Tisztan funkcionalis adatszerkezetek
(folytatas)
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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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Implementacio: egymasba agyazott tipusok

-- alternald lista
data AList « B = Nil | Cons « (AList B &)

alist :: AList Int Char
alist = Cons 1 (Cons’A’ (Cons 2 (Cons’B’ Nil)))

-- ciklikus lista

data Void
data CList a8 = Var 3| Nil | RCons a (CList (Maybe 3))

ll
listy, clist, :: CList Int Void o—|—+ j
glgti iISRZCons IIFHCnonsO I2(Var Nothing)) | e | . | 3 |

clist,, = RCons 1 (RCons 2 (RCons 3 (Var (Just Nothing))))

» A rekurziv részben az adattipust nem a deklaracié szerint
alkalmazzuk: nested, non-regular, non-uniform,
heterogenous data type

» Adattipusokon belili invaridnsok (tipusozott) megtartasara

alkalmazhaté.
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FingerTree: definicio (1)

class (Monoid (Measure a)) = Measured o where
type Measure o
measure :: o« — Measure «

data FingerTree o
= Empty
| Single o
| Deep!|(Measure «) \(Digit ) (FingerTree (Node «)) !( Digit «)
deep :: Measured o
= Digit o« — FingerTree (Node o) — Digit o« — FingerTree o
deep pr msf = Deep (measure pr & measure m & measure sf) pr m sf

data Node o = Node2 (Measure o) o o | Node3 (Measure o) o v ¢

node2 :: Measured o = o — o — Node o
node2 x y = Node2 (measure x & measure y) X y

node3 :: Measured a« = a — o — a — Node
node3 x y z = Node3 (measure x & measurey & measurez) Xy z
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FingerTree: definicié (2)

newtype Digita = D{unD :: [a] }

prependDigit :: o — Digit « — Digit «
prependDigit x (D xs) = D (x : xs)

appendDigit :: Digitaa — o — Digit «
appendDigit (D xs) x = D (xs + [x])

breakDigit :: Digit o« — («, Digit o)
breakDigit (D (x : xs)) = (x, D xs)

kaerbDigit :: Digit o« — («, Digit o)
kaerbDigit (D xs) = (last xs, D (init xs))
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FingerTree: definicio (3)

instance Measured o« = Measured (Node o) where
type Measure (Node o) = Measure «

measure (Node2m__) =m
measure (Node3m___) =m

instance Measured o = Measured (Digit o) where
type Measure (Digit o) = Measure o

measure (D xs) = foldr (&) mempty (map measure xs)

instance Measured o« = Measured (FingerTree o) where
type Measure (FingerTree o) = Measure o

measure Empty = mempty
measure (Single x) = measure x

measure (Deepm___) =m
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FingerTree: l1étrehozas

- O(1)
empty :: Measured oo = FingerTree o
empty = Empty

singleton :: Measured o = o — FingerTree o
singleton = Single

infixr 5 <

(<) :: Measured o = a — FingerTree o — FingerTree o

X < Empty = Single x

x < (Single y) = deep (D [x]) Empty (D [y])

x < (Deep_(D|y,z,u,w]) msf) =deep (D [x,y]) (node3 zuw < m) sf
x < (Deep _ pr m sf) = deep (prependDigit x pr) m sf

- O(n)

(<) :: Measured oo = [a] — FingerTree oo — FingerTree o
xs < ys = foldr (<) ys xs

fromList :: Measured o = [a] — FingerTree o
fromList xs = xs < Empty

digitToTree :: Measured o = Digit « — FingerTree «
digitToTree (D xs) = fromList xs

Ugyanigy megadhaté a > (végére illesztés) miivelete is.
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FingerTree: elérés

infixr5 <

data ViewL o = Emptyl | « < (FingerTree )

- 0(1)

viewl :: Measured o = FingerTree oo — Viewl «
viewl Empty = EmptyL

viewl! (Single x) =x < Empty

viewl (Deep _pr msf) =p < (deepl lor m sf)
where (p, lpr) = breakDigit pr

deepl :: Measured «

= Digit « — FingerTree (Node o) — Digit « — FingerTree o
deepl (D ]) (viewl — Emptyl) sf = digitToTree sf
deepl (D ]) (viewl — x < m) sf = deep (nodeToDigit x) m sf
deepl pr m sf = deep pr m sf

nodeToDigit :: Measured « = Node o — Digit o
nodeToDigit (Node2 _xy) =D]|x,y]
nodeToDigit (Node3 _xy z) =D|x,y,Zz]

Ugyanigy megadhaté a viewr (végérdl, jobbrél balra bejaras) mivelete is.
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FingerTree: elérés (alkalmazas)

isEmpty :: Measured o = FingerTree o — Bool
isEmpty (viewl — Emptyl) = True
iISEmpty _ = False

headl :: Measured o« = FingerTree o — «
headl (viewl — x <« _) = x

taill :: Measured o« = FingerTree a« — FingerTree o
taill (viewl — _ < x) = x

Hasonlban létezik headr és tailr is.
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FingerTree: 6sszekapcsolas

infixr5 <

-- O(log(min(n, m)))
(1) :: Measured a« = FingerTree o — FingerTree o« — FingerTree o
xs 1 ys = fxs[] yswhere
f :: Measured a = FingerTree o« — [a] — FingerTree o — FingerTree o

f Empty s xs =1ts d xs
f xs ts Empty =Xxs > ts
f (Single x) ts xs =x < (ts < xs)
fxs ts (Single x) =(xs > ts) > x

f (Deep _pry my sfi) ts (Deep _pro my sh) =
deep pri (f my (nodes (unD sfi ++ ts +H unD pry)) my) st

nodes :: Measured a = [a] — [Node «]
nodes [x, y] = [node2 x y]

nodes [x, y, Z] = [node3 x y z]

nodes [x, y, z, U] = [node2 x y, node2 z u]
nodes (x :y:z:xs) =node3 xyz : nodes xs
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FingerTree: felbontas (1)

data Split o = Split (¢ o) a (¢ @)

i kezd®érték, P(-): monoton predikdtum, csak A és v
-P(i) A P(i®||d]]) =

let Split | x r = splitDigit pi d
in toList | -+ [x] +- toListr = toListd

A=P@@ ) A PG @ (I @ [IxI)

splitDigit :: Measured «

= (Measure ¢ — Bool) — Measure oo — Digit « — Split Digit o
splitDigit p i (breakDigit — (x, D[])) = Split (D]]) x (D[])
splitDigit p i (breakDigit — (x, xs))

Ipj = Spiit (D)) x xs

| otherwise = let Split |y r = splitDigit p j xs

in Split (prependDigit x 1) y r
wherej = i & measure x

3= x| X, |x, . X,

i i i+l n-

X X

i v,V Via Vi V.
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FingerTree: felbontas (2)

-P(i) A P(i® ||t]]) =

let Split | x r = splitTreep i t
in toList | + [x] + toListr = toListt

A=PG@ ) A PG (I IxI)

-- O(log(min(ny, nr)))
splitTree :: Measured «
= (Measure o« — Bool) — Measure oo — FingerTree  — Split FingerTree o
splitTree p i (Single x) = Split Empty x Empty
splitTree p i (Deep _ pr m sf)
| pvpr =let Split! xr = splitDigit p i pr
in Split (digitToTree I) x (deepl r m sf)
| pvm =let Split ml xs mr = splitTree p vor m
Split I x r = splitDigit p (vor & measure ml) (nodeToDigit xs)
in Split (deepr pr ml ) x (deepl r mr sf)
| otherwise = let Split | x r = splitDigit p vm sf
in Split (deepr pr m 1) x (digitToTree r)
where (vpr, vm) = (i & measure pr, vpr & measure m)
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FingerTree: felbontas (3)

t # Empty =

let Split | x r = splitTreepit
in toList | H-[x] +- toListr = toListt

A(I=Empty V =P(i@ [[l[)) A (r=Empty v P(i& ||| & [x]]))

split :: Measured «

= (Measure « — Bool) — FingerTree « — (FingerTree «, FingerTree o)
split p Empty = (Empty, Empty)
splitp t

| p (measure t)

| otherwise

where Split | x r = splitTree p mempty t

(ILx<ar)
(t, Empty)
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FingerTree: véletlen elérésli sorozatok (alkalmazas)

newtype Elemv o = Elem { getElem :: o } -- v : fantomtipus
newtype Size = Size { getSize :: Int } deriving (Eq, Ord)
newtype Seqa = Seq (FingerTree (Elem Size o))

instance Monoid Size where
mempty = Size 0
mappend (Size m) (Size n) = Size(m + n)
instance Measured (Elem Size ) where
type Measure (Elem Size a) = Size
measure (Elem _) = Sizel

fromList :: [o] — Seq«
fromList xs = Seq (FT.fromList (map Elem xs))

toList :: Seqa — [o]
toList (Seqt) = map getElem (FT .toList t)
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FingerTree: véletlen elérésli sorozatok (alkalmazas)

length :: Seq o — Int
length (Seq xs) = getSize (FT.measure xs)

splitAt :: Int — Seqa — (Seqa, Seq a)
splitAt i (Seq xs) = (Seq I, Seqr)
where (/,r) = FT.split (Sizei <) xs

(") = Seqae — Int = «

(Seqg xs)!'i = getElem x
where Split _x _ = FT.splitTree (Size i <) (Size 0) xs
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FingerTree: prioritdsos sor (alkalmazas)

newtype PElem r o« = PE (, &)

data Prio o = Prio o | NoPrio deriving (Eq, Ord)
instance Ord o = Monoid (Prio ) where

mempty = NoPrio

mappend (Prio x) (Prio y) = Prio (min x y)

mappend (Prio x) _ = Prio x

mappend _ (Prioy) = Prioy

mappend _ _ = NoPrio

instance Monoid (Prio ) = Measured (PElem (Prio 7) o)) where
type Measure (PElem (Prio w) «) = Prio
measure (PE (i,_)) = i

newtype PQueue = o« = PQ (FingerTree (PElem (Prio 7) &)

empty :: Ord ™ = PQueuer o
empty = PQ FT.empty

null :: Ord 7™ = PQueuerwa — Bool
null (PQt) = FT.isEmpty t

[25..26]



FingerTree: prioritasos sor (alkalmazas)

singleton :: Ordm® = © — o — PQueuer «
singleton k v. = PQ (FT .singleton (PE (Prio k, v)))

extractMin :: Ord m = PQueuew o — Maybe (o, PQueue )

extractMin (PQ t)
| FT.isEmpty t = Nothing
| otherwise =Just (x, PQ (I = r))

where Split | (PE (_,x)) r = FT.splitTree (FT.measure t >) mempty t

union :: Ord© = PQueuewa — PQueuen o — PQueuer «
union (PQ p) (PQqg) = PQ(p > q)

insert :: Ordw = ©™ — a — PQueuerwa — PQueuer o
insert k v q = union (singleton k v) q

add :: Ordm = © —» a — PQueuer a — PQueuer a
add k v g = union q (singleton k v)

fromList :: Ord 7 = [(7, a)] — PQueuer «
fromList = foldr (X (x,y) . insert x y) empty
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