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Haskell

alebo €o sa stane, ked to dizajnéri jazykov prehanaju s hubami
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«1.Cotoje

» 2. AKko to vyzera

e 3. Cim sa to Ii3i

* 4. Ako to funguje

e 5. Aké to ma vyhody

* 6. Aké to ma nevyhody
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1. Cotoje

Haskell paprs~lek session '08



1. Cotoje

* programovaci jazyk

* high-level

* general-purpose, domain-specific
» kompilovany, interpretovany

» funkcionalny

* lazy (non-strict)

o staticky a silno typovany
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2. Ako to vyzera
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2. Ako to vyzera

obligatny hello world:

main = putStrLn ,Hello world!*
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2. Ako to vyzera

* obvykle sa vsak nesustredujeme
na cele programy
e zaujimaju nas funkcie
» funkcia vykonava jednu ulohu
* parsuje zadany text
* pocCita farbu pixelu
» filtruje zakaznikov
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2. Ako to vyzera

» filtruje zakaznikov

data Customer = Customer {
name: :String, payment: :Double

¥

badCustomers :: [Customer] -> [Customer]

badCustomers cs = filter ((avg >) . payment) cs
where

avg = (sum $ map payment cs) / length cs
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2. Ako to vyzera

* parsuje zadany text

openlag :: Parser Tag
openTag = do
name <- try (char '<' >> 1ident)
attrs <- many attrPair
slash <- optionMaybe (char '/")
char '>'
case slash of
Nothing -> return $ OpenTag name attrs

Just _ -> return $ ShortTag name attrs
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2. Ako to vyzera

» pocita riadky v subore

main = do
[file] <- getArgs
count <- length . lines <$> readFile file
putStrLn $ ,Pocet riadkov: “ ++ show count
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2. Ako to vyzera

* pocita fibonacciho Cisla

fibs = 1: 1: zipWith (+) fibs (tail fibs)

zipWith (+) [1, 1, 2] [2, 8, 6] = [1+1, 1+8, 2+6]
tail [1, 2, 3, 4, 5] = [2, 3, 4, 5]
1 : [29 39 49 5] [19 29 39 49 5]
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 ZOznam typu a sa znaci [a]

 ZO0znam Int-ov sa teda znaci [Int]

'data [a]‘ 11 a:[a]
3 [l skratene [1, 1, 2, 3]
(3 :1)))

T 7

(

@

L

ﬁ

ﬁ
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Syntakticky cukor

e pri aplikacii funkcie sa parametre
oddeluju medzerami:

asciiCode = map ord ,,password®

* prefix fcia sa moze stat' infixovou

asci1Code
result

ord map ,,password®
255 “div 13

* infix op sa mOze stat prefixovym

sum =(+) 35
vecSum = zipWith (+) [1,2,3] [4,5,0]
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3. Cim sa to lisi
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3. Cim sa to lisi

» d0raz na hodnotu, nie dej/Cinnost’
* vecl sa deju inak, nez su napisane

int fib(int n) -- n-té Fibonacciho cislo
{ fib n = snd (fibPair n)
inta=1, b = 1;
for (int 1 = 0; 1 < n; ++1) -- n-td Fibonacciho dvojica
{ fibPair 0 = (1,1)
int tmp = b; fibPair n = (b,a+b)
b =a+ b; where
a = tmp; (a,b) = fibPair (n-1)
}
return b;
}
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3. Cim sa to lisi

* premenne su nemenne
* orientacia na hodnoty
* premenna je nazov pre hodnotu
* matematicky vyznam slova

 funkcie svoje vysledky nemozu
nikam zapisat
» vSetko sa deje vracanim hodnot
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3. Cim sa to lisi

e funkcie su tiez hodnotami
e mOzu sa odovzdavat v
parametroch funkcii

map :: (a -> b) -> [a] -> [b]

map f [] = []
map f (x:xs) = f

X : map f Xxs

map (+1) [1, 23 33 4] = [2, 33 4, 5]
map (Ax -> x + 2~x) [3, 4, 5] = [11, 20, 37]
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3. Cim sa to li3i
» Haskell je lazy

ones = 1 : ones
-- ones = [1, 1, 1, 1, 1, 1, 1, 1, 1, .. ]

X
XS

head (X:XxS)
tail (x:xs)

head ones = ?
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3. Cim sa to li3i
» Haskell je lazy

ones = 1 : ones
-- ones = (1, 1, 1, 1, 1, 1, 1, 1, 1, .. ]

X
XS

head (X:XxS)
tail (x:xs)

head ones = 1
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3. Cim sa to lisi

 algebraické datove typy
(6osi ako union struct-ov z C)

type Name = String
type AttrPair = (String, String)
data Tag =

OpeningTag Name [AttrPair] -- <tag>
| ShortTag Name [AttrPair] -- <tag />
| ClosingTag Name -- </tag>

imageTag :: Tag
imageTag = ShortTag ,img“ [(,,src*“, ,file.png®“)]
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3. Cim sa to lisi

» pattern matching

type Name = String
type AttrPair = (String, String)
data Tag =

OpeningTag Name [AttrPair]
| ShortTag Name [AttrPair]
| ClosingTag Name

getName (OpeningTag name _) = name
getName (ShortTag name _) = name
getName (ClosingTag name) = name
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3. Cim sa to lisi

» pattern matching Il.

data Expr =
Plus Expr Expr
| Minus Expr Expr
| Mul  Expr Expr
| Div  Expr Expr
| Num  Integer

eval :: Expr -> Integer

eval (Plus p g) = eval p + eval g
eval (Minus p gq) = eval p - eval g
eval (Mul p g) = eval p * eval ¢
eval (Div p gq) = eval p div eval g

> evdl (Plus (Mul (Num 3) (Num 5)) (Num 27)) -- bude 47
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3. Cim sa to lisi

» pattern matching Il.

data Expr =
Expr :+ Expr

| Expr :- Expr

| Expr :* Expr

| Expr :/ Expr

| Num Integer

eval :: Expr -> Integer

eval (p :+ gq) = eval p + eval g

eval (p :- gq) = eval p - eval g

eval (p :* q) = eval p * eval g

eval (p :/ q) = eval p div eval g

> evdl ((Num 3 :* Num 5) :+ Num 27) -- bude 47
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3. Cim sa to lisi

 typove triedy
* nie su to triedy v OOP zmysle
* nerobi sa ad-hoc pretazovanie
* operacie patria triedam
e sU to skor interfaces a la Java
* (OOP sa v Haskelli nerobieva)
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3. Cim sa to lisi

 typove triedy

class Group a where

(®) ::a ->a ->ad
inv :: a -> d
heutr :: a

instance Group Integer where
a®b=a+b
inv a = -a
neutr = 0
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3. Cim sa to lisi

 typove triedy

data Node = Nil | Internal Int Node Node

class Ord a where
(<) :: a -> a -> Bool

instance Ord Node where
(Internal left _ _) < (Internal right _ _)
= left < right

N1l < (Internal _ _ _) = True
(Internal _ _ _) < Nil = False
Nil < Nil = False
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4. Ako to funguje

Haskell paprs~lek session '08



4. Ako to funguje

» v Haskelli sa zapisuju vztahy,
nie postupy

* je na jazyku, aby vztahy vyriesil,
a] ked mu nepovieme, ako ma
postupovat

» dokaze vyriesit obCas zaujimave
zavislosti

» .CO Je napisang, nie je pravda®
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4. Ako to funguje

1sPrefix0f :: Eq a => [a] -> [a] -> Bool

[] "1sPrefix0f ™ _ = True
(x:xs) 1sPrefixOf [] = False
(x:Xxs) ‘isDPefixOf‘ (y:ys) =

(X ==Yy)

Q&

(xs "1sPrefix0f  ys)
-- ,santa“ "i1sPrefix0f ,santa claus*“
-- ,claus“ "1sPrefixOf ,santa claus*“

True
False

any :: (a -> Bool) -> [a] -> Bool
any = foldr (Cll) . f) False
--any (> 3) [1, 3, 2] = False
--any (> 3) [1, 7, 2] = True
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4. Ako to funguje

contains :: Eq a => [a] -> [a] -> Bool

haystack "contains needle =
(s 1sPrefix0f ) "any (tails haystack)

--fab=ag f b

-- ,santa“ "1sPrefix0f ,santa claus‘* = True
99 99

-- ,claus® "1sPrefix01 santa claus® = False
99 99

--any (> 3) [1, 3, 2] = False
--any (> 3) [1, 7, 2] = True

- taiZS [11213_7 - [[11213_7: [213_7: [3_7: [_7_7
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4. Ako to funguje

contains :: Eq a => [a] -> [a] -> Bool

haystack "contains needle =
(s 1sPrefix0f ) "any (tails haystack)

e ako dlho pobezi tento kod?

haystack = replicate 1000000 'a' -- milion a-cok
needle = ,aaab*

main = 1f haystack contains needle
then putStrLn ,,Obsahuje.*
else putStrLn ,Neobsahuje.*
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4. Ako to funguje

tails :: [a] -> [[a]ll
tails [] = [[1]

tails (x:xs) = (x:xs) : tails xs

0 0 O
B nlo priestor | cas
B =] [0 &
B =] ] [ [
£ 1 [ 1 I 1 B Y B S
/
ils O
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4. Ako to funguje

tails :: [a] -> [[al]
tails [] = [[1]

tails (x:xs) = (x:xs) : tails xs

~ PP

1ls
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4. Ako to funguje

tails :: [a] -> [[al]
tails [] = [[1]

tails (x:xs) = (x:xs) : tails xs

~ PP

1ls
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4. Ako to funguje

tails :: [a] -> [[al]
tails [] = [[1]

tails (x:xs) = (x:xs) : tails xs

~ PP

1ls
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4. Ako to funguje

tails :: [a] -> [[al]
tails [] = [[1]

tails (x:xs) = (x:xs) : tails xs

~ PP

1ls
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4. Ako to funguje

tails :: [a] -> [[a]ll
tails [] = [[1]

tails (x:xs) (x:xs) : tails xs

O(n)
priestor | Cas

.
4
2,
B
.

(

toils —»
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4. Ako to funguje

Dostavame teda kod ekvivalentny
klasickému strstr() z C:

haystack "contains needle = (s "1sPrefixOf ) “any (tails haystack)

bool strstr(char *haystack, char *needle)

{
len = strlen(needle);
while (*haystack)
1f (memcmpChaystack++, needle, len) == 0)
return TRUE;
return FALSE;
ks
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4. Ako to funguje

» Haskell zvlada nekonecné struktury

» ako do pocitaca zadam nieco
nekonecnée?
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4. Ako to funguje

» Haskell zvlada nekonecné struktury
leets :: [Integer]

leets = 1337 : leets -- [1337, 1337, 1337, .. |
naturals :: [Integer]

naturals = [1..] --[1, 2, 3, 4, 5, .. ]
evens = [2,4..] -- [2, 4, 6, 8, 10, .. ]

nats :: [Integer]
nats = 1:map (+1) nats -- /1, 2, 3, 4, 5, .. |

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)
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4. Ako to funguje

nats :: [Integer]

nats = 1:map (+1) nats -- /1, 2, 3, 4, 5, .. |
nats = [1, 2, 3, 4, 5, 6, .. |
nats =1 : (2 : (3 : (5 : (06 : .. ))))
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4. Ako to funguje

nats :: [Integer]

nats = 1:map (+1) nats -- [1, 2, 3, 4, 5, .. ]
nats = [1, 2, 3, 4, 5, 6, .. ]
nats =1 (2 : (3 : (5 : (6 : .. ))))

1 : [2, 3, 4, 5, 6, 7, .. ]

1 : map (+1) [1, 2, 3, 4, 5, o6, ..]

1 :| map (+1) nats
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4. Ako to funguje

nats :: [Integer]
nats = 1:map (+1) nats -- [1, 2, 3, 4, 5, .. ]

nats — — _,
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4. Ako to funguje

nats :: [Integer]
nats = 1:map (+1) nats -- [1, 2, 3, 4, 5, .. ]

nats —, 1 7
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4. Ako to funguje

nats :: [Integer]
nats = 1:map (+1) nats -- [1, 2, 3, 4, 5, .. ]

nats —., 1 | - —map (+1) nats
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4. Ako to funguje

nats :: [Integer]
nats = 1:map (+1) nats -- [1, 2, 3, 4, 5, .. ]

map (+1) nats

nats —, 1 I o

1+prva hodnota z nats
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4. Ako to funguje

nats :: [Integer]
nats = 1:map (+1) nats -- [1, 2, 3, 4, 5, .. ]

map (+1) nats

nhats — 1 —|>2—> - - —

+

1+druha hodnota z nats

Haskell paprs~lek session '08



4. Ako to funguje

nats ::

[ Integer]

nats = 1:map (+1) nats -- [1, 2, 3, 4, 5, .. ]

map (+1) nats

nats —,

#

2

#

3

_—_>

1 + tretia hodnota z nats

Haskell
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4. Ako to funguje

nats ::

[ Integer]
nats = 1:map (+1) nats -- [1, 2, 3, 4, 5, ..

map (+1) nats

nats —,

#

2

#

3

4

1 + stvrta hodnota z nats
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4. Ako to funguje

» Postupne sa pocita cely zoznam

* VO vacsine pripadov su algoritmy
sekvencne

» Garbage collector vtedy uziera zo
zacClatku zoznamu nepotrebne prvky
e Spotreba pamate nekonecneho
zoznamu: O(1) -- obvykle par uzlov
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. 7
>

1:1:z1pWith (+)

C

fibs 1(/1|1 23|58 (13
tilfibs| 4 1 213 (5|8 13|21
1(1 |2 (3 |5|8 (132134
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. S

1:1:z1pWith (+)

C S

fibs 1 1
tail fibs 1
1 | 1
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. 7
>

1:1:z1pWith (+)

C

fibs 1 1 2
tail fibs 1 2
1| 1| 2
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. 7
>

1:1:z1pWith (+)

C

fibs 1 1 2 3
tail fibs 1 2 3
111 | 2|3
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. 7
>

1:1:z1pWith (+)

C

fibs 1 1 2 3
tail fibs 1 2 3 5
1111 2|3 |5
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. 7
>

1:1:z1pWith (+)

C

Fibs 1111 2|3 |5
tail fibs 1 2 3 5 8
111 | 2|3 |58
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. 7
>

1:1:z1pWith (+)

C

Fibs 1711|2358 |13
tail fibs 1 2 3 5 8 (13
111 (23| 5|8 (13
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. 7
>

1:1:z1pWith (+)

C

fibs 1(/1|1 23|58 (13
tilfibs| 4 1 213 (5|8 13|21
1(1]|1 2|3 (5|8 (13|21
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4. Ako to funguje

fibs :: [Integer]
fibs = 1:1:z1pWith (+) fibs (tail fibs)

. 7
>

1:1:z1pWith (+)

C

fibs 1(/1|1 23|58 (13
tilfibs| 4 1 213 (5|8 13|21
1(1 |2 (3 |5|8 (132134
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4. Ako to funguje

haystack contains needle =
(s 1sPrefixOf ) "any (tails haystack)

[1..]
[1337, 1338, 1339]

haystack
needle

haystack "contains needle = True

Haskell paprs~lek session '08



5. Aké to ma vyhody
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5. Aké to ma vyhody

» Abstrakcia

* Programator sa nezatazuje
 Memory managementom
o Konkrétnymi postupmi

» KOd je nazornejsi, vecnejsi
* Miesto deklaracii premennych
a manipulovania s pamatou
vypisuje vztahy
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5. Aké to ma vyhody

e Strucnost
 Rovnaky program v Haskelli
byva kratSi nez ekvivalenty v
inych jazykoch
* Expresivnost
* Mocné, univerzalne konstrukcie
(napr. funkcie ako parametre)
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5. Aké to ma vyhody

 Bezpecnost
 Behova
 Zladen buffer overflow
 Zladen segfault
o Staticka
* silné typovanie
» odhaluje chyby uz pri kompilacii
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5. Aké to ma vyhody

* Modularita
 Namiesto velkych blokov kodu
malickeé funkcie
e Ziaden globalny stav
 Domain-specific Languages
* napr. Parsec
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5. Aké to ma vyhody

» Paralelizmus
* Funkcionalne programy sa
prirodzene paralelizuju
* \/ Haskelli to ide bez
prekopavania kodu, hintmi
» Konkurentné programy
 Lightweight thready
e STM
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5. Aké to ma vyhody

fib 0 = 1
fib 1 =1
fib n = fib (n-1) + fib (n-2)
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5. Aké to ma vyhody
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5. Aké to ma vyhody

H
fib
H

=1
=1

n < 20

otherwise = p par q pseq p + ¢

=

>
QT ® —— 33 kPO

—

(D

fib (n-1)
fib (n-2)

$ ghc --make -02 -threaded fibs.hs -o fibs
$ ./fibs +RTS -N2
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5. Ake to ma vyhody

$ ghc --make -02 fibs.hs -o fibs
$ time ./fibs

real OmlZ2.862s
user 0ml4.005s

$ ghc --make -02 -threaded fibs.hs -o fibs
$ time ./fibs +RTS -N2

real @m7.983s
user Oml4.141s
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6. Aké to ma nevyhody
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6. Aké to ma nevyhody

« Clovek sa uéi odznova programovat
* Nepredvidatelnost spotreby zdrojov
» GC - vySSia spotreba pamate

* Na quick'n'dirty utility je stale lepsi
Perl

* O Cosi pomalsi nez C

o Stringy/ByteStringy
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Koniec

Dakujem za pozornost’
Diskusia
Otazky

Centradla:
http://haskell.org

Real World Haskell (kniha):
http://book.realworldhaskell.org/

A Taste of Haskell (video):
http://lambda-the-ultimate.org/node/2427

Learn you a Haskell (tutorial):

http://learnyouahaskell.com
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http://haskell.org/
http://book.realworldhaskell.org/
http://lambda-the-ultimate.org/node/2427
http://learnyouahaskell.com/
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