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module MODULE{
importing()
signature{}

axioms{}
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module - class
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sort - U
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0on
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O000D0000CDO000D0O0O000 Cel(O 42)00O

mod* CELL {
protecting(INT)
*[ Cell ]*

op undefined : -> Int

op init-cell : -> Cell -- initial state
bop put : Int Cell -> Cell -- method

bop get : Cell -> Int -— attribute

13



put

g

O 4.2: cell

var I : Int

var C : Cell

undefined .

I.

eq get(init-cell)
eq get(put(I, C))

signaturel]] U0 OO0 ODOOOOOLOO0OODO0O0ODOOOOLDOO0O0OOLOO00O0O
oot dbput U It D000 dddeget ooy
Uodntdogg

boogbouododgubecellUdbdgbod Javal oo oon

int cell

public void put(int x){3};
int y;

public int get(){ return y};

goog
gboobodubogboubobobdbodtdtdpntdbdbgbgoobogn
gobdbdJavalUOO0ooooooood

public class Cell{
int cell = 0;
public void put(int x){

cell = x;
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}
public int get(){

return cell;
}
}

4.2 projection [0

projection U0 OO UOOOODO operator U UL OOODOOOODODOOOOOONON
javal 000000 oobooboooon
oo CafeOBJ OO OO

| :Int

put-money
input

put

043 000000000000

*[ Atm Jx*

var ATM : Atm

var I : Int

bop put-money : Int Atm -> Atm -- method
bop input : Atm -> Input g -- projection
eq input(put-money(I, ATM)) = put(I, input(ATM))
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projection input J Cell DO OO UOOOUODDOUO input UU OO Omethod O put-
money U OO input U0 D DOUOOODOOOOOO0O0OO0O0HDjaval00OOOOO
gooooooon

Cell input = new Cell();
public void putmoney(int I){
input.put(I);

0000000000000000000000OStack0000000000000
0000000000000 00000000000 UIdO Stack000000000
pop 100000000000

bop deposit : UId Nat AccountSys -> AccountSys  -- method
add(N, account(U, A))

ceq account(U, deposit(U’, N, A))
if U == U’

ceq account(U, deposit(U’, N, A))
if U =/=1U

account (U, A)

bbb JavaOUOOODOOODOOOOOOOOO

goutdbgbbobbodbogbooubouboan

public void deposit(Counter u, int n){
u.add(n);
}

goodg
U0JavaODUODOOOOODO Hashtable OO OO0OOOUOOOOOOOU
googoogbogbogbodad

java.util.Hashtable H = new java.util.Hashtable();
public void deposit(int u, int n){
Integer uid = new Integer(u);
if (H.get(uid) == null) {}
else {

16



Integer I = (Integer) H.get(uid);
n= I.intValue() + n;
Integer N = new Integer(n);

H.put(uid,N);}

gobogdggobobdgbboatubbboobbboobbobboooooao
goudutubgduboggnbogobobobogbbbooonboubooon
goo

OOoOoobhOooobOoooooooooboobDboooobDooboDbDOo(ATM)OOOOd
godbdbodbobdbobdUATM O switch,counter,cell DU OO D UDOOOOU
gobobbbtdootbogboobobbogobobbobooboob b

00000 COUNTER(O 44)0 add 0000000 reed D0 00OOOOOOCDODO
goog

Int

add

read

0 4.4: counter

mod* COUNTER {
protecting(USER-ID + INT)

x[ Counter ]x*
op init-counter : UId -> Counter

bop add : Int Counter -> Counter
bop read_ : Counter -> Int

17



var I : Int
var C : Counter
var U : Uld

eq read(init-counter(U)) = 0 .
eq read(add(I, C)) = I + read(C) .

CafeOBJ

public class Counter{

private int counter = 0;

public void add(int x){
counter = counter + Xx;

}
public int read(){
return counter;
}
}

Java

00000000 Switch(O 4.5) 0 on,off OO OOO0D00OO status OO OOO0ODO
googooo

on

~

status

-

U 4.5: switch

mod* SWITCH {
[ Value ]
*[ Switch ]*
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ops on off : -> Value

op init-sw : -> Switch

bop on_ : Switch -> Switch
bop off_ : Switch -> Switch
bop status_ : Switch -> Value

var S : Switch

eq status(init-sw) = off .
eq status(on(S)) = on .
eq status(off(S)) = off .

CafeOBJ

public class Switch{
private boolean state= false;
public void on(){
state= true;

}

public void off(){
state= false;

}

public boolean state(){
return state;

}

}

Java

ATM(O 46) 0000000000000 0OO0ODOCOO0OODOODOOOOOOOO
googoogoogd

CafeOBJ OO Java OO UOOODOOOOODOODOODO OCafeOBI OO OO Stack O
gubbduoobodgbbogboouobooubboobbooounboaoobn
gogodbdbogiobbddcCateOBJULDOLOOLODOODOOOODOOUDOUOOON
gbbdbggdbodgdJawaddboubooooonooooonbooon

goboobubobdgbgbdgogobgouboogboboobbgn

public static void main(String argv[]){
ATMTOP att = new ATMTOPQ);
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SYSTEM

*e .

ATM

ACCOUNTSYS

ACCOUNT BUTTON CARD INPUT OUTPUT REQUEST

046 000000DDODOO (ATM)

Counter ¢1 = new Counter();
ATMClient atc = new ATMClient();
ATMClient atc2 = new ATMClient();

att.adduser(c1,120);
System.out.println(att.balance(cl));
att.deposit(cl,atc,50);
System.out.println(att.balance(cl));
att.withdraw(cil,atc,30);
System.out.println(att.balance(cl));

goodoogooood

% java ATMTOP
120
170
140

gogbbogobgobgbbboboobouob12zo0b00bbgbsobbobod
ougbougobboogbooboon
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4.3 U0O0O0OOOOOOOOO

CafeOBJ UL OUODOOODOUOOOODOOODOOODLDJaval OO ooooon
ATMUOUOOgogoogg
CafeOBJ U U JavaU DO OO OOOOOoogooooooog

CafeOBJ Java

module - class

protecting - import

visible sort - [

hidden sort - [0 privatell

method - method(OOOODO)
attribute - method(UOOOO)
projection - OOOOOO0O0QO operator

ifgboodougbdbuguooobuoodboooobooboougog
good ATMSYSTEM OO OO

CafeOBJ

ceq account-sys(ok(A, S)) =
deposit(user-id(atm(A, S)), get-input(atm(A, S)), account-sys(S))
if button-status(atm(A, S)) == deposit and-also
user-id(atm(A, S)) =/= unidentified-user and-also

get-input(atm(A, S)) =/= 0 .

Java

public void ok(ATMClient atc){
if ((atc.buttonstatus() == true) &&
(atc.userid() != null) &&

21



(atc.getinput() !'= 0)){
ac.deposit(atc.userid(), atc.getinput());
+

gobodbodgbodgbbogbbobobobooboad

CafeOBJU U DU StackUUUOUOOUOODUOLDOODOLDOLDOOOOOOLOooon
U0dod Imethod UDUODDOUOOOOOODO0OOOODOO 2)method OO OO O
gubotodbdogbgbgbobod2, bbbl dUAccountsystem U
JavaO DD OOUOOooooooooog

import java.util.Hashtable.* ;

public class Accountsystem{

java.util.Hashtable H = new java.util.Hashtable();

Counter c1= new Counter();

public void add(int u, int n){
Integer uid = new Integer(u);
Integer N = new Integer(n);
if (H.get(uid) == N) {}
else {H.put(uid,N); cil.add(n);}

}

public void dell(int u){

Integer uid = new Integer(u);

if (H.get(uid) == null) {}
else {H.remove(uid);}

}

public void deposit(int u, int n){

Integer uid = new Integer(u);

if (H.get(uid) == null) {}
else {
Integer I = (Integer) H.get(uid);
n= I.intValue() + n;
Integer N = new Integer(m);
H.put (uid,N);?}
cl.add(n);

}

gooooooo

gooooooo

L,ogoogbobbbboogoboobobogbobobobooboboooao
googooobogboogoboon
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projection(hidden sort)

googbodbodbodbodbobbotbdibJavaddoogoo

eq button(deposit(ATM)) = on(button(ATM))
eq button(withdraw(ATM)) = off (button(ATM))
eq button(request(N, ATM)) = button(ATM)

eq button(put-money(N, ATM)) = button(ATM)
eq button(take-money(ATM)) = button(ATM)
eq button(set-money(N, ATM)) = button(ATM)
eq button(put-card(U, ATM)) = button(ATM)

googbogbodgooboagon

Switch button = new Switch();

public void deposit(){
button.on();

}

public void withdraw(){
button.off();
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gudbodgbodgboobogooubboubooooboood

ATMUgnoogoogbogbouoobogbouooboubobouobaono
gogobbobobgubdgoboubgubouoboobubogbooboooboan
oot

5.1

Jooooo

javalD0Oggoooobogouboooboggbobobbooobooobo
godbodbodbdbuoddbddid synchronized U0 O UODOOOOOOOOOO
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gbogbogbgbbobgboobdbogboguuodgbd volatileD OO O0ooood

gogbbdgbboubobgbobbogbgbbbobbobbooobobobobobo

gdbdgbobogoooboubouogooubouboobouooobaonoo
oboobgbdbdl withdraw OO

static void withdraw(Counter U, ATMClient A, int N){
ats.putcard(A,U);

ats.withdraw(4);

ats.request(A,N);

ats.ok(A);

}

synchronized D OO 0O 00O O

static synchronized void withdraw(Counter U, ATMClient A, int N){

godbgbgboboobobobobobobobobooboobbbnbogn
gogouub bbb ooobbonooo
googbbgboobbogboobobobobon

O00OThread 0000000000 start() 00000000 0OODODO Oclass O
000000000000 methodD run()D00D000O0O00O0OOO

OdU0OjavalU0O000OO0ODO0OODO0OOOOO0OOOOOCateOBJUDOON
gobgubooubogobobboobbouboooboboboboobboonbon
gugubogboogad

U0 synchronized U D DU OOUOO0OODO0O0ODOOOOOOOODOOOOOOOO
gooogbobodbdbgboboboboboboooboubooobobbouo
godbddubdboubogbogbbbogboubobobodbdibd synchronized
gogbdoboobgbogbbogboobobouboboboobobooobogn
good

e JOUOUODUOOUODOOODLOOOLOOOOLODLU
e UDUUODUODUUUUUOLUDLOUUDLUODLOULDLO
e DO DODLUOUOUODLOLDLOOLDLOODLO
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O00o0ooooooooboooooobooooooobooboooboooooon
0000 Osynchronized OO0 O OOOOOO

5.1.1 ATMUOOOUO
oo ATMOOggogbooooouguoboogogooobobnoabogg

ATMSYSTEM

*e

ceq account-sys(ok(4, S)) =
withdraw(user-id(atm(4, S)),
get-request(atm(A, S)), account-sys(S))
if button-status(atm(A, S)) == withdraw and-also
user-id(atm(A, S)) =/= unidentified-user and-also
get-request(atm(A, S)) =/= 0 and-also
get-request(atm(A, S)) <= balance(user-id(atm(A, S)), account-sys(S)) .

googbotgoudgbuotbouoouboobonoon
goooboodb oo ooouoonoog 15

gogogbbobobogbogboobbgbobbboboboboboonoooon
googd

static Accountsystem ac = new Accountsystem();
void put_money(int x){

synchronized(ac){

}
}
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O

modx*

bop
bop
bop
bop

€q

ceq

wi

O

ATMSYSTEM

—

Account

Atd i ent At nCl i ent AtnCl i ent

U0 CafeOBJUDUODUOOOOOOOOOU

ATM-SYSTEM {

withdraw : AId System -> System
ok : AId System -> System
account-sys : System -> AccountSys
atm : AId System -> Atm

account-sys(withdraw(A, S)) = account-sys(S)

account-sys(ok(4, S)) =

thdraw(user-id(atm(4, S)),

get-request(atm(A, S)), account-sys(S))

if button-status(atm(A, S)) == withdraw and-also
user-id(atm(A, S)) =/= unidentified-user and-also
get-request(atm(A, S)) =/= 0 and-also
get-request(atm(h, S)) <=

balance(user-id(atm(A, S)), account-sys(S))

0000 JavaODOOOO0OOOOODOOOOODOOO

public class ATMSystem extends Thread {

static Accountsystem ac = new Accountsystem();
public void withdraw(ATMClient atc){ atc.withdraw(); }
public void ok(ATMClient atc){
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// synchronized(ac)q{
if((atc.buttonstatus() == false) &&
(atc.userid() '= null) &&
(atc.getrequest() !'= 0) &&
(atc.getrequest() <= ac.balance(atc.userid()))) {
try{sleep(100);} catch(Exception e){}
ac.withdraw(atc.userid(), atc.getrequest()); }
/7 %}
}
ATMClient atc = new ATMClient();
Counter ci;
public void run(){
putcard(atc,cl);
withdraw(atc);
request(atc,15);
ok(atc);
}
public static void main(String argv[]){
ATMSystem ats = new ATMSystem();
Counter c¢1 = new Counter();
ats.adduser(c1,100);
ATMSystem [lat = new ATMSystem[10];
for(int i=0; i<10; i++){
at[i] = new ATMSystem();
at[i].cl = c1;
at[i] .start();
}
try{for (int i=0; i<10; i++) at[i].join(); 3}
catch(Exception e){}
System.out.println(ats.balance(cl));

}

0000000000 Osynchronize OO OOOOOOO -5000000000 100
ooood

00000 static d Accountsystem U D 00000000000 OOOOOOO0O
D00 withdraw OO0 0000000000000 O0OOO0OOOOOO

O000ooooooooo Iipdbooooobooooobooboboooooboooo
Ooooooooooaa

public void ok(ATMClient atc){

synchronized(atc.userid()){
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b
U000 Osynchronize U O UUDOOOOO -s000000000 10 ODOOOOO

5.2 UO0O0OOOOOOOOOOO

bbb bbb oobouobbooobobobboobnoo
goobooogbooboonoobobobbobgoonoobobobobbooon
J00o0doobobbobobd oo oo javad 00D
000000 waitO notify DO OO OO00O0O0O0O0OOOOOOO0O

waitnotify 0 0000000 0O0O0OO0O0O0O0O0ODO0ODO0ODO0O00DO00ooon
gouugoogubogbobbogoboboooonbboob oo oo @
OO0000/00000000000D00000000000000D0O0O0 O synchronized
gobbgbobboubobooboboobonboboboboboboooobooon
goooooooooon

0000 obobooooooooo
gooooobogobbobobbobbbobubobooooobonbooboooboo
Jooooooooobooood

oo ooobobobobobooon
goooooodoooooooboboobbooobobobbboobobnboobo
O0cCcpUOODODODDOOOOO0OODODO Owait()d notify()D00D0O000O0OOO
googooo

wait() 00 0000000000000 000000000000ODO0O00ooOogo
00000000000 Onetify) 0000000 0ODOOOOOOOO0 10000000
gooood

ATM O account system 0 ATMclient 0 000000 /00000000000

0000 account system [ producr,ATMclient [I consumer LI [ [J[J

JavaOlUOUOOOOo oo

// producer thread

enter synchronized code (i.e. grab mutex lock)
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produce_data()
notify()

leave synchronized code (i.e. release lock)

// consumer thread
enter synchronized code
while( no_data )

wait ()
consume_the_data()

leave synchronized code

godgouboogbobboddbdwat oo ogoooobobgbn
U ATMclient U OO0 0000000 oboobngnoooon
U0 waitJODOOUOOUOOOOOOOO0OOUODOODOOOOOOObOObOn
U0 000 synchronized DU OO UOOOOOOOOOOON

gbhobuoubbooggbuguoboboobooboboobubogonbo
gobuggodouboobggooougbobnouboobnbboboboboon
wait() 0O OO0ODOO0OO00ODOOO0OOOO0OO0CODOO0OCODOOODOOODODOOObD
00000000 netify() DOO0O0OOODOOODOOODODOOODOODODOOOOOOO
googon

// producer thread-produces one datum
while( buffer_full )

wait ()

produce_data()

notify()public class Cell{

private int cell = 0;
public void put(int x){

cell = x;

¥

public int get(){
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return cell;

3

//consumer thread-produces one datum
while( no_data )

wait ()
consume_the_data()

notify()

Java OOOODODODO wait/notify DOO0D0DOO0OO00O0O0OO0O0ODOOOOOOOOO
CafeOBJ OO OO wati/notify 000000000 O000O0O0O00OOOOCOO

0000 producer J consumer U O 0O OO0 OO0O0O0OO0O0O0O0O0OO0O0O0OOOOO

0000000 ATMClient [ deposit button [ equation [J producer U 00 OO OO0

eq button(deposit(ATM)) = on(button(ATM))
JavaUUOUOUOOOoooobooooooob bbb oon
eq button(deposit(ATM)) = on(button(ATM)) . U -- producer

producer OO OOOOOOOOOOOOMO buffer 00O 00O Odeposit U U OO O
googooo

static synchronized void deposit(){
while( buffer_full )
wait ()
button.on()
notify()
}
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gogobdoobooooobooooboobobobobooobbooooobgn
gogbodbodbdbdbouobouoboobobooboouoobobooan
gbogbdggbobodbobobobubobobonoboboooboboogn
gubbduouogbnboogbooggobooobbooobboounbobooobo
guogouobguboooguboooboobbobobboobbbobooboobooon
godbdoooubuogogbgboboooooooobooboobouonoogn
gotooouboodgogooooooobad

gododbbbgbgdgbobobnooononooboooboobbooooon
gubogboogbooboobooon

googbogoooboagooboo

U, bgbgbobdobgbooobobobobon
U, dbbgbbogbnbobodbobnbboooobagn

gogboobodbouoobnbogboboobobubobobooboobuoooooan

gogoon
gogubobdutobgbooouobgbubobobobudobgbdn CafeOBJ

gogbboubogbobooobogao
goboooubdbibcafeOBJUODOUODOOOOO

e method [1 [ [J
e equation [J [
e projection U [J I [
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gobgobooboogd
gooobobboobbgbbouogbbobodooooobnobbobaod

6.1 UUOOOOOOATM

SYSTEM

*e .

ATM

ACCOUNTSYS

ACCOUNT BUTTON CARD INPUT OUTPUT REQUEST

061: 0000000000 (ATM)

O00000Oo0ooooobouoocuoooogooo
0000 ATMO user account U0 0 OO0 0O Quser account D O OO0 OO O0OOOOO
O000O0O0000OO0 module ACCOUNT-SYSTEMOUOOODODO

*[ AccountSys ]*

op init-account-sys : -> AccountSys -- initial state
bop add : UId Nat AccountSys -> AccountSys -- method
bop del : Uld AccountSys -> AccountSys -- method

bop deposit : UId Nat AccountSys -> AccountSys -- method
bop withdraw : UId Nat AccountSys -> AccountSys -- method
bop balance : UId AccountSys -> Nat -- attribute

bop account : UId AccountSys -> Account -- projection

00000 [|0000000b0o0ooboo*j*ooboboooobo0ogoepoO
gododdbepdbObobooooooonoobobobobooon
U0 ATMUOUOO uwser account UL O OUDOUOOODOOODOOOOOON
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method O equation OO O0O0O0O0OO0OO0OO0OO0O
gooooodbodooooooboooboon

1, d0d00doguobdnd projection U OO OO

2, 000 method O equation O 0O 0O 00

SYSTEM’

SYSTEM B|UTTON2 other

I | *

ACCOUNTSYS

I gooee
ACCOUNT [ ‘
L

BUTTON | | carD | [INPUT| |ouTPuT | |REQUEST

[0 6.2: projection U OO0 OO

L,gogoooboooobobobooooboobooboboboboboobuooon
gogbdbobobobobobbobooooob ArtMMObooboooboboo
gboodbogoobobdaub 2, gbgbogd

guobodubgoboobgubooobbobooboboobuobbooobboo
googbobgbogbogboobobouobbobbooon

6.1.1 U0 0Ogoogno

module ACCOUNT-SYSTEM U U UOUUOOUOODUOUOOOLOooooooooooon
gooobotgoogboobagon

bop transport : UId UId Nat AccountSys —-> AccountSys
eq transport(U, U’, N, A) =
deposit (U’ ,N, withdraw(U, N, A)) .
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SYSTEM

’e
| *
ACCOUNTSYS
ATM
ACCOUNT ‘
BUTTON CARD INPUT | |OUTPUT | |REQUEST BUTTON2 |other

U 6.3: method U equation U 0 0 00

T

064 OO gn

UOO0ATMUOUDOUO0OO00000 transfer OO UDOOUOODO0O0OOMO user-ID OO O
gogooogod

module button2

module other

goooon
gboogdbogguouuogobbudgbboobon ATMUgoogoogoobdg

System U OO0 OOOUQ

gboodb ATMOogno

e ATM - > botton2, ATM - > other [J U projecton U [J [J
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o transfer U U O UUO methodUOOOOOUOO attribute U0 OO QOQOOQOOO
equation U OO0 OO

o other-usr-id D O OO0 O methodOUOUOUOUODODO O attribute U 00 D0 OO OO O
[ equation O OO0 OO

goodn SsYysTEMUodnd

e method transfer U OO OO OQOO

— System — > AccountSys U J [ projecton U I 1 equation U U OO OO0
0 Oeq account-sys(transfer(A,U,S)) = account-sys(S) .0

— System — > ATM U U 0O projecton 0 equation [ 1 [J

—transfer U OO OOOOO transfer OO O OOOOO0O0OOOOO equation
god

method U D UOUOUOODUOODUOOOOOOODUODN methodUU U DOUOOOOOU
gogboudgbogbdgbgbgogbbuoobboboubuobabn

6.1.2 JUOgogag

T

U es5: 000OOOOOO

000 projection 1O OO OOOOOOOOOOOO method O equation U U O 00
googoogd

OO0 transfer 0000000000 O0OOOOOOOOO SYSTEMUOUOOOOODO
method,equation O O O OO0
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bop transfer : AId UId System -> System
eq account-sys(transfer(4,U,S)) = account-sys(S) .
ceq atm(A, transfer(A’,U,S)) = if A == A?
then transfer(U,atm(A,S)) else atm(a,S) .
ceq account-sys(ok(4, S)) =
transfer(user-id(atm(4A, S)), other-id(atm(4,S)),
get-request(atm(4, S)), account-sys(S))
if transfer-button-status(atm(4, S)) == transfer
and-also wuser-id(atm(A, S)) =/= unidentified-user
and-also get-request(atm(4, S)) =/= 0
and-also get-request(atm(A, S))
<= balance(user-id(atm(4, S)), account-sys(S)) .

O00o0oooooooooooooon
000000 equation U 00O module SYSTEM OO OO UOO O OO operation 0O 0
oooooooo

transfer(UId,?,Nat,AccountSys),
other-id(Atm),
transfer-button-status(Atm),

transfer(UId,Atm)

0000 operation U OO

O000 module SYSTEM OO UOUOUOUOOOODOODODODODOOOOUODO Uprojection U
0000000000 ACCOUNT-SYSTEMOOOO

*[AccountSys*0 0000000,

method transfer(UId,?,Nat,AccountSys)

U ACCOUNT-SYSTEM O OO QOOU
O00D00OOprojection DO OO0OO0OOOOO ATMODDO*Atm*OODOODODO
ERN

other-id(Atm),
transfer-button-status(Atm),

transfer(UId,Atm)

OATMUO0OO0O0OO0O
equation OO OOOO0OO0OO0OOOOOOON equation U0 0O operation U 1 0 U [
gooooooog
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6.2 U0O0OUOOOOO

UO00bubod CateOBJ OO Java DU O OUODOOOOOOO CafeOBJ O U
JavaUUOUUOoogooogoooougobogboobboobboooooonoo
CafeOBJ UL UOLOUOUOOOOO JavaO U OO ogogooogon
ogbobouoboboobdodd CafeOBJUODODOOODOOOO Javad OO @

gooogdod
goouobouogbgbdgogd

bop transport : UId UId Nat AccountSys —-> AccountSys
eq transport(U, U’, N, A) =
deposit (U’ ,N, withdraw(U, N, A)) .

JavaUOUOUOOOOUoooog

public void transport(Counter u, Counter u, int n){
withdraw(u,n);
deposit(u,n);

+

CafeOBJOOUOOOODOOO SYSTEMOUODOOO
e method transfer U OO OO QO OQOO

— System — > AccountSys U U projecton U U U equation U U OO OO U
O Oeq account-sys(transfer(A,U,S)) = account-sys(S) .0

— System — > ATM U U U projecton I J U U equation U U [J

—transfer U0 OO O0OO0O transfer OO0 O O0O00O0O0OOOOO equation
god

0000 0JavaO 00O projection 00 00 equation(Java 0 0 0 method) D0 OO0
0o

o transfer HO OO UOOUOOO transfer O OO OO0 OO if 0000 method O OO

gooo
00O withdraw,deposit H D O OO OOOO0O0OO0OOOOODOOOOOOO
synchronized O 000 0O 0 0O 0
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static synchronized void withdraw(Counter U, ATMClient A, int N){

gogogobdd
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obooATMO0000o00booooood JavadOOOOO CafeOBJUDOOOO
gboudgbugbobooubooboobboobbobobboobooboon

OO0CafeOBJUDUOOOUOOUOUDUOOODOOOOUOOODJaval 0O OOOU
ggbdggbgooboonoboobogobogboboboboobobononog
gubdddibCateOBJUDUOUDO ATMUUDO Java OO DOOOOOOODOOOOUO

gobgdbbogduboggbbboooggobooonoooobnbooon
UoddbdbdddbdUdil method,equation U O OO OOOOUOOOOOONO
gobbbbbbogdboooouobbobbobboobbboonboobbo
gobdboouubogogbobobobobouboobobobbobonoooon
googoooboogbodgbd

gubogbbogdgbogdgubodgubuoggbobogubooubboogbo
gogogoogod

e UUDUOOJaval DO UL OOLDOOLDOODLDOODLOODLOODOO

- CafeOBJ O U UOOODOOODOODOODOOOODLOODOODODOLDOOD
gbgboouodboobogobgoobbbouoobooobuoboogon
gbbouoboubobooooooon

e UUDUM CafeOBJ UL UODOOOO

- goobotbooboboooogboboobobooboboo ATrMOOonDnog
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0 Al

U

A.1 ATM(CafeOBJ)

mod! ON-OFF {
[ Value ]

ops on off : -> Value

mod* SWITCH {
protecting (ON-OFF)

*[ Switch ]=*

op init-sw : -> Switch -- initial state
-- switch on

bop on_ : Switch -> Switch -- method

-- switch off

bop off_ : Switch -> Switch -- method

-- observe the state of the switch

bop status_ : Switch -> Value -- attribute

var S : Switch
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eq status(init-sw) = off
eq status(on(S)) = on .
eq status(off(S)) = off

mod! USER-ID {
protecting (NAT)
[ Nat < UId ]

op unidentified-user : -> UId

mod* COUNTER {
protecting(USER-ID + INT)

*[ Counter ]*

-- initialize counter with user ID

op init-counter : UId -> Counter -- initial state
-- add a value to the counter

bop add : Int Counter -> Counter -- method

-- read the value of the counter

bop read_ : Counter -> Int -- attribute
var I : Int
var C : Counter

var U : UId

eq read(init-counter(U)) = 0
eq read(add(I, C)) = I + read(C)

mod* COUNTER#* {
protecting (COUNTER)
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op counter-not-exist : -> Counter -- error value

mod* ACCOUNT-SYSTEM {
protecting (COUNTER* *{ hsort Counter -> Account,
op init-counter -> init-account,

op counter-not-exist -> no-account })

*[ AccountSys ]*

op init-account-sys : -> AccountSys -- initial state
-- add a user account with user ID

bop add : UId Nat AccountSys -> AccountSys -- method

-- delete a user account

bop del : UId AccountSys -> AccountSys -- method

-- deposit operation

bop deposit : UId Nat AccountSys -> AccountSys -- method

-- withdraw operation

bop withdraw : UId Nat AccountSys -> AccountSys -- method

-- calculate the balance of an user account

bop balance : UId AccountSys -> Nat -- attribute
-- get the state of a counter from the state of an account

bop account : UId AccountSys -> Account {memo} -- projection

vars U U’ : UId
var A : AccountSys
var N : Nat

eq account(U, init-account-sys) = no-account
ceq account(U, add(U’, N, A)) = add(N, init-account(U))

if U == U’

ceq account(U, add(U’, N, A)) = account(U, A4)
if U =/= U

ceq account(U, del(U’, A)) = no-account
if U == U’

ceq account(U, del(U’, A)) = account(U, A)
if U =/= U’

ceq account(U, deposit(U’, N, A)) = add(N, account(U, A))
if U == U°

ceq account (U, deposit(U’, N, A)) = account(U, A)
if U =/= U’
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ceq account(U, withdraw(U’, N, A)) add(-(N), account(U, A))

if U == U?
ceq account(U, withdraw(U’, N, A)) = account(U, A4)
if U =/= U’

eq balance(U, A) = read(account(U, A))

mod* TRIV+ {
[ E1t ]

op undefined : -> Elt

mod*x CELL(X :: TRIV+) {

*[ Cell 1

op init-cell : -> Cell -- initial state
-- put the element to the cell

bop put : Elt Cell -> Cell -- method

-- get the element from the cell

bop get : Cell -> Elt -- attribute
var E : Elt

var C : Cell

eq get(init-cell) = undefined .

eq get(put(E, C)) = E

mod! ATM-ID {
-- protecting(NAT *{ sort Nat -> AId })
protecting (NAT)

[ Nat < AId ]
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mod* BUTTON {
protecting(SWITCH *{ hsort Switch -> Button,
sort Value -> Operation,
op init-sw -> init-button,
op on -> deposit,
op off -> withdraw })

mod* CARD {
protecting(CELL(X <= view to USER-ID
{ sort Elt -> UId,
op undefined -> unidentified-user })
*{ hsort Cell -> Card,
op init-cell -> init-card })

mod* INPUT {
protecting(CELL(X <= view to NAT
{ sort Elt -> Nat,
op undefined -> 0 })
*{ hsort Cell -> Imput,
op init-cell -> init-input })

mod* OUTPUT {
protecting (CELL(X <= view to NAT
{ sort Elt -> Nat,
op undefined -> 0 })
*{ hsort Cell -> Output,
op init-cell -> init-output })
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mod* REQUEST {
protecting(CELL(X <= view to NAT
{ sort Elt -> Nat,
op undefined -> 0 })
*{ hsort Cell -> Request,

op init-cell -> init-request })

mod* ATM-CLIENT {
-- importing data and the composing objects
protecting(ATM-ID + BUTTON + CARD + INPUT + OUTPUT + REQUEST)

*[ Atm ]

op init-atm : AId -> Atm -- initial state
op no-atm : -> Atm -— error

op invalid-operation : -> Atm -- error

-- push the deposit button

bop deposit : Atm -> Atm -- method
-- push the withdraw button

bop withdraw : Atm -> Atm -- method
-- input the request for withdraw

bop request : Nat Atm -> Atm -- method
-= put money

bop put-money : Nat Atm -> Atm -- method
-- take money

bop take-money : Atm -> Atm -- mothod
-- set money for output (system operatiom)

bop set-money : Nat Atm -> Atm -- method
-- put the bank card

bop put-card : UId Atm -> Atm -- method
-- clear all the informations kept in the atm
bop clear : Atm -> Atm -- method

-- get the user ID
bop user-id : Atm -> UId -- attribute
-- get the money that user input
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bop

bop

bop

bop

bop
bop
bop
bop
bop

var
var
var

var

€q
€q
€q
€q
€q
€q
€q
eq
eq
eq

€q
€q
€q
€q
€q
€q
€q
€q
€q
eq

eq
€q
€q

get-input : Atm -> Nat -- attribute
get the outputed money

get-output : Atm -> Nat -- attribute
get the request

get-request : Atm -> Nat -- attribute
get the state of the button

button-status : Atm -> Operation -- attribute
button : Atm -> Button {memo} -- projection
card : Atm -> Card {memo} -- projection
request : Atm -> Request  {memo} -- projection
input : Atm -> Input {memo} -- projection
output : Atm -> Output {memo} -- projection
ATM : Atm

N : Nat

U : UId

A : AId
button(init-atm(A)) = init-button .

button(invalid-operation) = init-button .
button(deposit (ATM)) = on(button(ATM))
button(withdraw(ATM)) = off(button(ATM))
button(request (N, ATM)) = button(ATM)
button(put-money (N, ATM)) = button(ATM)
button(take-money(ATM)) = button(ATM)
button(set-money (N, ATM)) = button(ATM)
button(put-card(U, ATM)) = button(ATM)
button(clear (ATM)) = init-button .

card(init-atm(A)) = init-card .
card(invalid-operation) = init-card .
card(deposit (ATM)) = card(ATM)
card(withdraw(ATM)) = card(ATM)
card(request (N, ATM)) = card(ATM)
card(put-money (N, ATM)) = card(ATM)
card(take-money(ATM)) = card(ATM)
card(set-money (N, ATM)) = card(ATM)
card(put-card(U, ATM)) = put(U, card(ATM))
card(clear (ATM)) = init-card .

request(init-atm(A)) = init-request

request(invalid-operation) = init-request
request(deposit (ATM)) = request(ATM)
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eq request(withdraw(ATM)) = request(ATM)

eq request(request(N, ATM)) = put(N, request(ATM))
eq request(put-money(N, ATM)) = request(ATM)

eq request(take-money(ATM)) = request(ATM)

eq request(set-money(N, ATM)) = request(ATM)

eq request(put-card(U, ATM)) = request(ATM)

eq request(clear(ATM)) = init-request

eq input(init-atm(A)) = init-input .

eq input(invalid-operation) = init-input

eq input(deposit(ATM)) = input(ATM)

eq input(withdraw(ATM)) = input(ATM)

eq input(request(N, ATM)) = input(ATM)

eq input(put-money(N, ATM)) = put(N, input(ATM))
eq input(take-money(ATM)) = input (ATM)

eq input(set-money(N, ATM)) = input(ATM)

eq input(put-card(U, ATM)) = input(ATM)

eq input(clear(ATM)) = init-input

eq output(init-atm(A)) = init-output

eq output(invalid-operation) = init-output

eq output (deposit(ATM)) = output (ATM)

eq output (withdraw(ATM)) = output (ATM)

eq output(request(N, ATM)) = output(ATM)

eq output(put-money(N, ATM)) = output(ATM)

eq output(take-money(ATM)) = init-output

eq output(set-money (N, ATM)) = put(lN, output(ATM))
eq output(put-card(U, ATM)) = output(ATM)

eq output(clear(ATM)) = output(ATM)

eq user-id(ATM) = get(card(ATM))

eq get-input(ATM) = get(input(ATM))

eq get-output(ATM) = get(output(ATM))

eq get-request(ATM) = get(request(ATM))

eq button-status(ATM) = status(button(ATM))

mod* ATM-SYSTEM {
-- protecting(BOOL+)
protecting (ACCOUNT-SYSTEM + ATM-CLIENT)

23



*[ System ]=*

op init-sys : -> Systenm

-- add an atm to the system

bop add-atm : AId System -> System

-- delete an atm from the system

bop del-atm : AId System -> System

-- add an user account

bop add-user : UId Nat System -> System
-- delete an user account

bop del-user : UId System -> System

-- put the bank card

bop put-card : AId UId System -> System
-- request for withdraw

bop request : AId Nat System -> System
-- put money

bop put-money : AId Nat System -> System
-- take money

bop take-money : AId System -> System
-- deposit operation

bop deposit : AId System -> System

-- withdraw operation

bop withdraw : AId System -> System

-- push the ok button on atm to complete
bop ok : AId System -> System

-- cancel the operation of ATM

bop cancel : AId System -> System

-- get the balance of specified user
bop balance : UId System -> Nat

-- projection operator for AccountSys
bop account-sys : System -> AccountSys
-- projection operator for Atm

bop atm : AId System -> Atm

var S : System
vars A A’ : AId
var U : Uld
var N : Nat

eq balance(U, S) = balance(U, account-sy
eq account-sys(init-sys) = init-account-

eq account-sys(add-atm(4, S)) = account-

eq account-sys(del-atm(4, S)) = account-

-- initial state

-- method

-- method

-- method

-- method

-- method

-- method

-— method

-— method

-- method

-- method
the operation

-- method

-- method

-- attribute
{memo} -- projection

{memo} -- projection

s(S))
sys

sys(S)
sys(S)
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eq account-sys(add-user(U, N, S)) = add(U, N, account-sys(S))
eq account-sys(del-user(U, S)) = del(U, account-sys(S))
eq account-sys(put-card(4, U, S)) = account-sys(S)
eq account-sys(request(4, N, S)) = account-sys(S)
eq account-sys(put-money(4, N, S)) = account-sys(S)
eq account-sys(take-money(4, S)) = account-sys(S)
eq account-sys(deposit(4, S)) = account-sys(S)
eq account-sys(withdraw(4, S)) = account-sys(S)
ceq account-sys(ok(4, S)) =
deposit(user-id(atm(A, S)), get-input(atm(A, S5)), account-sys(S))
if button-status(atm(A, S)) == deposit and-also
user-id(atm(A, S)) =/= unidentified-user and-also
get-input(atm(4, S)) =/=0 .
ceq account-sys(ok(A, S)) =
withdraw(user-id(atm(A, S)), get-request(atm(4, S)), account-sys(S))
if button-status(atm(A, S)) == withdraw and-also
user-id(atm(A, S)) =/= unidentified-user and-also
get-request(atm(A, S)) =/= 0 and-also
get-request(atm(h, S)) <=
balance(user-id(atm(A, S)), account-sys(S))
ceq account-sys(ok(4, S)) = account-sys(S)

if user-id(atm(A, S)) == unidentified-user or
(button-status(atm(A, S)) == deposit and-also
get-input(atm(A, S)) == 0) or
(button-status(atm(A, S)) == withdraw and-also

(get-request(atm(A, S)) == 0 or
get-request(atm(i, S)) >
balance(user-id(atm(A, S)), account-sys(S))))

eq account-sys(cancel(A, S)) = account-sys(S)

eq atm(A, init-sys) = no-atm .
ceq atm(A, add-atm(A’, S)) = init-atm(A)

if A == A’

ceq atm(A, add-atm(A’, S)) = atm(4, S)
if A =/= A’

ceq atm(A, del-atm(A’, S)) = no-atm
if A ==

ceq atm(A, del-atm(A’, S)) = atm(4, S)
if A =/= A .

eq atm(A, add-user(U, N, S)) = atm(4, S)

eq atm(A, del-user(U, S)) = atm(4, S)

ceq atm(A, put-card(A’, U, S)) = put-card(U, atm(4, S))
if A == A?

ceq atm(A, put-card(A’, U, S)) = atm(4, S)
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if A =/= A?
ceq atm(A, request(A’, N, S)) = request(N, atm(Aa, S))
if A == A°
ceq atm(A, request(4’, N, S))
if A =/= A’
ceq atm(A, put-money(A’, N, S))
if A == A’
ceq atm(A, put-money(A’, N, S))
if A =/= A’
ceq atm(A, take-money(A’, S)) = take-money(atm(4, S))
if A == A’
ceq atm(A, take-money(4’, S)) = atm(4, S)
if A =/= &’
ceq atm(A, deposit(A’, S))
if A == A°
ceq atm(A, deposit(A’, S))
if A =/= A’
ceq atm(A, withdraw(4’, S))
if A == A?
ceq atm(A, withdraw(4’, S))
if A =/= A’
ceq atm(A, ok(A’, S)) = clear(atm(4, S))
if A == A’ and-also
user-id(atm(A, S)) =/= unidentified-user and-also
button-status(atm(4A, S)) == deposit
ceq atm(A, ok(A’, S)) = set-money(get-request(atm(A, S)), clear(atm(4, S)))
if A == A’ and-also
user-id(atm(A, S)) =/= unidentified-user and-also
button-status(atm(A, S)) == withdraw and-also
get-request(atm(h, S)) <=
balance(user-id(atm(4, S)), account-sys(S))

atm(4, S)

put-money (N, atm(4, S))

atm(4, S)

deposit(atm(4, S))

atm(A, S)

withdraw(atm(A, S))

atm(4, S)

ceq atm(A, ok(4A’, S)) = invalid-operation
if A == A’ and-also
(user-id(atm(A, S)) == unidentified-user or
(button-status(atm(A, S)) == withdraw and-also
(get-request(atm(4, S)) >
balance(user-id(atm(4, S)), account-sys(S)))))
ceq atm(A, ok(A’, S)) = atm(4, S)

if A =/= &’

ceq atm(A, cancel(A’, S)) = init-atm(A)
if A == A°

ceq atm(A, cancel(A’, S)) = atm(4, S)
if A =/= A’
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A.2 ATM(Java)

public class Switch{
private boolean state= false;
public void on(){
state= true;
}
public void off(){
state= false;
}
public boolean state(D{

return state;

}

public class Counterf{
private int counter = O;
public void add(int x){
counter = counter + Xx;
}
public int read(){
return counter;
}
}

public class Cell{
private int cell = 0;
public void put(int x){
cell = x;
}

public int get(){

return cell;

}
}

public class Card{

Counter card = new Counter();
public void put(Counter x){

card = x;
}

public Counter get(){

return card;

}
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public class Accountsystemq{

public void add(Counter u, int n){

u.add();

}

public void del(Counter u){

u= null;

}

public void deposit(Counter u, int n){

u.add(n);

}

public void withdraw(Counter u, int n){

u.add(-n);

}

public int balance(Counter u){

return u.read();

}
}

public class ATMClientq{

Switch button = new Switch();

public void deposit(){
button.on();

¥

public void withdraw(){
button.off();

Cell request = new Cell();

public void request(int N){
request.put(N);
}

Cell input = new Cell();

public void putmoney(int N){
input.put(N);

}

Cell output = new Cell();

public void takemoney(){
output.put(0);

}

public void setmoney(int N){
output.put(N) ;



}
Card card = new Card();
public void putcard(Counter U){
card.put (U);
}
public void clear(){
button.off();
request.put(0);
input.put(0);
card.put (null);
}
public int getinput(){
return input.get();
}
public int getoutput(){
return output.get();
}
public int getrequest(){
return request.get();
}
public Counter userid(){
return card.get();
}
public boolean buttonstatus(){

return button.state();
T
T

public class ATMSystem{

Accountsystem ac = new Accountsystem();

public void adduser(Counter U, int N){
ac.add(U,N);

}

public void deluser(Counter U){
ac.del(U);

}

public void putcard(ATMClient atc, Counter U){
atc.putcard(U);

}

public void request(ATMClient atc, int N){
atc.request(l);

}
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public void putmoney(ATMClient atc, int N){
atc.putmoney(N);

}

public void takemoney(ATMClient atc){
atc.takemoney();

}

public void deposit(ATMClient atc){
atc.deposit();

}

public void withdraw(ATMClient atc){
atc.withdraw();

}
public void ok(ATMClient atc){
if ((atc.buttonstatus() == true) L&
(atc.userid() != null) &&
(atc.getinput() !'= 0)){
ac.deposit(atc.userid(), atc.getinput());
¥
else if((atc.buttonstatus() == false) &&
(atc.userid() '= null) &&
(atc.getrequest() != 0) &&
(atc.getrequest() <= ac.balance(atc.userid()))) {
ac.withdraw(atc.userid(), atc.getrequest());
}
if ((atc.userid() !'= null) &&
(atc.buttonstatus() == true)) {
atc.clear();
}
else if((atc.userid() !'= null) &&
(atc.buttonstatus() == false) &&
(atc.getrequest() <= ac.balance(atc.userid()) )){
atc.setmoney(atc.getrequest());
}
}

public int balance(Counter U){

return ac.balance(U);

public class ATMTOP {

ATMSystem ats = new ATMSystem();
public void adduser(Counter U, int N){
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ats.adduser(U,N);

¥

public void deluser(Counter U){
ats.deluser(U);

¥

public void deposit(Counter U, ATMClient A, int N){
ats.putcard(4,U);
ats.deposit(4);
ats.putmoney(A,N);
ats.ok(4);
}

public void withdraw(Counter U, ATMClient A, int N){
ats.putcard(4,U);

ats.withdraw(4);

ats.request(4,N);

ats.ok(4);

}

public int balance(Counter U){

return ats.balance(U);
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