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000000 CafeOBJ[1]00O0OBJ32|0 0 0000000000000 OOOOOBI3
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CafeOBJOODOOOOOOOOOOOOOOOODOOODOOOOOOOO (many sorted
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(add) 000000000000 00O0O0000000 (amount) 0000

mod* COUNTER{
protecting(INT)

*[ Counter ]x*

bop add : Int Counter -> Counter -- action
bop amount : Counter -> Int —-— observation
op init : -> initial state

var I : Int

var C : Counter

eq amount(init) = O .

eq amount(add(I, C)) = I + amount(C)
}

CafeOBJO 000000000 00000000000000000000 mod*000
0000 (COUNTER)DOOO0O000000 {}0000000**000000000
000000 (Counter) 000000000000 0000000000000000O
00000000000000000000 (INT)O 000 protectingd 000 CafeOBJ
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O000000000000000000000000000 ADJO (ADJ diagram) O
goo

add

amount

0 21: 00000 Counterd ADJ O

23.3 0OO0O0OO

0000000000000 0000000000000 (compose) 0000000
0000000000000 000000C00o0OO000UooooOooUO (booo
0000000)000000000000000000000o0oOoO0O0ooooooo
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mod* 2COUNTER{
protecting (COUNTER *{ hsort Counter -> Counterl,
op init -> initl } +
COUNTER *{ hsort Counter -> Counter2,
op init -> init2 })

*[ 2Counter ]=*

bop addl : Int 2Counter -> 2Counter -- action

bop add2 : Int 2Counter -> 2Counter -- action

bop amountl : 2Counter -> Int -- observation
bop amount2 : 2Counter -> Int -- observation
bop counterl : 2Counter -> Counterl -- projection
bop counter2 : 2COunter -> Counter2 -- projection

op init : -> 2Counter -- initial state

var I : Int var TC : 2Counter

eq amountl(TC) = amount(counterl(TC))

eq amount2(TC) = amount(counter2(TC))

eq counterl(init) = initl .

eq counterl(add1(I, TC))

add (I, counteri(TC))

eq counterl(add2(I, TC)) = counterl(TC)
eq counter2(init) = init2 .
eq counter2(add1(I, TC)) = counter2(TC)

eq counter2(add2(I, TC))

add (I, counter2(TC))

O00000O0Oprotecting0 0000000 OODOOO COUNTERODODOODOODOO
O0000000 Counter  Counterld Counter2 0 00D O0D00OOO0OOOODOOODOO
O00000000000000D00O 2Counter 0 Counterld Counter2 00 000000
O000000000D0000 addilODOO0O Counterl OO ODODOODOOOODOOO
0add20000 Counter2 000000000 D0O0O0O0DODOO amountl 00O amount2
O0Counterl 000 Counter2 0 0 00000000 OODOODOODODOODOOOODOO
O0000000000Counterl 0000000 ODODOODO counterld Counter2 0 O O
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2COUNTERDO ADJOODOODOODOO 220000000

counter2

counteV

amoultl

022 00000 2COUNTERO ADJO

234 0OO0O0OOOOO

000000 CateOBJOOOOOOODOO0O0DO0O0OO (Term Rewriting System) O
godbdodgbobbooobboobbooboooboobobbooboooboon
gboggbbooogboooboobboboboboooboobobobbooboon
gboogbooobodbooobougbooboooboobobooobooboon
00000000000 (reduction) 0000000000000 OOOOODOODOO
OO0000CafeOBJOODOOODOODOOOODOOODOODODODOODOODODO

CafeOBJOOODOOODOOODOOODODOODODOODOred000OOOOOoOoDOOOO
gobbobugobbbodooooboboooooboagn

amount (add(4, add(6, init)))
dooodooDogoonooood o440 nouooogo
Jdododooooodoooooboboboooogbo oo oo uoog

CafeOBJ> select COUNTER

COUNTER> red amount(add(4, add(6, init)))

-- reduce in COUNTER : amount(add(4,add(6,init)))

10 : NzNat

(0.000 sec for parse, 5 rewrites(0.000 sec), 9 mches)
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mod* Class{

*[ Class]*
signature{
bop attr : Class -> Int <= ClassU U
}
axioms{
y < OCLO[

033 0000+0CLOOOOO

3.2.2 OCLOOOOOODDOOOODDOO

gbogobogbbobboogbogbogbobbooboobouogbooboon
gbggbboobobogbubbooboooboooboobbooboonoon
gboboboogbbbuooooboboboogobooogon
gbogobobgbobogoobuogbobogbbobbogboobbooboon
gobobbouogoobogooooobboboooooboboooobn
OOoOooCLOobooCLObobooobooboboobooooooboobooooboooo
000000000000000000000000000000000%2000000
OOo0oooobOooooocdLbOboboboobooboobobobooboooo
OOoooooobooCLOobobooboboboobooobooboooooo

3.3 Lubogod

gboggbuogobogobogbooboooobboboobbooboboon
gbggbboboogbooobooboboooboooboobobboooboon
OboooboboobooboobooboobooobodpublicOboobooong
gboggbogbobodboobougboooobobbodboooobooboon
gboboboogobobooooobobobooogbbouoooonbo

0000000000000 00000000000000
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gbgobogoboggobooobooboobboobooobooboboboon
OO000000000000000 CafeOBJOODOODDOODODODODODODOOODOODO
gboggbogobodgobogbboboobuoooboboobuoobboboon
gooboooggno

class

attrl: Bool
attr2: Type = initialValue

operationl()
operation2(arg: Type)

U 34: 0000

g34b0dgoobbbooobobooooobboboaon

mod* CLASS{
protecting(TYPE)
*[ Class ]x
—-- observation
bop attrl : Class -> Bool
bop attr2 : Class -> Type
-- action
bop operationl : Class -> Class
bop operation2 : Type Class -> Class
-- initial state
op init : -> Class
-- equations
var C : Class var T : Type

eq attr2(init) = initialValue .

}

gbogobobgbobogoboobogbbooboobboobooooboaon
gboggbogobodoobbobobbobbuoobbooboobbooboon
goooood
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3.4 UQOO0OO

goboodgobboboobobbooboogbboobogobboobbooubog
goboboogobboogobobod

3.4.1 OO

000000000000000000000000000000000000000
000000000000000 (navigability) D0 000000000 [19)[22][23]0 O
0000000000000000000030000000000000000000
00000000000000000000000000000

000000000000000000000000000000000000000
000000000000

I
UML I CafeOBJ
I
| attrA attrB
I
| >
| \
. |
A association B - attrA projecyo/n pbe\ction B
attrA attrB _

0 35: 00000

gbogbogoogboogboooboobboboobboobobboooban
gboggbogobodgobogbboobuoobboobbobboboooboon
gbouodbgobobbogbboboobuooboobouooboboboboobogobda

mod* ASSOCIATION{
pr (CLASS-A + CLASS-B)
*[ Association J]=*

—-- projection

0000000000000 publicO0OOOOO
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bop classA : Association -> ClassA
bop classB : Association -> ClassB
-- liftup operation from componet
bop attrA : Association -> Type

bop attrB : Association -> Type

-- equation for component operation
var ASSOC : Association
eq classA(attrA(ASSOC))
eq classB(attrB(ASSOC))

attrA(classA(ASSOC))
attrB(classB(ASSOC))

3.4.2 0OO0OOOOO

gobudbbgggbobogoogbobobooobobooobboobobbog
gbodobogougbooogboobbbboooboobbooboboboooboa
gboggbodgobodbuoobbougboobooobbodbooobooboon
OO00o0oo0ooo0oboooboob oOBJECT—-IDO0OODOOODODOOODOODOODOOODO
oboobobobboooboobobuobooobobuoooobobOobUuobOUn add
goooog

[
UML : CafeOBJ add-classB
| attrA attrB
| (\
! _
[ g
.. |
A | @association | B =P attrA projecyo/n pr\CtiO”
attrA ! | atB - /

U 36 000000goon

OOO0bDO0ooboOoboobobobobobObcdassBOOOODOOODODOOoidOOOOO
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O0000OcassBOOODDOODODOO add0DOODOOO

mod* ASSOCIATION{
pr(CLASS-A + CLASS-B)
pr (OBJECTID)
x[ Association ]=*
-- projection
bop classA : Association -> ClassA
bop classB : 0id Association -> ClassB
-- meta action
bop add-classB : 0id Association -> Association

-- liftup operation from component

-- equation for component operation

3.5 OCLOOO

oCLObO0bOO0bOObbOOobbOOobDobbooCLbOboboboooboboUobbobboo
goobooogoo

3.5.1 OCLO

2000b00DbOO0oDboCLO0booobooobbobOUbboboobobOoobOooboo
gboobooogoboogood

e 000 : Boolean,Integer,Real,String

CafeOBJOOOOUODOODOOODOOO BOOLINT,STRINGOOOOODOODOO
goodgdgbgobobbbbbbboooooboboooooooooaon
O00ooobooboobobooboboboboobooooboooonO Integer O
OO0O0ORealUDDOODOODOOODOOCLOODOOODOOOOODODOODOODOO
goboboogbboboogoobobboooobbouoooboboobood
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e 100OOODODO : Collection,Set,Bag,Sequence

OoCLODO0O0O00DODODOOSetdBaglSequence U0 OO OOOOOODODOOO Col-
lection00 0000000000 DOOODO0OODOOO COLLECTIONDDODOOODO
OO000000D0O0000O0COLLECTIONDODOODODOoDOOooobDoooo
ooagd

mod* COLLECTION(X :: TRIV){

pr (INT)

x[ Collection ]=*

-- initial state

op empty : -> Collection

-- behavioural constructors

op add : Elt Collection -> Collection { coherent }
—-—- atributes

bop includes : Elt Collection -> Bool
bop size : Collection -> Nat

(]

}

Collection D00 JOO0O0O0OO0O0OOOO0OOOOIIncludesO 00 sizeO OO0

e 01000 : Attribute,operation,association

oooooouMLOODDOOOOOOoOoooboOoObbOOooooooooboobooboboog
oCLOO000bOOooooocLbobbbbobooboobUooboobooooooboog
OO000OO0Oself0000000O0O0ODOOOOCLODOOOODODOOOOOODO
gbobbooobbogobbuoooobbooobbobooobbbooboboa
OO000D0D0O0O0D00D00DO self0O0b0O0OOOO
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self (in context ClassA) -- OCL expression of type ClassA

\

CLASS-A -- Sort of ClassA

OCLOODOself0O00D0O0O0OD0ODOOOO0ONOOOattribute,operation,association
oooood

- attribute

attribute D Oself 0D OO0 0ODOO0O0ODOODOODOOOOOOODOOOOOODODO
gobooo

self.attrl -- OCL expression of type Boolean

\

attr1(CLASS-A) -- Sort of BOOL

- operation

gogdogbobbobobbbdtbodguodoooooooboboboon
oCLO000bO0ObOO0obOOobOOooDUoboboUobOobobooooboocLobog
gbobboooboogobobogobbooobbboooboooooboog
gbooboogbboooooooon

- association

oCLOb00DbO0bO0U0bOOoUoboobooUoboboUObbobOoOobooOoDbboUoDboO
gooboooogd

association
1

attrB

A
self.association.attrB

g 37o0b0l1gggoobooogod
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association
* attrB

A
self.association->size

038 0udlgobobbouogogoboooagoon

OO00000000100000association 00 OCLOODOODOOOOOOO
gboobogbogbobogoboduobobbbiodgdbid association U 00
gbooboogbbbuoooobbouooogobbooooboboobod

self.association -- OCL expression of type ClassB

\

projection(ASSOCIATION) -- Sort of ClassB

OO0O000OO00O00obOoobOdn attributel operation OO0 O OO0OOOO

projection’ projection

attrB

attrB(projection(ASSOCIATION))

U39 0d0lgggbboogoobobbooogobood

OO0000000010000000association 00 OCLOODOOOOOOO
gbobobgoobobobbooobobboooobbouooobooooobooog
gooboggbboboogoobobod

gbobbooouogbboboogbobboooobbouoobboooooboa
gbobbogooboogbobuogbobbooobbobooobbbooboboa
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OO00OO0O0O0O0O COLLECTIONODODOOODOODOOOO0OO0Ooooobooooo
gooboggon

self.association.size -- OCL expression of Integer

\

size_classB(ASSOCIATION) -- Sort of INT

addB

size
O includes

projection

projection’

size(ASSOCIATION))

0 3.10: b 10b00ogbbobooobbobooooobooboognoon

gbgboogbobbooboboboobobuoobooboboobbobuooayd
000000000000000000000000 (addOO)O0 COLLECTION
gboboougboboooogooo

mod* ASSOCIATION{
pr(CLASS-A + CLASS-B)
pr (COLLECTION(OBJECT-ID))
x[ Association ]=*
—-- projection
bop classA : Association -> ClassA
bop classB : 0id Association -> ClassB
bop collection : Association -> Collection
-- meta action

bop add-classB : 0id Association -> Association
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—-- collection type operation
bop _exists_ : 0id Association -> Bool

bop size_ : Association -> Nat

-- equation for Collection type’s operation

var ASSOC : Association var 0ID : 0id

eq collection(add-classB(0ID,ASSOC)) = add(0ID, collection(ASSOC))
eq 0ID exists ASSOC = 0 exists collection(ASSOC)

eq size(ASSOC) = size(collection(ASSOC))

3.5.2 00 (0DO00D0DODOOOOOOODOO)

oCLO0000bOOobOOobO0bOobOoUoboUobUobOUobODOobOOobOobUobobobooboog
00000000000 /0000000000000ooooooo0oooooooo
gboggbbobobogobogoboobbouoooooboobbooboonbo
goodogbobobbobobbobobboboboboboooooouoouogaga
gooobog

var C : Class

eq attr(operation(C)) = ...

OCLO000O0O0O0O0O0O0OO (O)oooOoUUoooooOooOoOoOoooooOooOoOO
OO00000D00OOOselfattreapre 000000000 0O0OO0OOOODOOOODOOODO
gobobobooggboobood

var C : Class

eq attr(operation(C)) = attr(C)
doodoodooooooooooooobooooooon

var C : Class

ceq attr(operation(C)) = ... if ...

26



OOoooooobooboocCLOUbobobooboboboobobooboboboobooo
OOo00bO0o0O0o0o0o0ob0oboboobobOooooboboooooCcLooooooo
gboboboooggboboooobobobboooogon

gboggbubogoboobobboobboobooobbbogbooboon
OO0000 CafeOBJOODOODOOODODODOODODOOOOODODODODODOOODOD
0000000 (0oooooooo)o

3.6 UOooooood

OOo0oboobobooobo+0oCLobobooobobooboobooobooobooooo
+OCLODO0O UMLOODOO CateOBJOOODOODOOOODOODOODOODOODODOO
gobobbouogoobooooobobod

3.6.1 00O (1): 00O0DO0OOOOOO

oCfLOO0O0bOO0bOO0bOO0bbO0ObDbObDOOobDOUObbOOobbOOobDbOoCcLbObOO
gobobouogoobooogooo

O00004+0CLOO00O00003.110000000000 (passenger) 0000000
O0000008DO0OD00DDD0000OO (care?)D0000D0ODOOODOODOOOOOO
000 (paid?) 00000000 OOOO

passenger

age : Integer
paid? : Boolean = false
care? : Boolean = false|

setAge(l : Intger)
pay()

passenger
self.age > 80 imply self.cafe? = true

passenger :: pay
post : self.paid? = true
passenger :: setAge(l : Integer)
post : self.age = |

0 3.11: 00 (1)
00000000000000000000000000000000000000
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OoobooboooboboooboboboooboboboboboobobobOoobOn init
OO0O000000Opassenger 1 0O O0O0OOOOO Integerd Boolean O O O OO OOO
O CafeOBJOOOODOOOOO INTOBOOLOOOOO*O

mod* PASSENGER{
protecting(INT)
x[ Passenger ]x
-- observation
bop age : Passenger -> INT
bop care? : Passenger -> Bool
bop paid? : Passenger -> Bool
-- action
bop setAge : Nat Passenger -> Passenger
bop pay : Passenger -> Passenger
-- initial state
op init : -> Passenger

gboboboogoobooooboboooooobod

eq age(init) = 0 .
eq care?(init) = false .
eq paid?(init) = false .

OO0OoCLOODO0ODOU0ODOODOODDOOOpassenger 00000 ODOOOOODODO
payOsetAge 00 0000000 ODOOOOODOODOODO

-- equations for invariant of passenger

ceq care?(setAge(N,P)) true if N > 80 .

ceq care?(setAge(N,P)) false if not(N > 80)
-- equation for post condition of pay

eq paid?(pay(P)) = true .

-- equation for post condition of setAge

eq age(setAge(N,P)) =N .

}

362 00 (2:00000000000(0001)

OOoO0Ooboob0obobooooocLbobobooooobooooooooboDbobo
gobbooggobboogooboboooo1oboboognbobon

{00000 BOOLOOOODOOOOOOOOOODOOOOOOOOOOOOOD
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O000+4+0CLO0O0ODO0O0OO 3.1200000000000 (expense-sheet) 0O (cus-
tomer) 100000000000 (oxder) 0000 O0ODODOOOOOOOOOOO101
000000000000 000 (price)D0000ODO (pocket) DD OOOO0DODOODOO
0000000 (card?) 000000000

UML
expense-sheet customer
price : Integer = 0 order
card? : Boolean = 1‘allse_L pocket : Integer = 0
1

setPrice(l : Integer) setPocket(l : Integer)
expense-sheet customer :: setPocket(i : Integer)
self.price > self.order.pocket post : self.pocket@pre + i

imply self.card? = ture

expense-sheet :: setPrice(i : Integer)
post : self.price = self.price @pre + i

0 3.12: 00 (2)

gbgobogobodgbuogbouogbbobbuoobboogbuoouobooan
20000goobooo3ggoobobouooboon

mod* EXPENSE-SHEET{

protecting(NAT)
*[ Expense-sheet ]x
bop price : Expense-sheet -> Nat —-— observation
bop card? : Expense-sheet -> Bool —-— observation
bop setPrice : Nat Expense-sheet -> Expense-sheet —-- action
op init : -> Expense-sheet -- initial state
}
mod* CUSTOMER{
protecting (NAT)
*x[ Customer ]*
bop pocket : Customer -> Nat —-— observation
bop setPocket : Nat Customer -> Customer -- action
op init : -> Customer -- initial state
}

mod* ORDER{
protecting (CUSTOMER + EXPENSE-SHEET)
x[ Order ]
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bop order-price : Order -> Int —-— observation

bop order-card? : Order -> Bool -- observation
bop order-pocket : Order -> Int —-— observation
bop order-setPocket : Int Order -> Order —-- action

bop order-setPrice : Int Order -> Order -- action

bop expense-sheet : Order -> Expense-sheet -- projection
bop customer : Order -> Customer -- projection

op init-order : -> Order -- initial state

}

ORDERUODOOOODOOOEXPENSE-SHEETOOUOOOOOO CUSTOMERDO OO O
OoO0obOobooobbobobobuoooobobbuobobbobobOorder-00Onog
goobogood

OO OoOCLODO0DO0OD0O0O0OD0O0ODO0OOOsetPrice00D0O0OMOO setPocket
OO000000000000D00EXPENSE-SHEETOOODODODODOO CUSTOMER O
gooboobooobobbbobbbobdbdguodoodoooooooooon
O00O0ODOexpense-sheet 0D O0O0OO0O0OOO0OOOOODOOOOOOOOODODOO
goboogobbboogooboogobboooobobooobbobooooobooboa
ORDEROUODOOOOOOOOODODOOOOODOODODOODOO

var 0 : Order

var I : Int

-- equations for invariant of expense-sheet

ceq order-card?(0) = true if price(expense-sheet(0)) > pocket(customer(0))
ceq order-card?(0) = false if price(expense-sheet(0)) <= pocket(customer(0))

gbbobooobbobuooogbobooobbboooobboboogbobooboa

-- equations for observation

eq order-price(0) = price(expense-sheet(0))
eq order-card?(0) = card?(expense-sheet(0))
eq order-pocket(0) = pocket(customer(0))

-- equations for projection

eq expense-sheet(init-order) = init .

eq expense-sheet(order-setPrice(I,0)) = setPrice(I,expense-sheet(0))
eq expense-sheet(order-setPocket(I,0)) = expense-sheet(0)
eq customer(init-order) = init .

eq customer (order-setPrice(I,0)) = customer(0)
eq customer (order-setPocket(I,0)) = setPocket(I,customer(0))
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00000000000 0CLO00000000000000000000000000
00000000f6)7oo0o000000

3.6.3 00 3):000000000000O0O

000000000000000000000000CLO000000000000
0000000000000000000000000000

0000+0CLOOOOO0O0D 3130000000000 (hotel) 00 (guest) O 00
0000000000000 (checkins)JO0O0O000 200000000100 (000)
000000000000000000000000000000000000 (000
guest 10 000000000)0100000000000000000000000
0000000000000000000000000000000000000000
000000 (numOfBed) 000000

UML

hotel guest
name . age
numOfBeds checkins sex = {male,female}

1 *

setName setAge
setNu_mOfBed setSex
checkin

hotel

self.checkins->size <= self.numberOfBeds

hotel :: checkIn(g : guest)

pre : not self.checkins->inclueds(g)

post : self.checkins->size = (self.checkins@pre->size) + 1 and
self.checkins->includes(g)

hotel :: setName(s : string)

post : self.name =s

hotel :: setNumOfBed(i : integer)
post : self.numOfBed =i

0 3.13: 00 (3)
D00Oguest 000000000 (sex)0000000000000000000000

gobobbooggbooood

mod! SEX{
[ Sex ]
ops Male Female : -> Sex .

}
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mod* HOTEL{

pr (INT + STRING + OBJECTID)
x[ Hotel ]

bop numOfBed : Hotel -> Int
bop name : Hotel -> String
bop setNumOfBed :
bop setName :
bop checkIn : 0id Hotel -> Hotel
op init -> Hotel

}

mod* GUEST{
pr(INT + STRING + SEX + OBJECTID)
*[ Guest ]

bop age : Guest -> Int
bop sex : Guest -> Sex
bop setAge : Int Guest -> Guest
bop setSex : Sex Guest -> Guest
op init : 0id -> Guest

op no-guest : —-> Guest

b
mod* CHECKINS{

gbgobogobodgbuogbouogbbobbuoobboogbuoouobooan
20000goobooboo3ggoobobouonbon

—-—- observation
—-- observation

Int Hotel -> Hotel -- action
String Hotel -> Hotel

-- action
-- action
-- initial state

observation
observation
action
action
initial state
error

pr (GUEST + HOTEL + COLLECTION(OBJECTID))

*[ Checkins ]*

bop numOfBed : Checkins -> Int -- observation

bop name : Checkins -> String —-- observation

bop age : 0id Checkins -> Int —-- observation

bop sex : 0id Checkins -> Sex -- observation

bop setNumOfBed : Int Checkins -> Checkins -- action

bop setName : String Checkins -> Checkins -- action

bop checkIn : 0id Checkins -> Checkins -- action

bop setAge : 0id Int Checkins -> Checkins -- action

bop setSex : 0id Sex Checkins -> Checkins -- action

bop hotel : Checkins -> Hotel -- projection
bop guest : 0id Checkins -> Guest -— projection
bop collection : Checkins -> Collection -- projection

op init-checkins : -> Checkins
op errar-assoc : —> Checkins

-- meta operation
bop add :

32
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-- initial state
-— errar state



—-- collection type operations
bop includes : 0id Checkins -> Bool
bop size_ : Checkins -> Int

hotel OO OO checkin OO OO0ODOguest 0000000 DOOO0O0ODOO0O Guest O
OO00000000o0ob0obbOOoDoodOboobD0bO0O0O0OD0OCHECKINSODOOD
OOO0OHOTELODOODOODOOO GUESTOODOOOOODOOODODOOODOODOOOD
D000 guestD 0000000 0O0OO0ODOODO0O0ODODOODOOD addDOODDOO
O00D000000 includesO OO sizeDOO0O0OO0OOOOO

CHECKINODOUODOOOUODOUDaddOODOOODOOODODOOODODOOOOODOODDOO
OOo0oooOobOoobooogo

-- equations for meta actions and collection operator
eq collection(init-checkins) = empty .

eq collection(add(0, C)) = add(0, collection(C))

eq includes(0, C) = includes(0, collection(C))

eq size(C) = size(collection(C))

eq collection(setNum0fBed(N, C)) = collection(C)

eq collection(setName(S, C)) = collection(C)

eq collection(setAge(0, N, C)) = collection(C)

eq collection(setSex(0, SE, C)) = collection(C)

O0000000addO0 0000000000000 DOO0ODbOObODODOODOObODDOO
0000000000000 000O00OoO00ooooooooo

OO0OCLOO00D0O0OD0OO0O0OU0DODOODhotelDOODO setName OO OO
00 setNumOfBed DO O O0Oguest U OO0 setAgeD 0O 0000 setSexO OO OOMO
OO00ODO0OO0OO0OHOTELODOODOOOGUESTOOODOODODODODOODODODO
OO00000000000000D0O00D000DO00D0O0OhotelOODOO checkinO OO
0000/0000000000000000000000ooOoOoo0o0ooooooo
00000000 000oOoOO000oooOoOo0oOoooobooOOoOo0oooooooogoo
OOOOO0OCHECKINSOOOOODOODODOOOOOOoOooODooboDobobooooo

-- equations for pre/post condition of checkin method
ceq checkIn(0, C) add(0, C) if not(includes(0, C))
ceq checkIn(0, C) errar-checkins if includes(0, C)

OO0000 chekinOOOODOOODODOOUOD addOOD0OODOOOOODOOOCLODO
O checkinOOUOOOOOOOOhotelUDODO0OOOguestd D O0OO0OOOOOOO
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Obooooobooobob ddibbobgobooboboooboobobobooonbg
OOoooooDifb0bobo0ooboobonoo
O0OOChoetelUODOODOODODOODOOODODOODODODODODOODOODOODO
OO0000000O0O0O0ODOO0O0OCHECKINODODODOUODODOUODoOooboobbooDboo
gboboogbboboobbooobobboobboobboooboooboboan
gbobobooogbbooooobbbuoooobouoon

size(C: Checkins) <= num0fBed(C)

gboogobobooggb4bnboooobon
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4 U

CateOBJU OO UMLUOOOOOO

OO0000400000 UMLOOODOOOODOOODOOOOODOOCafeOBJOOODO
gobbouoooogooboooan

4.1 OO

OOoOoOooDoCLObobooobooouMLOObOOOoOObobooooocLbooooo
OO0o0OooOobO0obOoboboobOoobbobooboooCdLbObgobooboooboboogoo
OO000D00O00Db0O00DbO0O0bO0o0obOooboOobncafeOBJOOODOODOOOODO
gboobooogobod

4.1.1 OCLOODOODO

OOooooouMLOODOODOOODOOODOOoOooCLOoobooboooboooooo
O00000O0OCLO UMLOODOOOCOOOOOOOOOOOOOOD 19)J0uUMLOO
OO0000000O000b0ob0obOobOobo0obobOobO0obOobooooooboDbDoOoocL
00000000000 0ODOD0ODD Catalysis24| D0 0000OOOOODODOOODOO
O00oCLOO0000O00O0O000DOoODOO0O0OU0oooOO0oooooOoofojocoo
vMLOOOOODOODOODOOOOoOCLOObDOobOobooooboocLoooooooo
gbobuogbbdgobbooboobbooboboboooboooboooboan
gooo

00000010120 00000000 OCLO0000O0O0000NOnoooo
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e Type Checking

oCLObOO0bObOO0bObOO0bOOoDgoboooooCLbObobobbOobboobbooOoog
gbobboogoogboboooboouoooboboboooooobboog
ooocLOooooboooboboboooboobooboobooobooooogooooo
oCfLOb00bDOooboobOobooouMLObOOOODObDODODObDODObOO
gooo

e Dynamic Checking

OO0O0oooooooooocLbObboooobooooboobobouobooDboo
gbggbgboogbdgbubobboobouobbooobuoobbooboo
gbbuogooboogbobogbobbbooobbbooobbuoooobog
gboboboogbobboogoobobooobbbuoooobobobboogooon
OO00O0bO00ob00oboobooooboboobooooooCLbOboboonbo uMLOO
0000000 (executability) 000000000 0OOO

e Consistency Checking

oCfLOO00bobOOoobDbOoOobobOobobobOoobooCcLbOboobooUoobDooboDO
oCLO00000O0bOOobOO0bO0bOobOoobOOobDOobOobobooboooo

O00000O0CLODOOODOODO Type Checkingld Dynamic Checking 0 0 0O 0O O
0000 ODynamic checkingO O OO D00 000000O00O0OODOOOODOODOODOO
000000000000 00ODOOOobOOoOobD oCcLOoobOoobOoobOoobDoooDoog
0000000000 0ooooooooooooog

OO000+0CLO00O0O0OD00OD0O0OD00O00D0000O0OO0O0OCateOBJOOODOODOO
OO00000D0O00000000O0DoDooDOooDood

4.1.2 UMLUOUOOOOOOOOOO

vMLOOOOODOOOOOOobOobooOoboobOboooobobooobobobobooo
gbobobooobbobooobodbbuoobobbooobboobbooobbboon
gbobouogbbbooougbbooobuoobobboooboooboooboon
gobbbouggoboogoobbbuoooobbuoooboboooooboa
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Class Diagram

A B
attrA attrB

method method’

\‘J/DDDDDDDDDDD

snapshot snapshot

oo

U 41: 0000000000

gbobouogobuogbobooogoogobbooboobboooboooboan
0000000000000 00oooooooCLO0doooooooo/oooooo
gbogobogbobodbuoobougboobooobooobooobooboon
0 CafeOBJO OO OOOOOO (reduction) 0 0000000000000 OO0OOOO
goood

4.1.3 0O0OO

OO000OCafeOBJOOOOOOOO UMLOOODOODOODOODODOO 460000

OOoooooo+O0CLODOO0O UMLOODOODODODOOODODOODOODO40000
OO0O0DO0000D000000b00D0b0bOODg cafeOBJODOODOODOOODODO
OO000000D00D0O0O0O00 OCLOO Type CheckingD OO ODOOOOODOOODO
OO00O0D0DO0bDO0bOoooboooCLObb0obobobD0ob0obUobOobonoO parsed
000000 Type CheckingODODODODOO CateOBJOOODOOOODOOODOODOOODO
O000OCLOO Dynamic CheckingO OO OCLODOOOOOOOOOO
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UML CafeOBJ
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E_D ocL ocLOOonono

gooooood
good
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|
'

ﬁ[§§§ gooo
oooo

ooooooo

gooooooono
0 OCL Dynamic Checking
0 OCL invariant 0 O

042 000

4.2 UMLOOOOOOOOOOOOOO

4000000000OCLOOO/O0O0O00000D0O0OO00D0oOOOOOoOO
000000000000 /0000000000o0ooooooooooooooooo
J000oboooobooobboobbooboooboobooooooobooooon
J0o0obooooboobbobobooooboob0ooobooboboobooooon
O00000000000000DO00D00bOO00OoCafeOBJODOOODODOOODOOO
O00000000000000DO00Db00CafeOBJODODDODOOOOODODOODOO
O00D000red000O0O0OODODOOO

O000o0oboooboobobooobboooboooooobbooobbooobooon
goooobooobobobobbooobooooooooooooooooo
J00dodboobooobboooooobobbbooobooobDbooobOon
ClassO O D000 ODODO operationlOoperation2 0000000000000 0OOOOOO
O00Db000obobOoooooooooo

operation2(operation1(C : Class)) -- hidden sort of Class

OOobooooboooooo+ocLboobobooboooooobobooboooboogoo 4
00000000 ()oooo0oooood
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UML

expense-sheet customer

price : Integer =0 order
caM?:Boobanzfds%_ 1 pocket : Integer = 0
setPrice(l : Integer) setPocket(l : Integer)

043 0000: 00000000000 (1)

g430000000booogboboogbsocoodbbooonoonascoobbogd
OO0O000b0oboo0o0o0bboo0bOobOobDOn snapshotl 0 OO O O O snapshotl
goboboogooboooon

setPrice (3000, setPocket (5000,init-order)) -- snapshotl

gboboubbboggboogboobboobbboobbooboboooboooboan
goboboogooboooon

CafeOBJ> open ORDER

—-- opening module ORDER.. done.

%0RDER> red card?(setPrice(3000,setPocket (5000, init-order))) .
false : Bool

O00Osnapshotl OO OOO0OOOOvO0DODOODOOOODOOODOOOOODODOOO
O0O0O0000000000 snapshot20 0000 Osnapshot20 00 000O0OOOO
goo

setPrice(7000,setPrice(3000,setPocket (5000,init-order))) -- snapshot2

gboobboooggoboogoobobbuogoobouooobooo

%0RDER> red card?(setPrice(7000,setPrice(5000,setPocket(5000,init-order))))
false : Bool
%0RDER> red price(setPrice(7000,setPrice(5000,setPocket(5000,init-order))))
7000 : NzNat

O00Osnapshot20 00000 100000 000000000000 O0ODODO0O0DOO0ODOO
O snapshot30 0 0 OO Osnapshot30 00 O0OOOOOOOOONO

setPocket (10000, setPrice (7000, setPrice (3000, setPocket (5000,init-order)))) -- snapshot3
00000000000 oooooooooooooooooooooo
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%0RDER> red card?(setPocket(10000,setPrice(7000,setPrice (3000,
setPocket (5000,init-order)))))

false : Bool

%0RDER> red pocket(setPocket(10000,setPrice(7000,setPrice (3000,
setPocket (5000,init-order)))))

10000 : NzNat

gobbbouoggbooooooooboobon

snapshotl
: setPrice(3000,setPocket(5000,init-order))

el :: Expense-sheet cl :: Customer
card? = false pocket = 5000
price = 3000
snapshot2
: setPrice(7000,setPrice(3000,
setPocket(5000,init-order))
el :: Expense-sheet cl :: Customer
card? = true —
price = 7000 pocket = 5000
snapshot3
: setPocket(10000,setPrice(7000,setPrice(3000,
l setPocket(5000,init-order))
el :: Expense-sheet cl :: Customer
card? = false pocket = 10000
price = 7000

044 00000000000 (1)

oCLOO0O /0000000000000 0OOOO000OOOO0OOODOOObO
goboboogbbobooooobobobooogoboooooobooon
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4.3 OCLOOOO

oCLO00O00obooobobooobobooU40b0U0U0DbbOO0ODDOOODOOODbOOO
oCLO0O0DOO0ODOOODbObOODDOCeOBJOODODODODOODDOODDO OCLOOOO
OO00000oOobDobOooCLbOobbooboOonodtyped 0000 dynamic D OO0DOODO
OoCLObO0obooboooooooonDo

4.3.1 typeD 00O

OO0b0O0o+0CLO00D0O0O0O0ODO0ObODOOODODnD CateOBJOODODOODODOODOO
OO000OCLOO typeOOOODOODOOCafeOBJOOODODDOODOOOODOOODOO
OOoo0o0ooOobobbO0obOobooooooobOobooooboooCLoboboogo
OOo0oO0o0oodLOfdboooobooobuoobooboooocrLoboobooboobobooog
gboggbobbooboboobbooboooboooboobobooboboon
gbobouogbbuogobboobbooobooobooboooboboboobogn
OOoooooocdLOooooboobooboobooboboboboouoboobooooooo
gbobooggbbuooobooooo

OO0 CateOBJOODOODOODOOOODO parse0000000OOOCLDO typed OO
OO0000oO0obO0oboOOobog45000000D00D0ODOOOCLODODODbDObDODOD
gobooo

expense-sheet customer
price : Integer =0 order
card? : Boolean = falsel 1 pocket : Integer = 0

setPrice(l : Integer) setPocket(l : Integer)

expense-sheet
self.order.age
X poooooooo

0 4.5 Type0OODOOOOOO

OOo0OdD4500000000000D00D0D0ODODOOOD OCLOUDbDODODO
OO0O0O0oOoDoCLOb0boboobouobouoboobparse00000OO0ODOOOOO

CafeOBJ> open ORDER
—-- opening module ORDER.. done
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%0RDER> parse age(0:0rder) .
[Error] no successfull parse
(age ( 0:0rder ))
("age" "(" "0O:0rder" ")") : SyntaxErr

gbobobooobbobbooooobobogn

4.3.2 dynamic 000

dynamic 0000 O0O0OCLOOOOO (00)0DOODOOOODOOOOOOOOODOOO
gbobobooobooobogobobboobobbooobbbobbooobboan
oobbooooboooobooboboboobDobobobooboobooboob uML
OO00000D0O000000DO0b0bD0oboboog OoCLO dynamicOOODDOODOOO

gbgbodgbgbobogoboobbobboooboobbooboooboon
gbobouogbbboobbooboobobboobobbooboooboooboan
OOooOobDOoocCLoboooooogon

00000040000 (3)0000 dynamic0 0000000000000 ODO hotel

hotel guest
name h | age
numOfBeds ote QUeSTS | gex = {male,female}
1 *
checkin
hotel
self.guests->size <= self.numOfBeds <= [0

hotel :: checklin(g : guest)
pre : not self.checkins->inclueds(g)
and self.numOfBeds > self.guests.size
post : self.checkins->size = (self.checkins@pre->size) + 1 and
self.checkins->includes(qg)

0 4.6: dynamic 0 000 OO

gobbboooggoobboobbbbbooooobbobbooooboboboood
gboggbbooboooobboobuoooooboobobboobboooboon
OOoooooboboCLOobobobooobobobboobooouoboobooooooo
gobbdbbobooggbbooogobobouooan
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numOfBed(s) >= size(s) -- s : System

gbobggbboggbouogbobogbbogobogogobooobbooboan
OO0O00O0CLODOO dynamicOOOODOODODO

dynamicO0 00 OOD0O0OD00O0O0ODOOOODOO0ODOOOOSODOODOO

CafeOBJ> open SYSTEM .
—-- opening module SYSTEM.. done.
%SYSTEM> eq numOfBed(init) = 5 .

gobob3tggbuoogoobooouogbbobboooooboboboboa

%SYSTEM> beq sl = checkIn(o2, 27, Male, checkIn(ol, 24, Female,
init-system)) .

%SYSTEM> bred numOfBed(sl1) >= size(sl) .

true : Bool

gobobodeddbogobbboobobbbuoooobbboooouoognon

%SYSTEM> beq s2 = checkIn(o6, 26, Female,

checkIn(o5, 22, Female, checkIn(o4, 21, Male, checkIn(o3, 30, Male, s1))))
%SYSTEM> bred numOfBed(s2) >= size(s2) .
true : Bool

OOOooboOoboobooebbUObbUO0ObO0ObDOUO0obOoobboOobOO checkln
0000000000000 000000000000000000000O0O0O ID(06)
gbobobouogoobooooobobbod

%SYSTEM> bred includes(o06,s2) .
false : Bool

gbogobogoboboobobougbboooboobobuoobbooboon
oCLObbOOoboooboooo

4.3.3 OCLUOUOODOOOO

4320000CLO000000D00ODODOO0DbODOOODDbDObDOobObOOobOOobOOoDOoo
gbbougoooboooboaoboubbobooobboguobboooooooboog
gbobobboogoboboooooboboboooobbouooooobooon
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000000CLOO0O0/0000000000000000000000000000
000000000000000000000000000000000000000
afulaluls

00000000432000000 (3)00000000000 (0 [?)000000
ocLOOOO0

context hotel : self.numOfBed >= self.guests->size

OO000O00D CafeOBJOODOOOOODOO

num0fBed(s) >= size(s) -- for all s : System

O00000000000D0ObOO00bO0o0bO0oobooOoboOOproofscoreddOOOO
goo

s ( : System ) UUODOOODOOOOOOOOOODO
Base case (s = init-system ) :
*x*> base case ( s = init-system ) : numOfBed(init-system) >= size(init-system)

red num0fBed(init-system) >= size(init-system) .
—-- should be true

LH. (s = sys ) : numOfBed(sys) >= size(sys) 000000000000 00O0O0O
goodoooboobbbbboooooooooooobobbuooooo

*x%> induction hypothesis ( s = sys ) : numOfBed(sys) >= size(sys)
-- in CafeOBJ => numOfBed(hotel(sys)) >= size(collection(hotel(sys)))
eq numOfBed(hotel(sys)) >= size(collection(sys)) = true .

[.S. (s = checkIn(o, n, s, sys) ): include(o,sys) 00000000000

case ( binclude(o,s) = true):

*xx> case : include(o,sys) = true

eq includes(o, sys) = true .

red num0fBed(checkIn(o, n, s, sys)) >= size(checkIn(o, n, s, sys)) .
-— should be true

case ( binclude(o,s) = false ): 0000000000000 OOOOOLH.OOOO
Oo000oo0Oooooooooocoooooo
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*xx> case : include(o,sys) = false

eq includes(o, sys’) = false .

-- I.H.(1)

eq numOfBed(hotel(sys’)) > size(collection(sys’)) = true .

red num0fBed(checkIn(o, n, s, sys’)) >= size(checkIn(o, n, s, sys’))
-— should be true

eq includes(o, sys’’) = false .

-- I.H.(2)

eq numOfBed (hotel(sys’’)) = size(collection(sys’’)) .

red num0fBed(checkIn(o, n, s, sys’’)) >= size(checkIn(o, n, s, sys’’)) .
-— should be true

OO0000000000000O00000O0b0obD0obOo cafeOBJOODODODOODOO
gboobooggoboooon
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5 [

Joooobobo

5.1 OO0

5.1.1 UMLOUOOOOODOOOO

OO0O00O0OuMLOOOOODOOODODOODO CafeOBJOODOOODODOODODOOODOO
OOo000o0ooboobooboouMLOOODbOODOOD oCLboboobooboooboo
OO000o0o0ob0b0oboboboobooboobOooDoboboboboooooooocLo
0000000000 /000000000000000ooooOoooooooooo
O0o00o0o0o0ooOoOoOooooCLO0n/Oooooooooooooooooooo
gbggogboobbobbuogbobuogbbobbooboogoboooboon
gbggbogbogbooobobooboooboboobbooboooboon
gbggbgbboogbobbooobbobobbbooobboobbooboooboon
gooobog

OoooCLObO0oobooboboobobobouooooboobbooocLuboooooo
gbobouogbooagbbobobodbdgbboobbuooboogboogboogoa
gboggbooobodobbuogboboobuoobobbooboobbooboon
gobooood

oCLO0b00o0bOoobo0ooboobooobbOobOoUobbOOoUobDbOOooboboOooo
gbggbboobogobogbbuooboooboooboobobooboboon
goodbogbobobbobobbobobobobbbbbboboboboooogoa
O+O0CLODO0ODO0ODO0ODOO0OO0ObOObOODO
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5.1.2 UMLOUOOOOO

UMLOOOODOODOOODOODOOOOO0ODOO0ODO CateOBJOOODODOODODODO
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00000000000 0DO0ob0obOobooCLO dynamicOOODOOODOODOODOODO
gbbuogobboooboogbbuoodbboobbooobbooobobboona
gbobobooggobboooon

ooooCLbOOdbooboooobobobobooobooboooooooDoDbOoDbOobO
guogdbogbobobbbobbbbgdodugududouoooooooooon
O0ooO0ooooCLO0OioooOoOoooo/00o00oooooooooooooo
OO00000O000O0b0o00b0oobooboooobooooouMLODOD CateOBJ
gbbooogogbouooobobouooan

oboboobobooobobooboboobouMLbObOobooboboobuoobobg
gobobbooggbobooooobobboooogon

5.2 U0OOO

00000000000 (o000 UMLOOO)ODOOO0oOoOOoOoooooooooo
0000000000000 00000Aley8DO00000ODOOOOOODOODOO
OO00zOODOODOOOOODOOOOOOODODAlloyOODODOODOODODOOODO
OO000DO0bO0bO0obbobO0ooDobO0ob0obooboooooogboAlloyoooogoo
O000000UMLOOOOOOOOCLOOOOOOOOOAlNecal9jOODOOODOO
gboobooogboaooooon

vUML[I6)0OUMLOOOOOOOOODOODOOODOOOOOOOOOOOOoooOO
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5.3 U000

gbobbogoboboooobbobooobobod

e HOUOUOODLOOO

gbbogoobbogobbuooobbooobbbooobbuooooboboa
gbbogoobbogobobogbobbbooobboboooboboboonoobod
gbobbooobboogoobuoooobboooobooobbuooooboog
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CafeOBJOODOOODOOOODOODO

0000000000000 0O0000oOo0o0ooooooooooooD 4oo
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vMLOOOOOOOOOObOOoOoboOobooboboobobDbobDooboon
vMLOOOOODOOOobDOoOOobOobOOoooboobDoooboboboboo
gobobooogobooood

49



L] [

gboggbbobobogobogoboobbobbuoobouooboooobooan
gboouogoboogbbodgbobougobboobobbuogbboooooboanog
gobbbdogooobbbooooobooooobbboooobobobooonbg
gbobbbooodgobooooobbboooobbodooobbbooooonoo

50



[]

(6]

[7]

HRERE

Razvan Diaconescu and Kokichi Futatsugi, CafeOBJ Report, World Scientific, 1998

Kokichi Futatsugi, Fundamentals of algebraic modeling, Computer Software,

13(1):pp.4-22, 1996, in Japanese

Joseph Gogune and José Meseguer, Order-sorted algebra : Equational deduction
for multiple inheritance, overloading, exceptions and partial operations, Theoretical

Computer Science,1992

Joseph Goguen and Grant Malcolm, A hidden agenda, Technical Report CS97-538,
UCSD Technical Report, 1997

José Meseguer, Conditional rewriting logic as a unified model of concurrency, The-

oretical Computer Science, 1992

Shusaku lida, An Algebraic Formal Method for Component based Software Devel-
opments, PhD thesis, Japan Advanced Institute of Science and Technology, 1999

Shusaku lida, Michihiro Matsumoto, Razvan Diaconescu and Kokichi Futatsugi,
Concurrent Object Composition in CafeOBJ, JAIST Research Report, IS-RR-98-
0009S,1998

D.Jackson, Alloy:A Lightweight Object Modeling Notaion, Technical Report 797,
MIT Laboratory for Computer Science, Cambridge, Mass, 2000

Daniel Jackson, Ian Schechter and Ilya Shlyakhter, Alcoa: the Alloy Constraint
Analyzer Proc. International Conference on Software Engineering, Limerick, Ireland,
2000

51



[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

H.Hussmann, B.Demuth and F.Finger, Modular Architecture for a Toolset Support-
ing OCL, UML’2000 The Unified Modeling Language Conference, 2000

H.Hussman and B.Demuth, Using OCL Constraints for Relational Database Design,
UML’99 The Unified Modeling Language, Second Int. Conference Fort Collins, Co,
USA, Springer, 1999

OCL FAQ(draft), http://www.cs.ukc.ac.uk/research/sse/oclws2k/oclfaq.txt

Stephen J. Mellor, Software-platform-independent,Precise Action Specifications for
UML, UML’99 The Unified Modeling Language, Second Int. Conference Fort Collins,
Co, USA, Springer, 1999

M.Richters and M.Gogolla,  Validating UML Models and OCL Constraints,
UML’2000 The Unified Modeling Language Conference, 2000

D.Distefano, J.Katoen and A.Rensink, Towards model checking OCL, ECOOP’2000
workshop on Defining Precise Semantics for UML, 2000

VUML,http://www.abo.fi/ iporres/vUML/
[.Jacobson, Object-Oriented Software Engineering, Addison-Wesley,1992

J.Rumbaugh, M.Blaha, W.Premerlani, F. Eddy and W.Lorensen, Object-Oriented
Modeling and Design, Prentice-Hall, 1991

OMG, OMG Unified Modeling Language Specification version 1.3,

http://www.rational.com/uml/index.html

J.Warmer and A.Kleppe, The Object Constraint Language Precise Modeling with
UML, Addison-Wesley, 1999

G.Booch, Object Oriented Design with Applications, Benjamin Cummings, 1991
G.Booch et al, The Unified Modeling Language User Guide, Addison-Wesley, 1998

M.Fowler and K.Scott, UML Distilled: Applying the Standard Object Modeling
Language, Addison-Wesley, 1997

52



[24] D’Souza, A.Wills, Objects, Componets, and Frameworks with UML - The Catalysis
Approach, Addison-Wesley, 1999

[25] S.Cook and J.Daniels, Designing Object Systems -Object Oriented Modeling with
Syntropy, Prentice-Hall, 1994

93



Appendix

—— sksokskokokokokskokokskok sk kot sk ok ok ok kk ok ok sk o
-- Library for OCL

== 3kokokokok ok >k 5k sk sk ok sk ok ok sk >k ok sk >k >k sk ok skok k sk k k%

mod* OBJECTID{
[ 0id ]

mod* COLLECTION(X :: TRIV){
pr (INT)

*[ Collection ]*

-- initial state

op empty : -> Collection

—- behavioural constructors

op add : Elt Collection -> Collection { coherent }

-- atributes

bop includes : Elt Collection -> Bool

bop size : Collection -> Nat
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—-- variables
vars E E’ : Elt

vars S : Collection

-- equations for attributes

eq includes(E, empty) = false

eq includes(E, add(E’, S)) = (E == E’) or (includes(E, S))
eq size(empty) = 0 .

eq size(add(E, S)) = size(8) + 1

== 3kokokokok %k >k ok sk sk ok sk ok sk sk >k >k sk >k >k sk >k skok >k kok k >k

-- examplel : Passenger

== 3kokokokok %k >k ok sk sk ok sk ok sk sk >k ok sk >k >k sk ok skok >k kok k >k

mod* PASSENGER{
protecting (NAT)

x[ Passenger ]x

—-- observation

bop age : Passenger -> Nat

bop care? : Passenger -> Bool

bop paid? : Passenger -> Bool

-- action

bop setAge : Nat Passenger -> Passenger

bop pay : Passenger -> Passenger

op init : -> Passenger

var P : Passenger
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var N : Nat
eq age(init) = 0 .
eq age(setAge(N,P)) =N .

eq age(pay(P)) = age(P)

eq care?(init) = false .

true if N > 80 .
false if not(N > 80)

ceq care?(setAge(N,P))

ceq care?(setAge(N,P))
eq care?(pay(P)) = care?(P)

eq paid?(init) = false .

eq paid?(setAge(N,P)) = paid?(P)
eq paid?(pay(P)) = true .

== 3kokokokok kK ok sk sk ok sk ok k sk >k >k sk >k >k sk ok sk ok >k kok k >k

-- example2 : (Order

== 3kokokokok %k >k 5k sk sk ok sk ok k sk >k >k sk >k >k sk >k ko >k kok k >k

mod* CUSTOMER{
protecting(INT)

*[ Customer ]x*

bop pocket : Customer -> Int —-— observation
bop setPocket : Int Customer -> Customer -- action
op init : -> Customer -- initial state

var C : Customer

var I : Int

eq pocket(init) = 0 .
eq pocket (setPocket(I,C)) = I + pocket(C)
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mod* EXPENSE-SHEET{
protecting(INT)

*[ Expense-sheet ]x

bop price : Expense-sheet -> Int —-— observation
bop card? : Expense-sheet -> Bool -— observation
bop setPrice : Int Expense-sheet -> Expense-sheet —-- action

op init : -> Expense-sheet -- initial state

var E : Expense-sheet

var I : Int

eq price(init) = 0 .
eq price(setPrice(I,E)) =1
eq card?(E) = false .

mod* ORDER{
protecting (CUSTOMER + EXPENSE-SHEET)

x[ Order ]=*

bop order-price : Order -> Int —-— observation
bop order-card? : Order -> Bool -- observation
bop order-pocket : Order -> Int —-— observation
bop order-setPocket : Int Order -> Order —-- action

bop order-setPrice : Int Order -> Order -- action

bop expense-sheet : Order -> Expense-sheet -- projection
bop customer : Order -> Customer -- projection

op init-order : -> Order -- initial state

var 0 : Order
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var I : Int

eq
eq
eq

eq
eq
eq
eq
eq
eq

equations for observation
order-price(0) = price(expense-sheet(0))
order-card?(0) = card?(expense-sheet(0))

order-pocket(0) = pocket(customer(0))

equations for projection

expense-sheet(init-order) = init

expense-sheet (order-setPrice(I,0)) = setPrice(I,expense-sheet(0))
expense-sheet (order-setPocket (I,0)) = expense-sheet(0)

customer (init-order) = init

customer (order-setPrice(I,0)) = customer(0)

customer (order-setPocket(I,0)) = setPocket(I,customer(0))

equations for invariant of expense-sheet

ceq order-card?(0) = true if price(expense-sheet(0)) > pocket(customer(0))

ceq order-card?(0) = false if price(expense-sheet(0)) <= pocket(customer(0))

== 3kokokok Kk >k ok sk sk ok sk ok sk sk >k >k sk >k >k sk ok skook k kok k >k

-- example3 : Hotel .vl

== 3kokokokok %k >k ok sk sk ok sk ok k sk >k >k sk >k >k sk ok skok k kok k >k

mod !

SEX{

[ Sex ]

ops Male Female : -> Sex .
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mod* HOTEL{
pr(INT + STRING + OBJECTID)

*[ Hotel 1%
bop numOfBed : Hotel -> Int -- observation
bop name : Hotel -> String —-- observation

bop setNumOfBed : Int Hotel -> Hotel -- action

bop setName : String Hotel -> Hotel -- action
bop checkIn : 0id Hotel -> Hotel -— action
op init : -> Hotel -- initial state

var I : Int
var S : String

var H : Hotel

eq num0fBed(init) = 0 .
eq num0fBed (setNumOfBed(I, H)) = I
eq name(init) = ""

eq name(setName(S, H)) = S .

mod* GUEST{
pr(INT + STRING + SEX + OBJECTID)

*[ Guest ]

bop age : Guest -> Int —-- observation
bop sex : Guest -> Sex -- observation
bop setAge : Int Guest -> Guest -- action

bop setSex : Sex Guest -> Guest -- action

op init : 0id -> Guest -- initial state
op no-guest : —> Guest -- error
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-- equations

var G : Guest
var 1 Int
var S : Sex
var 0ID : 0Oid

eq age(init(0ID)) = O .
eq age(setAge(I, G)) =1
eq age(setSex(S, G)) = age(G)

sex(init (0ID)) = Male .
sex(setSex(S, G)) =S .
sex(setAge(I, G)) = sex(G)

eq
eq
eq

mod* CHECKINS{

pr (GUEST + HOTEL + COLLECTION(OBJECTID))

*[ Checkins ]*

bop numOfBed : Checkins -> Int -- observation
bop name : Checkins -> String -- observation
bop age : 0id Checkins -> Int —-- observation
bop sex : 0id Checkins -> Sex -- observation
bop setNumOfBed : Int Checkins -> Checkins -- action
bop setName : String Checkins -> Checkins -- action
bop checkIn : 0id Checkins -> Checkins -- action
bop setAge : 0id Int Checkins -> Checkins -- action
bop setSex : 0id Sex Checkins -> Checkins -- action
bop hotel : Checkins -> Hotel -- projection
bop guest : 0id Checkins -> Guest -— projection
bop collection : Checkins -> Collection —-- projection

op init-checkins

op errar-checkins

: => Checkins

: => Checkins
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-- meta operation

bop add : 0id Checkins -> Checkins
—-- collection type operations

bop includes : 0id Checkins -> Bool

bop size_ : Checkins -> Int

vars 0 0’ : 0id
var C : Checkins
var N : Int

var S : String

var SE : Sex

-- equations for meta actions and collection operator
eq collection(init-checkins) = empty .

eq collection(add(0, C)) = add(0, collection(C))

eq includes(0, C) = includes(0, collection(C))

eq size(C) = size(collection(C))

eq collection(setNum0fBed(N, C)) = collection(C)

eq collection(setName(S, C)) = collection(C)

eq collection(setAge(0, N, C)) = collection(C)

eq collection(setSex(0, SE, C)) = collection(C)

-- equations for projection operator

eq guest(0, init-checkins) = init(0)

eq guest(0, add(0’, C)) = guest(0, C)

ceq guest(0, setAge(0’, N, C)) = setAge(N, guest(0, C)) if 0 == O’
ceq guest(0, setAge(0’, N, C)) = guest(0, C) if 0 =/= 0’

ceq guest(0, setSex(0’, SE, C)) = setSex(SE, guest(0, C)) if 0 == 0O’
ceq guest(0, setSex(0’, SE, C)) = guest(0, C) if 0 =/= 0’

eq guest(0, setNumOfBed(N, C)) = guest(0, C)

eq guest(0, setName(S, C)) = guest(0, C)
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eq age(0,C) = age(guest(0, C))

eq sex(0,C) = sex(guest(0, C))

eq hotel(init-checkins) = init .

eq hotel(add(0, C)) = hotel(C)

eq hotel (setNumOfBed(N, C)) = setNumOfBed(N, hotel(C))
eq hotel(setName(S, C)) = setName(S, hotel(C))

eq hotel(setAge(0, N, C)) = hotel(C)

eq hotel(setSex(0, SE, C)) = hotel(C)

eq numOfBed(C) = numOfBed (hotel(C))

eq name(C) = name (hotel(C))

-- equations for pre/post condition of checkin method
ceq checkIn(0, C) = add(0, C) if not(includes(0, C))

ceq checkIn(0, C) = errar-checkins if includes(0, C)

—— kokokokok ook sk ook skskok sk ok stk ok skok sk stk sk sk ok skk sk sk ke skk sk sk kok sk sk sk ok stk sk skok ok skok sk sk ok ok ok ok
-- example3 : Hotel .v2
-= for the example of dynamick cheking and invariant verification
—— kokokokok koo okokskok okt sk sk sk ok stk ok skok sk stk sk sk ok sksk sk sk ki sk sk ok sk sk sk ok stk sk skok ok stk sk sk ok ok ok ok
mod* HOTEL{

pr (NAT + OBJECTID)

*[ Hotel ]x

bop numOfBed : Hotel -> Nat -- observation
bop checkIn : 0id Hotel -> Hotel -— action

op init : -> Hotel -- initial state

var H : Hotel wvar N : Nat wvar 0 : 0id
eq numOfBed(checkIn(0, H)) = numOfBed(H)

62



mod* GUEST{
pr(NAT + SEX + OBJECTID)

*[ Guest ]

bop age : Guest -> Nat -- observation

bop sex : Guest -> Sex -- observation

op init : 0id Nat Sex -> Guest -- initial state
op no-guest : —-> Guest -- error

-- equations

var G : Guest var N : Nat var S : Sex var 0ID : 0id
eq age(init(0ID, N, S)) N .

eq sex(init(0ID, N, S))

mod* SYSTEM{
pr (GUEST + HOTEL + COLLECTION(OBJECTID))
x[ System ]x*

bop numOfBed : System -> Nat -- observation

bop age : 0id System -> Nat —-- observation

bop sex : 0id System -> Sex —-- observation

bop checkIn : 0id Nat Sex System -> System -- action
op hotel : System -> Hotel -— projection

op guest : 0id System -> Guest -— projection

op collection : System -> Collection -- projection

op init-system : —> System -- initial state

—-- collection type operations
bop includes : 0id System -> Bool
bop size_ : System -> Nat

vars 0 0’ : 0id var C : System var N : Nat var S : Sex
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—- observation
eq includes(0, C) = includes(0, collection(C))

eq size(C) = size(collection(C))

eq age(0,C) = age(guest(0, C))
eq sex(0,C) = sex(guest(0, C))
eq numOfBed(C) = numOfBed (hotel(C))
-- equations for meta actions and collection operator
eq collection(init-system) = empty .
ceq collection(checkIn(0, N, S, C)) = add(0, collection(C))

if not(includes(0,C)) and (num0fBed(C) > size(C))
ceq collection(checkIn(0, N, S, C)) = collection(C)

if not(includes(0,C)) and (numOfBed(C) == size(C))
ceq collection(checkIn(0, N, S, C)) = collection(C)

if not(includes(0,C)) and (num0fBed(C) < size(C))
ceq collection(checkIn(0, N, S, C)) = collection(C)

if includes(0,C)
-- equations for projection operator
eq guest(0, init-system) = no-guest
ceq guest(0, checkIn(0’, N, S, C))
ceq guest(0, checkIn(0’, N, S, C))

init(0, N, S) if 0 == 0’
guest(0, C) if 0 =/= 0O’

eq hotel(init-system) = init
eq hotel(checkIn(0, N, S, C)) = checkIn(0, hotel(C))

stk skok ok sk ok skt sk ok ok ok skoksk ok sk ok ok sk stk ok sk ok skok ok skokokok sk ok sk skskok sk ok sk ok
proof of the following OCL invariant of example3(hotel)
context hotel : self.numOfBed >= self.guests->size
in CafeOBJ : numOfBed(S) >= size(S) . ( S : System )

>k 3k 3k 3k 5k 5k 3k 5k >k koK K 3K K k3K 5K K 3K 5K K 3K K 3K 5K K 5k 3K 5k 5k 3K 3k 5k 3k 3k 5k 3k 3k 5k 3k 3k 5k 5k 3k 5k %k 3k 5k %k %k >k %k %k %k %k %k

opening module SYSTEM
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open SYSTEM

-- declaring constraints for induction

op o : —-> 0id .

op n : —-> Nat
op s : —> Sex .
ops sys sys’ sys’’ : -> System .

equation for the arbitary number of beds of the hotel
var n’ : Nat

eq numOfBed(init) = n’

*+> prove numOfBed(s) >= size(s)

**> by induction on s

*x*> base case ( s=init-system ) : numOfBed(init-system) >= size(init-system)
red num0fBed(init-system) >= size(init-system)

—- should be true

*x*> induction hypothesis ( s = sys ) : numOfBed(sys) >= size(sys)
-- in CafeOBJ => numOfBed(hotel(sys)) >= size(collection(hotel(sys)))
eq numOfBed(hotel(sys)) >= size(collection(sys)) = true .

**> induction step ( s = checkIn(o, n, s, sys) )

-- equations for inequality

vars N M : Nat

ceq N> (M + 1) = true if N > M .
ceq N >= M = true if N ==

**> case analysis for checkIn operation
*x*> case : include(o,sys) = true

eq includes(o, sys) = true .
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red numOfBed(checkIn(o, n, s, sys)) >= size(checkIn(o, n, s, sys))

—- should be true

*x*> case : include(o,sys) = false

eq includes(o, sys’) = false

-- the division I.H. into I.H.(1) and I.H.(2)

-- I.H.(1)

eq numOfBed(hotel(sys’)) > size(collection(sys’)) = true .

red numOfBed(checkIn(o, n, s, sys’)) >= size(checkIn(o, n, s, sys’))
—-- should be true

eq includes(o, sys’’) = false

-- I.H.(2)

eq num0fBed (hotel(sys’’)) = size(collection(sys’’))

red numOfBed(checkIn(o, n, s, sys’’)) >= size(checkIn(o, n, s, sys’’))

—- should be true

**%> QED for OCL invariant

close
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