Tisztan funkcionalis adatszerkezetek



Bevezetés

A hatékony adatszerkezetek altaldban...

[.-] language-independent only in the sense of Henry Ford:
Programmers can use any language as they want, as long as
it's imperative.” — Chris Okasaki, Purely Functional Data
Structures, 1996

Az imperativ adatszerkezetek viszont:
» Gyakran donté mértékben tamaszkodnak az elemek
felllirasara (,destructive update”)

» Ezaltal nem tisztan funkcionalisak, mivel azok mindig
(automatikusan) perzisztensek: az adatszerkezet régi
allapotai is elérhetéek

Hatékony (megvaldsithatd) perzisztencia: lusta kiértékelés,
memoization, amortizacio.
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Hogyan és hol jelenik meg a perzisztencia?

xs = fromList[a,b,c,d,f,g, h
ys = insert e xs
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Egy kis ismétlés: listak

datafa] = o +: [o] |[]

() & a = [o] = [of
X XS = X +: XS

(+) = o] = [o] = [o]

[l +Hys=ys
(X +: xs) Hys = x : (xs H ys)
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Egy kis ismétlés: listak
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Egy kis ismétlés: listak
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Egy kis ismétlés: listak
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Listak: a kdltségek elemzése

XS1 = XSp H YS1
-- kéltség: length xsy

XS» = XS1 H YSe
-- kbltség: length (xsp + ys1)

XS3 = XSy H YS3
-- kbltség: length (xsy + ys1 +H ¥S2)

XSN = XSy _—1 H VSN
-- koltség: length (xso + ys1 + ... + ¥Sn-1)
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Tovabbfejlesztés: differencialistak

A differencialista egy olyan fliuggvény, amely visszaadja a
benne tarolt listat a paramétereként kapott lista utan flzve.

-- http://hackage.haskell.org/package/dlist
newtype DiffList « = DFL ([a] — [«])

Konstans ideji hozzaflizést tesz lehetové a lista elejére és a
végére.
[]

dl, ++ xs

. append
dl, ++ xs append

dl@ ++ xs append

((dlg ++) o (dly ++) o ... o (dly ++)) []
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Differencialista: a kdltségek elemzése (attekintés)
xs; = (fromList xsy) ‘append" (fromList ys;)

-- koltség: 1

xs, = (fromList xs1) ‘append" (fromList ys,)
- Koltség: 1

xs3 = (fromList xs,) ‘append" (fromList yss3)
-- koltség: 1

xsy = (fromList xsy _ 1) ‘append (fromList ysy)
-- koltség: 1

toList xsp
-- kbltség: length (xsp Hys1 + ... Hysn)
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Differencialista: implementacio (1)

fromList :: [a] — DiffList «
fromList dl = DFL (X xs . dl + xs)

apply :: DiffLista — [a] — [q]
apply (DFLf)xs = fxs

toList :: DiffList« — [a]
toList df = apply df []

empty :: DiffList «
empty = DFL (X xs. xs)

singleton :: o — DiffList «
singleton x = DFL (A XS.Xx : XS)
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Differencialista: implementacio (2)

infixr ‘cons'
cons :: o — DiffLista« — DiffList o
x‘cons' (DFLf) = DFL((x:) o f)

infixl ‘snoc'
snoc :: DiffListaa — o — DiffList o
(DFLf)‘snoc' x = DFL(f o (x:))

append :: DiffList « — DiffList « — DiffList o
append (DFL f) (DFL g) = DFL(f o g)

concat :: [DiffList o] — DiffList «
concat = Data.List.foldr append empty
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Differencialista: implementacio (3)

replicate :: Int — « — DiffList «
replicatenx = DFL$ )\ xs .
letfmm<0 =xs
| otherwise =x : f(m — 1)
infn

foldr :: (¢ - p — B) — 8 — DiffLista —
foldr f b = Data.List.foldr f b o toList

map :: (o« — B) — DiffList« — DiffList 3
map f = foldr (cons o f) empty
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Interlude: Zipper

A Zipper az adatszerkezet egy olyan dbrazolasi modja, amely
megkdnnyiti annak bejarasat és elemeinek modositasat.

» "gap buffer": ugyanazon pozicidéhoz (kurzorhoz) tartozé
beszlrasok és térlések nyaldbolasa, optimalizacioja — az
amortizalt kdltsége kevés.

» Gyakran alkalmazzak nagyobb méretl
adatszerkezetekben valé mozgasra vagy ,fékuszalasra”,
példaul:

» Fdkusz és ablakok elhelyezésének kezelése (xmonad)
» Szovegszerkesztok

» Tranzakciés szemantikaval rendelkez6 allomanyrendszerek
—http://hackage.haskell.org/package/ZFS

» Ez a megoldas tetszéleges rekurzivan definialt
adatszerkezet (lista, fa stb.) esetén alkalmazhaté.
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http://hackage.haskell.org/package/ZFS

Kétiranyu listak: "List with Zipper"

left fokusz
-
Xn-l:"':xl:[xo] Xn Xn+1+ Xps2 v o o0 s

modify 9e€t
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Kétiranyu listak: "List with Zipper"

fokusz right

modify 9et
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Kétiranyu listak: implementacié (1)

newtype ZippList « = ZPL ([«], [a])

fromList :: [a] — ZippList a
fromList xs = ZPL ([], xs)

toList :: ZippList a« — [a]
toList (ZPL (xs, ys)) = reverse xs + ys

get :: ZippLista — [q]
get (ZPL(_, ys)) = ys
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Kétiranyu listak: implementacié (2)

right :: ZippList « — ZippList «
right (ZPL (xs, (y : ys))) =ZPL(y : xs, ys)
right z/ =2zl

left .. ZippList « — ZippList o
left (ZPL ((x : xs), ys)) = ZPL(xs, x : ys)
left zI =zl

put :: Either o« @ — ZippList oo — ZippList o
put (Lefte) (ZPL (xs, ys)) =ZPL(e: xs, ys)
put (Right e) (ZPL (xs, ys)) = ZPL(xs, e: ys)

putLeft = put o Left
putRight = put o Right
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Kétiranyu listak: implementacié (3)

modify :: (« — Maybe o) — ZippList « — ZippList «
modify f (ZPL (xs, y : ys)) = ZPL$
case (f y) of
Nothing — (xs, ys)
Juste —(xs, e:ys)
modify _zl = zI

update f = modify (Just o f)
delete = modify (const Nothing)
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Kétiranyu fak: "Tree with Zipper"



Kétiranyu fak: "Tree with Zipper"
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Kétiranyu fak: "Tree with Zipper"
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Kétiranyu fak: "Tree with Zipper"
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Kétiranyu fak: implementacié (1)

data Tree o
= Branch (Tree ) (Tree «)
| Leafa
data TreeContext o
= Top
| L (TreeContext o) (Tree «)
| R (Tree «) (TreeContext o)

type Locationa~ = (a, 7)
type TreelLocation oo = Location (Tree «) ( TreeContext o)
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Kétiranyu fak: implementacié (2)
treelLeft :: TreelLocation o — Treelocation o

treeLeft (Branchlr, c) = (I, Lcr)

treeRight :: TreelLocation o« — TreelLocation o
treeRight (Branchlr, ¢) = (r, Rlc)

treeTop :: Tree o« — TreelLocation o
treeTopt = (t, Top)

treeUp :: TreeLocation o« — TreelLocation o

treeUp (t, Lcr) =(Branchtr, c)
treeUp (t, R1c) =(Branchlt, c)
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Kétiranyu fak: implementacié (3)

treeUpmost :: TreelLocation o — TreelLocation o
treeUpmost 10(t, Top) =1
treeUpmost | = treeUpmost (treeUp |)

treeChange :: TreeLocationa — (Tree a — Tree «)

— Treelocation o
treeChange (t, c) f = (ft, ¢)

treeView :: TreelLocationa — Tree o
treeView (t, _) =t

Példaul:

treeChange ((treeRight o treeleft o treeTop) t)
(const (Leaf 0))
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Raadas: Zipper monad

newtype Zipper A a = Zipper { unZipper :: State \ o }
deriving (Functor, Applicative, Monad, MonadState \)

traverse :: Locationa~ — Zipper (Locationa ) o — «
traverse start tt = evalState (unZipper tt) start

move :: (Location oy — Location ay) — Zipper (Location o) a
movef = do
modify f
gets fst
change :: (o« — «) — Zipper (Location o v)
change f = do
modify (A (t, ¢).(ft, c))
gets fst
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Zipper monad: példa

swapTree :: Zipper ( TreeLocation ) ( Tree &)
swapTree = move swap
where
swap(t, Rlc) = (I, Lct)
swap (t, Lcr) = (r, Rtc)
treeMap :: (o« — Treea) — (Treea — Treea — Treea) — (Treea — Tree )
treeMap leaf branch = X\t . (treeTop t) ‘traverse' treeMapM

where
treeMapM = do
t « gets fst
case { of

Branch__ — do
move treeleft
Imoa < treeMapM
swapTree
I'moa < treeMapM
move treeUp
(change o const) (branch lmog I'mod)

Leaf x —
return (leaf x)
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FingerTree (intuicid)

5 /*

@@ @@ A @@@ & @é@
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FingerTree (intuicid)

s /*

@@ @@ A @@@ & @é@
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FingerTree (intuicid)
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FingerTree (intuicid)
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FingerTree (intuicid)
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FingerTree (intuicid)
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FingerTree (intuicid)
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Implementacio: tarsitott (indexelt) tipusszinonimak

{-# LANGUAGE TypeFamilies, KindSignatures #-}
class Collects o where
type Elema :: %

empty :«
insert ::Elema — o — «

instance Eq (Elem [¢]) = Collects [¢] where
type Elem[e] = ¢

empty [
insert e xs = (e : xs)
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Implementacié: nézetmintak
{-# LANGUAGE ViewPatterns #-}
type Typ = ...
data TypView = Unit | Arrow Typ Typ

view :: Typ — TypView
view = ...

size :: Typ — Integer
sizet = case (view t) of
Unit —1
Arrow ty b, — sizet; + size b

Nézetminték segitségeével pedig:

size (view — Unit) =1
size (view — Arrow ti b) =sizet + size b
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Implementacid: mohon kiértékelt adatkonstruktorok

data T = T !Int!int

» A konstruktor ! segitségével megjel6lt paramétereit
(strictness annotation) normalformara kell hozni, miel6tt
azt alkalmazzuk.

» Koriltekintéssel kell alkalmazni, mivel ez automatikusan
nem vezet a teljesitmény névekedéséhez.

» SO6t, ronthatja a teljesitményt: ha az adott mez6t mar
egyszer kiértékeltlk, akkor Iényegében még egyszer
kiértékeltetjik (feleslegesen).

» A helyzet tisztazasaban a fordité nem mindig tud a
segitségtinkre lenni.
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