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Developing a LIFO Stack

class LIFO_STACK[G] create make
feature {NONE} -~ Shalogiy @ ar
imp: ARRAY [G] 2
feature - tialization
make do create imp.make_empty ensure imp.count = 0 end
feature - Co
push(g: G)
do imp.force(g, imp.count + 1)

1ds

ensure
changed
unchanged, a-qf’sant - 1 as i all
imp[i.item] ~ (old imp.deep_twin) [i.it
end
pop
do imp.remove_tail(l)
ensure
changed: count = old = s
unchang; cross 1 |..| count as i all
imp[i.item] ~ (old imp.deep_twin) [i.itg
end

end

end

class LIFO_STACK[G] create make
feature (NONE} -- Strategy 2: linke

imp: LINKED_LIST[G]
feature - Initialization

make do create imp.make ensure imp.count
feature - Commands

imp[i.item] ~ (old imp.deep_twin) [i.item - 1]

push(g: G)
do imp.put_front (g)
ensure
changed: imp.first ~ g
unchanged: across 2 |..| count as i all
end
pop
do imp.start ; imp.remove
ensure
changed: count = old count - 1
unchanged: across 1 |..| count as i all

imp[i.item] ~ (old imp.deep_twin) [i.item + 1]

end

0 end

class LIFO_STACK[G] create make
feature {NONE} - St
imp: LINKED_LIST[G]

St

feature - Initializat
make do create imp.make ensure imp.count = 0 end
feature - C nd.
push(g: G)
do imp.extend(g
ensure
changed: imp.last ~ g
unchanged: across 1 |..| count — 1 as i all
end imp[i.item] ~ (old imp.deep_twin) [i.item]
end
pop
do imp.finish ; imp.remove
ensure
changed: count = old count - 1
unchanged: across 1 |..| count as i all
end imp[i.item] ~ (old imp.deep_twin) [i.item]
end

end

end
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Implementing a LIFO Stack

“tom”

“*mark”

“alan”

Strategy 1 fop top Strategy 2 ||'Strategy 2> top
A, I’alllall /")|/'—)|/
e ¢ v v . v % )
“alan” “mark”“tom” || “tom mark” “alan” “alan” “mark” “tom”
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Using MATHMODELS Library

Implemenhnq an Abstraction Func’rlon

class LIFO_ STACK{G}—> attached ANY] create makg \

feature —— Implemen @b
INKED_LIST)G] mo( o£ Cé. — J—H
> .

ction fur the stack ADT

make_empty | e——————
& cursor looleesultépen@rursor.item) end

—

Exercuse 1: Write postcondition of model.

Wha’r %@as adopted?







class LIFO STACK[G —-> attached ANY] create mak
feature {NONE} -- Implementation <S~L/#Z Z
imp: LINKED_LIST[G] 7&,,,,4-( zS -(60 @ g /
feature - Abstraction function of thef stack ADT
model: SEQ[G] d
do create Result.make empty F(e
across imp as cursor loop Result. (cursor.item) end
end
+
Strategy 2
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Using MATHMODELS Library

Writing Contracts using the Abstraction Function

class LIFO STACK[G —> attached ANY] create make
feature-—— Abstraction function of the stack ADT !
model:” SEQ[G] 9/&{6 cal
feature - Commands a {BF@ yflode( ™ W P
pui.b-—(.§: f—; y?g’ﬁ“{ =
ensureg model/ ~ ldf'model .fJeep_twin) .appended(g) end r
= —
Question: ¢an clients tell which strategy is being adopted?
Exercise: What if strategy was changed? Change what?
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Checking MATHMODELS Contracts at Runtime Strategy 2
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push (g: G) 4/7/*'0{
ensure model ~ (old model.deep_twin).épesded (g) end
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athematical Abstraction

of LIFO_STACK ADT——— —__

‘push(g: G-
[ public lient’s yfew)
model ~ (old model.deep_twin).appended(g) L~ ~
blg I: SEQ[G]
g\ ——

abstraction
Sfunction

convert the current array convert the current array
into a math sequence into a math sequence

abstraction
Sfunction

~—

r =~ 1\
{ old imp: ARRAY[G] ) . : imp: ARRAY[G]
S ‘ imp.force(o, imp.count + 1) N

=z, =7

private/hidden (implementor’s view)




Strateqy 2: Mathematical Abstraction

'‘push(g: G)’ feature of LIFO_STACK ADT

[ public (client’s view)

model ~ (old model.deep_twin).appended(g)
old model: SEQ[G] model: SEQ[G]

abstraction | convert the current liked list convert the current linked list | abstraction

Sfunction into a math sequence into a math sequence Sfunction

old imp: LINKED_LIST[G] imp: LINKED_LIST[G]
imp.put_front(g)

private/hidden (implementor’s view)




Use of MATHMODELS:
Single-Choice Principle

class LIFO STACK[G —-> attached ANY] create make
Q / lem Strategy

s —
AbsTraction

function of the ADT
model: SEQ[G]
do create Result.make_from.array (imp)
ensure
counts: imp.count = Result.count
contents: across 1 |..| Result.count as 1 all
Result[i.item] ~ imp[i.item]
end
feature —— Comm

?make do create imp.make_empty ensure lmodel.count 0 lend
push (g: G) do 1mp forcel(qg, L)

ensure pushed: model ~ (old model.deep_twin) . appended(g)\end

imp, . count &+

pop do imp.remove_tail (1)

ensure popped: [model ~ (old model.deep_twin{;ffiiij
d
en

end

create make

>

class LIFO _STACK[G -> attached ANY]
feature {NONE} Implemer
imp: LINKED. LIST[G]
feature - ZAbs
model: SEQ[G]
do create Result.make_empty

1tation Strategy :

2ction f ~ ¢ r
ac 1on 1 O1

unction

across imp as cursor loop Result.prepend(cursor.item) end across Iimp as cursor loop Result.append(cursor.item) end
ensure ensure
counts: imp.count = Result.count counts: imp.count = Result.count
contents: across 1 |..| Result.count as i all contents: across 1 |..| Result.count as 1 all
Result [i.item] ~ imp[count — i.item + 1] Result[i.item] ~ imp[i.item]
end end
feature feature - ¢ ne

make do create imp.make ensure
push (g: G) do imp.put-front (g)

(first

create make
(las

class LIFO STACK[G
feature {NONE} Ir
imp: LINKED. LIST[G]
feature -- Abstracti

model : SEQ[G]
O create Result.make_ _empty

attached ANY]
top)

on

make do create imp.make ensure

Godel.count = !s end
push (g: G) do jmp.extend(g)

ensure pushed: | mo, twin

pop do imp.start imp.remove

. appended (g)

ensure pushed:\ model ~ (old model.deep-twin) .appended (g, end
pop do imp.finish i

ensure popped: We—[ ~ (old model.deep-twin) .frontr end
end

ensure popped: rmfdeep_t win) .tront ej
end T —




Testing REL in MATHMODELS

r.overridden({(a,3),(c,4)})

———

((@.3).(c.4)} U {(b.2).(b.5).(d.1).(.2).(f.3))

t r.domain_subtracted(f.domain)
———

{a,c}

2),(f,3)}

{(a,3),(c,4),(b,2),(b,5),(d,1), (e,

Say r={(a,1),(b,2),(c,3),(a,4),(b,5),(c,6),(d,1),(e,2),(f,3)}

. : set of first-elements from r
o rdomain={d|(d,r)er}
o e.g., rdomain = {a,b,c,d,e,f}

* [r.range|: set of second-elements from r
orrange={r|(d,r)er}
o e.g. rrange={1,2,3,456}

« [rinversel: a relation like r except elements are in reverse ordef
o rinverse ={ (r,d)|(d,r)er}
o e.g., rinverse = {(1,a),(2,b),(3,0), (4,a), (5,b),(6,c),(1,d), (2,e), (3,f)

r.domain restricted(ds) |: sub-relation of r with domain ds.

o r.domain_restricted(ds) = { (d,r) | (d,r)erndeds}
o e.g., rdomain_restricted({a, b}) = {(a,1),(b,2),(a,4),(b,5)}

test.rel: BOOLEAN o
local
r, t: REL[STRING, INTEGER] o r.domain_subtracted(ds) =
ds: SET[STRING] o e.g., rdomain_subtracted({a, b}) =
do a
create r.make_from tuple_array (
<<["a", 1], ["b", 2], ["c", 3], o r.range_restricted(rs) =
("a", 41, ["b", 51, ["c", 6], o e.g., rrange_restricted({1, 2}) =
["dll 1]’ [lle" 2], ]:"f" 3]>>

create ds. make from array (<<"a">>)
-— r 1s not 1ang by the query ‘domain_subtracted
t :=r. domaln subtracted
Result :=

t /~ r and not t.domain.has

check Result end

(ds)

("a") and r.domain.has

i"\r the command ‘domain_sub

(ds)

! s changed
r. domaln subtract
Result :=
t ~ r and not t.domain.has
end

r.domain_subtracted(ds) ‘ sub-relation of r with domain not ds.
={(d,r)|(d,r)ernd¢ds}
{(c.6),(d,1). (e,

r.range_restricted(rs) ‘: sub-relation of r with range rs.
{(d,r)|(d,r)yernrers}

{(a1),(b,2),(d,1),(e,2)}
r.range_subtracted(ds) ‘: sub-relation of r with range not ds.

o r.range_subtracted(rs) = { (d,r) | (d,r)ernr¢rs}
o e.g., rrange_subtracted({1, 2}) = {(¢,3),(a,4),(b,5),(c,6)}

2),(f,3)}

("a") and not r.domain.has ("a")

("a")




R OOTEAN
local
r, t: REL[STRING, INTEGER]

ds: SET[STRING]

do )
create@make_from_tuple_array ( << X l,
S EBe—, ("R, 21, ("e", 3], —tﬂ A
X (2admd]l, ["b", 51, ["c", 6], A
[lld", 1], ["e", 2], ["f"’ 3]>>)
create ds.make_ from array (<<"a'>>) 0( (

r et e st he _query ‘domain subtracted’
domain_subtract 3 @s} jﬁ W
su = °
t /~ r and not t.domain.has ("a") and r.domain.has ("a")
check Result end

—= stV e ) cOmmand ‘domain_subtract
Ur.gomain_subtract kds)!
SULT™ ——

t ~ r and not t.domain.has ("a") and not r.domain.has ("a")
end

’
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