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vdon . b set of first-elements from r =~ gzver
%ve.,‘ 0(34_7( Ca .,{D ° r.domam ={d| %
- - . °eg.r rdomain_ .b,c.d,e
(Boverridder{( @m& ) set of second-elements from r

¢ o r.range {r|(d,r
= {(a,3),(c,4)}u{(b,2),(b,5),(d,1),(e,2),(f,3)} o e.g., rrange =41,2,3,4,5

o a relation like r except elements are in reverse order
o rinverse = { (r,d) | (d,r)er}

(@) o !pveﬁﬁ%—fﬁ a c a c e
2 {(a,3),(c,4), (b, 2) (b 5), (d 1), (e 2),(f,3)} 9. i (2Ab) £3 )J‘é/('ﬂ’y(sﬁwéﬁ ) 0, 2.), &0

t r.domain_subtracted({.domain)
- T —  —

= ™y * |rdomain_restricted(ds) | sub relation of #/with domain ds.
@ )k) (c )7) Y ) (0( (7“ 5) ~a>r.domain_restricted(ds) = { (d,r) | (d,r)erndeds}
CRN G 4 € /“9 (e 2) © e.g. rdomain restricted({a, b}) = {(a,1):(b:2).(a.4). (b.5))
EeSE mels EooLET * |r.d@main subtracted(ds) |: sub-relation of r with domain not ds.
oca
r, t: REL[STRING, INTEGER] —a, r.domain_subtracted(ds) = { (d,r) | (d,r)ernd¢ds}
ds: SET[STRING] o e.g., rdomain_subtracted({a, b}) = {(¢,6),(d,1),(e,2),(f.3)}
d°create ke fro le array | * |r.range restricted(rs) |: sub-relation of r with range rs.
<<lyp###r), ("b", 2], ['c", 3], o rrange_restricted(rs) = { (d,r) | (d,r)erarers}
vipeze), [_",QL_J- ["e" s 6]r o e.g., r.range restricted({1, 2}) = {(a,1),(b,2),(d,1),(e,2)}
["d", 11, ["e", 2], f //__ . .
create ds mfkv%efro ray (< i e |r.range_subtracted(ds) \ sub-relation of r with range not ds.
~ 2oL ch ﬂm“‘“ oy _the query d‘“” = subtracted o r.range_subtracted(rs) = { (d,r) | (d.r)ernrgrs}
C;)e;lt demainsubt (as Jay . we ij o e.g., r.range_subtracted({1, 2}) = {(c,3), (a.4), (b.5), (c,6)}
t /~ r and not t.domain.has {"a") and r.domain.has ("a")

check Result end

- r is changed b\ ”e comman 1:741&7 rq >t
domain_s t M'J
ﬁm. 2

esult :=
~ "an t r.domain.has ("a")
v @ J and not t.domain.has ("a") and no
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ensure
model_operation: model ~ (old model. _twin).overriden by ([n, d])
-- infix symbol for override operator (/<+ @

<+ /{
> Ay

same wunls Result count = fmodelrange restricted d)).count

mﬁx symbol for range restriction: model @> (d)

- abstraction function =
L_count, N"IZGE\%\{?ZQ lapk OJB/ Zkﬁ) ‘
umber Y \ ( EY\ ;
Bt N&.E d:BIRTHDAY) 0012 N{ 2 ,J\o%(tv

model.range estncted by(d .domain: name@

invariant:
con.vistent_book_and_model_count‘@ =@
. J
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g BIRIHDM

day: INTEGER
month: INTEGER
SEOn . TaTR
invaria
<month <12

1 <day <31
N— y




@1&0{% wedel. ven_ veS_in Col>. oy Y
?eJmlf s (1, 7o)
2

R ———



BIRTHDAY BOOK

ME, BIRTHDAY]
' absttaction function

9
- promoteghashtableito function

NS e_countst Result.count ple tion.count
same_contents: Y [name, date] € Result;/[name, date]
—_ catimant Bt

end ‘4
FM
put(n/ NAME; d: BIRTHDAY)

do

-- implement using hashtable
ensure

model_operation: model ~ (old model.deep_twin) @<+ [n,d]
end

remind(¢: BIRTHDAY): ARRAY[NAME)]
o
-- implement using hashtable
ensure
nothing _changed: model ~ (old model.deep_twin)
same_counts: Result.count = (model @> d).count
same_contents: Y name € (model @> d).domain: name € Result
end

count: INTEGER -- number of names

feature {NONE}

implementati SH TABLE[B , NAME]

-
invariant:
consistent_book_and_model_counts: count = model.count
consistent_book _and_imp_counts: count = implementation.count

implementation
\/

i BIRTHDAY

N

model: FUN[NAME, ..]

|—

day: INTEGER
month: INTEGER

invariant
1 <month <12

(

1 <day <31
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HASHABLE
A

NAME

|

remind: ARRAY[NAME]

item: STRING

invariant
item[1] €E A.Z
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[ (TEST_ACCOUNT ) )

feature -- Test Commands for Contract Violations
test_withdraw_postcondition_violation

~Tocal
QE:IBAD_ACCOUNT_WITHDRA;)

do

create acc.make ("Alan", 100)
-- Violation of Postcondition

-- with tagetbalance_deduced" expected
> acqfbithdraw)(50)
S end ~~__~
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eature.s Commands
(amount: INTEGER)
require
non_negative_amount: amount > 0

affordable_amount: amount < balance
do

e := balance - amount
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J

re —
ance_deducegéalancz old balance € @moul

feature -- Redefined Commands
withdraw (amount-
—
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class TEST ACCOUNT

inherit ES_TEST

create make

feature - Constructor for adding tests
make

add.violation_case_with_t “halance_deduct ;

agent test_withdraw_postcondition_violatﬁon)

end
feature - Test commands (test to fail)
test_withdraw_postcondition violation
local
acc: BAD ACCOUNI_WITHDRAW
do
comment ("test: expected postcondition violation of withdraw")
create acc.make ("Alan", 100)
—— Postcondition Violation with tag "balance deduced" to occur.
acc.withdraw (50)
end

end




