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Design bz Contract in Java

public static void main(String(] args) {
System.out.printin("Create an account for Jim with balance 100:"
try {

AccountVZ2 3jim = new AccountVz("Jim", 100);
System.out.println(jim);
System.out.println("Withdraw 100 from Jim’s account:");

[ 1 jim. withdraw(100) ;
L System.out.println(jim);

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

(VithdrawAmountNegativeException wane)
.out.println("Illegal negative withdraw amount.");

(WithdrawAmountTooLargeException wane) |
em.out.println("Illegal too large withdraw amount.");

Gowp

public class_#&CcountV5 {
public void withdraw(int amount) throws
WithdrawAmountNegativeExceptsren, WithdrawAmountTooLargeExceptic

[t oldBalance = this.balance;
i1f (gmount < 0) { ¢« negated pr«
Lhraw new WithdrawAmountNegativeException(); }
else 1f (Walance < amoun « negated precondit
new WithdrawAmountTooLargeException(); }
else ) ey
massert this.getBalance() > 0 :"Invariant: positive balance";

assert this.getBalance() == oldBalance - amount :

"Postcondition: balance deducted"”"; )



Design by Contract in Eiffel

.-
clasg ACCOUNT

creatt®
make

feature Attributes
owner : STRING
balance : INTEGER

feature - Constructors

make (nn: STRING; nb: INTEGER)
&TJ e requlre —— precondition
Ly QYW{D(\ {8/\] positive balance:jnb > (

end
clas® ACCOUNT feature - Commands .@
create withdraw(amount: INTEGER)
make rediire SR X

feature | amount 2 0

owner : STRING

affordable _amount: dmount <= balance —-—- problematic, why?
ORLEE R SN ensure ——- postcondition
featur;ake{nHSTRING,nb INTEGER) balance_deducted: balance = old balance - amount
require precondition _ _ end | |
positive _balance: nb > 0 1nvar:ant class 1nvallaml
do positive_balance:] balance > 0

owner := nn end
balance := nb

end
feature | H-.' MA@l f?;."-? _fa\-)
with@;gw{ammunt: INTEGER) {j{ (

require - precondition
non_negative_amount: amount > 0
affordable _amount: amount <= balance problematic,

do
balance := balance - amount

Ensure postcondition
balance_deducted: balance = old balance - amount
end
invariant —- class invariant
positive_balance: balance > 0
end



Runtime Monitoring of Contracts
D valy r-yufs ( mvormf ot ife

=~
@ F'P ’ ﬁ‘af(’ postcok i:hcfafvw Vﬁ/drj? /'P/ "‘b( / ?/

~aCC:FACCOUNT =
’é reate acc 'ﬁﬂ@

ndraw(a

/)

acc.balance = old acc.balance - a amd=aec.Qwner ~ ol

-,.--l'-"-‘ ----.-
- - - . 5 e .
- - - '-‘-‘
-

2cond_withdrawr
O < a and a < balance ). -

execute
ycc.withdraw(a)

balance :
"‘d.:lf el

not (account_inv) not (precond_withdraw) .
4
Class

[nvariant
Violation

Precondlition Postcondition

Violatiow

Violation

not (postcond _make)
axecute )

not (precond_make) , =
call :
reate {A a,n [ --. o reate {ACCOUNT} acc.make(a, |

-
-
_-
- =
-
------------------------

postcond_make: F’ b-sT4¢ Fyﬁ‘ STR7

acc.balance = a and acc.owner = n



Precondition Violation: positive_balance

"ﬂ APPLICATION ;| @ ACCOUNT ‘

SN Call Stack EFuowew

Feature

#[P 02230 22262 AV A
“lat view of feature ' make' of class ACCOUNT

make (nn: STRING_8; ‘-ﬁ INTEGER_32)

uire
EanUve balanc

nb > D)

owner := nn
balance := nb
end

A

le _—

class(BANK APP

inherit
ARGUMENTS
create
make
feature - Tnitialization
make
—= RKun application.
local
alan: ACCOUNT
do
-— A precondition violation with tac
create {ACCOUNT} alan.make ("Alap.,
/ end - =

end

bank ACCOUNT make b R O i3

ah e xception pending
RECONDITION_VIOLATION raised

Sature In Class |Frum Class | @

P make . ACCOUNT 1
make » APPLICATION

class ACCOQUNT

create

make
feature - Attributes

owner STRING

balance INTEGER
feature /I o

>make G g,b.— INTEGER)
require precondition

p051tive_balance:

end y
feature - Commands "f¢?
withdraw(amount: INTEGER)
requlre —— precondition

non_negative__amount:
affordable_amount:
ensure postcongdition
balance deducted: balance =

amount > 0
amount <= balance

end

1

1LRvariant —— class invariant

—_— . & - L.'I.__l_l..ld._l'\.

positive_balance: balance > 0

-

= LIk

old balance

amount



B LJOde w3 k|

Preio n: @ APPLICATION ;| @ ACCOUNT
non_negaﬂve_amoun B[ 100 0tz AV A B

Flat view of feature "withdraw' of class ACCOUNT

bank ACCOUNT withdraw <4 %
ECONDITION_VIOLATION raised

From Class @
1

| 2
withdraw (amount: INTEGER_32)

require
&nﬁn_negative_amuunt: amount > = D)
affordable_amount: amount <= balance
do
balance := balance - amount
ensure
balance = old balance - amount

end

class ACCOUNT
create
make
feature - Attributes
owner : STRING
balance : INTEGER
feature Constructors
make (nn: STRING; nb: INTEGER)
require —-- precondition
positive _balance: nb > 0

class BANK APP
inherit

ARGUMENTS = AT
create withdraw(amount: INTEGER)
require - precondition
make S | non_negative_amount: amount 2 0
feature - Initialization affordable_amount: amount <= balance
make ensure —-- postcondition
Run application. balance_deducted: balance = old balance - amount
local : : ené , |
ke ACCOUNT invariant —- class 1nvariant
st positive_balance: balance > 0
do end
create {ACCOUNT} mark.make ("Mark",
A precondition violation with tag "nc
mark.withdraw(=1000000)
end

end



| | ® APPLICATION ::| @ ACCOUNT 2 O call Stack Muowewa

Status = Implicit exception pendi
affordable_amount: PRECONDITION_VIOLATION raised

FRT 3o 32 20 ':’ me sAVvA R L In Feature In Class |me Class | @
Flat view of feature " withdraw' of class ACCOUNT it . ACCOUNT _ 2
2

make . APPLICATION

Preconditton-Viotation:
afrordable_amount

bank ACCOUNT withdraw <4 » &% O i3

withdraw (amount: INTEGER_32)
require
non negative amount: amount >= 0
(affordable_amount: amount <= balance)
do

balance := balance - amount
ensure
balance = old balance - amount

end

class ACCOUNT

é’APFJ'er createmake

feature - Attributes
owner : STRING

balance : INTEGER
£ feature - Constructors
STRING; nb: INTEGER)

make (nn:

class BANK APP require -- precondition
positive balance: nb > 0

inherit
end
ARGUMENTS feature - Commands
create withdraw(amount: INTEGER)
make require - precondition
s apa ; . non_negative_amount: amount 2 0
feature -- Initialization aff&rdjble_amﬂunt: amount d:fbalance —— problema
make ensure - postcondition
== RUN application. balance_deducted: balance = old balance - amount
local _ , gug | |
invariant - class 1invariant
tom: ACCOUNT positive_balance: balance > 0
do end

create {ACCOUNT} tom.make ("Tom", 100)

—-— A precondition violation with tag "
tom.withdraw(150)

end

end



Class Invariant Violation;-positive_balance

| apuicarion | account 0 N, ¢ o
Feature bank ACCOUNT _invariant @ ®» R O 2 Status = Impiicit exception pending |
|DD5ITI'~,’E-"___T}:'-1|¢-H‘|L“I.'-?Z INVARIANT VIOLATION raised o/
JE iz ezl VWA N B o Fasture ‘
Flat view of feature _invariant' of class ACCOUNT > _invariant < ACCOUNT | 5
withdraw , ACCOUNT | 5
[DDSitiUE_bBEf‘ICE: balance > UJ make . APPLICATION |2
class ACCOUNT
4 oy | create
make
feature —- Attributes
owner : STRING

INTEGER

balance :
1 B\Ab feature - Constructors

make (nn: STRING; nb: INTEGER)

class BANK APP require “ ;T:awquLiiH
positive_balance: nb > (

inherit oo
ARGUMENTS feature - Commands
create withdraw (amount: INTEGER)
make require precondition
feature - Initialization non_negative_amount: amount 2 0
make affordable_amount: amount <= balance —- problema
—— Run appvlication. ensure postcondition
| | balance_deducted: balance = old balance - amount
jim: ACCOUNT | : sne | |
d{:} J.I'I?E.I.r:l.ant - L LadSo Lnvariant

| positive_ _balance: balance > (
create {ACCOUNT} tom.make ("Jim", 100)

end
L) L] W
Jjim.withdraw(100)
SE—— o FE e e ——. erd Al ardAarn with +ar PoaAacdit+s-dera Bl an~al
L e b -\.: .._: e A A W -\:.-\'. Ao e L4 X X L. L e N L L L L A d Yy L. LA Al b L "\-_-_ R N L: S L b WO A .,_.L - -\:.IL i d % ':

end
end



Postcondition Violation:dbalance deductec

SN ol Stan' Eﬂdlﬂﬁﬂrﬂ

B |a APPLICATION ‘a ACCOUNT z@‘

bank ACCOUNT withdraw <4 P R O &

Feature
' e W= W A omm * 54 ’
'!IE_ s el "':' nE SVA R L, In Feature From Class
Flat view of feature withdraw' of class ACCOUNT B . ACCOUNT _ = 4
O affordable_amount: amount <= balance e ARGt ICATION TIONI2
do
O balance := balance + amount
en
g balance deducted: balance = old balance - amount
en

class ACCOUNT

guFP,TW createmake

feature Attributes
owner : STRING

balance : INTEGER
’M feature —-=— (LOonNsSrtrucrors

make (nn: STRING; nb: INTEGER)

class BANK_APP require precondition
inherit ARGUMENTS positive balance: nb > 0
create make end
T : 3 . feature - Commands
feature - Initialization ,
X withdraw(amount: INTEGER)
Hiasec require preconditioi
RUun application. non_negative_amount: amount 2 0
local affordable amount: amount <= balance
jeremy: ACCOUNT ensure postcondition
A balance deducted: balance = old balance - amount
11 ] = 17 9 mn lamaent at+ 1 AN ~ F W 1 1+ h :f ra W e ,:i -"W[-?f){f . . Enc.i
I 1 L L L ), L Lllprs L ¥y L L L L UL A AV L LI UL L v L L X LAV AN\ lnvarlant ] = nvarlian
balance : balance + amount positive_balance: balance > 0

create {ACCOUNT} jeremy.make ("Jeremy", 100) |end
jeremy.withdraw(150)

2 - . o . - :.I. | . ol = s . 1r' - rri . ! . . S ol | . 1 I
A postcondition violation witn taaqg balance deducteaq

end
end



attributes of T T T gl emale s
class A ) )

not Pf

Class
Invariant
Violation

Precondition Postcondition
Violation Violation

. call precond_make: execute
' create {A} a.make(”.) --. Pm . -. create {A} a.make(...) --.
5 ———- | e e s e e P, mecccccceicccccccen >

- -

--‘- ------
- L - -
---..-.-------.---------- - . o -

postcond_make:
Qm



2 3 & (-
Precondition & Postcondition Exercise @I‘:[_\

*change_at (a: ARRAY[STRING];(i) INTEGER; ns; STRING)

- - Change index i inarray a tostring ns
require

?7?
ensure

27?
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» Initial situation: RIS i.
landlord’

= Result of:
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