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A Simple Design Problem: Bank Accounts ~

>

o )
‘m EaCh_wls associated with the—

e.g., "Jim") and an integer balance thaN

EQ2 | )Ne may withdraw an integer amount from an account.




Bank Accounts in Java: Version 1

1 |public class AccountVI {

s private String owner;

3 private int balance;

4 public String getOwner() { return owner; }

.2 public int getBalance() { return balance; }

6 am Hublic AccountVli (String owner, int balance)

7 this.owner = owner; this.bala?zce_=5alance;
8 }

9 public void(withdra#(int (amount)/ {

10 this.balance = thistbalafice - amount;

11 }

12 public String toString() {

j I return owner + "’s current balance is: " + balance;
14 }

1= 1)




Bank Accounts in Java: Version 1 Critique (1)

public class AccountVI1 {
private String owner;
private int balance;
public String getOwner() { return owner; }
public int getBalance() { return balance; }
public AccountVl (String owner, int amsmigge) {
this.owner = owner; this.balance = balance;

} /.
public void withdraw(int amount) ({ o
this.balance = this.balance - amount;
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}
public String toString() {

return owner + "’s current balance is: " + balance;

}

Supplier

public class BankAppV1 {
public static void main(String[] args) {
System.out.println("Creg count for Alan with balance -10:

AccountVl alan = new @ "Alan", ‘—10) '

System.out.println(alan);

Console Output:

Create an account for Alan with balance -10:
Alan’s current balance is: -10




Bank Accounts in Java: Version 1 Critique (2)

public class AccountV1 ({
private String owner;
private int balance;
public String getOwner() { return owner; }
public int getBalance() { return balance; }
public AccountVl (String owner, int balance) {
this.owner = owner; this.balance = balance;

} -!M
—) public void withdraw(int ) |

this. balancthis . bal@
}

public String toString() { °
return owner + "’s current balance is: " + balance;
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}

o
l public class BankAppV1 {
Supplier

public static void main(String([] args) {

System.out.println("Create an account for Mark with balance 100:#);
AccountVl mark = new AccountVl ( |
System.out.println(mark);

System.out.println("Withdraw -1000000 from Mark’s account:");

mark. withdraw (-1000000) ;

System.out.println(mark) ;

Create an account for Mark with balance 100:
Mark’s current balance is: 100

Withdraw -1000000 from Markis-a-eeQunt :
Mark’s current balance ;1000100 ]




Bank Accounts in Java: Version 1 Critique (3)

1 |public class AccountVl {

2 private String owner;

3 private int balance;

4 public String getOwner() { return owner; }

5 public int getBalance() { return balance; }

6 public AccountVl (String owner, int balance) {

7 this.owner = owner; this.balance = balance;
8 } S‘O

9 public void withdraw(int agéuuw) {

10 this.balance = Shirtedovdaice — aewmwat ;

11 ) 02 /€D

12 public String toString() {

13 return owner + "’s current balance is: " + balance;

public class BankAppV1l ({
public static void main(String[] args) {

System.out.println("Create an account fgor Tom with balance 100:"
AccountV1l tom = new AccountVl ("Tom"
System.out.println(tom);

System.out.prjg "Withdraw 150 from Tom’s account:");

@)

Create an account for Tom with balance 100:
Tom’s current balance is: 100

Withdraw 150 from Tom’s acco t:/)<:
Tom’s current balance is:<?50 ’
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Bank Accounts in Java: Version 2

1 |[public class AccountV2 ({ 2

2 public AccountV2(String owner, int balance) thrjf“ Mf,’p/
3 BalanceNegativeException ﬁ”"e'}/" (7 ﬂ

4

) alance < 01 { /* negdted precondition x/ .{

6 row new BalanceNegafiveException(); }

¥ 3 this.balance = balance;)

8 Mﬂf Z
9 draw (int amount) throws ,

10 NegativeException, WithdrawAmountTooLargefxceptig
11 negated precondition */

12 egativeException(); }

13 { /* negated precondition =/

14 hew WiTRATawAmount ooLargeException(); } M{‘P

15 this.balance = this.balance - amount; } J, ‘M
16 } Lo i




Bank Accounts in Java: Version 2 Critique (1) SorPere

o Version 1

ublic AccountV2(String owner, int pm=msec) throws
Ba].i?ceNegativeException

if(‘balance<;) ((' I 1ted precc \

thr anceNegatlveExcepm
elkse—t—tirrsomrrer ety —m—————— balance; }
}

public void withdraw(int amount) throws
WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptid

if( amount < 0 ) { + negated precond
throw new W1thdrawAmountNegatlveExceptlon()
else if ( balance < amount ) { + negate ]
throw new WithdrawAmountTooLargeException();
else { this.balance = this.balance - amount;

I
| public claskapmzz_,()

public static void main(String[] args) {
System.out.println("Create an account for Alan with balance -10:

try {
AccountV2 alan = new AccountV. ("Alan",@;
System.out.println(alan);

}

catch ( BalanceNegativeException bne) {

Supplier

g AW =

T

System.out.println("Illegal negative account balance.");

O W O NO®

—ry

oune rtor Alan

with D ce -10:
legal negative account balance. > !
—_——




Bank Accounts in Java: Version 2 Critique (2) Compared
with

1 |public class AccountV2 { [0 =) .
2 public AccountV2(String owner, int jpedaé#tec) throws vers'O" 1
3 BalanceNegativeException
4 {
5 if((balance < 0) { /» negated precondit
6 throw new gaLance’_Nec@uJ;aE.&aepf_Lm }
i else { this.owner = owner; this.balance = balance; }
8 } -
9 public void withdraw(int o) throws
10 WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptidn
11,._>if(amount il < Dogated proconditica g
12 throw new 1thdrawAmnunLNonariveExcept{ggl); } °
13 else if ( balance < amount ) { /+ negated precond Cl|en+
14 throw new WithdrawAmountToolargeExcantion(); } S I I —
15 else { this.balance = this.balance - amount; } ‘

} |public class BankAppV2 { V

args)¥ {

1
2 public static void main(String[]
3 System.out.println("Create an account for Mark with balance 100:
4 try {
5 AccountV2 mark = new"Mark", 100) ;
L
6 System.out.println(mark);
7 System.out.println("Withdraw -1000000 from Mark’s account:");
8
9
0
1
2
3

Supplier

pum== ) mark .| withdraw @-1000000) ;

System.out.println(mark);

}

catch (BalanceNegativeException bne) {
System.out.println("Illegal negative account balance.");

catch UVithdrawAmoun;Nggg“ zeExceetiod wane) {
System.out.println("Illegal negative withdraw amount.");

}

catch (WithdrawAmountTooLargeException wane) {
Console Output: System.out.println("Illegal too large withdraw amount.");
}

Create an account for Mark with balance 100:
Mark’s current balance is: 100

Withdraw -1000000 from Mark’s account:
Illegal negative withdraw amount.




Bank Accounts in Java:

Compared

Version 2 Critique (3) with

Version 1

else { this.balance = this.balance - amount;

Supplier

Console Output:

Create an account for Tom with balance 100:
Tom’s current balance is: 100

Withdraw 150 from Tom’s account:

Illegal too large withdraw amount.

1 |public class AccountV2 {

2 public AccountV2(String owner, int balance) throws

3 BalanceNegativeException

4 {

5 if ((balance < 0) { /* negated precondi

6 throw new BalanceNegativeException(); }

7 else { this.owner = owner; this.balance = bala }

8 } V(-1

.9_>public void withdraw(int ewsewad) throws

10 WimAmountNegatiVeException, WithdrawAmount TooLargeExceptign {

1 if( <0 { # ya 1 pr ndit i ’

12 throw new [ijhdrawA NegativeException(); } °
13 |=Delse if mount ) { /+ _pegat Cl|enf
14 {throw new WithdrawAmountTooLargeException (W

r
|public class BankAppV2 {
public static void main(String[] args) {

System.out.println("Create an account for Tom with balance 100:"
try {

|~9 AccountV2 tom = new AccountV2("Tom 100 ;

System.out.println(tom) ;
’ System.out.pr'withdraw 150 from Tom’s account:");

catch (BalanceNegativeException bne) {
System.out.println("Illegal negative account balance.");
}

catch (WithdrawAmountNegativeException wane) {
System.out.println("Illegal negative withdraw amount.");
}

catch ([WithdrawAmountTooLargeExceptio. wane) {

System.out.println("Illegal TOO rerde withdraw amount.");
}




Bank Accounts in Java: Version 2 Critique (4)

REeaQ1 [ Each account is associated with the name of its owner|
(e.g., "Jim") and an integer balance that is always positive.

é\oﬂso‘z OM:M :

Create an account for Jim with balance 100:
Jim’s current balance is: 100

Withdraw 100 from Jim’s®t:
s 0

Jim’s current balance i

CONOUPRAWN—-0O OO NOO HAWON =

°

1 |public class AccountV2 { suppl'er

2 public AccountV2(String owner, int balance) throws T 17T |

3 BalanceNegativeException

4 { . ’00

5 if( balance < 0) { yated precondit 4 )

6 throw new BalanceNegatlveExceptlon(), }

7 else { this.owner = owner; bhis . balance = balance; }

A =Y

9 public void withdraw(int <owesey) throws
10 WithdrawAmountNe tivﬁxﬁ%o’i, WithdrawAmount TooLargeExceptidn {
11 | if( a REEEON ) n®T ed precondition +
12 )( throw new Wy tNegativeException(); }
13 .q,else if (balanc‘ Emount) { + negated precondition x* °
14 thhrow new WithdrdwAmountTooLargeException(); } Cl'gnf
15 se { this.balance = this.balance - amount; } — .
16 T

: ’1:? ‘public class BankAppV2 {

public static void main(String[] args) {
System.out.println("Create an account for Jim with balance 100:"
try {
AccountV2 Jjim new AccountV2("Jim"
System.out.println(jim);

100) ;
—

Syste intln("Withdraw 100 from Jim’s account:");
ey jim withdraw gl 00) ;
o
Syste rintln(jim);
}
catch (BalanceNegativeException bne) {
System.out.prifitln("Illegal negative account balance.");
}
catch (WithdrawAmountNegativeException wane) {
System.out.println("Illegal negative withdraw amount.");
}
catch (WithdrawAmountTooLargeException wane) {

System.out.println("Illegal too large withdraw amount.");

}




> net Man/
Llass et (/

L V”Vp’(j ot hdds tup For
all olpcy o o patieds closs

- \75’7{ -
O ot

?.ﬁ- Awwu/lf _
G ] |

(Hhvo W de (0

éffﬁ?,f (& _4-(

)
it e




Q e
2y,
N
O\ @y bef B X
@ @ e wde 5 BT
1 Z:{‘(“r) fd
Sir> net1



[ [ﬁra 7‘40 dm‘a Sttt /4'




1 |public cla tv2 | -
2 PUbli@?;i%ﬁring owner, int balance) throws ‘7f’£/ e
3 BalanceéNe iveException y
4 {
5] if( balance < 0) { /* negated precondition */
6 throw new BalanceNegativeException(); }
i’ else { this.owner = owner; this.balance = balance;/\}
: L
9 public voint amount) throws ﬂff@f i
10 WithdrawAmomsededativeException, WithdrawAmountTooLargeE den {
11 if((amount < 0) { /* negated precondition #*/
12 throw new WithdrawAmountNegativeException(); } ‘7/ 0
13 else if ( balance < amount ) { /* negated precondition #/
14 throw new WithdrawAmountTooLargeException(); }
15 %else { this.balance = this.balance - unt; |}
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Bank Accounts in Java: Version 3

—
QW O NOUTHA,WN =

P P G 3
OO, WON =

-t b
o

public class AccountV3 {
public AccountV3(String owner, int balance) throws
BalanceNegativeException
{
if (balance < 0) { /* negated precondition =*/
throw new BalanceNegativeException(); }
else { this.owner = owner; this.balance = balance; }

assert this.getBalance() > 0 : "Invariant: positive balance"; |

“
£(T-
p&;lic void withdraw(int amount) throws

WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptig
if (amount < 0) { /* negated precondition x/

throw new WithdrawAmountNegativeException(); }
else if (balance < amount) { /* negated precondition

throw new WithdrawAmountTooLargeException(); }
else { this.balance = this.balance - amount; }

assert this.getBalance() > 0 : "Invariant: positive balance";

n



Bank Accounts in Java: Versio Compared

ith
public class AccountV3 { .
public AccountV3(String owner, int balance) throws ver8|on 2

BalanceNegativeException
{ L’o [®

if (balance < 0) { /* negated p iol
throw new BalanceNegatlveExceptlon() }
else { this.owner = owner; this.balance = balance; }

assert this.getBalance() > 0 : "Invariant: positive balance";
} (og
public void withdraw (int throws
> WithdrawAmountNegatiVeException, WithdrawAmountTooLargeExceptic

O W 0 NOOHA WN =

£ (amount < O y 1 1
E throw new dra wAr?jﬁtNegatlveExceptlon O )

lse { this.bglgpce this_pBalance - arnlgunt; }

lse if ance < amount) { ] precond
throw new WlthdrawAmountTog.%geExcep G &
l e

"Invariant: positive balance";

|public class BankAppV3 {
public static void main(String[] args) {
System.out.println("Create an account for Jim with balance 100:"
try AccountV3 Jjim = new AccountV3("Jim", 100);
2System.out.println(jim) ¥ I
System.out.println("Withdraw 100 from Jim’s account:");
jim. withdraw (100) ;
System.out.przg?fh(jim); }

QWO NGO WN —

pury

Create an account for Jim with balance 100:
Jim’s current balance is: 100

Withdraw 100 from Jim’s account:
Exception in thread "main"
java.lang.AssertionErr

Invariant: positive balanc




Bank Accounts in Java: Version 3 Critique (2)

public class AccountV3 {
public void withdraw(int Jamoun throws
| ATdrawAmoORt NegativeException, WithdrawAmountTooLargeExceptidn {

A WON =
<
-

Kamount < 0 { + negated precondition +
: tVegativeException(); }

( balance < amoun { * negated precondition h}ge W
: Ao Foolasgebuemnption ) ; JEIHE |7

© ooxlctm
3

throw ne =
———." P
else this.balance = thls.balanc(— émount; } ‘(o//
| assert this.getBalance() > 0 : "InVariant: positive balarfe"; f
|

When the amount is neither negative nor too large,
is there any obligation on the supplier of withdraw?




Bank Accounts in Java: Version 4

with an evil supplier

public class AccountV4 {
public void withdraw(int amount) throws

{ if (amount < 0) { /* negated precondition */
throw new WithdrawAmountNegativeException(); }

throw new WithdrawAmountTooLargeExceptlon

e d 1&'1' \,'.‘\/H]' .ll'./lL / / / J /1/ ." ‘/ )];
:> this.balance = this. balance + mount, />

10 assww ce M-

~
f/ owner + "Invartares—e ve balance";

oONOO OGP, WON =

else if (balance < amount) { /* negated wz«uvwd'

O N
101

/; /; @

WithdrawAmountNegativeException, WithdrawAmountTooLargeException




public void withdraw(int amount)

throws

else if

(balance < a&aunl )

{ /+

negated precondi

tion

- /

WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptio —
if (amount < 0) { /* negated precondition */ 100 lua,f(e =
throw new WithdrawAmo§MRegativeException(); } :2

e { /* WRONI

this.balanc

> assext,

throw new WithdrawAmountTooLargeException();

[ MF

Qs

this.getBalanc

AT T AN y
VITA ON %,

his.balanc€ +) amount

19

YAS1

"Invariant: positive

‘"
ce"; }

System.out tln

this previous slide:

1 |public clas{ _BankAppV4

2 public static void main(String[] args) {

3 System.out.println("Create an account for Jeremy wi balance 10
4 try { AccountV4 3jeremy = new AccountV4("Jeremy"f 100);

5] System.out.println(jeremy) ;

6 System.out.println("Withdraw 50 from Jeremy’s account:");
7 _> jeremy. withdraw@i;

8 .prin (jeremy); }

9

0

Why St

Create an account for Jeremy with balance 100:
Jeremy’s current balance is: 100

Withdraw 50 from Jeremy’s account:

Jeremy’s current balance is: 150




Bank Accounts in Java: Version 5

public class Accoun {
public void |withdraw (fint amount) throws
WithdrawAmountNe s Lon, WithdrawAmountTooLargeExceptidn

{belintloldBalance this.balance; |

if (amount < 0) { + negdted precondition
throw new WithdrawAmountNegativeException(); }
else if (balance < amount) { + negated precondition
throw new WithdrawAmountTooLargeException(); }
else { thig.bal =Athis.balance - amgunty }
assert this.getBalance() > 0 :"Invariant: positive balance";

11 +—E> assert[ﬁhis.geEBalance(;]== oldBalance - amount : |

—_—
COWONOOOLHA WN =

12 | ) "postconditfon: balance deducted"; } - |
C —pe
[705‘(4""0,’ =t y’&;yjﬂfv %
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