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Abstract: This paper is an addendum 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 in which one example model is first
developed and afterwards transformed into various other models. The
current paper collects the material used for the described teaching unit.

Context

The paper at the Educator's Symposium during the MODELS conference in 2008 describes a library
system with different models in different sections. The models and sections are abbreviated and
numbered as follows:

— Informal (Section 3.1)

— MaxInvsMinPrepos (Section 3.2)

- MaxPrepos (Section 3.3)

— Assoc2Attr (Section 3.4)

— ReIDBINF (Section 3.5)

- Invs2Super (Section 3.6)

-~ CompFrame (Section 3.7)

In the following we present the material used for the respective section using the above numbering
scheme thus allowing an easy reference to the original paper.

3.1 Informal

3.1.1 Cloze Text

The example describes 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, ---———=-——- , address, and ---- are described by
strings, the string is not allowed to be undefined or to be equal to
the empty string. A year of —-———--————- is equal to or greater than
1455 (the year in which the Gutenberg bible was published). A ----
having borrowed a copy of a particular ---- is not allowed to borrow
another copy of the same book at the same time. An --—--——- can appear
at most once in an ------ list. Finally, as already indicated above,
certain properties such as ----- , —m——————= , and ---- are unique.
Initialization, borrow and —------ actions have to respect the above

—————————— . They can only be performed meaningfully in reasonable
situations. They have to fulfill their expected functionality.

3.1.2 Cloze Text with Missing Words Substituted (Last Paragraphs Only)

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.

3.2 MaxInvsMinPrepos

3.2.1 Class Diagram

Class diagram
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3.2.2 USE Model (Classes, Associations, Invariants, Pre- and postconditions)

---------------------------------------------------------------- Li brary

————————————————————————————————————————————————————————————— cl ass User
cl ass User
attributes
name: String -- key
address: Stri ng
operations
init(aName: String, anAddress: String)
bor r owm aCopy: Copy)
ret urn( aCopy: Copy)
end
------------------------------------------------------------- cl ass Copy
cl ass Copy
attributes
sighature: 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
oper ati ons
init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
end
———————————————————————————————————————————————————— associ ati on Borrows
associ ati on Borrows between
User[0..1] role user
Copy[O..*] role copy
end
== - - - - - - - - - - - - - - - - - - - - - - - - association BelongsTo
associ ati on Bel ongsTo between
Copy[ 0..*] role copy
Book[ 1] rol e book
end
------------------------------------------------------------ constraints
constraints

e T T L R U -1 -1
context u:User inv naneAddressFor mat Ok:
u. nane<>ocl Undefined(String) and u.nane<>'' and
u. addr ess<>ocl Undefi ned(String) and u. address<>''
context ul:User inv nanelsKey: User.alllnstances->forAll (u2
ul<>u2 inplies ul. nane<>u2. nane)
context u:User inv noDoubl eBorrow ngs:
not (u. copy- >exi sts(cl, c2| cl<>c2 and cl. book=c2. book))
e T T T T T T R L ® ] ¢)"

context c:Copy inv signatureFornmat Ck:
c. si gnat ure<>ocl Undefined(String) and c. signat ure<>'

context cl:Copy inv signaturelsKey: Copy.alllnstances->forAll(c2
cl<>c2 inplies cl.signature<>c2.signature)



e T T R R T T R = 010 ¢
context b:Book inv titleFormt CKk:
b.titl e<>ocl Undefined(String) and b.title<>""
context bl:Book inv titlelsKey: Book.alllnstances->forAl (b2 |
bl<>b2 inplies bl.title<>b2.title)
context b: Book inv authSeqFormat Ok: Set{1..b.authSeq->size()}->forAl(i]
aut hSeqg- >at (i) <>ocl Undefi ned(String) and aut hSeg->at (i)<>"")
context b: Book inv aut hSeqExi st sAndUni que: b. aut hSeq- >si ze()>0 and
Set{1..b.authSeq->size()-1}->forAl (i]
Set{i +1..b.authSeqg->size()}->forAll(j]
aut hSeq- >at (i ) <>aut hSeqg->at (j)))
cont ext b: Book inv yearPl ausi bl e:
1455<=b. year
------------------------------------------------------------- User::init
context User::init(aNane: String, anAddress: String)
pre freshUser:
sel f. nane=ocl| Undefi ned(String) and
sel f. address=ocl Undefi ned(String) and sel f.copy->i sempty()
post attrsAssigned:
aName=sel f . nane and anAddr ess=sel f. address
S - - - - - - - - - e - - - e - - e - - e - - - - - - - - User::borrow
context User:: borrow aCopy: Copy)
pre copyCk:
aCopy<>ocl Undef i ned( Copy) and aCopy. user->i senpty()
post |inkAssi gned:
sel f. copy@r e->i ncl udi ng(aCopy) =sel f. copy
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - User::return
cont ext User::return(aCopy: Copy)
pre aCopyCk:
aCopy<>ocl Undef i ned( Copy) and sel f.copy->i ncl udes(aCopy)
post |inkRenoved:
sel f. copy@r e- >excl udi ng(aCopy) =sel f. copy
post nunRet urnsl ncreased:
aCopy. nunRet ur ns@r e+1=aCopy. nunRet ur ns
------------------------------------------------------------- Copy: :init
context Copy::init(aSignature: String, aBook: Book)
pre freshCopy:
sel f. si gnat ure=ocl Undefined(String) and
sel f. nunRet ur ns=ocl Undef i ned(| nteger) and
sel f.user->i senpty() and sel f. book->i sEnpty()
pre bookCk:
aBook<>ocl| Undef i ned( Book)
post attrsAndLi nkAssi gned:
aSi gnat ure=sel f. signature and O=sel f. nunReturns and
aBook=sel f. book
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - Copy::borrow
cont ext Copy:: borrow(aUser: User)
pre user Ck:
aUser <>ocl Undef i ned( User)
pre not Borrowed:
sel f.user->i senpty()
post |inkAssi gned:
aUser =sel f . user



s- - - - s - - - - - - - - - - - - - - - - - - - - - - - - Copy::return
cont ext Copy::return()
pre copyCk:

sel f. user->not Enpty()
post |i nkRenoved:

sel f. user->i senpty()
post nunRet ur nsl ncr eased:

sel f. nunRet ur ns@r e+1=sel f. nunRet ur ns
------------------------------------------------------------- Book: :init
cont ext Book::

init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
pre freshBook:

self.titl e=ocl Undefined(String) and

sel f. aut hSeg=ocl Undef i ned( Sequence(String)) and

sel f. year=ocl Undefi ned(I nteger) and

sel f. copy->i senpty()
post attrsAssi gned:

aTitle=self.title and anAut hSeq=sel f. aut hSeq and aYear =sel f. year

-- - - - - - - - - - - - - - User::init(aName: String, anAddress: String)
I set sel f.name: =aNane
I set sel f.address: =anAddr ess

- - - - - - - - - - - - - - - - - - - - - - - User::borrow aCopy: Copy)
linsert (self,aCopy) into Borrows

-- - - - - - - - - - - - - - - - - - - - - - - User::return(aCopy: Copy)
I'set aCopy. nunRet urns: =aCopy. nunRet ur ns+1
Idel ete (self,aCopy) from Borrows

-- - - - - - - - - - - - - - - Copy::init(aSignature: String, aBook: Book)
I'set self.signature: =aSi gnature

I'set self.nunReturns: =0

linsert (self,aBook) into Bel ongsTo

- - - - - - - - - - - - - - - - - - - - - - - Copy::borrowaUser: User)
linsert (aUser,self) into Borrows

I set self.nunmReturns: =sel f.nunRet urns+1
ldelete (self.user,self) from Borrows

-- Book::init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
Iset self.title:=aTitle

Iset sel f.authSeq: =anAut hSeq

Iset self.year:=aYear



3.2.4 Sequence and Object Diagram

H Sequence diagram
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use> !create ada: User
use> ?Tupl e{ nane: ada. nane, addr ess: ada. addr ess, copy: ada. copy}
Tupl e{ nane: Undef i ned, addr ess: Undef i ned, copy: Set{}}
Tupl e(nane: Stri ng, addr ess: Stri ng, copy: Set ( Copy) )
use> !openter ada init('Ada',' NY")
precondition “freshUser' is true
use> read User_init.cmd



use>

use>

use>
use>
use>

use>

use>

use>
use>
use>

use>

use>

use>
use>
use>

use>

use>

use>
use>

use>

use>

use>

use>

-- - - - - - - - - - - - - - User::init(aName: String, anAddress: String)
Iset sel f.nane: =aNane
I'set self.address: =anAddr ess
I opexi t
postcondition “attrsAssigned is true
?Tupl e{ nane: ada. nane, addr ess: ada. addr ess, copy: ada. copy}
Tupl e{ nane: ' Ada' , address:' NY', copy: Set{}} :
Tupl e(nane: Stri ng, addr ess: Stri ng, copy: Set ( Copy) )

I create bob: User

lopenter bob init('Bob',' CA)

precondition “freshUser' is true

read User _init.cnd

-- - - - - - - - - - - - - - User::init(aName: String, anAddress: String)
I'set sel f.nane: =aNane

Iset self.address: =anAddr ess

I opexi t

postcondition “attrsAssigned is true

-------------------------------------------------------------- dat e: Book
I create date: Book

lopenter date init('Intro to DBS , Sequence{' Date'}, 1983)

precondition “freshBook' is true

read Book init.cnd

-- Book::init(aTitle:String, anAuthSeq: Sequence(String), aYear:I|nteger)
Iset self.title:=aTitle

Iset sel f.aut hSeq: =anAut hSeq

Iset self.year:=aYear

I opexi t

postcondition “attrsAssigned is true

————————————————————————————————————————————————————————————— dbs42: Copy
Icreate dbs42: Copy

lopenter dbs42 init('DBS42', date)

precondition “freshCopy' is true

precondition ~bookCk' is true

read Copy_ init.cnd

-- - - - - - - - - - - - - - - Copy::init(aSignature:String, aBook: Book)
Iset self.signature:=aSignature

Iset sel f.nunReturns: =0

linsert (self,aBook) into BelongsTo

I opexi t

postcondi tion "attrsAndLi nkAssigned' is true

----------------------------------------------------------- Copy: : borrow
?Tupl e{ name: ada. nane, addr ess: ada. addr ess, copy: ada. copy}
Tupl e{ nanme: ' Ada' , address:' NY', copy: Set{}} :
Tupl e(nane: Stri ng, addr ess: Stri ng, copy: Set ( Copy) )
lopenter dbs42 borrow ada)
precondition “userCk' is true
precondition “notBorrowed is true
read Copy_borrow. cnd
S- - - - - - - - - - - - - - - - - - - - - - - Copy::borrowaUser: User)
linsert (aUser,self) into Borrows

I opexi t
postcondi tion "1inkAssigned is true
?Tupl e{ nane: ada. nane, addr ess: ada. addr ess, copy: ada. copy}

Tupl e{ nane: ' Ada' , address: ' NY', copy: Set { @bs42}}
Tupl e(nane: Stri ng, addr ess: Stri ng, copy: Set ( Copy) )
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use>
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use>
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use>

use>

—————————————————————————————————————————————————————————————— el Na: Book
Icreate el Na: Book

lopenter el Na init('Funds of DBS' , Sequence{' El masri',' Navat he'}, 1994)
precondition “freshBook' is true

read Book init.cnd

-- Book::init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
Iset self.title:=aTitle

I'set sel f.aut hSeq: =anAut hSeq

Iset self.year: =aYear

I opexi t

postcondition "attrsAssigned is true

------------------------------------------------------------- dbs43: Copy
Icreate dbs43: Copy

lopenter dbs43 init('DBS43', date)

precondition “freshCopy' is true

precondition ~bookCk' is true

read Copy_init.cnd

-- - - - - - - - - - - - - - - Copy::init(aSignature: String, aBook: Book)
Iset self.signature:=aSignature

Iset sel f.nunReturns: =0

linsert (self,aBook) into BelongsTo

I opexi t

postcondi tion "attrsAndLi nkAssi gned' is true

------------------------------------------------------------- dbs52: Copy
Icreate dbs52: Copy

lopenter dbs52 init('DBS52', el Na)

precondition “freshCopy' is true

precondition “bookCk' is true

read Copy_ init.cnd

-- - - - - - - - - - - - - - - Copy::init(aSignature: String, aBook: Book)
Iset self.signature:=aSignature

I'set self.nunmReturns: =0

linsert (self,aBook) into BelongsTo

I opexi t

postcondi tion "attrsAndLi nkAssigned' is true

----------------------------------------------------------- User: : borrow
I opent er bob borrow dbs43)

precondition “copyCk' is true

read User _borrow cnd

S- - - - - - - - - - - - - - - - - - - - - - - User::borrow aCopy: Copy)
linsert (self,aCopy) into Borrows

I opexi t

postcondi tion "1inkAssigned is true

----------------------------------------------------------- Copy: : borr ow
I openter dbs52 borrow ada)

precondition “userCk' is true

precondition “notBorrowed' is true

read Copy_borrow. cnd

S- - - - - - - - - - - - - - - - - - - - - - - Copy::borrowaUser: User)
linsert (aUser,self) into Borrows

I opexi t

postcondition " 1inkAssigned is true

——————————————————————————————————————————————————————————— Copy::return
?Tupl e{si gnat ur e: dbs52. si gnat ur e, nunRet ur ns: dbs52. nunRet ur ns,

user: dbs52. user, book: dbs52. book}
Tupl e{ si gnature: ' DBS52' , nunRet ur ns: 0, user: @da, book: @l Na} :

Tupl e(si gnature: String, nunRet urns: | nt eger, user: User, book: Book)
lopenter dbs52 return()
precondition "~copyXk' is true
read Copy_return. cnd



S- - - - - - - - - - - - - - - - - - - - - - - - - - - - Copy::return()
Iset sel f.nunReturns: =sel f. numRet urns+1
Idelete (self.user,self) from Borrows
use> ! opexit
postcondition “|linkRenoved' is true
postcondi ti on “nunReturnslncreased’ is true
use> ?Tupl e{ si gnat ur e: dbs52. si gnat ur e, nunRet ur ns: dbs52. nunRet ur ns,
user: dbs52. user, book: dbs52. book}
Tupl e{ si gnature: ' DBS52' , nunRet ur ns: 1, user: Undefi ned, book: @Il Na}
Tupl e(si gnature: String, nunReturns: | nt eger, user: User, book: Book)

(T e User::return
use> !openter dbs43.user return(dbs43)
precondition ~aCopyCk' is true
use> read User_return.cnd
- - - - - - - - - - - - - - - - - - - - - - - User::return(aCopy: Copy)
I'set aCopy. nunRet ur ns: =aCopy. nunRet ur ns+1
Idel ete (self, aCopy) from Borrows
use> ! opexit
postcondi tion "“linkRenobved' is true
postcondi tion “nunReturnslncreased is true

3.3 MaxPrepos

3.3.1 Class Diagram

Identical to class diagram in MaxInvsMinPrepos.
3.3.2 USE Model

Changes with respect to MaxInvsMinPrepos are indicated by '-- inv'.

---------------------------------------------------------------- Li brary
nodel Library
------------------------------------------------------------- cl ass User
cl ass User
attributes

name: String -- key

address: String
operati ons

i nit(aNanme: String, anAddress: String)

bor r owm aCopy: Copy)

ret ur n( aCopy: Copy)
end
------------------------------------------------------------- cl ass Copy
cl ass Copy
attributes

signhature: String -- key

nunRet ur ns: | nt eger
oper ati 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
oper ati ons
init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
end
———————————————————————————————————————————————————— associ ati on Borrows
associ ati on Borrows between
User[0..1] role user
Copy[O..*] role copy
end
-- - - - - - - - - - - - - - - - - - - - - - - - - association BelongsTo
associ ati on Bel ongsTo between
Copy[0..*] role copy
Book[ 1] rol e book
end

constraints
-- invariants transformed into pre-conditions of operations

context User::init(aNane: String, anAddress: String)
pre naneAddr essFor mat CK: -- inv
aNane<>ocl Undefined(String) and aNane<>'' and
anAddr ess<>ocl Undef i ned(String) and anAddr ess<>'
pre nanel sKey: -- inv
User. al | I nst ances->col | ect (u| u. nane) - >excl udes( aNane)
pre freshUser:
sel f. nane=ocl Undefined(String) and
sel f. address=ocl Undefined(String) and sel f.copy->i sempty()
post attrsAssi gned:
aName=sel f. nane and anAddr ess=sel f. address
s- - - - - - - - - - - - - - - - - - - - - - - - - - - - - User::borrow
context User:: borrow aCopy: Copy)

pre noDoubl eBorr ow ngs: -- inv
sel f. copy. book->excl udes(aCopy. book)
pre copyCk:

aCopy<>ocl Undef i ned( Copy) and aCopy. user->i seEnpty()
post |inkAssi gned:

sel f. copy@r e- >i ncl udi ng(aCopy) =sel f. copy
S - - - - - - - - - - - - - - - - - - - - - - - - - - - - User::return
context User::return(aCopy: Copy)
pre aCopyCk:

aCopy<>ocl Undef i ned( Copy) and sel f.copy->i ncl udes(aCopy)
post |inkRenpved:

sel f. copy@r e- >excl udi ng(aCopy) =sel f. copy
post nunRet urnsl ncr eased:

aCopy. nunRet ur ns@r e+1=aCopy. nunRet ur ns

10



context Copy::init(aSignature: String, aBook: Book)

pre signatureFor mat OK: -- inv
aSi gnat ur e<>ocl Undefi ned(String) and aSi gnat ur e<>'
pre signaturel sKey: -- inv

Copy. al I I nst ances->col | ect(c| c. si gnat ure)->excl udes(aSi gnat ure)
pre freshCopy:
sel f. si gnat ur e=ocl Undefi ned(String) and
sel f. nunRet ur ns=ocl Undef i ned(I nteger) and
sel f.user->i senpty() and sel f. book->i seEnpty()
pre bookCk:
aBook<>ocl Undef i ned( Book)
post attrsAndLi nkAssi gned:
aSi gnat ure=sel f. si gnature and O=sel f. nunRet urns and
aBook=sel f. book
S - - - - - - - - - - - - - - - - - - - - - - - - - - - - Copy::borrow
cont ext Copy:: borrowaUser: User)
pre noDoubl eBorr ow ngs: -- inv
aUser. copy. book- >excl udes(sel f. book)
pre user Ck:
aUser <>ocl Undef i ned( User)
pre not Borrowed:
sel f.user->i sempty()
post |inkAssi gned:
aUser =sel f . user
S - - - - - - - - - - - - - - - - - - - - - - - - - - - - Copy::return
context Copy::return()
pre copyCk:
sel f. user->not Enpty()
post |inkRenpved:
sel f.user->i senpty()
post nunRet urnsl ncr eased:
sel f. nunRet ur ns@r e+1=sel f. nunRet ur ns
————————————————————————————————————————————————————————————— Book: :init
cont ext Book:
init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
pre titleFormtCk:
aTit| e<>ocl Undefined(String) and aTitle<>"" -- inv
pre titlelsKey: -- inv
Book. al | I nst ances->col | ect (b| b.title)->excludes(aTitle)

pre aut hSeqFormat Ok: Set{1..anAut hSeq->size()}->forAl (i] -- inv
anAut hSeqg- >at (i ) <>ocl Undefined(String) and anAut hSeq->at (i)<>"")
pre aut hSegExi st sAndUni que: -- inv

anAut hSeq- >si ze() >0 and
Set{1..anAut hSeq->si ze()-1}->forAl | (i]
Set{i +1..anAut hSeq->si ze()}->forAl | (j|
anAut hSeqg- >at (i ) <>anAut hSeq->at (j)))
pre year Pl ausi bl e: -- inv
1455<=aYear
pre freshBook:
self.titl e=ocl Undefined(String) and
sel f. aut hSeg=ocl Undef i ned( Sequence(String)) and
sel f. year =ocl Undefi ned(I nteger) and
sel f. copy->i seEnmpty()
post attrsAssigned:
aTitle=self.title and anAut hSeq=sel f. aut hSeq and aYear =sel f. year

11



3.4 Assoc2Attr

3.4.1 Class Diagram

Clazs diagram

Uzer

name ; =tring
address ; String
copy . Set{Copy)

init{aMame ; String, anAddress © String)
borrose(aCopy | Copy))
returniaCopy © Copy)d

title : String

auth=er . Sequence String)
vear | Integer

copy - Set(Copy)

init{aTitle : String, anduthSey : Sequence(String), a%ear : Integer)

Copy

uzer : Uzer
book : Book

signature ;. String
numBeturns | Integer

returnil

int{aSignature ; String, aBook ;| Book)
horrowe(allzer : Uzer)

3.4.2 USE Model

nodel Library

cl ass User
attributes
nane: String --
address: String
copy: Set ( Copy)
operations
init(aNanme: String,
bor r owm aCopy: Copy)
ret ur n( aCopy: Copy)
end

key

cl ass Copy
attributes
sighature: String --
nunRet ur ns: | nt eger
user: User
book: Book
operations
init(aSignature: String,
borrow aUser: User)
return()
end

key

anAddress: Stri ng)

aBook: Book)

12

Li brary

cl ass User

cl ass Copy



------------------------------------------------------------- cl ass Book
cl ass Book
attributes

title:String -- key

aut hSeq: Sequence(String)

year: | nt eger

copy: Set ( Copy)
operati ons

init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
end
------------------------------------------------------------ constraints
constraints
-- - - - - - - - - - - - - - - - guarantee for nultiplicity consistency
context c: Copy inv bookl sDefined:

c. book<>ocl Undef i ned( Book)
-- - - - - - - - - - - - - - - - - guarantee for association consistency
context u:User inv userCopyUser EQuser:

u. copy<>ocl Enpt y( Set (Copy)) inplies u.copy.user->asSet ()=Set{u}
context c:Copy inv copyUser CopyEQcopy:

c. user<>ocl Undefined(User) inplies c.user.copy->includes(c)
cont ext b: Book inv bookCopyBookEQbook:

b. copy<>ocl Enpt y( Set (Copy)) inplies b.copy. book->asSet ()=Set{b}
context c: Copy inv copyBookCopyEQcopy:

c. book. copy- >i ncl udes(c)

- - - - - T LT U <Y -1y
context u:User inv nanmeAddr essFor mat Ck:

u. nane<>ocl Undefined(String) and u.nane<>'' and

u. addr ess<>ocl Undefi ned(String) and u. address<>''
context ul:User inv nanelsKey: User.alllnstances->forAl (u2 |

ul<>u2 inplies ul. nane<>u2. nane)
context u:User inv noDoubl eBorrow ngs:

not (u. copy->exi sts(cl, c2| cl<>c2 and cl. book=c2. book))
T I R R R R R O 0] o)
context c: Copy inv signatureFormat CK:

c. si gnat ure<>ocl Undefined(String) and c.signature<>"'
context cl: Copy inv signaturelsKey: Copy.alllnstances->forAll(c2

cl<>c2 inplies cl.signature<>c2.signature)
- - - - - - R - - - - - - - - - - - - - - - - - Book

context b:Book inv titleFormtCk:

b.titl e<>ocl Undefined(String) and b.title<>""
context bl:Book inv titlelsKey: Book.alllnstances->forAll (b2 |

bl<>b2 inplies bl.title<>b2.title)
cont ext b: Book inv authSegFormat Ck: Set{1..b.aut hSeq->size()}->forAll (i]

aut hSeq- >at (i ) <>ocl Undefined(String) and aut hSeqg->at (i)<>'")
context b: Book inv aut hSeqExi st sAndUni que: b. aut hSeq->si ze()>0 and

Set{1..b.authSeqg->size()-1}->forAll (i]

Set{i+1..Db. authSeq->size()}->forAl(j]|
aut hSeqg- >at (i ) <>aut hSeqg->at (j)))

context b: Book inv yearPl ausi bl e:

1455<=bh. year
------------------------------------------------------------- User::init
context User::init(aNane: String, anAddress: String)
pre freshUser:

sel f. nane=ocl Undefi ned(String) and

sel f. address=ocl Undefined(String) and

sel f. copy=ocl Undef i ned( Set ( Copy) ) -- forced change
post attrsAssi gned:

aName=sel f. nane and anAddress=sel f. address

13



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - User::borrow
cont ext User: : borrow aCopy: Copy)

pre copyCk:
aCopy<>ocl Undef i ned( Copy) and
aCopy. user =ocl Undefi ned(User) -- forced change

post |inkAssi gned:
sel f. copy@r e->i ncl udi ng(aCopy) =sel f. copy
S- - - - - - - - - - - - - - - - - - - - - - - - - - - - - User::return
context User::return(aCopy: Copy)
pre aCopyCk:
aCopy<>ocl Undef i ned( Copy) and sel f.copy->i ncl udes(aCopy)
post |i nkRenpved:
sel f. copy@r e- >excl udi ng(aCopy) =sel f. copy
post nunRet ur nsl ncr eased:

aCopy. nunRet ur ns@r e+1=aCopy. nunRet ur ns

------------------------------------------------------------- Copy: :init
context Copy::init(aSignature: String, aBook: Book)
pre freshCopy:
sel f. si gnat ure=ocl Undefined(String) and
sel f. nunRet ur ns=ocl Undef i ned(I| nteger) and
sel f. user =ocl Undefi ned(User) and -- forced change
sel f. book=ocl| Undef i ned( Book) -- forced change

pre bookCk:

aBook<>ocl Undef i ned( Book)
post attrsAndLi nkAssi gned:

aSi gnat ure=sel f. si gnature and O=sel f. nunRet urns and

aBook=sel f. book
s - - - - - - - - - - - - - - - - - - - - - - - - - - - - Copy::borrow
cont ext Copy:: borrowaUser: User)
pre user Ck:

aUser <>ocl Undef i ned( User)
pre not Bor r owed:

sel f. user=ocl Undefi ned(User) -- forced change
post |inkAssi gned:

aUser =sel f . user
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - Copy::return
context Copy::return()

pre copyCk:

sel f. user <>ocl Undefi ned(User) -- forced change
post |inkRenpved:

sel f. user=ocl Undefi ned(User) -- forced change

post nunRet urnsl ncreased:

sel f. nunRet ur ns@r e+l=sel f. nunRet ur ns
------------------------------------------------------------- Book: :init
cont ext Book: :

init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
pre freshBook:

self.titl e=ocl Undefined(String) and

sel f. aut hSeq=ocl Undefi ned( Sequence(String)) and

sel f.year=ocl Undefi ned(Il nteger) and

sel f. copy=ocl Undef i ned( Set ( Copy) ) -- forced change
post attrsAssigned:

aTitle=self.title and anAut hSeq=sel f. aut hSeq and aYear =sel f. year
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3.4.3 Operation Implementations with Command Files

——————————————— User::init (aName:String, anAddress:String)
Iset self.name:=aName

!set self.address:=anAddress

!set self.copy:=oclEmpty (Set (Copy))

———————————————————————— User: :borrow (aCopy:Copy)
-— l!insert (self,aCopy) into Borrows

Iset self.copy:=self.copy->including (aCopy)

!set aCopy.user:=self

———————————————————————— User::return (aCopy:Copy)
!'set aCopy.numReturns:=aCopy.numReturns+1l

-- !delete (self,aCopy) from Borrows

!set self.copy:=self.copy->excluding (aCopy)

!set aCopy.user:=oclUndefined (User)

———————————————— Copy::init (aSignature:String, aBook:Book)
!set self.signature:=aSignature

!set self.numReturns:=0

-- linsert (self,aBook) into BelongsTo

!set self.book:=aBook

!set aBook.copy:=aBook.copy->including (self)

———————————————————————— Copy::borrow (aUser:User)
-— !insert (aUser,self) into Borrows

!set self.user:=aUser

!set aUser.copy:=aUser.copy->including (self)

————————————————————————————— Copy::return ()
Iset self.numReturns:=self.numReturns+1

-— !delete (self.user,self) from Borrows

!set self.user.copy:=self.user.copy->excluding(self)

!set self.user:=oclUndefined (User)

-— Book::init (aTitle:String, anAuthSeq:Sequence (String), aYear:Integer)
!set self.title:=aTitle

!set self.authSeqg:=anAuthSeq

!set self.year:=aYear

!set self.copy:=oclEmpty (Set (Copy))

15



3.4.4 Sequence Diagram (Excerpt)

'ﬁ';:'ﬁ' Sequence diagram

51\ |ada:User | |bob:User | |date:Elook |
g8 %

oreate o] .
o clas42: Copy
init('[?ElS#E',@dste]l —

>

| set signature = aSignature

set numReturns =0

[
[
[
[
: zet book (= aBook
[
[
[
i

set copy (= aBook.copy-=including(self)

A

I bojrow(@ads) |

i i
: ; | =et uger ;= allser
i i i ['F
| | |
i i
T
i
i

el
L .
| i
e — -+ ———— — R S =
: i 'rt:E'F ds of DE*IS' S - 'El i' 'Navathe'} 1994 e
: in | unds o : Seguence{Elmasri' ' Navathe'}, 1 : > =t title = aTile
i i i :
: : : | set authSeq = anAuthSeq
i i i |
i i i !
I I I : set year ;= aYear
| | |
i i i |
[ [ [ : set copy = oclEmpty(Set{Copy))
i i i
i i i !
l l l |
i i i |
‘:_ - T _____ —| ______ r _____________________ -

int('DBS43" @date)

get signature (= aSignature

get numReturns ;=0

get book (= aBook
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3.4.5 Object Diagram

OB Object diagram -

o4 2 Copry
signature="DES42'
numREeturnz=0
uzer=@ada
name="Ada' hook=@date

addrezss="MY"
copy=Set{i@dbsd 2} | dbs43Copy |

signature="DE=4 3
bok: User numReturnz=1
uzer=Lndefined
hook=@date

ada; Uzer

name="Bok’
addrezs="CA'

date: Book

title="Intro to DES

authSeg=Sequence{ Date'}

vear=19583

copy=Set{igdbsd2 @dbhs43}

copy=5Set{ dbsad: Copy

elia; Book

signature="DESS2" title="Fundsz of DE='
numReturns=1 auth=eg=Sequence] Elmasri' 'Mavathe'}
uzer=Undefined vear=1994

bk =iZelMa copy=Set{idbas2

3.5 RelDBINF

3.5.1 Class Diagram

Library

db : TuplelUser: Set{ Tupledname: String address: String 1),

Biook: Set( Tupledtitle: String, vear: Integer,

Copy:Set Tupled signature: String numReturns: Integer name: String title: String 1),

authSeq: Set( Tupledtitle: String pos:Integer author: String )

3.5.2 USE Model

nodel Library

class Library
attributes
db: Tupl e(User: Set ( Tupl e( nanme: Stri ng,
address: String)),
Copy: Set (Tupl e(si gnature: String,
nunRet ur ns: | nt eger,
nane: String,
title:String)),
Book: Set (Tupl e(title: String,
year: | nteger)),
aut hSeq: Set (Tupl e(title: String,
pos: | nt eger,
author:String)))
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operati ons
Library_init()
User _init(aNane: String, anAddress: String)
User borrow(aNanme: String, aSignature: String)
User _return(aName: String, aSignature: String)
Copy_init(aSignature: String, aTitle:String)
Copy_borrow( aSi gnature: String, aNane: String)
Copy_return(aSi gnature: String)
Book init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
User nane2t upl e(aName: String):
Tupl e(name: String, address: String) =
sel f. db. User - >sel ect ( nanme=aNane) - >any(true)
Copy_si gnat ure2t upl e(aSi gnature: String):
Tupl e(signature: String, nunReturns: Integer,nanme: String,title:String)=
sel f. db. Copy- >sel ect (si gnat ur e=aSi gnat ure) - >any(true)
Book_title2tuple(aTitle:String):
Tuple(title: String, year:|Integer)=
sel f. db. Book->sel ect (title=aTitle)->any(true)
authSeq_titl ePos2tupl e(aTitle: String, aPos: I nt eger):
Tupl e(title: String, pos: I nteger,author: String)=
sel f.db. aut hSeq- >sel ect (title=aTitl e and pos=aPos)->any(true)

constraints
T T T e R R U 1 =14
context Library inv naneAddressFor mat Ck:
sel f.db. User->forAll (u: Tupl e(nanme: String, address: Stri ng) |
u. name<>ocl Undefi ned(Stri ng) and u.nnane<>'"' and
u. addr ess<>ocl Undefi ned(String) and u. address<>'")
context Library inv nanel sKey:
sel f.db. User->forAl'l (ul, u2: Tupl e( nane: Stri ng, address: String) |
ul<>u2 inplies ul. nane<>u2. nane)
context Library inv noDoubl eBorrow ngs:
sel f.db. User->forAll (u: Tupl e(nanme: String, address: Stri ng) |

not (sel f. db. Copy- >exi sts(cl, c2:

Tupl e(signature: String, nunReturns: I nteger,nane: String,title:String)|
cl<>c2 and cl.nane=u. name and c2. name=u. nane and
cl.title=c2.title)))

e T T T T R R TR N O o] )Y
context Library inv signatureFormtCk:
sel f. db. Copy->forAl (c:
Tupl e(signature: String, nunReturns: I nteger,nanme: String,title:String)|
c. si gnat ure<>ocl Undefined(String) and c.signature<>'")
context Library inv signaturel sKey:
sel f. db. Copy->forAll (cl,c2:

Tupl e(signature: String, nunReturns: I nteger,nanme: String,title:String)]|

cl<>c2 inplies cl.signature<>c2.signhature)
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S s - - - - s - - - - - - e - - - - - - - - - - - - - - - - - - - Book
context Library inv titleFormtCK:
sel f. db. Book->forAl'l (b: Tupl e(title:String, year:|nteger)|
b.titl e<>ocl Undefined(String) and b.title<>"")
context Library inv titlelsKey:
sel f. db. Book->for Al | (b1, b2: Tuple(title: String, year:Integer)|
bl<>b2 inplies bl.title<>bh2.title)
context Library inv authSeqgFormat Ck:
sel f.db. authSeqg->for Al (aS:
Tupl e(title: String, pos: I nteger,author: String) |
aS. aut hor <>ocl Undefi ned(String) and aS. aut hor<>"'")
context Library inv authSeqExi st sAndUni que:
sel f.db. Book->forAll (b: Tupl e(title:String,year:|nteger)|
sel f. db. aut hSeq- >exi st s(aS:
Tupl e(title: String, pos: I nteger,author: String) |
b.title=aS.title and aS. pos=1) and
sel f. db. aut hSeq->for Al | (aSl1, aS2:
Tupl e(title: String, pos:Integer,author: String)|
b.title=aSl.title and b.title=aS2.title and aSl. pos<>aS2. pos
i mpl i es aS1. aut hor<>aS2. aut hor) and
sel f. db. authSeq->forAl | (aS1
Tupl e(title: String, pos: I nteger,author: String) |
b.title=aSl.title and 1<aSl1. pos inplies
sel f. db. aut hSeqg- >exi st s(aS2:
Tupl e(title: String, pos:Integer, author: String)|
aS2.title=aSl.title and aS2. pos=aSl. pos-1)))
context Library inv yearPl ausible:
sel f. db. Book->forAl'l (b: Tuple(title:String, year:|nteger)|
1455<=b. year)

3.5.3 Operation Implementations with Command Files

-- Library_init()
I'set self.db:=
Tupl e{ User: ocl Enpt y( Set ( Tupl e( nane: Stri ng,
address: String))),
Copy: ocl Enpt y( Set (Tupl e(si gnature: Stri ng,
nunRet ur ns: | nt eger,
nane: String,
title:String))),
Book: ocl Enpt y(Set (Tupl e(title: String,
year:|nteger))),
aut hSeq: ocl Enpty(Set (Tuple(title: String,
pos: | nt eger,
author:String)))}

-- User_init(aNane: String, anAddress: String)
Iset self.db:=
Tupl e{ User: sel f. db. User->
i ncl udi ng( Tupl e{ nane: aNane, addr ess: anAddr ess}),
Copy: sel f. db. Copy,
Book: sel f. db. Book,
aut hSeq: sel f. db. aut hSeq}
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-- User_borrow(aNane: String, aSignature: String)
Iset self.db:=
Tupl e{ User: sel f. db. User,
Copy: sel f. db. Copy- >
reject(t|t.signature=aSi gnature)->
i ncl udi ng( Tupl e{si gnature: aSi gnat ure,
nunRet ur ns: sel f. db. Copy- >
sel ect (si gnat ur e=aSi gnature) - >
any(true).nunRet urns,
nane: aNane,
title:self.db. Copy->
sel ect (si gnat ur e=aSi gnat ure) - >
any(true).title}),
Book: sel f. db. Book,
aut hSeq: sel f. db. aut hSeq}

-- User _return(aNane: String, aSignature: String)
Iset self.db:=
Tupl e{ User: sel f. db. User,
Copy: sel f. db. Copy- >
reject(t|t.signature=aSi gnature)->
i ncl udi ng( Tupl e{si gnat ure: aSi gnat ur e,
nunRet urns: sel f. db. Copy- >
sel ect (si gnat ur e=aSi gnat ure) - >
any(true). nunRet urns+1,
name: ocl Undefi ned(Stri ng),
title:self.db. Copy->
sel ect (si gnat ur e=aSi gnature) - >
any(true).title}),
Book: sel f. db. Book,
aut hSeq: sel f. db. aut hSeq}

-- Copy_init(aSignature:String, aTitle:String)
I'set self.db:=
Tupl e{ User: sel f. db. User,
Copy: sel f. db. Copy- >i ncl udi ng( Tupl e{ si gnat ur e: aSi gnat ur e,
nunRet ur ns: 0,
name: ocl Undefi ned(Stri ng),
title:aTitle}),
Book: sel f. db. Book,
aut hSeq: sel f. db. aut hSeq}

-- Copy_borrow(aSi gnature: String, aNane: String)
I'set self.db:=
Tupl e{ User: sel f. db. User,
Copy: sel f. db. Copy- >
reject(t|t.signature=aSi gnature)->
i ncl udi ng( Tupl e{si gnat ure: aSi gnat ur e,
nunRet ur ns: sel f. db. Copy- >
sel ect (si gnat ure=aSi gnature) - >
any(true). nunRet urns,
nane: aNane,
title:self.db. Copy->
sel ect (si gnat ur e=aSi gnature) - >
any(true).title}),
Book: sel f. db. Book,
aut hSeq: sel f. db. aut hSeq}
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-- Copy_return(aSi gnature: String)
Iset self.db:=
Tupl e{ User: sel f. db. User,
Copy: sel f. db. Copy- >
reject(t|t.signature=aSi gnature)->
i ncl udi ng( Tupl e{si gnature: aSi gnat ure,
nunRet ur ns: sel f. db. Copy- >
sel ect (si gnat ur e=aSi gnature) - >
any(true). nunRet urns+1,
nane: ocl Undefi ned(String),
title:self.db. Copy->
sel ect (si gnat ur e=aSi gnat ure) - >
any(true).title}),
Book: sel f. db. Book,
aut hSeq: sel f. db. aut hSeq}

-- Book_ init(aTitle: String, anAuthSeq: Sequence(String), aYear:|nteger)
Iset self.db:=
Tupl e{ User: sel f. db. User,
Copy: sel f. db. Copy,
Book: sel f. db. Book- >i ncl udi ng( Tupl e{title:aTitl e, year:aYear}),
aut hSeq: Set { 1. . anAut hSeq- >si ze() }- >
iterate(i:Integer;
res: Set (Tupl e(title: String,
pos: | nteger,
aut hor: String))=sel f.db. aut hSeq|
res->includi ng(Tupl e{title:aTitle,
pos:i,
aut hor: anAut hSeqg->at(i)}))}

3.5.4 System State (Object Diagram)

Tuple{
User=Set{Tuple{name='Ada',address='NY'},
Tuple{name='Bob' 6 address='CA'}},
Copy=Set{Tuple{signature='DBS42' , numReturns=0,
name='Ada',title='Intro to DBS'},
Tuple{signature='DBS43', numReturns=1,
name=Undefined,title='Intro to DBS'},
Tuple{signature='DBS52',numReturns=1,
name=Undefined, title='Funds of DBS'}},
Book=Set{Tuple{title='Funds of DBS',6year=1994},
Tuple{title='Intro to DBS',6year=1983}},
authSeg=Set{Tuple{title='Funds of DBS' ,fpos=1,author='Elmasri'},
Tuple{title='Funds of DBS',6 pos=2,author='Navathe'},
Tuple{title='Intro to DBS',pos=1,author='Date'}}}
Tuple (User:Set (Tuple (name:String,address:String)),
Copy:Set (Tuple (signature:String,numReturns:Integer,
name:String,title:String)),
Book:Set (Tuple(title:String,year:Integer)),
authSeq:Set (Tuple(title:String,pos:Integer,author:String)))
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3.6 Invs2Super

3.6.1 Class Diagram

Clazz diagratm
Keyed
ﬂ
> keywialuel) : Ocliny |
comparableTolo | Ocliny : Boolean
i
User Eook
nzz’ue : Sl.rgtg. title : String
AOETESS . Sng authZeq . Sequencel String)
intt{aMame ; String, andddress @ String) vear ; Integer
ETRAEIERRS () initCaTitle : String, anAuthSey  SequenceString), a%ear © Integer)
MMM § GO kenywaluel) @ String
ERPUEILEL) S SifiTg comparakleTolo : Ocldnyd : Boolean
camparableTalo : Ocliny) @ Bodlean T Thook
Jalal
uzer | 0.1
Copy
zignature ;- String
numPeturns © Integer
* |init(aSignature | String, aBook : Book) |
Borrouws copy | borrow(alser ; Lzer) copy Belong=To
returni’
ket aluel) : String
camparableTalo © Oclany) - Boolean

3.6.2 USE Model

---------------------------------------------------------------- Li brary

------------------------------------------------------------ cl ass Keyed
abstract cl ass Keyed
operati ons

keyVal ue(): Ccl Any=ocl Undefi ned( Ccl Any)

conpar abl eTo( 0: Ccl Any) : Bool ean=ocl Undef i ned( Bool ean)
constraints

inv self:diffQbjectsDiffKeys:

Keyed. al | I nst ances->for Al | (sel f 2]
sel f<>sel f2 and sel f. conparabl eTo(self2) inplies
sel f. keyVal ue() <>sel f 2. keyVal ue())

------------------------------------------------------------- cl ass User
cl ass User < Keyed
attributes

nane: String -- key

address: String
operations

init(aName: String, anAddress: String)

borr ow aCopy: Copy)

ret urn( aCopy: Copy)

keyVal ue(): Stri ng=nane

conpar abl eTo(0: Ccl Any) : Bool ean=o0. ocl | sTypeCO (User)
end
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------------------------------------------------------------- cl ass Copy
cl ass Copy < Keyed
attributes
signature: String -- key
nunRet ur ns: | nt eger
operati ons
init(aSignature: String, aBook: Book)
borrow aUser: User)
return()
keyVal ue(): String=si gnature
conpar abl eTo(o: Ccl Any) : Bool ean=o0. ocl | sTypeO ( Copy)
end
------------------------------------------------------------- cl ass Book
cl ass Book < Keyed
attributes
title:String -- key
aut hSeq: Sequence(String)
year: | nt eger
oper ati ons
init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
keyVal ue(): String=title
conpar abl eTo( 0: Ccl Any) : Bool ean=o0. ocl | sTypeCO ( Book)
end
———————————————————————————————————————————————————— associ ati on Borrows
associ ati on Borrows between
User[0..1] role user
Copy[O..*] role copy
end
== - - - - - - - - - - - - - - - - - - - - - - - - association BelongsTo
associ ati on Bel ongsTo between
Copy[0..*] role copy
Book[ 1] rol e book

end
————————————————————————————————————————————————————————————— invariants
constraints
e T T N V11
context u:User inv nameAddressFor mat CK:

u. name<>ocl Undefi ned(Stri ng) and u. nane<>'""' and

u. addr ess<>ocl Undefi ned(String) and u. address<>''
-- context ul:User inv nanmelsKey: User.alllnstances->forAll (u2 | --
- - ul<>u2 inplies ul. nane<>u2. nane) --
context u:User inv noDoubl eBorrow ngs:

not (u. copy- >exi sts(cl, c2| cl<>c2 and cl. book=c2. book))
e T - - - - - - - - - - - - - - - Copy

context c: Copy inv signatureFormt Ck:
c. si gnat ure<>ocl Undefi ned(String) and c. si gnat ure<>'
-- context cl:Copy inv signaturelsKey: Copy.alllnstances->forAll(c2 | --
-- cl<>c2 inplies cl.signature<>c2.signature) - -
S s - - - - s - - - - - - e - - - - - - - - - - - - - - - - - - - Book
context b:Book inv titleFormat CKk:
b.titl e<>ocl Undefined(String) and b.title<>""
-- context bl:Book inv titlelsKey: Book.alllnstances->forAll (b2 | --
- - bl<>b2 inplies bl.title<>b2.title) --
context b: Book inv authSeqgFormat Ok: Set{1..b.authSeq->size()}->forAl(i]
aut hSeqg- >at (i) <>ocl Undefi ned(String) and aut hSeg->at (i)<>"")
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context b: Book inv aut hSeqExi st sAndUni que: b. aut hSeq- >si ze()>0 and
Set{1..b.aut hSeq->size()-1}->forAl (i]
Set{i +1..b.authSeq->size()}->forAll(j]
aut hSeq->at (i) <>aut hSeqg->at(j)))
cont ext b: Book inv yearPl ausi bl e:
1455<=b. year
------------------------------------------------ pre- and postconditions
T T T T R R U Y- G W T ¢
context User::init(aNanme: String, anAddress: String)
pre freshUser:
sel f. nane=ocl Undefi ned(String) and
sel f. addr ess=ocl Undefined(String) and sel f.copy->i sempty()
post attrsAssigned:
aNane=sel f . nane and anAddr ess=sel f. address
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - User::borrow
cont ext User:: borrow aCopy: Copy)
pre copyCk:
aCopy<>ocl Undef i ned( Copy) and aCopy. user->i seEnpty()
post |inkAssigned:
sel f. copy@r e- >i ncl udi ng(aCopy) =sel f. copy
S - - s - - - - - - - - - e - - - - - - - - - - - - - - - User::return
context User::return(aCopy: Copy)
pre aCopyCk:
aCopy<>ocl Undef i ned( Copy) and sel f.copy->i ncl udes(aCopy)
post |inkRenpved:
sel f. copy@r e- >excl udi ng(aCopy) =sel f. copy
post nunRet urnsl ncr eased:
aCopy. nunRet ur ns@r e+1=aCopy. nunRet ur ns
————————————————————————————————————————————————————————————— Copy::init
context Copy::init(aSignature: String, aBook: Book)
pre freshCopy:
sel f. si gnat ur e=ocl Undefi ned(String) and
sel f. nunRet ur ns=ocl Undef i ned( I nteger) and
sel f.user->i senpty() and sel f. book->i seEnpty()
pre bookCk:
aBook<>ocl Undef i ned( Book)
post attrsAndLi nkAssi gned:
aSi gnat ure=sel f. si gnature and O=sel f. nunRet urns and
aBook=sel f. book
s- - - - - - - - - - - - - - - - - - - - - - - - - - - - - Copy::borrow
cont ext Copy:: borrowaUser: User)
pre user Ck:
aUser <>ocl Undef i ned( User)
pre not Bor r owed:
sel f. user->i sempty()
post |inkAssi gned:
aUser =sel f . user
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - Copy::return
context Copy::return()
pre copyCk:
sel f. user->not Enpty()
post |inkRenpved:
sel f.user->i senpty()
post nunRet urnsl ncreased:
sel f. nunRet ur ns@r e+l=sel f. nunRet ur ns
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------------------------------------------------------------- Book: :init
cont ext Book: :
init(aTitle: String, anAuthSeq: Sequence(String), aYear:|nteger)
pre freshBook:
self.titl e=ocl Undefined(String) and
sel f. aut hSeg=ocl Undef i ned( Sequence(String)) and
sel f.year=ocl Undefi ned(I nteger) and
sel f. copy->i seEnpty()
post attrsAssi gned:
aTitle=self.title and anAut hSeq=sel f. aut hSeq and aYear =sel f. year

3.7 CompFrame
3.7.1 Class Diagram
Identical to class diagram in MaxInvsMinPrepos.

3.7.2 USE Model

---------------------------------------------------------------- Li brary

------------------------------------------------------------- cl ass User
cl ass User
attributes
name: String -- key
address: String
operati ons
i nit(aNanme: String, anAddress: String)
bor r owm aCopy: Copy)
ret ur n( aCopy: Copy)
doNot hi ng()
end
————————————————————————————————————————————————————————————— cl ass Copy
cl ass Copy
attributes
signature: String -- key
nunRet ur ns: | nt eger
operations
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
operati ons
init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
end
———————————————————————————————————————————————————— associ ati on Borrows
associ ati on Borrows between
User[0..1] role user
Copy[O..*] role copy
end
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- - - - - - - - - - - - - - - - - - - - - - - - - association BelongsTo
associ ati on Bel ongsTo between

Copy[O..*] role copy

Book[ 1] rol e book
end
------------------------------------------------------------ constraints
constraints

e T T T R N TR I U 1 -1 §
context u:User inv nanmeAddressFor mat Ck:
u. nane<>ocl Undefined(String) and u.nane<>'' and
u. addr ess<>ocl Undefi ned(String) and u. address<>''
context ul:User inv nanelsKey: User.alllnstances->forAll (u2
ul<>u2 inplies ul. nane<>u2. nane)
context u:User inv noDoubl eBorrow ngs:
not (u. copy- >exi sts(cl, c2| cl<>c2 and cl. book=c2. book))
e T T T T R T T R R O ] )
context c: Copy inv signatureFormat CK:
c. si gnat ure<>ocl Undefi ned(String) and c. signature<>'
context cl: Copy inv signaturel sKey: Copy.alllnstances->forAll(c2
cl<>c2 inplies cl.signature<>c2.signature)
N R - - - - - - - - - - - - - - - - - Book

context b:Book inv titleFormt Ck:
b.titl e<>ocl Undefined(String) and b.title<>""
context bl:Book inv titlelsKey: Book.alllnstances->forAl (b2 |
bl<>b2 inplies bl.title<>b2.title)
cont ext b: Book inv authSegFormat Ck: Set{1..b.aut hSeq->size()}->forAll (i]
aut hSeq- >at (i ) <>ocl Undefined(String) and aut hSeqg->at (i)<>"")
cont ext b: Book inv aut hSegExi st sAndUni que: b. aut hSeqg->si ze()>0 and
Set{1..b.authSeqg->size()-1}->forAll (i]
Set{i+1..b. authSeq->size()}->forAl(j]|
aut hSeqg->at (i) <>authSeqg->at(j)))
context b: Book inv yearPl ausi bl e:
1455<=b. year
———————————————————————————————————————————————————————— User: : doNot hi ng
context User::doNothing() -- systematic description of 'unchanged
pre neverCall ed: false
post user Unchanged:
User. al | I nstances@r e=User. al | | nstances and
User. al | I nstances->for Al | (u]
u. name@r e=u. nanme and u. addr ess@r e=u. address and
u. copy@r e=u. copy)
post copyUnchanged:
Copy. al I I nst ances@r e=Copy. al | | nst ances and
Copy. al I I nst ances->forAl | (c|
c.signature@re=c.signature and c. nunRet ur ns@r e=c. nunRet urns and
C. user @re=c. user and c. book@re=c. book)
post bookUnchanged:
Book. al | I nst ances@r e=Book. al | | nst ances and
Book. al I I nstances->forAl |l (b
b.title@re=b.title and b. aut hSeq@r e=b. aut hSeq and
b. year @r e=b. year and b. copy@re=b. copy)
------------------------------------------------------------- User::init
context User::init(aNane: String, anAddress: String)
pre freshUser:
sel f. nane=ocl Undefined(String) and
sel f. address=ocl Undefined(String) and sel f.copy->i sempty()
post attrsAssi gned:
aName=sel f. nane and anAddress=sel f. address
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post user Near| yUnchanged:
User. al | I nstances@r e=User. al | | nstances and
User. al | I nstances->for Al | (u]
(u<>self inplies u.name@re=u. nane) and
(u<>sel f inplies u.address@re=u. address) and
u. copy@r e=u. copy)
post copyUnchanged:
Copy. al I I nst ances@r e=Copy. al | I nstances and
Copy. al I I nstances->forAll (c

c.signature@re=c. signature and c. nunRet ur ns@r e=c. nunRet urns and

C. user @re=c. user and c. book@r e=c. book)
post bookUnchanged:
Book. al | I nst ances@r e=Book. al |  nst ances and
Book. al I I nst ances->forAl |l (b
b.title@re=b.title and b. aut hSeq@r e=b. aut hSeq and
b. year @r e=b. year and b. copy@re=b. copy)
T T T T R T SR U 1 -1
cont ext User:: borrowaCopy: Copy)
pre copyCk:
aCopy<>ocl Undef i ned( Copy) and aCopy. user->i senpty()
post |inkAssi gned:
sel f. copy@r e- >i ncl udi ng(aCopy) =sel f. copy
post user Nearl| yUnchanged:
User. al | I nst ances@r e=User. al | | nst ances and
User. al | I nstances->for Al | (u]
u. namre@r e=u. nane and u. address@r e=u. addr ess and
(u<>self inplies u.copy@re=u.copy))
post copyNear| yUnchanged: -- attention!
Copy. al | I nst ances@r e=Copy. al | | nst ances and
Copy. al I I nst ances->forAl | (c|

1 borrow

C.signature@re=c.signature and c. nunmRet urns@r e=c. nunRet urns and

(c<>aCopy inplies c.user@re=c.user) and c. book@re=c. book)
post bookUnchanged:
Book. al | I nst ances@r e=Book. al | | nst ances and
Book. al I I nstances->forAl |l (b
b.title@re=b.title and b. aut hSeq@r e=b. aut hSeq and
b. year @r e=b. year and b. copy@r e=b. copy)
T T T L T TR I U <1 -1
context User::return(aCopy: Copy)
pre aCopyCk:
aCopy<>ocl Undef i ned( Copy) and sel f.copy->i ncl udes(aCopy)
post |inkRenpved:
sel f. copy@r e- >excl udi ng(aCopy) =sel f. copy
post nunRet urnsl ncr eased:
aCopy. nunRet ur ns@r e+1=aCopy. nunRet ur ns
post user Near | yUnchanged:
User. al | I nst ances@r e=User. al | | nst ances and
User. al | I nst ances->for Al | (u|
u. name@r e=u. name and u. addr ess@r e=u. address and
(u<>sel f inplies u.copy@re=u.copy))
post copyNearl yUnchanged: -- attention!
Copy. al | I nst ances@r e=Copy. al | | nstances and
Copy. al I | nst ances->forAl | (c]|
c. si gnature@re=c. signature and
(c<>aCopy inplies c.nunReturns@re=c. nunRet urns) and
(c<>aCopy inplies c.user@re=c.user) and c. book@re=c. book)
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post bookUnchanged:
Book. al | I nst ances@r e=Book. al | | nst ances and
Book. al I I nstances->forAl |l (b
b.title@re=b.title and b. aut hSeq@r e=b. aut hSeq and
b. year @r e=b. year and b. copy@re=b. copy)

context Copy::init(aSignature: String, aBook: Book)
pre freshCopy:
sel f. si gnat ur e=ocl Undefi ned(String) and
sel f. nunRet ur ns=ocl Undef i ned(| nteger) and
sel f.user->i senpty() and sel f.book->i seEnpty()
pre bookCk:
aBook<>ocl| Undef i ned( Book)
post attrsAndLi nkAssi gned:
aSi gnat ure=sel f. signature and O=sel f. nunReturns and
aBook=sel f. book
post user Unchanged:
User. al | I nstances@r e=User. al | I nst ances and
User. al | I nst ances->for Al | (u]
u. name@r e=u. name and u. addr ess@r e=u. address and
u. copy@r e=u. copy)
post copyNear!| yUnchanged:
Copy. al I I nst ances@r e=Copy. al | I nstances and
Copy. al I I nst ances->forAl | (c|
(c<>self inplies c.signature@re=c.signature) and
(c<>self inplies c.nunReturns@re=c. nunRet urns) and
C. user @re=c. user and
(c<>self inplies c.book@re=c. book))
post bookNear | yUnchanged:
Book. al | I nst ances@r e=Book. al |  nst ances and
Book. al | I nst ances->forAl |l (b
b.title@re=b.title and b. aut hSeq@r e=b. aut hSeq and
b. year @r e=b. year and
(b<>sel f. book inplies b.copy@re=b.copy))
cont ext Copy:: borrowaUser: User)
pre user Ck:
aUser <>ocl Undef i ned( User)
pre not Borrowed:
sel f.user->i senpty()
post |inkAssi gned:
aUser =sel f . user
post user Nearyl yUnchanged:
User. al | I nstances@r e=User. al | I nst ances and
User. al | I nst ances->for Al | (u]
u. nane@r e=u. nanme and u. addr ess@r e=u. address and
(u<>aUser inplies u.copy@re=u.copy))
post copyNear | yUnchanged:
Copy. al I I nst ances@r e=Copy. al | I nstances and
Copy. al I I nst ances->for Al | (c]|

crinit

Copy: : borrow

c.signature@re=c.signature and c. nunRet ur ns@r e=c. nunRet urns and

(c<>self inplies c.user@re=c.user) and
c. book@r e=c. book)
post bookUnchanged:
Book. al | I nst ances@r e=Book. al | | nst ances and
Book. al I I nstances->forAll (b
b.title@re=b.title and b. aut hSeq@re=b. aut hSeq and
b. year @r e=b. year and b. copy@re=b. copy)
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s- - - - s - - - - - - - - - - - - - - - - - - - - - - - - Copy::return
cont ext Copy::return()
pre copyCk:
sel f. user->not Enpty()
post |i nkRenoved:
sel f. user->i senpty()
post nunRet ur nsl ncr eased:
sel f. nunRet ur ns@r e+1=sel f. nunRet ur ns
post user Near | yUnchanged:
User. al | I nstances@r e=User. al | | nst ances and
User. al | I nstances->for Al | (u|
u. nane@r e=u. nanme and u. addr ess@r e=u. addr ess and
(u<>sel f.user @re inplies u.copy@re=u.copy))
post copyNear | yUnchanged:
Copy. al | I nst ances@r e=Copy. al | I nstances and
Copy. al I I nst ances->forAll (c
c.signature@re=c. si gnature and
(c<>self inplies c.nunReturns@re=c. nunReturns) and
(c<>self inplies c.user @re=c.user) and
c. book@r e=c. book)
post bookUnchanged:
Book. al | I nst ances@r e=Book. al | | nst ances and
Book. al I I nstances->forAl |l (b
b.title@re=b.title and b. aut hSeq@r e=b. aut hSeq and
b. year @r e=b. year and b. copy@r e=b. copy)
------------------------------------------------------------- Book: :init
cont ext Book::
init(aTitle:String, anAuthSeq: Sequence(String), aYear:|nteger)
pre freshBook:
self.titl e=ocl Undefined(String) and
sel f. aut hSeg=ocl Undef i ned( Sequence(String)) and
sel f. year =ocl Undefi ned(Il nteger) and
sel f. copy->i sEmpty()
post attrsAssi gned:
aTitle=self.title and anAut hSeq=sel f. aut hSeq and aYear =sel f. year
post user Unchanged:
User. al | I nstances@r e=User. al | I nst ances and
User. al I I nstances->for Al | (u]
u. nane@r e=u. name and u. addr ess@r e=u. address and
u. copy@r e=u. copy)
post copyUnchanged:
Copy. al I I nst ances@r e=Copy. al | I nstances and
Copy. al I I nst ances->for Al | (c]
C.signature@re=c.signature and c. nunRet urns@r e=c. nunRet urns and
C.user @re=c.user and c. book@re=c. book)
post bookNear | yUnchanged:
Book. al I I nst ances@r e=Book. al |  nst ances and
Book. al | I nst ances->forAl |l (b
(b<>self inplies b.title@re=b.title) and
(b<>sel f inplies b.authSeq@re=b.authSeq) and
(b<>self inplies b.year @re=b.year) and
b. copy@r e=b. copy)
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3.7.3 Command Line Protocol Showing Difference to MaxInvsMinPrepos

use>
use>
use>

use>
use>
use>
use>

open |ibraryWthout FraneCondi tions. use
—————————————————————————————————————————————————————————— ada: User
I create ada: User

lopenter ada init(' Ada',' NY')

precondition “freshUser' is true

Iset self.name: =aNane

I'set self.address: =anAddr ess

' opexi t

postcondition “attrsAssigned is true
---------------------------------------------------------- bob: User
Icreate bob: User

lopenter bob init('Bob',"' CA)

precondition “freshUser' is true

I'set sel f.nane: =aNane

Iset sel f.address: =anAddr ess

Iset ada. address: ="TX

opexi t

postcondition “attrsAssigned is true

open |ibraryWthFranmeConditions. use
---------------------------------------------------------- ada: User
I create ada: User

lopenter ada init('Ada',"'NY'")

precondition “freshUser' is true

I'set sel f.name: =aNane

Iset self.address: =anAddr ess

opexi t

postcondition “attrsAssigned is true

postcondi ti on ~userNearl yUnchanged' is true

post condi tion " copyUnchanged' is true

postcondi ti on ~bookUnchanged' is true
---------------------------------------------------------- bob: User
Icreate bob: User

lopenter bob init('Bob',"' CA)

precondition “freshUser' is true

I'set sel f.nane: =aNane

Iset sel f.address: =anAddr ess

Iset ada. address:="TX

opexi t

postcondition “attrsAssigned is true

postconditi on “userNearlyUnchanged' is false -- postcondition fails

post condi ti on " copyUnchanged' is true
postcondi ti on ~bookUnchanged' is true
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