They have to fulfill their expected functionality.

This information is roughly represented in the following class diagram.
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Below we show a USE model (for USE see [Gogolla et al., 2007]) with different formulations for
particular invariants mentioned above. For each version carry out the following.

- Explain in verbal form how each version Vk <name> with k>=2 is syntactically different from
the version V1_<name>.

« Discuss whether each version Vk <name> with k>=2 is semantically equivalent or non-
equivalent to version V1 _<name>. In the case of equivalence, argue why the equivalence holds.
In the case of non-equivalence, develop an object diagram that is valid for version V1 _<name>
and that is invalid for version Vk <name>.

- Develop three more syntactically different versions for each invariant. At least one of your
versions has to be semantically equivalent to V1 _<name> and at least one has to be semantically
non-equivalent to V1_<name>.

nodel Library

cl ass User
attributes
name: String -- key
address: String
operati ons
init(aName: String, anAddress: String)
bor r owm aCopy: Copy)
ret ur n( aCopy: Copy)
end



------------------------------------------------------------- cl ass Copy
cl ass Copy
attributes
signature: String -- key
nunRet ur ns: | nt eger
operati ons
init(aSignature: String, aBook: Book)
borrow aUser: User)
return()
end
------------------------------------------------------------- cl ass Book
cl ass Book
attributes
title:String -- key
aut hSeq: Sequence(String)
year: | nt eger
operations
init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
end
---------------------------------------------------- associ ati on Borrows
associ ati on Borrows between
User[0..*] role user
Copy[O..*] role copy
end
- - - - - - - - - - - - - - - - - - - - - - - - - association BelongsTo
associ ati on Bel ongsTo between
Copy[O..*] role copy
Book[ 0..*] role book
end

context c:Copy inv VI nultiplicity 0 1:
O<=c. user->size() and c.user->size()<=1
context c:Copy inv VI nultiplicity_ 1:
1=c. book- >si ze()
context u:User inv V2 nultiplicity 0 1:
O<=u. copy->si ze() and u.copy->size()<=1
context b:Book inv V2 nultiplicity_ 1:
1=b. copy- >si ze()
context c:Copy inv V3_multiplicity_0_1:
c.user->size()<=1
context c:Copy inv V3 nultiplicity_ 1:
1=c. book- >si ze()
context c:Copy inv VA_multiplicity_0_1:
O<=c. user->si ze() and c.user->size()<=1
context c:Copy inv V4 nultiplicity_ 1:
1<=c. book- >si ze() and c. book->size()<=1
context c:Copy inv V5 _nultiplicity 0 1:
| et aSi ze=c.user->size() in 0<=aSize and aSi ze<=1
context c:Copy inv Vo5_nultiplicity_1:
1=c. book- >si ze()



context c:Copy inv V6_nultiplicity 0 1:
c. user<>ocl Undefi ned(Set(User)) inplies
O<=c. user->size() and c.user->size()<=1
context c:Copy inv V6 nultiplicity_ 1:
c. book<>ocl Undef i ned( Set (Book)) i nplies 1=c.book->size()
context c:Copy inv V7/_multiplicity_0_1:
c. user <>ocl Undefi ned( Set (User)) and
O<=c. user->size() and c.user->size()<=1
context c:Copy inv V/7_nultiplicity_1:
c. book<>ocl Undef i ned( Set ( Book)) and 1=c. book- >si ze()
context c:Copy inv V8 nultiplicity:
O<=c. user->si ze() and c.user->size()<=1 and 1=c. book- >si ze()
context c:Copy inv VO nultiplicity:
| et aSi ze=c. user->si ze()+c. book->si ze() in 0<=aSi ze and aSi ze<=2

context ul:User inv V1 _nanelsKey: User.alllnstances->forAll (u2 |
ul<>u2 inplies ul. nane<>u2. nane)

context User inv V2_nanelsKey: User.alllnstances->forAll (u2
sel f<>u2 inplies nane<>u2. namne)

context ul:User inv V3_nanelsKey: User.alllnstances->forAll (u2
ul. name=u2. nanme i nplies ul=u2)

context ul:User inv V4 nanelsKey: User.alllnstances->forAll (u2
ul=u2 or ul.nane<>u2.nane)

context ul:User inv V5 nanelsKey: User.alllnstances->forAll (u2 |
ul. name<>u2. nane or ul=u2)

context User inv V6_nanel skey: User.alllnstances->i sUni que(u| u. nane)
context ul:User inv V7_namelsKey: User.alllnstances->forAll (u2 |
ul=u2 inplies ul. nane=u2. nane)
context ul:User inv V8 _nanel sKey: User.alllnstances->forAll (u2
ul. nane<>u2. name i nplies ul<>u2)
context User inv V9 _nanel sKey:
User. al | I nst ances- >one( u| u. nane=sel f. nane)

context u:User inv V1 _noDoubl eBorrow ngs:
not (u. copy- >exi sts(cl, c2| cl<>c2 and cl. book=c2. book))
context cl: Copy inv V2 _noDoubl eBorrow ngs:
not (Copy. al | I nst ances- >exi sts(c2| cl<>c2 and cl.user=c2.user and
cl. user<>ocl Undefi ned(Set (User)) and cl. book=c2. book))



cont ext b: Book inv V3 _noDoubl eBorrow ngs:
not (Copy. al | I nst ances- >exi sts(cl, c2| cl<>c2 and cl.user=c2.user and
cl. user <>ocl Undefi ned(Set (User)) and
cl. book=Set {b} and c2. book=Set{b}))
context u:User inv V4_noDoubl eBorrow ngs:
u. copy->forAll(cl, c2| not(cl<>c2 and cl. book=c2. book))
context u:User inv V5 noDoubl eBorrow ngs:
u. copy->forAll(cl,c2| cl=c2 or cl.book<>c2. book)
context u:User inv V6_noDoubl eBorrow ngs:
u. copy->forAll(cl, c2|cl. book<>c2. book or cl=c2)
context u:User inv V7_noDoubl eBorrow ngs:
u. copy->forAll (cl, c2|cl. book=c2. book inplies cl=c2)
context u:User inv V8 noDoubl eBorrow ngs:
u. copy->forAll(cl,c2|cl<>c2 inplies cl. book<>c2. book)
context u:User inv V9 _noDoubl eBorrow ngs:
Copy. al I I nstances->forAll (c1, c2| cl. book=c2. book inplies cl=c2)

context b:Book inv V1 _aut hSeqExi st sAndUni que: b. aut hSeq->si ze()>0 and
Set{1..b. aut hSeq->si ze()-1}->forAl | (i|
Set{i +1..b.authSeq->size()}->forAll(j]
aut hSeq- >at (i ) <>aut hSeqg->at (j)))
context b: Book inv V2_aut hSeqExi st s:
b. aut hSeq- >si ze() >0
context b: Book inv V2_aut hSeqUni que:
Set{1..b. aut hSeq->si ze()-1}->forAl I (i|
Set{i+1..b.authSeq->size()}->forAl(j|
aut hSeq- >at (i ) <>aut hSeqg->at (j)))
context b: Book inv V3 aut hSeqExi sts:
b. aut hSeq- >not Enpt y()
context b: Book inv V3 aut hSeqUni que:
Set{1..b. aut hSeq->si ze()}->forAll (i|
Set{1..b.authSeqg->size()}->forAl(j]
i<>j inplies authSeq->at(i)<>authSeqg->at(j)))
context b: Book inv V4_aut hSeqExi sts:
b. aut hSeq- >exi st s(a| true)
context b: Book inv V4_aut hSeqUni que:
Set {1..b. aut hSeq- >si ze()-1}->for Al | (i |
Set{i+1..b.authSeq->size()}->forAll(j]
i<>j inplies authSeqg->at(i)<>authSeqg->at(j)))
context b: Book inv V5 aut hSeqExi sts:
b. aut hSeq- >asSet () - >not Enpt y()
cont ext b:Book inv V5 aut hSeqUni que:
Set{1..b.authSeqg->size()}->forAll(i]
Set{1..b.authSeqg->size()}->forAl(j]
aut hSeqg- >at (i ) <>aut hSeqg->at (j)))



cont ext b:Book inv V6_aut hSegExi st s:
b. aut hSeq- >one(a| t rue)
context b: Book inv V6_aut hSeqUni que:
Set{1..b.authSeqg->size()-1}->forAll (i]
aut hSeq- >at (i ) <>aut hSeq- >at (i +1))
context b: Book inv V7_aut hSeqExi st s:
b. aut hSeq- >r ej ect (a] a<>a) - >si ze() >=1
context b: Book inv V7_aut hSeqUni que:
b. aut hSeq- >i sUni que( al a)
cont ext Book inv V8_aut hSegExi st sAndUni que: aut hSeq->si ze()>0 and
Set{1..authSeq->size()-1}->forAl (i
Set{i +1..authSeqg->size()}->forAll(j]
aut hSeq- >at (i ) <>aut hSeq->at (j)))
context Book inv V9_aut hSeqgExi st sAndUni que: sel f. aut hSeq- >si ze()>0 and
Set{1l..self.authSeqg->size()-1}->forAll (i|
Set {i +1..sel f.aut hSeq->size()}->forAl(j|
sel f. authSeq->at (i) <>sel f.authSeq->at(j)))
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