Cursul 8 - ADT

Tipuri de date abstracte (ADT)

B Modulul - mecanism pentru implementarea
unui adt

B Exemplull: Tipul abstract Queue

B Exemplul2: Tipul abstract Set
O Specificare algebrica
OO0 Implementare
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Module

[0 Modulul - mecanism pentru definirea unui adt

[l Sintaxa:
module Nume modul (Lista export)where

=
=
O

Implementare

Nume _modul 7incepe cu literd mare
Lista_export contine:

Numele tipului abstract de date - acelasi cu humele
modulului

Numele operatiilor

Nici un alt nume sau valoare declarat in modul si care
nu apare n lista export nu poate fi utilizat Tn alta parte

Asta inseamnd ca implementarea descrisd in modul este
ascunsad in orice script ce foloseste modulul

G. Grigoras - FII 2



Exemplu: modulul Queue

module Queue (Queue, empty, isEmpty, join, front, back) where
newtype Queue a = MkQ([a], [al])
deriving (Show)

empty :: Queue a
empty = MkQ([], [])

isEmpty :: Queue a -> Bool
isEmpty (MkQ (xs, ys)) = null xs

join :: a -> Queue a -> Queue a
join x (MkQ(ys,zs)) = mkValid(ys, x:zs)

front :: Queue a -> a
front (MkQ(x:xs, ys)) = x

back :: Queue a -> Queue a
back (MkQ(x:xs, ys)) = mkValid(xs, ys)

mkValid :: ([a]l, [a]) -> Queue a
mkValid (xs, ys) = if null xs then MkQ(reverse ys, [])
else MkQ(xs, ys)
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Module - utilizare

O Utilizarea unui modul htr-un script se face folosind o
declaratie import Tn acel script:
import Nume modul

OO0 Exemplu: scriptul coada.hs

import Queue

toQ :: [a] -> Queue a
toQ = foldr join empty.reverse
fromQ :: Queue a -> [a]

fromQ q = if isEmpty q then [] else front qg:fromQ (back q)

cl :: Queue Int

c2 :: Queue [Char]

cl = join 1(join 2( join 3( join 4(join 5 empty))))
c2 = join "ion" (join "vasile" (join "ana" empty))
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Exemple

Main> join 1(join 2(join 3 empty))
MkQ ([3],[1,2])

Main> cl

MkQ ([5]1,[1,2,3,4])

Main> c2

MkQ (["ana"],["ion",6 "vasile"])
Main> toQ [1,2,3,4,5]

MkQ ([1],[5,4,3,2])

Main> toQ ['a',6'b',K'c']

MkQ ("a","cb")

Main> join 8 cl

MkQ ([5],[8,1,2,3,4])

Main> join "horia" c2

MkQ (["ana"], ["horia","ion","vasile"])
Main> front c2

"ana"

Main> front (back c2)

"vasile"
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Exemple

Main> mkValid ([1,2,3], [4,5])

ERROR - Undefined variable "mkValid"“
-- daca adaug mkValid in lista export
Main> :r

Main> mkValid ([1,2,3], [4,5])

MkQ ([1,2,3],[4,5])

Main> mkValid ([], [2,4,5])

MkQ ([5,4,2],[])

G. Grigoras - FII 6



Multimi

Multimile pot fi reprezentate prin:
_iste

_iste fard elemente duplicate
_iste ordonate

Arbori

Functii booleene

etc.

Reprezentarea este aleasa in functie de
operatiile ce se folosesc
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Multimi

Operatii pe multimi:

empty :: Set a

isEmpty :: Set a -> Bool

member :: Set a -> a -> Bool

insert :: a -> Set a -> Set a

delete :: a -> Set a -> Set a
Un tip bazat pe cele 5 operatii: dictionar
union :: Set a -> Set a -> Set a
meet :: Set a -> Set a -> Set a

minus :: Set a -> Set a -> Set a
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Multimi - specificarea algebrica

insert x (insert x xs) = insert x xs

insert x (insert y xs) = insert y (insert x xs)

isEmpty empty = True
isEmpty (insert x xs) = False

member empty y = False
member (insert x xs) y = (x == y) or member xs y

delete x empty = empty
delete x (insert y xs) = if x == y then delete x xs
else insert y (delete x xs)
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Multimi - specificarea algebrica

union xs empty = xs

union xs (insert y ys) = insert y (union xs ys)

meet xs empty = empty
meet xs (insert y ys) =
if member xs y then insert y (meet xs ys)
else meet xs ys

minus xs empty = Xxs

minus xs (insert y ys) = minus (delete y xs) ys
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Multimi - reprezentarea cu liste

O Presupunand cd a este instantad a clasei Eq,
multimile se pot reprezenta cu liste

[0 Functia abstr:
abstr :: [a] -> Set a
abstr = foldr insert empty

00 Functia de validare poate avea doua variante:
valid xs = True

[0 In acest caz orice listd reprezinta o multime.
Operatiile se implementeaza usor dar sunt
dezavantaje majore

valid xs = nonduplicated xs
[1 Se obtin rezultate mai bune la insertie i reuniune
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Multimi - reprezentarea cu liste

[0 Daca orice listd este o reprezentare valida atunci:
member xs x = some (==x) Xxs
insert x Xs = xX:xs
delete x xs = filter(\= x) xs
union xs ys = xXs ++ ys
minus xs ys = filter (not.member ys) xs

some :: (a -> Bool) -> [a] -> Bool
some p = or.map p
0 Avantaj: insert necesitd timp constant

O Dezavantaj: lista poate fi mult mai mare decat multimea. Daca
h este lungimea reprezentdrii (listei), delefe este de
complexﬂra’re ®(n) iar minus ©(n?), Tn timp ce multimea poate
sa aibd m elemente cu m << n.
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Multimi - reprezentarea cu liste

[0 Dacd se restrictioneazd reprezentarea la liste cu elemente
distincte atunci, o prima varianta de implementare:

insert x xs = x:filter (\=x)xs
union xs ys = xs ++ filter (not.member xs)ys
OO0 Dar complexitatea este mare: ©(n) respectiv O(n?).

0 Daca presupunem a instanta a lui Ord gi impunem pentru
validare liste strict ordonate atunci:

member xs x = if null xs then False
else (x == head ys)
where ys = dropWhhile (<x) xs
union [] ys = ys

union (x:xs) (y:ys) | (x<y) = x:union xs (y:ys)
| (x==y) = x:union xs ys
| (x>y) = y:union (x:xs)ys
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Multimi - reprezentarea cu arbori

module Set (Set, empty, isEmpty, member,insert,delete) where

data Set a = Null | Fork(Set a) a (Set a)
deriving (Show)

empty :: Set a
empty = Null

isEmpty :: Set a -> Bool

isEmpty Null = True

isEmpty (Fork xt y zt) = False

member :: (Ord a) => Set a -> a -> Bool

member Null x = False
member (Fork xt y zt) x

| (x < y) = member xt x
| (x == y) = True
| (x > y) = member zt x
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Multimi - reprezentarea cu arbori

insert :: (Ord a) => a -> Set a -> Set a
insert x Null = Fork Null x Null
insert x (Fork xt y zt)

| (x < y) = Fork(insert x xt) y zt

| (x == y) = Fork xt y zt

| (x > y) = Fork xt y (insert x zt)
delete :: (Ord a) => a -> Set a -> Set a
delete x Null = Null
delete x (Fork xt y zt)

| (x < y) = Fork(delete x xt) y zt

| (x ==y) = join xt =zt

| (x >y) = Fork xt y (delete x zt)
join :: Set a -> Set a -> Set a

join xt yt = if isEmpty yt then xt else Fork xt y zt
where (y, zt) = splitTree yt

splitTree :: Set a -> (a, Set a)
splitTree (Fork xt y zt) = if isEmpty xt then (y, zt) else (u, Fork vt y zt)
where (u, vt) = splitTree xt
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Multimi - reprezentarea cu arbori

Probleme la reprezentarea cu arbor:i:

B timpul de executie pentru member, insert
delete depind de inaltimea arborelui

B o multfime cu n elemente poate fi
reprezentatd cu un arbore de inalfime
log(n+1)

B pentru pdstrarea relatiei h = O(log n) -
arbori echilibrati (arbori AVL)
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