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class BANK
[ E——
create make
feature
accounts: ARRAY[ACCOUNT]
make do create accounts.mgkam@uoty end
Fccount_of ) STRING) :(ACCOUNT )
— the input name exi%ts

exlisting: across accounts is acc some acc.owner ~ n end
-— not (across accounts 1is acc all acc.owner /~ n end)

do ... ensure Result.owner ~ n end

add (n: STRING)
require -- the input name does not exist
non_existing: across accounts is acc all acc.owner /~ n end
—-— not (across accounts 1s acc some acc.owner ~ n end)
local new_account: ACCOUNT
do
create new_account.make (n)
accounts.force (new_account, accounts.upper + 1)
end
end

deposit (a: INTEGER)

redefine is_equal end balance := balance + a
ensure

create balance = old balance + a
make end

—-— Attributes

feature is_equal (other: ACCOUNT): BOOLEAN

ownery STRING do
Balance: INTEGER Result :=
N

owner ~ other.owner
feature - Commands and balance = other.balance
make (n: STRING) end

end




Unit Test for All 5 Versions

class TEST BANK
test_bank_deposit_correct_imp incomplete_contract: BOOLEAN
local
b: BANK
do
comment ("tl: correct imp and incomplete contract")
create b.make

—)b.add ("Bill")
_?b.add ("Steve)

——————

—— deposit 100 dollars tojajve’s account
b.deEOSitJNLVl ("Steve" 100
Result :=
b.account_of ("Bill") .balance = 0
and b.account_of("Steve") .balance = 100
check Result end
end

end




Version 1: Incomplete Contracts, Correct Implementation

b.deposi, 100)

— BANK 0 1

b.accounts
accounts

ACCOUNT ACCOUNT

“pill~” “Steve”

balance balance

class BANK g 2
deposit_on_vl Q RING; a: INTEGER)
require across ficcounts is acc some acc.owner ~ n end
NTEGER

:= accounts.lower
until i > accounts.upper

ts[i].deposit(a) end

~_accounts_unchanged:
accounts.count = old accounts.count
alance _of _n _increa
Current.account_o balance =
old Current.account_of(n) .balance + a

end
end




Version 2: Incomplete Contracts, Wrong Implementation

BANK 0 1
b.accounts
al T, ]

ACCOUNT ACCOUNT
“Bill” “Steve”

balance

lass BANK -t ‘ I-,

deposit_on v2 (x F ; a: INTEGER)
require across accounts is acc some acc.owner ~ n end

0“2 local i: INTEGER

0 . mp. . T &l /owed by a deposit into 1st account]

num_of_accounts_unchanged:

accounts.count = old accounts.count - 0 f,’.
bglance of p increased: W -
[ Current.accou

nd
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Version 3: Complete Contracts (Ref. Copy), Correct Implementation

b.deposit@teve”s 100)

ANK 0 —

b.account

account

ACCOUNT ACCOUNT
owner “Billf//| owner /Steve
balance balance '

W class BANK ey
deposit_on_v3 ( G; a: INTEGER)

require across accounts is acc some acc.owner ~ n end

local i: INTEGER

{o QS
-— imp. of version 1, followed by a deposit into 1st account
accounts[accounts.lower].deposit (a)

ensure
num_of_accounts_unchanged: accounts.count = old accounts.count
balance_of_n_increased:

Current.account_of(n) .balance =
old Current.account_of(n) .balance + a Wﬂ‘( 4

) ,f "

)

—
others_unchang
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Use of across in Postcondition

Version 1

across old accounts is acc
all

acc.owner /~ n

implies

acc ~ Current.account_of (acc.owner)
end

Version 2

across (old accounts.lower |..| old accounts.upper) is i
all

(old accounts)[i].owner /~ n

implies

(old accounts)[i] ~ Current.account_of ( (old accounts)[i].owner )
end



Version 4: Complete Contracts (Shallow Copy), Correct Implementation

b.deposit(“Steve”, 100)

Ad_ecss | i= L. aes ]

ACCOUNT

’.M owner “Steve”
x ﬁ balance RS o

deposit_on_v4 (n: STRING; a: INTEGER)
require across accounts is acc some acc.owner ~ n end
local i: INTEGER

accounts[accounts.lower].deposit (a)

sure

num_of_accounts_unchanged: accounts.count = old accounts.count
balance_of_n_increased:

Current.account_of(n) .balance =
old Current_ 2 Tt 0L (1) . Dalalice T

= nchan \

all
acc.owner /~ n implies ~ Current.account_of(acc.

=/
end .,

do, ...
—-— imp. of version 1, followed by a deposit into Ist account




Version 5: Complete Contracts (Deep Copy), Correct Implementation

—
BANK 0 ; b.deposi@iteve/, 100)
S

b.account

¢ accounts U \ !

ACCOUNT

"BIill” “Steve”

Joo

balance

ass BANK

deposit_on_v5 (n: STRING; a: INTEGER)
require across accounts is acc some acc.owner ~ n end
local i: INTEGER

-— imp. of version 1, followed by a deposit into lst account
accounts[accounts.lower].deposit (a)
ensure
num_of_accounts_unchanged: accounts.count = old accounts.count
balance_of _n _increased:
Current.account_of(n) .balance =
old Current.account_of(n) .balance + a

others_unchanged :

across - accounts.dee:-twin is
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v ﬁ
Complete Postcondition: Exercise ae /'éﬁ

Consider the query account_of (n: STRING) of BANK.

How do we specify (part of) its postcondition to assert that the
state of the bank remains unchanged:

ké;accounts old accounts ——il?%ﬂﬂ? [x
2 accounts = [old counts.twin pno)[?_&,a -

O | accounts = old accounts.deep_twin

—

O | accounts -~ old accounts

O | accounts ~ old accounts.twin

O | accounts =~ old accounts.deep_twin
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unchanged: across 1 | .. | 1 as i all
imp[i.item] (~ old imp. deep_twin) [1.item] end
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