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public class BankAccount {

private 2?7 balance;

}
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nE7NN 'MmNy

A(nixpad ,0'MNY) NIMnn Yw 0o 3 mw
(commands, transformers, mutators) niTips O
DXy 7w (abstract state) bwoINN 2¥N2 'Y NIY¥an =
nTRON ,Nd'YUN Jjiad =
(queries, accessors) NIN'7'Ry O
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public class BankAccount {

private double balance;

}
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BankAccount nin7'xw

NN O
?0'0MN =
?ATNmMNwn o' NN =
2902 'NIN ?DTP 'KIN .
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NITIPO 7 nn'nn

(NXW W X7 D) 1Y DTN R NITIRO D" TA O
voidtnm 7 o19'0 Dy X' [MN'NNI

(this) 'nonn pxy7 N'™9n NN'TNN NIMIPS D'YS7 O
nITpS ¥ nadIN WWONN Ty =
el NN7'RY |'2 NINANN MK YLYLUN (721 =

x.command1();
x.command2() ; } x.command1() -command2() - command3() ;
x.command3() ;

e.g. new StringBuilder().append('19™).append(84).toString();
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setter/getter
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private double balance :nTwa pam (7un? O
12 |2UN W punnnn 790 10T, 7getter wnToxn ®

DINK NTRPON IX ND'WN 7W NI7IYS NN K7 ?setter wnToxn =
7N NI'R [NN PRINA DN Y 7w R7W9 7aR NN Y niviown
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BankAccount nin7'xv

public class BankAccount {
public double getBalance() { nwa? 7pn "mTpR"nnva o
return balance; nTnnn mwva Field pmY
fieldQ

public long getAccountNumber() {
return accountNumber;
nndomn nYNnwn Javanoswa O

nwyn Field nTw? nwan

public Customer getOwner () { getFieId() ATIMARN NTYA
return owner;

private double balance; N'NON ITNNdoIN 7%y MmO

private long accountNumber; -1 GUI Builders nia'aoa
private Customer owner; JavaBeans
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/**

* Makes a deposit to the current account

* @pre amount > O , "amount is positive"

* @post getBalance() == $prev(getBalance()) + amount ,
* “"balance updated according to deposit™
*/

public void deposit(double amount) {

balance += amount;

}
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deposit :nTimnn
[lAwN2 NN qonnn TPOINN 903N DIDO O
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J**
* Withdraw amount from the current account
* @pre amount <= getBalance() , "can"t overdraft"”
* @pre O < amount , “amount is positive"
* @post getBalance() == $prev(getBalance()) - amount ,
* "balance updated according to withdraw™
*/

public void withdraw(double amount) {

balance -= amount;

}
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Iwn?'-n nTIE9

withdraw :nTimnn O

|'N .J2UNN DNN'M TI* WRIann 902N D10 O
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transferTo |120 AN’ D'YIISN NNY NITMN? N7 N1 =
stransferFrom ix

Vi
* Makes a transfer of amount from current to
* the other account...
*/
public void transferTo(double amount, BankAccount other) {
other.deposit(amount);
balance -= amount;

21K N NV'0MAIINK

N'Nj712 NNavn — |I'T

[AwNn7 IAUNn DIDO NNAYA UinM'? NIviTn 1vona MmO
N'5N1 DO :0'VINIAN 2 I72p'w deposit -l withdraw nonyn :'’Xnnwox O
INNAIT? .q01n [lawnY

* Makes a transfer of amount from other to the current account
* @pre O < amount , "amount is positive"

* @pre amount <= other.getBalance(), "other can"t overdraft"
* @post getBalance() == $prev(getBalance()) + amount,

* “balance updated”

*

@post other.getBalance() == $prev(other.getBalance()) —
amount,

* “balance of other updated”

*/

public void deposit(double amount, BankAccount other) {
other.withdraw(amount);
balance += amount;

3

(class invariant) np7nnn MMy

"Tnn" o"pnn? Nd>NXY O
NMIAY NTINA 75 YIX'A NNXIEI97 .
'NJAN NN §

{712 jawn npnna O
N7 'R NN DY NIFfN7 20N awn =
TDIYNA NNTA 190N D7 [1AWN 727 =
D'V W' awn DY =
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Jrx
* Makes a transfer of amount from one account to the other

* @pre 0 < amount <= from.getBalance() , "from can"t overdraft"
* @post to.getBalance() == $prev(to.getBalance()) + amount

* @post from.getBalance() == $prev(from.getBalance()) - amount
*/

public static void transfer(double amount, BankAccount from,
BankAccount to) {
from.withdraw(amount);
to.deposit(amount);
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BankAccount mnw

/**

* This class represents a bank account

* @inv getBalance() >= 0,

* “can"t overdraft"

* @inv getAccountNumber() > 0 ,

"an account must have an identifier"”

* @inv getOwner() != null ,

* "an account must have owner"™

*/
public class BankAccount {

}
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s
final

7w DXy DY N TN-TN DNITA AWNY (DN O
zFinal -7 nt nTw Y1911 accountNumber

final private long accountNumber;

,7I'T2 NNX Dyo 7nnX7 v (blank final) nTwn nx O
D'YIY DX 1IXY 'D ,N'7Nnn v 'K1an ma

TIX N9JIX NIDNN NOY ,0XY XY yan ,Nyd O
17¢ DTN DXV 2 TN'¥N
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e
BankAccount 'x1a

N
*
*

Constructs a new account and sets its owner and
identifier
@pre id > 0, "account number must be positive"”
@pre customer != null,

“an account must have an owner™
@post getOwner() == customer,

“argument was assigned*
@post getAccountNumber() == id,

“argument was assigned"

Ok X R X R X kX

*/

public BankAccount(Customer customer, long id) {
accountNumber = id;
owner = customer;
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BankAccount 7w win'm nninvw

Jxx
* This class represents a bank account

* @imp_inv getBalance() == balance,

* “pbalance interface is consistent with representation”
*

*

@imp_inv getOwner() == owner
“owner interface is consistent with representation”
*/
public class BankAccount {

}

Java nova ormn nmn 2%
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vimm ntin

_ 207 D7 110K 271 NIFY7 0TYIM DTRA 'RIN O
(private NIT IX NITINA [120) 17 D'21'T DI'RY DAY

_ Tyo 7707 0"vY NR'Innn NMIYININ 'R O
@imp_inv, @imp_post ::annio'w "01o DiIx?"

NQAT?
/**
* @imp_post $ret == balance ,
* "'consistency of representation”
*/

public double getBalance() {...}

NINIF?? TIm 1'X P71 private nTw Xin balance
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Putting it all together
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-taglet il.ac.tau.cs.softwarel.util._PreTaglet
-taglet il.ac.tau.cs.softwarel._util._PostTaglet
-taglet il.ac.tau.cs.softwarel._util.InvTaglet
-taglet il.ac.tau.cs.softwarel.util.ImpPostTaglet
-taglet il.ac.tau.cs.softwarel.util.ImplnvTaglet

-tagletpath D:\ohad\softl\taglets.jar

Inip'm '97 taglets. jar 0 yalgn Dip'm DX 11TV O
0>7v awnna

Finish 7y 1xn'7 niro? o
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The Customer Class

public class Customer {
public Customer(String name, String id) {
this.name = name;
this.id = id;
}

public String getName() {
return name;

}

public String getID() {
return id;

}

private String name;
private String id;
Java nowa oTpnn nidN 36
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Class Diagram

BankAccount

public BankAccount(Customer customer, long id)

public void withdraw(double amount)

public void deposit(double amount)

public void transferTo(double amount, BankAccount otherAccount)
public double getBalance()

public Customer getOwner()

public double getNumber()

has-a

Customer 1-1

public Customer(String name, String id) Bank
public String getName()
public String getID()

main

Tnn R 35
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Object Diagram

Customer:
String name: *—
String id: e——

"025285244"

Toy Bank Program

public class Bank {
public static void main(String[] args) {
C 1=new C ("Avi Cohen", "025285244");
C 2 =new C ("Rita Stein", ""024847638");

BankAccount accountl = new BankAccount(customerl, 1234);
BankAccount account2 = new BankAccount(customer2, 5678);

BankAccount account3 = new BankAccount(customer2, 2984);

accountl.deposit(1000);

account2.deposit(500);

accountl.transferTo(100, account3);

account2.withdraw(300);

System.out.println("accountl has " + accountl.getBalance());

System.out.println("account2 has " + account2.getBalance());

} Java nown oTpnn non a7
2n'm notoraK

Toy Bank Program

public class Bank {
public static void main(String[] args) {
C 1= new Ci ""Avi Cohen", "025285244");
C 2 = new Ci ""Rita Stein", ""024847638");

Bank
main (...) {
customerl: e—
) Tann nnon 38
21K 7N nuroTaaIK
String name: *— .
String id: e—— Aviconel
String:
"025285244"
Bank
maini(C ) Customer:
customerl: o String name:e——
customer?2: —* String id:
} TEnn NN mg: 40
FrTTy "024847638"

BankAccount account] = new BankAccount(customerl, 1234);
BankA 2 = new BankAccount( 2, 5678);

BankAccount account3 = new BankAccount(customer2, 2984);

accountl.deposit(1000);
account2.deposit(500);
accountl.transferTo(100, account3);
account2.withdraw(300);

System.out.println("accountl has " + accountl.getBalance());
System.out.println("" 2 has " + account2.getBal ))s

3 Java nowa o7ann nion 39
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Object Diagram

BankAccount:

number: 1234

String:
"025285244"

Bank
main (...) {1. a Customer:
BankAccount: customerts String name:s——
- customer2:; *———* String id: ——
owner: L 1e accountl: e
balance: 0 account2:
number: 5678
S nooraI "024847638"

Toy Bank Program

s String name: *—
balance: 0 Stringid: 'Avi Cohen

public class Bank {
public static void main(String[] args) {
C 1= new C ("Avi Cohen", "'025285244");

Customer customer2 = new Customer("Rita Stein", ""024847638");

———— BankAccount accountl = new BankAccount(customerl, 1234);

BankAccount account2 = new BankAccount(customer2, 5678);

BankAccount account3 = new BankAccount(customer2, 2984);

accountl.deposit(1000);
account2.deposit(500);

accountl.transferTo(100, account3);

account2.withdraw(300);

System.out.println("accountl has " + accountl.getBalance());

System.out.println("account2 has " + account2.getBalance());

i Java nowa oTann nion a1
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Object Diagram

—
BankAccount: oo
owner: Strinc e
S rane:
number: 1234 e
——
BankAccount: String:
owner: "025285244"
balance: 0
number: 2984 Ikt
- ) . Customer:
BankAccount: . String name:s——
N customer2: *— G Tk
owner: L—-e accountl: i g :
balance: 0 account2:
number: 5678 account3:
} TEnn nON mg: 44
S oo "024847638"

Toy Bank Program

public class Bank {

public static void main(String[] args) {

Ci 1=rnew C
Ci 2 =new C

("Avi Cohen", "'025285244");
("Rita Stein", ""024847638");

BankAccount accountl = new BankAccount(customerl, 1234);

BankAccount account2 = new BankAccount(customer2, 5678);

BankA 3 = new BankA 1, 2984);

accountl.deposit(1000);

account2.deposit(500);

accountl.transferTo(100, account3);

account2.withdraw(300);

System.out.println("accountl has " + accountl.getBalance());

System.out.println("account2 has " + account2.getBalance());

} Java nown oTpnn non 43
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Message Sequence Chart

Message Sequence Chart

public class Bank {
public static void main(String[] args) {
Ci 1= new Ci

Ci 2 = new C

"Avi Cohen", "025285244");
("Rita Stein", ""024847638");

BankAccount accountl = new BankAccount(customerl, 1234);
BankA 2 = new BankAccount( 2, 5678);

BankAccount account3 = new BankAccount(customer2, 2984);

———+  accountl.deposit(1000);

account2.deposit(500);
accountl.transferTo(100, account3);

fimel  main accountl account2 account3
owner: owner: owner:
balance: 0 balance: 0 balance: 0
number: 1234 number: 5678 number: 2984
-l deposit
1Yana this 1n°n
Java nowa ovamn nn: ?deposit yix>2
2K 77 NO'0T2IN
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public class Bank {
public static void main(String[] args) {
C 1= new C ("Avi Cohen", "025285244");
C 2 = new Ci (""Rita Stein", "024847638");
BankAccount accountl = new BankAccount(customerl, 1234);
BankAccount account2 = new BankAccount(customer2, 5678);
BankAccount account3 = new BankAccount(customer2, 2984);
accountl.deposit(1000);
— account2.deposit(500);
accountl.transferTo(100, account3);

account2.withdraw(300);

System.out.printin("accountl has " + accountl.getBalance());

System.out.printin("account2 has " + account2.getBalance());

} Java nowa omnn N 48
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account2.withdraw(300);
System.out.println("accountl has " + accountl.getBalance());
System.out.println("" 2 has " + account2.getBal ))s
}
} Java nowa oTpnn nion 45
313K ' nororIK
time main accountl account2 account3
owner: owner: owner:
balance: 1000 balance: 0 balance: 0
number: 1234 number: 5678 number: 2984
o 1000 deposit
—
void
Java nowa oTpnn ni3n a7
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public class Bank { time main accountl account2 account3
public static void main(String[] args) {
[e 1= new C ("Avi Cohen", "025285244"); ST ST ST
C 2 = new Ci "Rita Stein", ""024847638"); balance: 1000 balance: 500 balance: 0
BankAccount accountl = new BankAccount(customerl, 1234); number: 1234 number: 5678 number: 2984
BankAccount account2 = new BankAccount(customer2, 5678); 1000 devosit
BankAccount 3 = new BankA 2, 2984); i pos
void .
accountl.deposit(1000); o 500 [ deposit
a i . I
account2.deposit(500); voud —*
—— accountl.transferTo(100, account3); -
account2.withdraw(300);
System.out.printin("accountl has " + accountl.getBalance());
System.out.println("account2 has " + account2.getBalance());
) Tyana t-hls imon
, F— “ J— ?deposit 133
2K noromank 2N M NV'ONIN
-
a . accountl account2 account3 . s accountl account2 account3
time main time main
owner: owner: owner: owner: owner: owner:
balance: 900 balance: 500 balance: 100 balance: 1000 balance: 500 balance: 0
number: 1234 number: 5678 number: 2984 number: 1234 number: 5678 number: 2984
-l 1000 Eﬁ deposit -l 1000 Eﬁ deposit
T veid . deposit e deposit
500 r S 500 r S
void [ void =
e 100, account3 —— transferTo . [ o 100, account3 transferTo
100 [, | deposit
£l
. void -
void L]
Tomn this 17 ‘ ,Jamo2 this 11
2deposit v1%°a 52 Java nows wrgmn g ‘ ‘y %03
ST T ST
time main accountl account2 account3 public class Bank {
public static void main(String[] args) {
owner: owner: owner: G 1=new C ("Avi Cohen", "025285244");
balance: 900 balance: 200 balance: 100 Customer customer2 = new Customer("'Rita Stein", "024847638");
number: 1234 number: 5678 number: 2984 BankAccount accountl = new BankAccount(customerl, 1234);
1000 leposit BankAccount account2 = new BankAccount(customer2, 5678);
aepos!
b ; BankAccount account3 = new BankAccount(customer2, 2984);
void
‘ 500 ——deposit accountl.deposit(1000);
o [ account2.deposit(500);
voil
tl. ferTo(100, t3);
= 100, account3 —— transferTo — account tra;ms erTo(100, account3);
100 [ deposit account2.withdraw(300);
£l
§ void [ System.out.println("accountl has " + accountl.getBalance());
void - System.out.println("account2 has " + account2.getBalance());
300 withdraw H
J& A TOUT T | 54 H Java nowa oTpnn nion 53
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Output

public class Bank {
public static void main(String[] args) {
C 1=rnew C ("Avi Cohen", "'025285244");
C 2 =new C ("Rita Stein", ""024847638");

BankAccount accountl = new BankAccount(customerl, 1234);
BankAccount account2 = new BankAccount(customer2, 5678);

BankAccount account3 = new BankAccount(customer2, 2984);

accountl.deposit(1000); output: accountl has 900.0

account2.deposit(500); account? has 200.0

accountl.transferTo(100, as H

account2.withdraw(300);

System.out.printin("accountl has " + accountl.getBalance());
System.out.println("account2 has " + account2.getBalance());

} Java nown oTpnn non 55
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