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Bank Accounts in Java: Version 5

else if (balance < amount) { /* negated precondition x
throw new WithdrawAmountTooLargeException() }

else { this.balance = this. balance . amount }

10 assert t
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public class AccountV5 {
public void[withdraﬂ(int amount) throws
’ e
Withdra S eExceptlon, WithdrawAmount TooLargeExceptio
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Bank Accounts in Java: Version 5 Critique it

Version 4

public class AccountV5 {
public void withdraw(int amount) throws

withdrawAmountNegativeException, WithdrawAmountTooLargeExceptid
int oldBalance = this.balance;

if (amount < 0) { /* negated p ondition +#
throw new WithdrawAmountNegativeException(); }

else if (balance < amount) ({ + negated precond
throw new WithdrawAmountTooLargeException(); }

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

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

©CoONOOOL A~ WD =

assert this.getBalance() == oldBalance - amount

"Postcondition: balance deducted"; }

|public class BankAppV5 {

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

Supplier

try { AccountV5 jeremy = new AccountV5("Jeremy", 100);
System.out.println(jeremy);
System.out.println("Withdraw 50 from Jeremy’s account:");
jeremy. withdraw (50) ;
System.out.println(jeremy); }

~atch ot at ntFa o 2s thi
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Create an account for Jeremy with balance 100:
Jeremy’s current balance is: 100
Withdraw 50 from Jeremy’s account:
Exception in thread "main"
java.lang.AssertionError: Postcondition: balance deducted




Design by Contract in Java

public void withdraw(int amount) throws
WithdrawAmewsntNegativeException, WithdrawAmountToglargeExceptic
: i : Ervor Lodbinet)

else if (|balance < _amouh ] p1
throw new Wi thdrawAmountTooLargeExceptlon()

N = ] A >4 i i
oldBalanc:
Postcondition: balancé deductec; |} osf-

{

W out.println reate an account for Jim with balance 100:"

AccountV2 Jjim = new AccountVé("Jim", 100);

System.out.println(jim);

System.out.println("Withdraw 100 from Jim’s account:");

| 3im. withdraw(100) ;
————

gystem.out.println(jim);

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.");




Design

by Contract in Eiffel

Contract View

end
invaria nvari
N—

balance > 0

end
—

class ACCOUNT
create
make
feature Attributes
owner STRING
balance : INTEGER
feature Constructors
make (nn: STRING; nb: INTEGER)
require -- precondition
pos.1t1ve balance: nb > 0
end
feature - Cor :
class ACCOUNT withdraw(amount: INTEGER)
create require -- precondition
make ;
feature —- AtEribubes non_negative_amount: amount ) 0 ‘
R STRING affordable_amount: amount <= balance proble ic,
balance INTEGER ensure —- postcondition
feature balance_deducted: balance = old balance - amount
—)nake nn: STRING; nb: INIEGER) end
require precondition invariant -- class invariant
a5 positive_balance: nb > 0 positive_balance: balance > 0
owner = end
balance := nb
end (ﬁ ﬂa
feature I 5 g"’ ew
= w1thdraw(amount INTEGER)
require ——_prioC
on_negative_ amount 'amount > of
arrordable_amount: amount <= balance problematic
do
gf’ balance := balance - amount
a(P- ensure 7o
balance deducte balance = old balance - amount

Implementation View
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class ACCOUNT
create
make
feature -- Attributes
owner : STRING
balance : INTEGER
feature -- Constructors ’/ﬂ o“y-
make (nn: STRING; 5@: INTEGER)

L\

- require -- precondition /bﬂ
ﬁ positive_balance:
end
feature - Commands loo
withdraw (apaunts—INTEGSER)
require -- precondition
— non_negative_amount: amount & 0
affordable_amount: amount <= balance -- problematic, why?
ensure -- postcondition

balance_deducted: balance = old balance - amount

end 3

invari

end
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postcona¥withdraw:
acc.balance = old acc.balance - a and acc.owner ~ old acc.owner

precond_withdraw: execute @202 TTe-l _
-.0<aand a < balance P . acc.withdraw(a)

2 saﬁ ffﬂ”[w V74 w’mﬁrm/)

not (account _inv) not (precond_ W|thdraw) not (postcond_withdraw) .
Preconditior
& Violation

= not (postcond make) :
. call precond_make: execute .
L create {ACCOUNT} acc.make -~ a>0 o create {ACCOUNT} acc.mak ?
S 5 3 Feeeeeccceceeee~ R L e

postcond_make: b/ MQ&‘P.

Postcondition

Violation

acc.balance = a and acc.owner = n




Precondition Violation: positive_balance

a |0 APPLICATION xal @ ACCOUNT I

o 0

ELOB 6w

Feature

#[F 0330 0ti AV A2
“lat view of feature " make' of class ACCOUNT

make (nn: STRING_8; nb: INTEGER_32)

require
(positive_balance: nb >= 0)

B

do
2 owner := nn
2 balance := nb
2 end

bank ACCOUNT make 4 » & O

Supplier

Client

class BANK_APP

inherit
ARGUMENTS
create
make
feature —- Initialization
make
—-— Run application.
local
alan: ACCOUNT
do
—-— A precondition violation with ta
create {ACCOUNT} alan.make ("Alan",

end
end

clas& ACCOUNT
create
make
feature Attributes
owner STRING
balance INTEGER
feature Constructors
make (nn: STRING;
requjre
end
feature - C s
withdraw (amount: INTEGER)
require - preco tion
non_negative_amount: amount » 0
affordable_amount: amount <= balance pr
ensure postcondition
balance_deducted: balance = old balance -
end
invariant class invariant
positive_balance: balance > 0

roblema

amount

=l




Precondition Violation:

1| appLicaTioN | Account &0

bank ACCOUNT withdraw < » % O X

RO ewa R

Status = Implicit exception pending

. featire {non_negative_amount: PRECONDITION_VIOLATION raised)
non negat've amounf !E Ialyzipe ..: HEAVAB o In Feature |ln Class |Fromclass | @
 c— — Flat view of feature " withdraw' of class ACCOUNT » withdraw  » ACCOUNT
- - - make - APPLICATION 2
withdraw (amount: INTEGER_32)
require
& (non_negative_amount: amount >= 0)
2 affordable_amount: amount <= balance
do
2 balance := balance - amount
ensure
2 balance = old balance - amount
2 end
—
class ACCOUNT
o create
Supplier | .
L feature -- Attributes
owner STRING
P balance INTEGER
< I'enf feature nstructors
A4i0 458 08 make (nn: STRING; nb: INTEGER)
require precondition
class BANK_APP positive_balance: nb > 0
inherit end
ARGUMENTS feature - Cc
create w1thdraw(a710unt: INTEGERV)
require ——- precondition
make £y :
o ) ) non_negative_amount: amount » 0
feature -- Initialization affordable_amount: amount <= balance problema
make ensure postcondition
-— Run application. balance_deducted: balance = old balance - amount
local : , exid
invariant class invariant
mark: ACCOUNT positive_balance: balance > 0
do end
create {ACCOUNT} mark.make ("Mark", 100)

mark.withdraw(-1000000)
end
end

—-— A precondition violation with tag

"ne




Precondition Violation:
affordable_amount

0 call Stack

L] |® APPLICATION ::| @ ACCOUNT

Foowewa

bank ACCOUNT withdraw 4 b ¥ O 7] iekus = Implicit exception pendi
‘aﬂordableiamnur\l PRECONDITION_VIOLATION raised

P e3¢ 2224 SV A2 &

i In Feature
Flat view of feature " withdraw' of class ACCOUNT

P withdraw
make

|ln Class
= + ACCOUNT
B + APPLICATION
withdraw (amount: INTEGER_32)
require
non_negative_amount: amount >= 0

© (affordable_amount: amount <= balance)

do

balance := balance -
ensure
© balance = old balance - amount i
© end =l

amount =

| From Class l @
N 2

2

° class ACCOUNT
create

Client

make
feature Attri :
STRING
INTEGER

*uct

butes
owner

balance
feature

Const ors
onst ors

class BANK_APP
inherit
ARGUMENTS
create
make
feature -
make
—-— Run application.
local
tom: ACCOUNT
do
create {ACCOUNT} tom.make

Initialization

-— A precondition violation with tag "

tom.withdraw(150)
end
end

make (nn: STRING; nb: INTEGER)
require -- precondition
positive_balance: nb > 0
end

feature - S
withdraw(amount:
require - itior

non_negative_amount: amount 2 0
affordable_amount: amount <= balance
ensure postcond
balance_deducted: balance =

INTEGER)
dition

prec

dLTLON
old balance -
end
invariant class invariant
positive_balance: balance > 0
end

problema

amount

("Tom!; 100)




Class Invariant Violation: positive_balance

B |0 APPLICATION z:l @ ACCOUNT |

,
o0 ELdOdewarOR

bank ACCOUNT

_invariant 4> * O X :
o/

F;?;'e & f" .’ “ ! positive_balance: INVARIANT_VIOLATION raised
#|T e 3= 3¢ e = € . (E 1 ‘F——a— {
Flat view of feature ' _invariant' of class ACCOUNT > _invariant ’|;I\r::é:cl)aus:T (IENR LA lo I
(positive_balance: balance > O) x;::raw ::»:ESEZTTION 2
° class ACCOUNT
Supplier [
0 make
feature -- Attributes
owner STRING
° balance : INTEGER
Cllenf feature -- Constructors
I make (nn: STRING; nb: INTEGER)
class BANK _APP require - :.‘; econdition
inharit positive_balance: nb > 0
end
ARGUMENTS feature - Cor s
create withdraw(amount: INTEGER)
make require preco tion
feature - Initialization non_negative_amount: amount » 0
make affordable_amount: amount <= balance o)l >
-— Run application. ensure -- postcondition
local balance_deducted: balance = old balance - amount
jim: ACCOUNT _ _ end v
do invariant - class invariant
. positive_balance: balance > 0
create {ACCOUNT} tom.make ("Jim", 100) end
jim.withdraw(100)
class invariant violation with tag "positive_balance"

-— A
end
end




Postcondition Violation: balance_deducted

® |o APPLICATION |o ACCOUNT zz]

ERSH Call Sta

Feature

bank ACCOUNT withdraw < b & O i oaus = Implicit exception pendi
balance_deducted: POSTCONDITION_VIOLATION raised

Faoswewea

E]

‘!E geRes] ok .F =_: i f% VAR In Feature IIn Class IFrom Class I @
Folat view of feature "withdraw' of class .ACCOUNT — " » withdraw ACCOUNT "
affordable_amount: amount <= balance make . APPLICATION 12
do
o balance := balance + amount
en
s (balance_deducted: balance = old balance - amount )
© end
° class ACCOUNT
Supplier |~
make
~ER feature \ttribute:
° owner STRING
Cl'enf balance : INTEGER
Ao 40 RN feature onstructors:
make (nn: STRING; nb: INTEGER)
class BANK_APP require Srecsnditic
inherit ARGUMENTS positive_balance: nb > 0
create make end
feature -- Initialization feature; ana:
withdraw(amount: INTEGER)
make require precondition
-— Run a]:plicatimi- non_negative_amount: amount 2 0
local affordable_amount: amount <= balance problema
jeremy: ACCOUNT b~ 1 M ol Lt A
do balance_deducted: balance = old balance - amount
-— Faulty implementation of withdraw in ACCOU}jinvariant e{‘i_w Snvariank
—-— balance := balance + amount positive_balance: balance > 0
create {ACCOUNT} jeremy.make ("Jeremy", 100) end

jeremy.withdraw(150)
-— A postcondition violation with tag
end

end

"balance_deducted"”




Runtime Monitoring of Contracts

postcond_f:

Qf
N\ ainv call precond_f: execute iy
SLLLE: I af(..) ... Pf .- af(..)
attributes of }------ >‘—>: R R > '
class A e - *
not Pf .

Postcondition
Violation

Precondition

Violation
: 4 A
: not Qm
not Pm: Q :
call + precond_make: execute '
create {A} a.make(...) -*-. Pm --. create {A} a.make(...) --.
: il Busow scemons dikinc & P Feccccccciencconnah >

-~
-
-----
-------

postcond_make:
Qm
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change_at (a: ARRAY[STRING];(i:/INTEGER; s) STRING)

- - Change index "i” in array "a’ to striAg ns’
re mre
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