





How i DbC Dgeful in Guiding System Development?

Clients View:)™
&

-Asqnﬁale-am-

- Keep en
- Keer

tori
quiring

q named.rando

until done.

a name exists unty quit.

ey

Exvecrer Ruw)

Enter a name, or ° " to start inquiring: e
Enter a name, or - " to start inquiring: c
Enter a name, or ° " to start inquiring: d
Enter a name, or ° " to start inquiring: a
Enter a name, or ° " to start inquiring: b
Enter a name, or - " to start inquiring: d
a b d e
Enter a name, or ° " to stop 1nquiring:
a exists!
Enter a name, or ° " to stop inquiring:
b exists!
- Enter a name, or " to stop 1nquiring:
J L ’ Iemen'l'ahon S'I'ra'l'egy Cc exists! P ; .
ol S Enter a name, or ° * to stop inquiring:
- Stofe names In &pn array. d exists!
! i ) ™ Enter a name, or - " to stop 1nquiring:
- Upon an inquiry: Binary Search, e exists!
———— Enter a name, or ° " to stop inquiring:

f does not exist!
Enter a name, or - " to stop inquiring:
g does not exist!
Enter a name, or - " to stop 1inquiring:




Version 1: Wrong Implementation, No Contracts

cl er

DATABAS
create cl =
make UTILITIES V1
feature -- Constructor create

default_create

.)add name (n: STRING_8) : ﬁn?
- Add n to database. @eature ary Search /
data_exists gn: STRING_8): BOOLEA search (3/ARRAY [STRING_8]; a_name: STRING _8): BOOLEAN
‘'n exist in the database?
emake

-- Create an empty database.

ss UTILITIES_V1

end -- class DATABASE_V1

- Data array in DATABASE «.@ ept sorted.

- Binary search in UTILITIES does not require a sorted input array.

)When user enters names in an unsorted order, output Is wrong.

2Buf no contract violation!
- A bad design Is when something goes wrong, fhere@ blame.
N —— S ———




Version 1: User Interaction Session

Enter
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Enter
Enter
Enter
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a does not exist!
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Enter a name, or

b does not exist!

Enter a name, or

c does not exist!

Enter a name, or
d exists!
Enter a name., or

e does not exist!

Enter a name, or

f does not exist!

Enter a name, or

g does not exist!

Enter a name, or

"done”
"done”
“done
“done
“done”
“done”
quit’
‘quit’
‘quit’
quit’
‘quit
quit’
‘quit’

‘quit’

to
to
to
to
to
to
to
to
to
to
to
to

to

start
start
start
start
start
start

1hqulring:
1nquiring:
1hquliring:
1nhquiring:
1nquiring:
1hqulring:

stop 1nquiring: a

Stop
stop
stop
stop
stop
Sstop

stop

1hguiring:
1hqulring:
1hguiring:
1hguiring:
1hqulring:
1hquliring:

1hgquiring:

b

C

d

e
C
d
a
b
d




Version 2: Wronqg Implementation, Proper Precondition

terface
DATABASE V2

57N L
o # 4
- A class interface
O( UTILITIES V2 g-'

make create M

create
default_create

cla

feature -- Constructor

feature -- Bi y Search
add_name (n: STRING_S8) l,‘
-- Add __k bt ares - {;- B LN 5™ ame: STRING_8): BOOLEAN
data_exists (n: STRING_8): BOOLEAN ray_sorted: across \

-- Does n’ exist in the database? a.lower |..| (a.upper - 1) i

Y,
OAN)

&

all
make

-- Create an empty database.

alil<ali+ 1]
and

end -- class DATABASE_V2 end -- class UTILITIES V2

- Data array in DATABASE is not kept sorted.

- Binary search in UTILITIES now requires a sorted input array.

- When an unsorted array is passed for search, a contract violation occurs!
- A good design is when something goes wrong, there is one party to blame.



Version 2: User Interaction Session

Enter
Enter

name,
name,

or
or

“done
“done

~

b

to
to

start
start

1hquiring:
1hquiring:

start
start
start
start

“done” to
“done” to
"done” to
“done” to

Enter
Enter
Enter
Enter
e C
Enter

or
or
or
or

1hquiring:

e

C

hame, a
1hquiring:| a
b

d

name,
name,
hame,
a b

name,

1hquiring:

1hquiring:. done

QIQAIQ QO O O QO O

or quit to stop inquiring: a

why-dbc-useful: system execution failed.
Following 1s the set of recorded exceptions:

3 3 3 2k 5k 3k ok 3k 3k 2k 2k ok 3k 3k 3k 3k 3k 3k ok 3k 3k %k 3k ok 3k ok ok ok ok %k ok %k ThFEGd exception kR kR kkkkkkkkk
In thread Root thread O0x0 (thread 1d)

3 2 3 3k 3k 3 A 3k 3k 3k 3k A A 3k 3 3k 3k A A Ak 3k 3k A Ak Ak 3k kK 3k Ak A 3k 3k 3k 3k A 3k 3k 3k 3k A Ak 3k 3k 3k ke Ak 3k 3k 3k 3k Ak 3k 3k 3k 3k 3k Ak 3k 3k 3k 3k Ak 3k 3k 3k 3k Ak Ak 3k 3k 3k 3k Ak 3k ok %k 3k %k ok

UTILITIES_VZ2
<000000Q10EFFOFB8>

array_sorted:
Precondition violated.

DATABASE_VZ2
<000000010EFEFDF 8>

<000000V10EFEF548>

<000000O10EFEF548>




Version 3: Fixed Implementation, Proper Precondition

class interface
DATABASE V3

O(A) class interface
? UTILITIES V3

create
default_create

create
make

featurg -- Con feature -- Binary Search

add_name (n: STRING_S8) i : : .
& Rl " S e (A E' sei;i’hmsra. ARRAY [STRING 81]; a_name: STRING_8): BOOLEAN
data_exists (n: STRING_8): BOOLEAN ray_sorted: across o |
-- Does 'n’ exist in the database? a.lower |..| (a.upper-1)is

all
alil<ali+ 1]
end

make
-- Create an empty database.

AN
0 {23

-~ Data array in DATABASE is now kept sorted (so as to avoid contract violation).
- Binary search in UTILITIES still requires a sorted input array.

end -- class DATABASE V3 end -- class UTILITIES V3

A\

- A sorted array is always passed for search, a contract violation never occurs!

- Now finalize/deliver the working system with contracts checking turned off.



Version 3: User Interaction Session

Enter
Enter
Enter
Enter
Enter
Enter

a b
Enter

name,
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d e
name,

a exists!
Enter a name,
b exists!
Enter a name,
C exists!
Enter a name,
d exists!
Enter a name,
e exists!
Enter a name, or

f does not exist!

olg

olg

olg

or

or

olg

or

olg

olg

olg

olg

“done’
" to

“done

“done”
“done
" to

“done

“done”

“quit

‘quit

‘quit’

“quit

‘quit’

quit’

Enter a name, or quit

g does not exist!
Enter a name, or quit

to
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" to

to
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to

start
start
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start
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1hgquiring:
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1nquiring:
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stop 1nquiring: a

stop
stop
stop
stop
stop
stop

Stop

1Lhguliring:
1hqulring:
1Lhquliring:
1Lnhquiring:
1Lhguliring:
Lhquliring:
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d

e
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REQ1 || Each account Is associated with th@f its owner
(e.g., "Jim") and an integer balance that is always positive.

“

REQ2 || We may withdraw an integer amount from an account.

e — O ——
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{

" + balance;

1 |public class AccountVI1 {

2 private String owner;

3 private int balance;

4 public String getOwner() { return owner; }

o public int getBalance() { return balance;

6 public AccountVl (String owner, int boeedeec
/ this.owner = owner; this.balance = balance;
5 2 A6

O public void withdraw(int amessad)

10 jthis.balance = this.balance - amount;
11 }

12 public String toString() {

13 return owner + "’s current balance 1is:
14 }

5 |l 3
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public class BankAppVI1

public static void main(String[] args)
System.out.println("Create an account foi:%isn with balance -10:V1);
i,

Accouncvil alan = new [AcecuntVili (“Alan=;

r

System.out.println(alan);

Console Output:

Create an account for Alan with balance -10:
Alan’s current balance 1s: -10
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public class BankAppV1 {

public static void main(Straing|[] args) {
System.out.println("Create an account for Mark with balance 100:Y7);

AccountVl mark = new AccountVl("Mark", 100);

System.out.println(mark);
System.out.prin i thdraw -1000000 from Mark’s account:");

mark. withdraw-1000000));
System.out.println(mark);

Create an account for Mark with balance 100:

Mark’s current balance 1s: 100
Withdraw -1000000 from Mark’s account:

Mark’s current balance 1s: 1000100
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public class BankAppV1 {
PUblLiC BEAELC Void MmainiSteing| |l args) i
System.out.println("Create an account for Tom with balance 100:")};

AccountVl tom = new AccountVi("Tom", 100);
System.out.printin(tom);
System.out.printiln("Withdraw 150 from Tom’s account:");

tom. withdraw (150) ;
System.out.println(tom);

Create an account for Tom with balance 100:
Tom’ s current balance 1s: 100

Withdraw 150 from Tom’s account:

Tom’ s current balance 18 -50
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public class AccountV2 { - (O

public AccountV2Z(String owner, int beemme=c) throws

BalanceNegativeException
{ —/O
if(( besmme=e < 0 ) { /* negated precondition */
._E>throw new BalanceNegativeException(); }

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

) ~/o®

public void withdraw(int asse=smt) throws

WithdrgiﬂmountNegativeException, WithdrawAmountTooLargeExceptign {

1f ( amoun tion */
R e e e,

throw
else 1f ( balance < amount ) { /* negated prec

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

}

ondition */

}
}
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public class BankAppVz ({

public static void main(String|[] args) {
System.out.println("Create an account for Alan with balance -10:V);
EY i
AccountVZz alan = new AccountVzZz("Alan",\-10/) ;

System.out.printin(alan);
}

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

}

Create an account for Alan with balance -10:

Illegal negative account balance.
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public class BankAppVZz {

public static void main(String[] args) {
System.out.printin("Create an account for Mark with balance 100:7);
try {
AccountVz mark = new AccountVz("Mark", 100);

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

mark. withdraw (-1000000) ;
R R R
System.out.println(mark);

}

catch (BalanceNegativeException bne) {
System.out.println("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.");

}

Console Output:

Create an account for Mark with balance
Mark’s current balance 1i1s: 100

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

ey
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public class BankAppVZ {

public static void main(String[] args) {

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

try |

FeppnrvVeEi"Tom”; 1U0)

AccountVz tom =
—

System.out.println(tom);

ew

System, tatifn("Wiktharaw 150 oM TOm* s adecount i
tom. Withdra S0 -
System.out.printin(tCom);
ot
catch (BalanceNegativeException bne) {

System.out.println("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.

}

") 3

0

") ;

i b

Console Output:

Create an account for Tom with balance 100:

Tom’ s current balance 1s: 100

Withdraw 150 from Tom’s account:
Illegal too large withdraw amount.

i -

o | D)
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public class AccountVz {
public AccountVz(String owner, int balance) throws
BalanceNegativeException

1f( balance < 0) { /> negated preconditi:
throw new BalanceNegativeException(); }
else { this.owner = owner; this.balance = balance; }

) foo

public void withdraw(int esessy) throws
WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptidgn {

11 if(lanountEENN) { /» negated preconditi

—_—
COWOONOOOTL AOWN —

12 throw new Wdrawﬂm,@egativefixceptiﬂn{}; }

1 else if (Wf Gliamiee®- ) { /+ negat ; preconditi
14 hrow new WithdrawAmountTooLargeException(); |}

1D else { this.balance = this.balance - amount; )}

16

public class BankAppVz {

public static void main(String([] args) {
System.out.println("Create an account for Jim with balance 100:"]
try | T
AccountVZz 139im = new AccountvVzZ("Jim", g100)
System.out.println(jim);
System.out.pri "Withdraw 100 from Jim’s account:");

REQ1 | Each account is associated with the ngz

(e.g., "Jim") and an integer balance thg#1S always positive.

jim. withdraw @l00)
System.out.printin(jim);

}

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

J

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

}

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

)

Create an account for Jim with balance 100:

Jim’ s current balance 1s: 100
Withdraw 100 from Jim’s ac

Jim’ s current balance i a

CoO~NOOPAPWN—_LL00O0 NOOOL APWON =
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1 |public class AccountV3 {

2 public AccountV3(String owner, int balance) throws

3 BalanceNegativeException

4 {

+ if (balance < 0) { /* negated precondition */

6 throw new Balilceikeermmmmpmmiymmmmmppmjmm -

{ else i8.owner = owner; this.balance = balance; }

8 assert this.getBalance() > 0 : "Invariant: positive balance™ ‘
10 public void withdraw(int a&esss) throws

i WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptidgn
12 if (amount < 0) { /* negated precondition x/

13 throw new WithdrawAmountNegativeException(); }

14 else if (balance < amoun o at-oed precondition */

i throy sew=W.thdrawAmount TooLargeException|() ;

16 e { this.balance = this.balance - amount; }

17 assert this.getBalance() > 0 : "Invariant: positive bala ‘
18 } — |

Vrde?S 0 5479 ~hotte P -
l I
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1 |public class BankAppV3 {
2 public static void main(String[] args) {
3 System.out.println("Create an account for Jim _with balance 100:"
4 try { AccountV3 7Jjim = new AccountVé’("Jim"( 100);
D System.out.println(jim) ;
6 System.out.printiln("Withdraw 100 from Jim’s account:");
7 | jim. withdraw¥W00) ;
3 System.out.prin®ln(jim); )
9 /4 catch statements same as this pret 1S L de:
10 + Version why Still Not Good Design? ( [) A

!

Create an account for Jim with balance 100:

Jim’ s current balance 1s: 100

Withdraw 100 from Jim’s account:

Exception in thread "main"
java. lang.AssertionError:

Invariant: positive balance
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b

public class AccountV3 { p
public void withdraw(int amount) throws

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

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

O© ONOO O pH WO —

else 1f ( balance < amount ) { /* negated precondition
throw _new WithdrawAmountlgoaolargekException () ;s | ‘)’(7

14

assert this.getBalanc ; "Invariant: positive balance”;

WithdrawAmountNegativeException, WithdrawAmountTooLargeExceptign

noflgy o l// e 5/’/0)"
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public class AccountV4 {
public void withdraw(int amount) throws
WithdrawAmountNegativeException,
{ 1f£ (amount < 0) { /* negated precondition */
throw new WithdrawAmountNegativeException();
else i1f (balance < amount) { /+*
throw new WithdrawAmountTooLargeException();
else | WRONT IMPLEMENTAT IO L

;J,r"‘. +

—
L}

this.balance this.balanc

assert this.getBalance

owner + "Invariant: positive balance"; }

}

}

negated precondition

WithdrawAmountTooLargeException

'
* /
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‘public class BankAppV4 {

1
2 public static void main(String[] args) {

3 System.out.printin("Create an account for Jeremy palance 100:")
4 try { AccountV4 jeremy = new AccountV4("Jeremy 100)

R System.out.println(jeremy) ;

6 System.out.println("Withdraw 50 from Jeremy’s account:");

7o ‘ jeremy. withdra @ -

3 System.out.printlfl( jeremy); }

9 /+ catch statements same as this previous L de:

10 * Version Z2: Why Still Not ;ood Desiq (Z2: 1)

Create an account for Jeremy with balance 100:
Jeremy’s current balance 1s: 100

Withdraw 50 from Jeremy’s account:

Jeremy’s current balance 1€ 150




Precondition & Postcondition Exercise V 3

change_at (a: ARRAY[STRING]; i: INTEGER; ns; STRING)
- - Change index i inarray a tostring ns

) | <= T awd T <= 4. 0ounf

27

ure
27

— V. @QlcPD~ #S
X -

€

ol Fyple:
T &EE]:- nf 3
A= nal 5
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public class AccountV5 { \fo

public volid withdraw(int gkewsssss throws
el S uidaewnt NegativeException, WithdrawAmountTooLargeExceptign

™~
v -

4 int dE this.balance; ‘
< if (amount < & { /* negacew=—mrecondition */
6 throw new WithdrawAmountNegativeException(); }
/ else 1f (balance < amount) { /* negated precondition x*/
8 throw new WithdrawAmountTooLargeException(); }
9 else { this.balance = this.balance -'- amount; |}
10 assert this.getBalance mrr—pmitive balance";
) 5 assert(\this.getBalance ()] == oldBalancg - amount - ‘
12 "Postcondifion: balance deducted"; } ‘
|

4o 1L

/{0 [-—
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1 |public class BankAppV5 {

2 public static void main(String[] args)

3 System.out.printin("Create an account for Jeremy with balance 100:")
2 try { AccountV5 jeremy = new AccountV5("Jeremy", 100);

5 System.out.println(jeremy);

6 System.out .printin("Withdraw 50 from Jeremy’s account:");

/ jeremy. withdraw (50) ;

3 System out.println(jeremy); )

9 /* catch statements same as this previous slide:

10 * Version 2: Why Still Not a Good Design? (2.1) =*/

Create an account for Jeremy with balance 100:

Jeremy’s current balance 1s: 100

Withdraw 50 from Jeremy’s account:

Exception 1n thread "main"
java.lang.AssertionError: Postcondition:

balance deducted
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