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2021 special

Vyuka asi bude nejspis probihat prezencné.

V pripadé potizi prejdeme na distancni.



Pozadavky

1. Domaci akoly — vyuZziti prostfedkd jazyka

« rozsah cca. 5% LOC tkold z Javy a C++

+ Zadani budou na webu

+ Predbézny rozvrh:
Ukol Zadani Termin (Tydny)
1 30.9. 28.10. 1-5
2 28.10. 25.11.  5-9
3 2511, 6.1 9-14

2. Zkouska — max 5-10 minut lehce teoretické diskuze

« zhodnoceni odevzdanych tkoll
+ témata budou vyvésena na webu
+ témata C obsah slajdi



Co je potreba do kdy stihnout?

+ Odevzdat ukoly v terminu.
Termin je do pllnoci dne oznaceného jako termin (tj. prvni tkol byste méli zacit odevzdavat
nejpozdéji 28. 10. ve 23:59:59.999).
Pokud nebudete stihat, dejte védét predem.

+ Jit na zkousku. (alternativné: dojit k pocitaci se ziimem)
Terminy budou v SISu.

Vysledné hodnoceni bude odvozené predevsim od mnozstvi a kvality odevzdanych tkoltl, zkousku berte jako kontrolu autenti¢nosti vasich feseni (a prileZitost se dozvédét
néco zajimavého, co vam v priibéhu semestru uniklo). Obtiznost by po zvlddnuti DU méla byt naprosto zanedbatelna.



DU — pozadavky

» Velikost feseni neni vhodné priehanét (cim mensi imtepsi)

+ Spravnost:
« Rozumné poutZiti typového systému pro prevenci béhovych chyb
« Rozumna casova sloZitost pouzitych algoritm



DU — odevzdavani

1. Z feSeni vyrobte cabalovy balik
2. Pouzijte cabal sdist

3. Vysledek nahrajte do odpovidajici kolonky v SISu.



Slajdy

Slajdy jsou volné k dispozici na webu (budou pribyvat pres semestr)

Pokud najdete chybu nebo vymyslite zlepseni:

» feknéte si o git access (implementace: 1hs2TeX + beamer)

» malé véci reportujte mailem

Typickeé zlepseni: ilustrativni obrazek obsahuijici kocku.



Obsah prednasky

1. opakovani z neproceduralniho programovani
Stourani v typech, monadacha O
standardni knihovna

implementace jazyka, RTS, typového systému a modularizace

AR o

nejuzitecnéjsi ostatni abstrakce a knihovny



Pro¢ sem chodit?

+ navrhové vzory z funkcionalniho programovani a Haskellu jsou jedny z nejmladsich a
nejuzitecnéjsich véci, které komunita ma

+ haskellové programy nepadaji
(tj.- haskellové programy nepadaji z hloupych diivodt)

+ funkcionalni programovani je Opravdu Hodné Expresivni

« dusledek: primysl zacina chtit funkcionalni programatory
(jeSté se musi zjistit, Ze Scala je fakt dlet)

« zjistite i néco o ostatnich jazycich



Pro¢ sem chodit?

+ Bonus 1: Haskellova praxe dramaticky zlepsuje schopnost programovat bez chyb ve viech
ostatnich jazycich.

Programator umi z libovolného typecheckeru vyzdimat maximum.

« Bonus 2: Hodné temnych a tézko vysvétlitelnych jevi z C++ ma v Haskellu svou
pochopitelnéjsi variantu.
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Strucna historie

parsonsmatt )¢ 5:00 PM

@borkdude Haskell has roots in academia, but it became "production possible" in the mid-2000s when it got a package
manager, low-level and high-performance array, text, and byte vector libraries. It became "production friendly" in the early
2010s when the package ecosystem was more filled out and some major issues with cabal were worked around. In the last
few years, it has become an extremely good choice in production, due to the variety of high quality libraries, ease of interop
with a variety of languages (inline-code support for C, Java, R), extremely high performance compiler and runtime (we have
cheaper/lighter green threads than Erlang), and a fantastic community that is starting to focus on the needs of beginners,
intermediates, and industrial programmers

Vs




Industry-ready

l-laskell

@ facebook







Expresivni!

wordCount = length - words ($) readLine
rle = map (liftA2 (,) head length) - group

scc g = dfs g - reverse - postOrd $ transposeG g
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+ Learn You A Haskell For Great Good
http://learnyouahaskell.com/

« Real World Haskell
http://book.realworldhaskell.org/

+ Hoogle
https://hoogle.haskell.org/

+ Typeclassopzedia

+ Haskell Wikibook

+ What | Wish | Knew When Learning haskell
https://github.com/sdiehl/wiwinwlh

14


http://learnyouahaskell.com/
http://book.realworldhaskell.org/
https://hoogle.haskell.org/
https://github.com/sdiehl/wiwinwlh

Okolni predméty

+ NPRGOOS5 Neproc
+ typovy systém Haskellu je skoro Prolog!
+ hlavnim acelem NPRGOO5 je naucit se rekurzi, tady budeme trochu bliz normalnimu
programovani
+ NAILO78, NAILO79 Lambda kalkulus a funkcionalni programovani
+ (ne)rozhodnutelnost, typové systémy, souvislost s logikou
+ NAILO97 Funkcionalni programovani
« sémantika, typové systémy vic zblizka
+ obcas Agda a kategorie

15



Okolni jazyky

+ Haskell je ‘managed’ — o napojeni na systém se stara run-time.
+ Nelze s nim (Gplné) nahradit nizkoGroviové jazyky (C, C++, Rust).
+ Je velmi vhodné naplno vyuzit potencial run-time vrstvy a Haskellem nahrazovat riizné
polovicaté C-like managed jazyky — typicky Javu a C#, béZné se stonasobnou dsporou kodu,
Casu, chyb, rychlosti a nerv.

+ Haskell je ‘typovany’ a ‘kompilovany’ — nelze s nim (Upln€) nahradit shell-like jazyky (Bash, R,
K, ...), ale jde se k tomu dost priblizit.

« Haskell neni ‘browserovy’, ale jde (s trochou opatrnosti) kompilovat do JavaScriptu.



Aktualni obsah slajdi

1. Uvod a predbéznosti

2. Rychlodvod do funkcionalniho programovani
3. Praxe s monadami: Parsovaci kombinatory
4. Balicky a knihovny

5. Tour de Prelude

6. Kontejnery

7. Kompilujeme Haskell

8. Curry-Howardova korespondence

9. Optika, cocky a hranoly

10. Transformujeme monady

11. Stringologie a formatovani textu

12.10!

13. Grafické knihovny

14. Debugovani, testovani, benchmarking

15. Webové aplikace

16. eDSL a interprety



Rychloavod do funkcionalniho programovani



Kde sehnat prostredi?

Pouzijte ghcup

https://github.com/haskell/ghcup-hs


https://github.com/haskell/ghcup-hs

Kde sehnat prostredi (bez ghcup)

Windows/Mac: Nainstalujte si Haskell Platform.
» https://www.haskell.org/platform/
Unix-compatible: Pouzijte oblibeny balickovac.

+ apt-get install ghc
« yum install ghc
* pkg install ghc

+ ArchLinux: ghc-static, cabal-static!
Ve vlastnim zajmu pouzivejte néjaky unix.

Pozor: Ubuntu se nepocita jako unix.


https://www.haskell.org/platform/

$ cat > hello.hs <<EOHS

main = putStrLn "Hello MFF!"

ECHS

$ runhaskell hello.hs

Hello MFF!

$ ghc hello.hs -o hello

[1 of 1] Compiling Main ( hello.hs, hello.o )
Linking hello

$ ./hello

Hello MFF!

20



Interpreter

$ ghci hello.hs

GHCi, version 8.2.2

[1 of 1] Compiling Main ( hello.hs, interpreted )
Ok, one module loaded.

*Main> :t main

main :: I0 O

*Main> main

Hello MFF!

*Main> 5+5

10

21



Integrace s nastroji

Standardni pomUcky: hindent, hlint, ghcid.
Editory:
+ obecné: haskell-language-server, ghc-mod

« vim: Haskell-vim-now, Syntastic, neco-ghc

+ emacs: spacemacs + haskell-mode
IDE $kodi kvalité kodu. Pokud vas kod nebude cist nikdo jiny a bez IDE neumite Zit, mlzete zkusit:

« leksah
+ pluginy do Intelli), Eclipse, KDevelop

22



Haskell je deklarativni jazyk, program je hromada definovanych hodnot:

jmenoHodnoty = definiceHodnoty

hodnotaSParametrem parametr = definice
Pokud je v programu hodnota main, runtime ji pro “spusténi” programu “vyhodnoti”.

main = print (1 + 1)

23



Syntax vyrazi

+ Jména proménnych zacinaji malym pismenem: a b aho j
« Literaly: 123,1.5, ’a’, "nazdar"
« 2 vyrazy za sebou = aplikace funkce na parametr:

* negate 5
« take 3 "kocka"

« operatory maji niZsi prioritu nez aplikace!
o+, - b == 0= <=
+ negate 5 — 10 ~»?

+ kulaté zavorky:

« take 1 + 2 "kocka"
- take (1 + 2) "kocka"

24



Vlastni operatory jde definovat s asociativitou a prioritou:

infixr 3 4+
infixl 6 /%/
infix 5 :=>
Operator jde predélat na funkci uzavorkovanim:
54+10 ~15
(+)510 ~ 15

Identifikator ve zpétnych apostrofech je operator:

mod103 ~1
10‘'mod'3 ~1

Pozor na unarni minus.
25



Syntax funkci

Funkci jde definovat jako definici s parametrem:
fabc=b"2—-4xaxc

nebo ekvivalentné jako lambdu:
f=Xabc—b"2—4xaxc

nebo ekvivalentné Gplné rozdrobit:

f=Xa—= XM —>Xx—=b"2—4xaxc

+ pojmenovavat lambdy neni nutné
+ ) se pise jako zpétné lomitko

26



Lokalni definice

Obcas se hodi mit néco zadefinovaného lokalné.

solvea b c =
letd=b"2—4xaxc
solution op = (—b ‘op‘sqrt d) / (2 x )
in (solution (4), solution (—))

To samé obracené:

solve a b ¢ = (solution (+), solution (—))
whered = b2 —4xax*c
solution op = (—b ‘op'sqrt d) / (2 x a)

27



Rizeni vypoctu

if cond then a else b

« cond musi byt booleovska hodnota

+ “if bez else” nedava matematicky smysl (jaky typ ma nic?)

case x of
moznost! — vysledekl
moznost2 — vysledek2
_ — necofineho

28



Rizeni vypoctu 2

Pattern matching:

fac0 =1
facn = n xfac (n — 1)

Guards:
ged xy
|[x<y =gadyx
ly<0  =x

| x>y =gcd y (x ‘mod' y)
| otherwise = L --error

29



Kritické vlastnosti jazyka

« Haskell je liny! Prakticky Zadnou funkci nevyhodnoti, dokud to nebude pfimo potfeba.
Dasledek: nekone¢na data jsou OK
allintsFrom n = n : allintsFrom (n + 1)

+ Haskell je referencné transparentni! Funkce se chovaji ‘Cisté’ a matematicky.
Dasledek: kompilator mize kod upravovat vyrazné volnéji
fx+fx=lettemp =fxintemp +temp =2xfx

+ Haskell je staticky typovany!

Disledky:
« pfi béhu nevznikne chyba z typovych diivod
+ znalost typl lze pfi prekladu rlizné vyuZivat

30



Cykly jsou ve funkcionalnim jazyce zbytecné.



Cykly jsou ve funkcionalnim jazyce zbytecné.

(jdou plné nahradit rekurzi)

WHY DO YOU LIKE FUNCTIONAL
PROGRAMMING 50 MUCH? WHAT
DOE5ITHC1UHLL\{ GET YOU?

TAIL RECURSION 15
IT5 OWN REWARD.

P&




Nazvy jednoduchych typt zacinaji velkym pismenem, typy je mozné specifikovat pomoci ctyrtecky.

cislo :: Integer
cislo =5
jineCislo = (5 :: Float)

V ghci je mozné typ cehokoliv zjistit pomoci : t.

31



Typy funkci

id::a—a

..ve skutecnosti: id :: (Va)a — a

tj. neplatiid :: Int — aaniid :: a — Int.
(,)::a—b—(a,b)
():(b—¢c)—(a—b)— (a—c)
head :: [a] — a
(+)::Numa=a—a—a

Ltzn () = (Va € Num)a — a —a

Monomorfni:

id :: Int — Int
gcd :: Integer — Integer — Integer
32



Curry-style parametry

Viceparametrové funkce neexistuiji!
f:Int — Int — Int — Int
f123:Int

f:Int — (Int — (Int — Int))
f1:Int — (Int — Int)
(f1)2:Int — Int
((f1)2)3::Int

Souvisejici kombinatory:
curry :: ((a,b) - ¢) - (a—b —c¢)

uncurry :: (a - b — ¢) — ((a,b) — )

33



Haskell Curry




Curry-style parametry

Koncept porodil Schonfinkel (1924), v kombinatorové logice popularné pouzil az Curry.

Samoziejmé k dispozici je i varianta schon, unschén.

34



Moses Schonfinkel

“Arity pls.”



Kontrolni otazka: Kolik parametri ma funkceid :: a — a?

35



Kontrolni otazka: Kolik parametrdi ma funkce id
Odpovéd: pocty parametr(i jsou blbost!

id 5

id gcd 10 15

id id ged 10 15

na—a?

35



Nékteré jednoduché typy

« 1::Int, Integer, Word, Int64, ...
« 2¢c? :: Char, Word8, ...
1.23 :: Float, Double

« True :: Bool, False :: Bool

+ () — existujici nicnefikajici typ

Void — neexistujici nicnefikajici typ

36



Nékteré parametrizované typy

+ [a] —seznam
[1,2,3]:: Num a = [a]
» type String = [Char]
+ Maybe a
+ [Just >c’, Nothing] :: [Maybe Char]

37



Definice algebraickych datovych typu

data Bool = False | True
data () = ()
data Void

Typy s obsahem:

data Dvojicelntu = Par Int Int
Konstrukce:

Par 2 3 :: Dvojicelntu
Destrukce (a.k.a. pattern match):

f :: Dvojicelntu — Int

f (Parab) = b

38



Parametrickeé typy

Parametry jako u funkci (jen na jiném univerzu):

data Maybe a = Nothing | Just a
data(,)ab=(,)ab
data Either a b = Left a | Right b
data (—)ab --internal
Maybe, (,) a (—) jsou typové konstruktory (v jazyce typt).

Nothing, Just a (, ) jsou datové konstruktory (v jazyce term().

Konvence: Typové a datové konstruktory zacinaji velkym pismenem. Typové a datové proménné
zacinaji malym pismenem. (acel: prehlednost kodu, zjednoznacnéni nékterych konstrukci)

39



Parametrickeé typy

data Dvojice a = Dva a a

Dva 1 2 :: Dvojice Int

Dva (Just 5) Nothing :: Dvojice (Maybe Int)
Dva True 3 -- type error

40



data [a] = (a:[a]) | ]
..prelozeno:

data[]a = () a([]a) | ]

1:2:3:[]1=1[1,2,3]

41



Jak se zkontroluje spravné pouZziti typl a jejich parametr(?
Typtim typl se fika Kinds (‘druhy’). VSechny typy hodnot patfi do druhu .

Bool ::

Int :: x

Maybe :: x — x

Maybe Int :: x

[]:% — %

(=) %= % — %

RWST :: % — % — % — (¥ — %) —
Num :: x — Constraint

V ghci se zjisti pomoci : k.

42



Ostatni definice typi

Typova synonyma (obé strany jsou ekvivalentni):
type Dvainty = (Int, Int)
“Unboxed data” (typ se zkontroluje a pak se odmaze):

newtype Dvalnty = Dvainty (Int, Int)

43



Haskellové typy v C++ (velmi pfiblizné)

dataXa=Xaa|Yalnt

template<typename a> struct X {
enum {X,Y} _variant;
union {
struct {a fldil; a £1d2;} X;
struct {a fldil; int £1d42;} Y;
I3
I8

44



Haskellové typy v C++ (velmi pfiblizné)

dataXa=Xaa|Yalnt

template<typename a> struct X {
enum {X,Y} _variant;
union {
struct {a fldil; a £1d2;} X;
struct {a fldil; int £1d42;} Y;
I3
I8

newtype nema znacku, tj. nemuze rozliSovat mezi variantami.
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Vybér z Prelude

fst:: (a,b) — a

snd :: (a,b) — b

show :: Show a = a — String

read :: Read a = String — a
putStrLn :: String — 10 ()

getline :: 10 String

print :: Show a = a — 10 ()

readlLn :: Read a = 10 a
($):(a—b)—>a—b
():(b—¢c)—(a—b)— (a—c)

45



Vybér ze Prelude — seznamy

head, last :: [a] — a

tail, init :: [a] — [a]

(+) = [a] = [a] = [q]

("M ::[a] = Int - a

elem :: Eq a = [a] — a — Bool

length :: [a] — Int

take, drop :: Int — [a] — [q]

takeWhile, dropWhile :: (a — Bool) — [a] — [a]
lines, words :: String — [String]

unlines, unwords :: [String] — String

map :: (a — b) — [a] — [b]

filter :: (a — Bool) — [a] — [a]

foldl:: (a - x —a) »a—[x] > a
foldr:: (x >a—a)—»a—[x] > a
lookup :: Eq a = a — [(a,b)] — Maybe b

1
 (
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Dolary a tecky

LISP/Python:

wordList docs = sort (nub (concat (map words docs)))
Trochu lepsi:

wordList docs = sort $ nub $ concat $ map words docs
Jesté lepsi:

wordList docs = sort - nub - concat - map words $ docs
Nejlepsi:

wordList = sort - nub - concat - map words

47



I/O neni vedlejsi efekt!

Misto toho mame specialni konstrukce, které dovoluji hodnoty typu /O a kombinovat a vyrabét z
nich vétsi /O hodnoty.

main =
do putStr "Zadej cislo: "
a < getline
putStrLn "Vypis cisel od nuly:"
printNums 0 (read a)

printNums :: Int — Int — 10 ()
printNums a b

la>=b =return ()

| otherwise = do print a

printNums (a + 1) b 8



group [] =[]
group (O(x: _) = takeWhile (= x) |
: group (dropWhile (= x) ()
gsort[] =]
gsort (x : xs) = gsort a +H x : gsort b
where a = filter (<x) xs
b = filter (> x) xs

rle = map (Al — (head [, length [)) - group

49



group [] =[]
group (O(x: _) = takeWhile (= x) |
: group (dropWhile (= x) ()
gsort[] =]
gsort (x : xs) = gsort a +H x : gsort b
where a = filter (<x) xs
b = filter (> x) xs

rle = map (Al — (head [, length [)) - group

group :: Eq a = [a] — [[a]]
sort:: Ord a = [a] — [a]

rle:: Eqg a = [a] — [(a,Int)] 49



Praktikum — laziness

fibs = 0 : 1 : zipWith (+) fibs (tail fibs)
findMin = head - gsort

Jakou ma ¢asovou slozitost findMin?

50



Jednodussi typové tridy

tfida operace

Eq (=) (#)

Ord (<), (<), compare, ...
Enum [1.10], [False..]

Num (+), (=), (x), abs, ...

Integral div,mod, ...

Fractional (/),...

Floating  m,sin,cos, exp, log, logBase, sqrt, ...
Show show

Read read

51



Ciselna hierarchie

succ, pred,
enumFromTo
(), (), (%),
Enum Eq =) Num frominteger
minBound,
maxBound Ord . min, max Fractional
Bounded
toRational  Real Floating
Integral RealFrac RealFloat
quot, rem, div, truncate, round, exponent,
mod, tolnteger ceiling, floor significand,

saleFloat, isNaN,
isInfinite, atan2

(/), recip, fromRa-
tional

pi, exp, logBase,
sqrt, (**), sin, cos,
tan, asin, ...

52



Ciselna hierarchie vs. pocitace

toRational 0.1
~ 3602879701896397 % 36028797018963968

ceiling (1.0 / 0.0)
17976931348623159077293051907890247336179 ...

(0.14+0.2—-0.3) /(0.2 —0.340.1)
2.0

53



Moc teoretické?



Get something cool on screen in 10 minutes!

import Graphics.Gloss

main = animate FullScreen white $ A\t —
let blink ph sp = (1 + sin (ph +t xsp)) / 2
in Pictures $ flip map [1..4]$ Ax —
Rotate (90 * x + 20 x t) $
Translate (80 + 40 cos t) 0 $
Color (makeColor (blink 0 1)
(blink 3 1
(blink 0 )
1)$
ThickCircle 20 3






Overloading

Typoveé tiidy existuiji kvali pretézovani funkci.
C-style pretézovani (“ad-hoc overloading”) je mozné jen s jednosmérnym typovym systémem, v
Haskellu by bylo NP-aplné.
class Moje a where
moje::a —a—a
instance Moje Int where
moje = (+)
instance Moje String where
moje = (H)
mojel3 ~4
moje llahll “Oj n ~ Ilahoj n
54



Overloading — priklad

newtype I7 = I7 Int
instance Num 17 where
(+) = i7lift2 (+)
(—) = i7lift2 (-)
(x) = i7lift2 ()
negate = i7lift negate

abs = id
signum (17 0) =17 0
signum _ =171

frominteger i = 17 $i ‘mod" 7
i7lift f (17 @) = 17 (f a ‘mod" 7)
i7lift2 f (17 a) (I7 b) =17 (f a b ‘'mod" 7)
55



Overloading — priklad 2

data Infinite a = Minusinf | Finite a | Plusinf

instance Ord a = Ord (Infinite a) where
compare (Finite a) (Finite b) = compare a b
compare Minusinf Minusinf = EQ

compare Minusinf _ =1LT
compare _ Minusinf = GT
compare Plusinf  Plusinf = EQ
compare Plusinf  _ =GT

compare _ Plusinf =1LT
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Overloading — priklad 3

instance Num a = Num [a] where
(+) = zipWith (+)
(—) = zipWith (—)
(x) = zipWith ()
negate = map negate
abs = map abs
sighum = map signum
frominteger = repeat - frominteger
3%[1,2,3]+2 ~ [5,8,11]
fibs = 0 : 1 : fibs + tail fibs

57



Typové tfidy nejsou interface!

OOP: INumeric doSomething(INumeric a)

vs.
Haskell: doSomething :: Numa = a — a

Kde je rozdil?

58



Typové tiidy nejsou subtyping!

C-like: (1ong) (double) (int) (float)5 je OK, integery jdou automaticky konvertovat.
Haskell: ((5 :: Float) :: Int) je chyba!

Jak se tedy integer 5 zkonvertuje na float?!

59



Typové tiidy nejsou subtyping!

C-like: (1ong) (double) (int) (float)5 je OK, integery jdou automaticky konvertovat.
Haskell: ((5 :: Float) :: Int) je chyba!

Jak se tedy integer 5 zkonvertuje na float?!

Desugaring literald: pétka se prepise na frominteger 5, kde 5 je pevna Integerova hodnota.
frominteger :: Num a = Integer — a

Disledek: 5 :: Num a = a

(konverze se vétsinou inlinuje a nema runtime overhead)
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Pologrupy a monoidy

class Semigroup a where
(¢)na—a—a
class Semigroup a = Monoid a where
mempty :: a
Obecnéjsi operace asociativniho slepovani (pise se jako <>):

[1,2] 0 [4,5] ~[1,2,4,5]

"ah" o "oj" ~» "ahoj" --ipro TextaByteString
Just [1,2] o Nothing < Just [3] ~ Just [1,2, 3]
EQolToGT ~ LT

mempty :: Maybe a  ~ Nothing

Nad mnozinou ¢isel existuje vic monoid{:
Sum 50Sum3 ~> Sum 8

Product 5 ¢ Product 3 ~» Product 15

(mempty :: Product Int) ~ Product 1 60



Kontejnerovitost

data Tree a = Nil | Branch (Tree a) a (Tree a)
map (+1) [1,2,3]  ~ [2,3,4]
map (+1) (Branch Nil 1 (Branch Nil 2 Nil)) --error

Co takhle pretizit map?
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Kontejnerovitost

data Tree a = Nil | Branch (Tree a) a (Tree a)
map (+1) [1,2,3] ~[2,3,4]
map (+1) (Branch Nil 1 (Branch Nil 2 Nil)) --error
Co takhle pretizit map?
class Functor f where fmap :: (a — b) — (fa — f b)
Pozor, f ma kind * — .
instance Functor Tree where
fmap _ Nil = Nil
fmap f (Branch l a r) = Branch (fmap f l) (f a) (fmap f r)
fmap (+1) [1,2,3]  ~ [2,3,4]
fmap (+1) (Branch Nil 1 (Branch Nil 2 Nil))  ~ Branch Nil 2 (Branch Nil 3 Nil)
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Kontejnerovitost

(($)) = fmap
(¥2) ($) [2,3,4] ~ [4,6,8]

(+1) - (+2) ($) Just 5~ Just 8

uncurry ged ($) Just (1024, 768)  ~ Just 256

fmap show ($) [Nothing, Just 3, Just 4]
~> [Nothing, Just "3", Just "4" ]
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Vorsicht

Funktor

| 2m Abstand ha!ten‘




Rozumné funktory

fmap id = id
fmap f - fmap g = fmap (f - g)



Funkce jako data

Funkce jsou kontejnery na vysledky.

instance Semigroup b = Semigroup (a — b) where
fog=Xa—faocoga

instance Monoid b = Monoid (a — b) where
mempty = A_ — mempty

(drop 3o take 3) [1,2,3,4,5] ~ [4,5,1,2,3]

(drop o take) 2 [1,2,3,4,5] ~[3,4,5,1,2]

Podobné:

instance Functor ((—) p) where
fmap = ()

fmap :: (a — b) — ((p — a) — (p — b))

(show ($) (*3)) :: Int — String

(show ($) (%3)) 3~ "9" 63



Funkce jako data

instance Num b = Num (a — b) where

(f+g)x =fx+gx

(Fxg)x =fx*xgx

negate f x = negate (f x)

frominteger n x = frominteger n

signum f x = signum (f x)

abs f x = abs (f x)
(sin™2 + cos™2) 4.64234  ~ 1.0
(sih+1)1 ~ 1.8414709848078965
(sin+1) ~1.0000000000000002
(negate negate) 5 ~ 5
37 ~ 3

() (=) 75 ~ 24 64



Funkce vs. kontejnery

($) (a@a—b)—( a— b)
map :: (a —b) — ([a] = [b])
fmap:: (a—b)— (fa —fb)
_  =zf(a—b)— (fa—fb)

Co kdyz je plvodni funkce taky v kontejneru?
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Funkce vs. kontejnery

Napf.:
let a = getProgram ::d — r
b = getData :: d
inab

Kdyz ziskavani programu nebo dat mize selhat, pouzijeme Maybe:

let a = getProgram :: Maybe (d — r)
b = getData :: Maybe d
ina‘ap'b
where ap (Just [) (Just r) = Just (I r)
ap _ _ = Nothing
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Koncept aplikace “obalené” funkce je zachyceny ve tfidé Applicative:

class Functor f = Applicative f where
pure::a — fa
((x)):f(a—b)—>Ffa—1fb

Just show  (x) Just 3 ~> Just "3"
(pure show (x) pure 3) :: Maybe String  ~ Just "3"
Nothing  (x) Just 3 ~> Nothing
Just show  (x) Nothing ~> Nothing
Just gcd (%) Just 1024 (x) Just 768  ~ Just 256
(pure show (x) pure 3) :: [String] ~ ["3"]
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Instance Applicative

instance  sémantika

Maybe  selhavani

Either [ selhavani s chybou typu [

[ mnoziny vysledkd vypoctu
(—)p  vypocet s globalnim parametrem
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Priklady Applicative

Just (,) (x) Just 3 (x) pure5 ~ Just (3,5)
(,) (%) pure 3 (x) Just 5  ~> Just (3,5)
((+) ($) pure 3 (x) pure 7) :: Either String Int
~ Right 10
(+) ($) Right 3 (x) pure 7
~> Right 10
(+) ($) pure 3 (x) Left "sorry error"
~> Left "sorry error"
[(+1), (+2), negate] (x) [2, 3, 4]
~ [3,4,5,4,5,6,—2, -3, —4]
rle =map ( (,) ($) head (x) length) - group

rle’ = map (liftA2 (,)  head  length) - group o



Rozumné aplikativni funktory

pureid (x)a =a
pure (a b) = pure a (x) pure b
a (x) pure b = pure ($b) (x) a

a (%) (b (x) ) = pure () () a () b (x) c



Applicative vs. monoid

Uzite¢na demonstrativni instance:

instance Monoid a = Applicative ((,) a) where
pure x = (mempty, x)
(U f) () (vix) = (uov,  fx)
("hello ",(4+17)) () ("world!",2003)
~> ("hello world!",2020)
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Funkce vs. kontejnery II.

($) = (a— b)—=(a— b)
fmap:: (a— b)— (fa—fb)
((x)) =f (a— b)— (fa—fb)
= (a=fb)—=(fa—fb)

Jde funkdi, jejiz vysledek je obaleny néjakou sémantikou (napr.: miize selhat, nebo moznych
vysledk mize byt vic), predélat na funkci, ktera tento obal spoji s iz existujicim obalem?

Podobny problém z jiné strany:

join::f(fa) —»fa

n



Spojovani Applicative

Priklad s Maybe: Néjaké funkce mizou selhat, potfebujeme z nich vyrobit jednu uniformné
selhavajici funkci.
lookup ::Eqa=a— [(a,b)] — Maybe b
lookup4 :: Eq a = a — [(a,a)] — Maybe a
lookup4 a | = case lookup a [ of
Nothing — Nothing
Just @’ — case lookup a’ [ of
Nothing — Nothing
Just a” — case lookup a” | of
Nothing — Nothing
Just a”" — lookup a” |

SW Engineering: Vytrhnéme kus opakujiciho se kodu!
n



andThen :: Maybe a — (a — Maybe b) — Maybe b
andThen Nothing _ = Nothing
andThen (Just a) f =fa

lookup4 a | = lookup a [ ‘andThen* \a —
lookup a [ ‘andThen* \a —
lookup a [ ‘andThen' Aa —
lookup a [

Trochu lepsi!
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andThen (na steroidech)

infixr 1 ‘andThen'

lookup4 a | = go a ‘andThen' go
‘andThen' go
‘andThen‘ go

where go a = lookup a |



Ukol: Robot za jednu ¢asovou jednotku mize jit do né&jakych (na pozici zavislych) smérd, tam mize
udélat néjaké (na pozice zavislé) akce, z toho je hromada novych moznosti kam muze dojit. Najdéte
je.
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directionsAt :: Location

— [Direction]

go :: Direction — Location — Location

actionsAt  :: Location
act :: Action — Location

— [Action]
— Location
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directionsAt :: Location — [Direction]

go :: Direction — Location — Location
actionsAt  :: Location — [Action]
act :: Action — Location ~ — Location

possibleResults :: Location — [Location]
possibleResults loc = concat $
map (Adir — let newloc = go dir loc
in map (Aaction — act action newloc)
(actionsAt newloc)

)

(directionsAt loc)

..hm.
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withTheseCases

withTheseCases :: [a] — (a — [b]) — [b]
withTheseCases a f = concat (map f a)

infixr 2 ‘withTheseCases'
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withTheseCases

withTheseCases :: [a] — (a — [b]) — [b]
withTheseCases a f = concat (map f a)

infixr 2 ‘withTheseCases'

possibleResults loc =
directionsAt loc ‘withTheseCases' \dir —
let newloc = go dir loc
in actionsAt newloc ‘withTheseCases' \action —
[act action newloc]

(posledni fadek vraci jednu moznost)
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Generické andThen

andThen :: Maybe a — (a — Maybe b) — Maybe b
withTheseCases :: [a] — (a — [b]) — [b]

77



Generické andThen

andThen :: Maybe a — (a — Maybe b) — Maybe b
withTheseCases :: [a] — (a — [b]) — [b]

($) (a— b)—( a— b)
fmap  :Functorf = (a— b)—(f a—f b)
((x)) :: Applicative f = f (a — b) — (f a—f b)
flip (>=)::Monadm = (a—mb)— (ma—mb)

Generické andThen a withCases se jmenuje (>>=), cte se “bind".
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Jméno: Aplikativni monoid (skoro).

class Applicative m = Monad m where
(>=):ma—(a—mb)—->mb
(>):ma—-mb—-mb
return::a — ma

(>) zahodi ‘vysledek’, zachova jen zmény v ‘obalu’.
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Monady alternativné

join :: Monad m = m (ma) - ma
V rozumnych pfipadech plati:
(a>=f)=join (f ($) a)
Pozn.: chovani joinu pro seznamy a Maybe:

joinL :: [[a]] — [a]

joinL = concat

joinMaybe :: Maybe (Maybe a) — Maybe a
joinMaybe (Just x) = x

joinMaybe _ = Nothing
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NO! PLEASE, STOP!
THEY'RE STILL CHILDREN




Rozumné monady

returna >=f="fa
a >= return = a

a>=(M—bx>=c)=(a>=b)>=c



Imperativni syntax

Protoze pouzivat >= a >> je otrava, Haskell ma imperativni do-syntax.

fn=doa«f
b«g
hab
hba

..se prepise na:

fn=Ff>=\a—
g>=)\b—
hab>
hba
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Imperativni syntax

lookup4 a | =
do a « lookup a [
a + lookup a |
a < lookup a |
a < lookup a |
return a

possibleResults loc =
do dir < directionsAt loc
let newloc = go dir loc
action < actionsAt newloc
return $ act action newloc
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List comprehension

Specialni syntaxe pro seznamy:

possibleResults loc =
[act action newloc | dir + directionsAt loc,
let newloc = go dir loc,
action < actionsAt newloc]

Jednodussi pouziti:
[(x,y) | x < [1..],y < [1..x],x 'mod'y = 0]

map’' fl=[fa|a+ ]
filter fl=[a|a <« [,fa]

(“podminky” se automaticky obali pomoci guard)
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Standardni definice Monad Maybe

instance Functor Maybe where
fmap f (Just x) = Just (f x)
fmap _ Nothing = Nothing

instance Applicative Maybe where
pure = Just
Just f (x) Just a = Just (f a)
_ (%) — = Nothing

instance Monad Maybe where
return = pure
Justa>=f="fa
—>= _ = Nothing
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Standardni definice Monad []

instance Functor [] where

fmap = map
instance Applicative [] where

pure x = [x]

fs (x) as = concatMap (flip map as) fs
instance Monad [] where

return = pure

as >=f = concatMap f as
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Extra priklad: DebuglLog

Zapisme si postup vypoctu do logu k hodnoté.
data Val a = Val a String deriving Show
liftVall op str (Val a logA) = Val (op a)
(str_H_ u(u _H_[OgA H n)n)

liftVal2 op str (Val a logA) (Val b logB) =

Val (a ‘op' b) $ concat [" (", logA, ") ", str," (", logB,")"]
instance (Num a, Show a) = Num (Val a) where

(+) = liftval2 (+) "+"

(-) = liftVal2 (=) "-"

(x) = liftVal2 (%) "x"

negate = liftVall negate "negate"

abs = liftVall abs "abs"

frominteger x = Val (frominteger x) (show x) 85



Extra priklad: DebuglLog

(1 + abs (2 * negate 3)) :: Val Int
~ Val 7" (1)+(abs((2)*(negate(3))))"

Cely vypocet ale vétsinou neni na jeden fadek...
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Extra priklad: DebuglLog

instance Functor Val where
fmap f (Val a log) = Val (f a) log
instance Applicative Val where
purea = Vala "?"
Val f logF (x) Val a logA =
Val (f a) $ concat [" (", logF,") (", logA,")"]
instance Monad Val where
return = pure
Val a logA >=f =
let Val b logB = f a
in Val b (logA + ";\n" + logB)
mkVal a = Val a (show a)

nameVal n (Val a log) = Val (Val an) $n 4+ "=" + log .



Extra priklad: DebuglLog

solve d’ b’ ¢ = do
let a = mkVal o’
b = mkVal b’
¢ =mkVal ¢
d < nameVal "D" $b"2 — 4 xaxc
(=b+sqrtd)/(2xa)

solve 5 3 (—10)

~ Val 1.145683229480096 "D=((3.0)*(3.0))-(((4)*(5.0))*(-10.0));
((negate(3.0))+(odmocnina(D)))/((2)*(5.0))"

(instanci pro Fractional a Floating nékdo doplnil)
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10 Flashback

putStrLn :: String — 10 ()

getline ::10O String

main :: 10 ()

main = do putStrLn "dej jmeno!"
Jjmeno < getline
putStrLn $

"no nazdar je tady " H-jmeno



Jak se vyrobi 10?

Myslenka: 10 akce musi pfece manipulovat s néjakym globalnim stavem! Viyrobime monadu, ktera
uklada stav, na ni pak pujde stavét dal.

Pozadavky:
s put::s —m()
s get::ms
+ tohle vrati True:
do put a

b « get
return$a =b
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Zména stavu bez vedlejsiho efektu

stav

@ imperativni Cista
funkce funkce
vysledek @ vysledek
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State

newtype State s a =
StateChangeWithResult (s — (s, q))

®\

S.CW.R.

o




Stavovy vypocet je kontejner!

instance Functor (State s) where

fmap g change = change

l

gx=a):b
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Stavovy vypocet je aplikativni!

instance Applicative (State s) where
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Stavovy vypocet je monada!

instance Monad (State s) where

x>=f=

93



Implementace State

newtype State s a = StateChange (s — (s,q))

instance Functor (State s) where
fmap func (StateChange f) =
StateChange (fmap func - f)

instance Applicative (State s) where
pure a = StateChange (As — (s,a))
StateChange f () StateChange v =
StateChange (As — let (s1,al) =fs
(s2,a2) = vsl
in (s2,al a2))
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Implementace State

instance Monad (State s) where
return = pure
StateChange f1 >=f2 =
StateChange (\s — let (s',a) =fl's
StateChange f3 = 2 a
in f35')
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Manipulace stavu

put ::s — State s ()

put ns = StateChange (A_ — (ns, ()))
get :: State s s

get = StateChange (\s — (s, s))

modify :: (s — s) — State s ()

modify f = StateChange (As — (f s,()))
execState (StateChange f) s = snd $f s
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Pouziti State

fact n = execState (factS n) 1

factS n
| n < 1=do result + get
return result
| otherwise = do modify (xn)
factS (n — 1)
getRand :: Int — State Int Int
getRand max =
do newSeed <+ (12345+) - (1103515245%) ($) get
put newSeed
return $ (newSeed ‘div' 65536) ‘mod’ max

(viz.man 3 rand)
97



PouZiti State jako Applicative

get2BoringRand :: Int — State Int (Int, Int)
get2BoringRand max = do

a < getRand max

b < getRand max

return (a, b)
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PouZiti State jako Applicative

get2BoringRand :: Int — State Int (Int, Int)
get2BoringRand max = do

a < getRand max

b < getRand max

return (a, b)

get2Rand max = pure (,) (x) getRand max (x) getRand max
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PouZiti State jako Applicative

get2BoringRand :: Int — State Int (Int, Int)
get2BoringRand max = do

a < getRand max

b < getRand max

return (a, b)

get2Rand max = pure (,) (x) getRand max (x) getRand max

get2Rand’ max = (, ) ($) getRand max (x) getRand max
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PouZiti State jako Applicative

getNRand max 0 = pure []
getNRand max n = (:) ($) getRand max
(%) getNRand max (n — 1)
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PouZiti State jako Applicative

getNRand max 0 = pure []
getNRand max n = (:) ($) getRand max
(%) getNRand max (n — 1)

getNRand’ max n = mapM (\_ — getRand max) [1..n]
getNRand” max n = traverse (const $ getRand max) [1..n]
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PouZiti State jako Applicative

getNRand max 0 = pure []
getNRand max n = (:) ($) getRand max
(%) getNRand max (n — 1)

getNRand’ max n = mapM (\_ — getRand max) [1..n]
getNRand” max n = traverse (const $ getRand max) [1..n]

getNRand” max n = replicateM n $ getRand max
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PouZiti State jako Applicative

getNRand max 0 = pure []
getNRand max n = (:) ($) getRand max
(%) getNRand max (n — 1)

getNRand’ max n = mapM (\_ — getRand max) [1..n]
getNRand” max n = traverse (const $ getRand max) [1..n]

getNRand” max n = replicateM n $ getRand max

getNRand"" = flip replicateM - getRand
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Pravdao 10

$ ghci
GHCi, version 8.2.2: http://www.haskell.org/ghc/
Prelude> :i IO
newtype I0 a
= GHC.Types.IO
(GHC.Prim.State# GHC.Prim.RealWorld
-> (# GHC.Prim.State# GHC.Prim.RealWorld, a #))
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Kolik paméti spotrebuje ulozeni RealWorld?



Kolik paméti spotrebuje ulozeni RealWorld?

Je to jen “token” typu Void.



A co ze je teda monada?



A co ze je teda monada?



Praxe s monadami: Parsovaci kombinatory



Jak funguje obycejny left-to-right rekurzivni parser?

+ postupné vytvafi parsovanou strukturu (lazy!)

+ pamatuije si misto, kde prestal parsovat (“zbytek”)

Idea parsovacich kombinatord:

newtype Parser r = Parser (State Pozice r)
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Vorsicht

Funktor

| 2m Abstand ha!ten‘




Parsec demo

Kam se chceme dostat:

parenthesized x = do char ’ (?
res < x
char *)’
return res
numberOrWordOrBoth = number (|) word (|) (number > word)

parseNum :: (Num a, Read a) = Parser a
parseNum = (read ($) many! parseDigit)
(|) do char *->
negate - read ($) many! parseDigit
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Alternative

Alternative obsahuije ‘prazdny’ prvek a operaci na slepovani vypocti (podobné jako Monoid
slepuje hodnoty).

Sémantika: Pokud mizZe vypocet dopadnout vice moznostmi, Alternative umozriuje specifikovat
dalsi moznosti. Pokud néktera vétev vypoctu selZe, pouzije se jina.

class Applicative f = Alternative f where
empty :: f a
())=fa—fa—fa

UZitecné instance: Maybe, [ ], Validation, Except, ..., Parser r
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Implementace jednoduchého parseru

newtype Parser a = Parser (State String (Maybe a))

instance Functor Parser where
fmap f (Parser s) = Parser $ fmap (fmap f) s

instance Applicative Parser where
pure a = Parser - pure - pure $ a
Parser [ (x) Parser r = Parser $ do
a<«|
case a of
Nothing — pure Nothing
Just f — fmap (fmap f) r
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Implementace jednoduchého parseru

instance Monad Parser where
return = pure
Parser | >=p =
Parser $do a + [
case a of
Nothing — return Nothing
Justa — let Parser r =p ainr
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Implementace jednoduchého parseru

instance Alternative Parser where
empty = Parser $ pure empty
Parser | (|) Parser r =
Parser $ do backup < get
[+
case [’ of
Nothing — put backup > r
a — return a
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parseFail = empty
parseGet = Parser $ Just ($) get
parseSet s = Parser $ Just ($) put s

pEof = do s < parseGet
case s of
"t — return ()
_ — parsefail

doParse (Parser p) = runState p
doParseEof p = fst - doParse (p >= A\r — pEof >> return r)
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pAny = do s « parseGet
case s of
(c:cs) — parseSet cs > return ¢
_ — parsefail

pCharCond f = pAny >= X\c — if f c then return ¢
else parsefail

pOneOf cs = pCharCond (€ cs)
pAnyExcept cs = pCharCond $ — - (€ cs)
pChar ¢ = pCharCond (= c)

pStr s = mapM pChar s
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pManyl p =do x «+ p
Xs < pMany p
return (x : xs)

pMany p = pMany! p (|) pure []
pBracketed [ r p = do [
res < p
r
return res

pDelim [ r = pBracketed (pStr [) (pStr r)
pBrackets = pDelim " [" "1"
pBraces = pDelim "{" "}"

pQuoted q = pDelim q q - pMany $ pAnyExcept q
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Sekvence s oddélovacem

infixr 4 (:)
a()b=()($)a(xb
pSepl sep p = p (:) (sep > pSepl sep p)

)
(1)
(:[]D ($) p --also: fmap pure p

pSep sep p = pSepl sep p (|) pure []
pCommaDelimited = pSep (pChar )
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Parser ]SONu!

data /SON = /SiInt Int

| JSStr String

| JSList [JSON]

| JSObj [(String, /SON)]
PISON = pjSint (|) pJSStr (|) p/SList (|) p/SObj
p/Sint = JSInt - (read :: String — Int)

($) pMany1 (pOneOf [°0° ..29°])

pJSStr = JSStr ($) (pQuoted "\"" (|) pQuoted "*")
p/SList = JSList ($) pBrackets (pCommaDelimited p/SON)

p/SObj = JSObj ($) pBraces (pCommaDelimited objltem)
where objitem = do JSStr key <+ p/SStr
pChar >
((,) key) ($) p/SON b



Jak na whitespace?

import Data.Char

whitespace = pMany $ pCharCond isSpace
lexeme = (whitespace>)
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Dostupné knihovny

Balicek parsec je plvodni implementace, obsahuje vétsinu zminénych kombinatord.

import Text.Parsec.String (Parser)

import Text.Parsec.Char

import Text.Parsec (try)

import Text.Parsec.Combinator (between, eof, many)

try se pouziva pro backtrackovani:

+ v nékterych pfipadech backtrackovat neni vhodné (napf. pfi zotaveni z chyb)

» zbytecné referencovani pozice neni Gplné Gsporné

try (char >a’) (|) char ’b’
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Dostupné knihovny

Megaparsec — novéjsi varianta Parsecu:
+ lepsi chybové hlasky (unexpected vs. expected, kumulované chyby)
+ rychlejsi zpracovani
+ hromada utilit
+ parsovani Stream(

Attoparsec — miniaturni varianta

« méné featur

» vic rychlosti diky specializaci na ByteStringy
(rychlost je porovnatelna s ru¢né optimalizovanymi parsery v C)
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Balicky a knihovny



Oddéleny preklad

Prekladat programy celé najednou je pomérné narocné

+ nécototrva
« spotrebuje to hodné paméti

« exploze slozitosti pfi optimalizaci

Tradicni feSeni: oddéleny preklad po modulech
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Jak importovat?

Import z modulu:

import Data.List

import qualified Data.List as L
import Data.List (nub)
import Data.List hiding (nub)

Modul:
module Data.List where

(jméno souboru a cesta k modulu si musi odpovidat)
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Balicky a cesty

GHC vnima koncept balikd, tyto je mozné libovolné pridavat do balikdi dostupnych pfi kompilaci.
Nastroj ghc-pkg:

« list,find-module module,describe pkg
+ expose pkg,hide pkg

* register filename,unregister pkg,update filename
za filename se dosadi cesta ke konfigura¢nimu souboru sestaveného baliku.

Je mozné mit nékolik databazi baliki (napf. systémovou a lokalni uzivatelskou).
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cabal je systém na jednoduché vytvareni, sestavovani, distribuci a instalaci balickd a jejich

zavislosti.

Idea:

+ Z kazdého samostatnéjsiho kusu software udélame balicek!
+ dostane jméno
« popiseme zavislosti
+ Pouzijeme cabal na vyrobu baliku!
« sestaveni
+ rozumna instalace a registrace pro ghc
+ Balicek pékné zabalime a posleme ostatnim!
+ Hackage the haskell package database
» Stahneme, sestavime a nainstalujeme si i balicky ostatnich!

+ cabalem z Hackage
19



balik.cabal

name: balik

version: 0.1.0.0

synopsis: Venkovsky Balik
license: AGPL-3

license-file: LICENSE

author: Jozef

maintainer: jozef@vesnice.madarsko
category: Web

build-type: Simple

extra-source-files: Changelog.md

cabal-version: >=1.10

executable balik 120

main-is: Main.hs



balik.cabal

executable balik
main-is: Main.hs
build-depends:
base >=4.9,
aeson,
scotty,
SHA,
network,

utf8-string
hs-source-dirs: src

A



cabal crash-course

Stahneme databazi dostupnych balikd:
cabal update

Néco nainstalujeme a zaregistrujeme to do aktualné dostupného ghc:

cabal install acme-schoenfinkel
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cabal crash-course

Stahneme databazi dostupnych balikd:
cabal update

Néco nainstalujeme a zaregistrujeme to do aktualné dostupného ghc:
cabal install acme-schoenfinkel

cabal info acme-schoenfinkel

cabal list
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cabal crash-course

Oddélené prostredi se obcas hodi:

cabal sandbox init
cabal exec
cabal repl
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cabal crash-course

Co kdyz chceme cabal pouzit k vyrobé nového baliku?

cd balik
cabal init ..vyplnénim interaktivniho formulare vznikne balik.cabal

Instalace zavislosti:
cabal install --only-dependencies

Sestaveni:
cabal build
Spusténi:
cabal run

Instalace do aktualniho prostredi:

cabal install
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cabal crash-course

Vyrobeni HTML/TeX dokumentace:
cabal haddock

Vysazeni pékné barevného kodu pro publikaci:

cabal hscolour

Historie: Reseni nékterych odpornych zavislostnich stromdi:

cabal new-build, cabal new-install, cabal new-run,..
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cabal crash-course

Publikovani baliku:

cabal check..kontrola na bézné potize

cabal sdist..vyrobeni .tar.gz baliku na manualni distribuci
cabal upload ..upload na Hackage
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Jak se nestydét za publikovany balik?

cabal install hlint
cabal install hindent

cabal check



stack je zamrazovac zavislosti pro Haskell.
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stack je zamrazZovac zavislosti pro Haskell.
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Hlavni vyhody stacku:
« vlastni hackage (Stackage)

+ baliky a zavislosti jsou pravidelné testované na kompatibilitu
« vétsinou to castecné pomaha
» v pfipadé désivych setupi se da usetfit dost casu
Pravidla:

« Cabal balik: 0-1 knihoven, O-N program(
+ popsanovbalik.cabal
» Stack projekt: O-N cabalich balikd
« projekt a celé zmraZené prostedi popsano v stack . yaml
« metainformace baliku (tj. obsah generovanych cabalovych souborl) v package . yaml
« soubory . cabal stack generuje automaticky a nejde je ménit
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Cizi balik:

+ cd balik..adresaf obsahuje stack.yaml
+ stack setup
+ stack build..vétsinou stahne spravné GHC apod.

+ stack exec nazevprogramu
Vlastni balik:

+ stack new nazevbaliku new-template
+ stack test..spustitesty

+ stack repl ..spustighci ve zamrazeném prostiedi
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Obecna rada: Pokud stack chcete pouzit pro sviij dalsi projekt, nejspis délate néco Spatné.

Pro¢ stack nepouzivat:

« dostatecny, standardnéjsi a spolehlivéjsi nastroj na sestavovani balickl je cabal
+ stack plytva zdroji

+ stack trepi ekosystém

+ vysledek je sice ‘prenositelny’, ale Spatné udrzovatelny

» zpisob instalace stacku je podivny
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Kdy stack asi budete muset pouzit?

« program ma 9701734347576 zavislosti a pfi zméné libovolné se rozbije

« program je kriticka soucast néjaké infrastruktury, jejiz admin nechape balicky
+ programator neumi nebo nechape UNIX

« programator nema cas nebo neumi udélat validni balicek

+ velitel rozhodl

+ cilovy operacni systém je podmérecny

« skocili jste casem do doby pred vznikem cabal new-build
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Tour de Prelude




Nez zacneme s cimkoliv vétsim, hodi se mit prehled o bézné pouzivanych konstrukcich a knihovnich
funkcich:

* Prelude

+ System.I0

* Control.Monad
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Prelude je ‘zaklad’ defaultné importovany do vsech moduld.

Obsahuje:

« standardni typy, typové tfidy, souvisejici funkce a operatory
» zakladni véci pro praci s monadami
» zakladni 10
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Vybér ze Prelude — 10

getLine, getContents :: 10 String
getChar :: 10 Char
readFile :: FilePath — 10 String

putChar :: Char — 10 ()
putStr, putStrLn :: String — 10 ()
writeFile, appendFile :: FilePath — String — 10 ()

readLn :: Read a = 10 a
print :: Show a = a — 10 ()

interact :: (String — String) — 10 ()
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Vybér ze Prelude — seznamy

head, last :: [a] — a

tail, init :: [a] — [a]

(+#) :: [a] = [a] — [q]

(M [a] = Int — a

elem :: [a] — a — Bool

length :: [a] — Int

take, drop :: Int — [a] — [a]

takeWhile, dropWhile :: (a — Bool) — [a] — [a]
lines, words :: String — [String]

unlines, unwords :: [String] — String
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Vybér ze Prelude — seznamy

map :: (a — b) — [a] — [b]

filter :: (a — Bool) — [a] — [a]

foldl:: (a - x —»a) »a— [x] > a
foldr:: (x —a—a) »a—[x] > a
scanl:: (a — x — a) —» a — [x] — [a]
scanr :: (x - a —a) —a— [x] — [q]
lookup :: Eg a = a — [(a,b)] — Maybe b
reverse :: [a] — [a]

replicate :: Int — a — [a]

repeat :: a — [a]

cycle :: [a] — [a]

iterate :: (a — a) — a — [d]
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Vybér ze Prelude — seznamy

import Data.List

intersperse :: a — [a] — [a] --vloZi prvek mezi prvky seznamu
intercalate :: [a] — [[a]] — [a] --vloZi seznam mezi seznamy
nub ::Eqa = [a] — [a] --"unique"bez Ord

sort :: Ord a = [a] — [a] -- optimalizovany mergesort
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Vybér ze Prelude — seznamy

nubBy :: (a — a — Bool) — [a] — [a]
sortOn :: Ord b = (a — b) — [a] — [a]
sortBy :: (a — a — Ordering) — [a] — [a]
groupBy :: (a — a — Bool) — [a] — [[a]]

Razeni od konce:

sortOn reverse ["foo", "bar", "baz", "oni"| ~~ ["oni","foo", "bar", "baz"]
Hezké rozdéleni slov ve vété:

groupBy ((=) ‘on' isLetter) "Hello, Haskell!"

["Hello“, n , n7 “Haskell", " u]

sortBy (comparing length  compare) ["bb", "aaaa", "bbbb", "aa"]

Y [naan’ "bb”, ||aaaan7 "bbbb"] o



Vybér ze Prelude — funkce

import Data.Function

const::a — b — a --uzitecny stavebni blok

fix :: (a - a) — a --nekonecna sebeaplikace

(&) ::a— (a—b) — b --"shell pipe"
on:(b—-b—c)—(a—b)—va—a—c

import Data.Functor

((&)) Functor f :: fa — (a — b) — f b --"actual shell pipe"

Typické pouziti on:
(+)‘on'fyxy=Ffx+fy
sortBySecond = sortBy (compare ‘on’ snd)

...porovnejte s liftA2
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Vybér z Prelude — chyby

l:a

error :: [Char] — a

fail :: MonadFail m = String — m a
ioError :: IOError — 10 a

userError :: String — IOError

fail je pozlstatek z plvodni definice monad, v nékterych piipadech se chova rozumné (napf. fail v
Maybe je Nothing). ioError je pékny fail pro IO.

error je jako L s chybovou hlaskou navic.
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Vyjimky

Chytani systémovych vyjimek:

import System.lO.Error

catchlOError :: 10 a — (IOError — 10 a) — 10 a
trylOError :: 10 a — 10 (Either IOError a)

Generictéjsi:

import Control.Exception

throw :: Exception e = e — a
catch :: Exceptione = 10 a — (e -+ 10 a) — 10 a
try :: Exception e = 10 a — IO (Either e a)

141



Generické vyjimky

import Control.Monad.Catch

class Monad m = MonadThrow m where
throwM :: Exception e = e — ma

class MonadThrow m = MonadCatch m where
catch :: Exceptione = ma — (e ->ma) > ma

Instance by mély spliovat:

+ throwM e > f = throwM e
« catch (throwMe) f =fe
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Bracket pattern

Bracket zachycuje sémantiku vyrobeni a odstranéni zdroje:

bracket ::10a — (a - 10b) — (a —10c) — 10 c
bracket_::10a —-10b —10c— 10 c

Typicky: bracket openThefFile closeTheFile processTheFile
Podobné:

bracketOnError :: 10 a — (a -+ 10 b) — (a - 10c) - 10 ¢

finally ::10a —10b — 10 a
onException ::10a — 10 b — 10 a
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Chyby vs. vyjimky

N.B. Existuje sémanticky rozdil mezi chybou (selhanim programu) a vyjimkou (situaci, kterou
programator ocekaval, ale rozhod| se ji rozumné oetfit podobné jako selhani).

Pravdépodobnost Druh problému Implementace

Nerealisticka Chyba vyskyt odvoditelny z dokumentace
Zanedbatelna Chyba L, error + dokumentace

Nizka, externi pivod ~ Vyjimka error, IOError

Nizka, interni plivod ~ Vyjimka Exception, MonadFail, MonadCatch

Ocekavatelna
Bézna

Data s vyjimkou
Standardni pribéh programu

MonadFail, MonadCatch, Alternative
Alternative, Either, Maybe, bool
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V Haskellu se soubory drzi za Handle.

import System.IO

openfile :: FilePath — IOMode — 10 Handle
hClose :: Handle — 10 ()
withFile :: FilePath — IOMode — (Handle — 10 r) — IO r

Ostatni IO funkce maji varianty s Handle:

hFileSize, hIsEOF, hFlush, hSeek, hTell, hReady, hGetChar, hGetContents, hGetLine, hPutChar,
hPutStr, hPutStrLn, hPrint, ...
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import Control.Monad
mapM :: (Monad m, Traversable t) = (a - mb) —ta — m (t b)
mapM_ :: (Monad m, Foldable t) = (a - mb) — ta — m ()

sequence :: (Monad m, Traversable t) = t (m a) — m (t a)
forever :: Applicative f = fa — f b

Bonusy:

+ podobné: zipWithM, replicateM, foldM, sequence_

» forM a forM_ je otoceny mapM

+ when a unless misto if

« Na dost véci stadi aplikativni interface — pokud je to mozné, pouzivejte traverse a traverse_.
« Narozdil od jinych jazykd, /O je normalni monada a kombinatory na ni funguji taky.

146



Kontejnery




+ Foldable & Traversable
+ Maybe, Either, List

« Tree

+ Sequence

« Array & Vector

+ Graph

« Set, Map

+ IntSet, IntMap
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Data.Foldable

class Foldable (t :: x — x) where
Data.Foldable.fold :: Monoid m =t m — m
foldMap :: Monoid m = (a - m) - ta — m
foldr,foldr’ :: (a =+ b —b) b —ta—b
foldl, foldl' :: (b - a —b) b —ta—b
foldr1, foldll :: (a -a —a) > ta—a
Data.Foldable.toList :: t a — [a]
null :: t a — Bool
length ::t a — Int
elem:: Eqa = a — ta — Bool
maximum, minimum :: Ord a = ta — a
sum, product :: Numa = ta — a

Utils: and, or, all, any, foldIM, foldrM 148



Data.Foldable

Pouzivejte bud foldl’ nebo foldr!

foldl obcas (casto) spotrebuje prekvapivé hodné paméti.



Vorsicht

Funktor

| 2m Abstand ha!ten‘




Data.Traversable

class (Functor t, Foldable t) = Traversable t where
traverse :: Applicative f = (a — f b) — ta — f (t b)
sequenceA :: Applicative f =t (fa) — f (t a)
mapM :: Monad m = (a - mb) —ta — m (tb)
sequence :: Monad m =t (ma) — m (t a)

Podobné: traverse_, sequence_, mapM_, forM, mapAccumL, mapAccumR
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Data.Maybe

maybe b — (a—b) — Maybea — b
fromMaybe ::a — Maybe a — a

fromjust ~ ::Maybea — a

isjust :: Maybe a — Bool

isNothing  :: Maybe a — Bool
listToMaybe :: [a] — Maybe a

maybeToList :: Maybe a — [a]

mapMaybe :: (a — Maybe b) — [a] — [b]
catMaybes :: [Maybe a] — [a]
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either (a—c)— (b—c)— Eitherab —c
fromLeft ::a — Eitherab — a

fromRight ::b — Eitherab — b

isLeft :: Either a b — Bool

isRight :: Either a b — Bool

lefts . [Either a b] — [a]

rights :: [Either a b] — [b]

partitionEithers :: [Either a b] — ([a], [b])
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cycle ::[a] — [a]

repeat a — [a]

replicate ::Int — a — [a]
intersperse ::a — [a] — [a]
intercalate :: [a] — [[a]] — [a]

group Eqa=[a] — [[a]]

nub :Eqa=[a] — [a]

inits :[a] — [[a]]

tails :[a] = [[a]]

sort ::0rd a = [a] — [q]

sortBy :: (@ — a — Ordering) — [a] — [a]
sortOn  ::0rdb = (a — b) — [a] — [a]
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data Tree a = Node {rootLabel :: a, subForest :: Forest a }
type Forest a = [Tree a|

drawTree :: Tree String — String
drawForest :: Forest String — String

levels 2 Tree a — [[a]]
flatten 2 Treea — [a]
foldTree ::(a — [b] — b) — Treea — b

unfoldTree :: (b — (a,[b])) — b — Tree a

153



Data.Sequence

Sekvence je lepsi seznam:

+ indexovaniv O(logn)
« pfistup k obéma konciim
« vétsina ne-globalnich operaci amortizované mezi O(1) az O(log n)

Operace navic:
({|) ::a— Seqa — Seqa --pfidavani prvku na konec
(I)) ::Seqa — a— Seqa
data Viewl a = EmptyL | a :< (Seq a)
viewl :: Seq a — ViewL a
viewr :: Seq a — ViewR a

()() ::Seqa — Seqa — Seqa --O(logn) concat
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Arraye maji indexy:

class Ord a = Ix a where

range  :(a,a) — [a]

index (a,a) - a—Int
inRange ::(a,a) — a — Bool
rangeSize :: (a,a) — Int

Typ arraye: Array idx a

Pristup do arraye podle indexu je O(1). Implementace je vestavéna v GHC, modelovana jako
funkce s omezenou kontinualni celociselnou doménou.
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array  :Ixi= (i,i) — [(i,e)] = Arrayie
listArray :: Ix i = (i,i) — [e] — Array i e
assocs ::Ixi= Arrayie — [(i,e)]

bounds :: Array i e — (i,i)

elems Array ie — [e]

O clxi=Arrayie—i—e

(//) ulxi=Armayie—[(i,e)] — Arrayie

ixmap ::(Ixj,Ixi)=
(i,i) = (i—j) — Array je — Array i e
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Data.Vector

Vektory jsou arraye obalené trochu lepsim API. Viyhledani prvku podle indexu je O(1), index je Int,
a indexy zacinaji od nuly.

Operace podobné jako u arrayi:

length :: Vector a — Int
M :: Vectora — Int — a
) :: Vector a — Int — Maybe a

unsafelndex :: Vector a — Int — a  -- rychlejsi varianty s UB!
unsafeHead :: Vector a — a
unsafelast :: Vector a — a

imap 2 (Int = a — b) — Vector a — Vector b

/) :: Vector a — [(Int,a)] — Vector a

update :: Vector a — Vector (Int,a) — Vector a
update_ :: Vector a — Vector Int — Vector a — Vector a
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Data.Vector.Mutable

Obcas se hodi do pole smét nahodné chaoticky zapisovat. U immutable vektord je ale vyména
jednoho prvku O(n).

MVector s a si uchovava implicitni stav v monadé s (napr. 0, ST), zapis do vektoru je v O(1).

new :: PrimMonad m = Int — m (MVector (PrimState m) a)
{-unsafeNew neinicializuje pamét! :) -}
clone :: PrimMonad m =
MVector (PrimState m) a — m (MVector (PrimState m) a)

read :: PrimMonad m =

MVector (PrimState m) a — Int — m a
write :: PimMonad m =

MVector (PrimState m) a — Int — a — m ()
modify :: PimMonad m =

MVector (PrimState m) a — (a — a) — Int — m ()
swap :: PrimMonad m =

MVector (PrimState m) a — Int — Int — m () 158



import Control.Monad
import qualified Data.Vector.Mutable as V

bublsort mv = sequence_
[do [left, right] < traverse (V.read mv) [i,i + 1]
when (left > right) $ V.swap mv i (i + 1)
| letn =V.engthmv, _ <+ [0..n—1],i < [0..n—2]]
demoVector = do v <— V.new 5 :: V.IOVector Int
zipWithM (V.write v) [0..] [5,3,2,5,1]
return v
printV v = forM_[0..V.length v — 1] $ (>>=print) - V.read v

main = do v < demoVector
bublsort v
printV v
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Data.Graph

type Vertex = Int

type Edge = (Vertex, Vertex)
type Bounds = (Vertex, Vertex)
type Table a = Array Vertex a

buildG :: Bounds — [Edge] — Graph
vertices :: Graph — [Vertex|
edges :: Graph — [Edge]

indegree  :: Graph — Table Int
outdegree :: Graph — Table Int

path :: Graph — Vertex — Vertex — Bool
reachable :: Graph — Vertex — [Vertex]|
components :: Graph — Forest Vertex
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Data.Graph

graphFromEdges :: Ord key = [(node, key, [key])] —
(Graph,
Vertex — (node, key, [key]),
key —  Maybe Vertex)

graphFromEdges’  -- nevraci mapu klict

transposeG :: Graph — Graph

topSort  :: Graph — [Vertex] --topologické usporadani

dfs :: Graph — [Vertex| — Forest Vertex -- zakofenéné kostry
dff :: Graph — Forest Vertex -- tosamé pro viechny kofeny
scc :: Graph — Forest Vertex -- souvislé komponenty

bcc :: Graph — Forest [Vertex] --2-souvislé komponenty
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Mnoziny a mapy

Standardni stromovité kontejnery: Map, IntMap, Set, IntSet

+ Int-varianty jsou optimalizovanéjsi
« Jsou dostupné i Lazy varianty (vétsinou je vhodnéjsi pouzit Strict)

+ Bé&Zna metoda importu s kvalifikatorem zamezuje kolizi jmen:

import qualified Data.Map.Strict as M
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Data.Set, Data.Map

M.fromList :: Ord k =
S.fromList :: Ord a =
M.assocs

M.elems

S.elems

[(k,a)] = M.Map k a
[a] — S.Set a
MMap k a — [(k,a)]
M.Map k a — [a]
S.Set a — [a]

S.insert, S.delete :: Ord a = a — S.Set a — S.Set a

M.insert  :: Ord k =
M.delete :: Ord k =
M.adjust :: Ord k =
(M. ::Ord k =
(M.1?) :O0rd k =

k—a — M.Map ka — M.Map k a
k — M.Map ka — M.Map k a
(a—a) —k—MMapka— MMap k a
MMapka — k —a

M.Map k a — k — Maybe a

S.union, S.difference, S.intersection

2 0rda=

S.Seta — S.Set a — S.Set a 163



Mnoziny a mapy (bonusy)

V baliku unordered-containers je navic HashSet a HashMap

NB.: Hashovani v kontejnerech je téméF vzdy granat do vlastnich bot; v pfipadé funkcionalniho programovani to plati
exponencialné vic. Pokud jste zvladli DS 2, PDS a Viyvoj vysoce vykonného SW a jesté porad si myslite, ze to je dobry

napad, mUzete je pouzit.

Implementace:

class Hashable a where
hashWithSalt :: Int — a — Int

member :: (Eq a,Hashable a) = a — HashSet a — Bool
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Prekvapeni

Set neni funktor!



Funkcionalni datové struktury

V jazycich bez mutovatelnych hodnot tradicni datové struktury nefunguji Gplné dobre!

Typicky priklad: zapis jednoho prvku do vektoru musi zkopirovat cely blok dat (co kdyby pGvodni
vektor jesté nekdo potreboval).

Nékteré struktury funguiji pro néktera pouZziti castecné dobre:

« Zapis do hlavy/kofene v seznamu/stromé: O(1)

+ Obecné: zapis v hloubce h prepise O(h) dat.
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Funkcionalni datové struktury

Funkcionalni datové struktury minimalizuiji h.

« velké bloky dat snizuji h ale zvysuiji konstantni overhead
+ h je zdola omezené velikosti bloki a po¢tem ulozenych prvka
n, = O(B")

BéZné optimalizované struktury vyuzivaji napr.:

» specializované casti struktur

» optimistické predpoklady o pouZivani struktury
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Funkcionalni fronta

Chceme potencialné nekonecnou FIFO frontu s O(1) enqueue a dequeue.

Problémy:

+ obousmérny seznam vimmutable datech nejde vyrobit.

+ zména jednosmérného seznamu na konci stoji O(n) alokaci
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Funkcionalni fronta

Reseni: oddélime polovinu fronty na ¢teni a polovinu fronty na zapis.

data FQueue a = FQueue {fqReadEnd :: [a], fqWriteEnd :: [a] }
fqEnqueue a q = q { fqWriteEnd = a : fgWriteEnd q }
fqRefill (FQueue [] x) = FQueue (reverse x) ||
fqRefill g = q
fqDequeue q = case fqRefill q of
r@(FQueue [] ) = Nothing
FQueue (r : rs) w = Just (r, FQueue rs w)
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Funkcionalni fronta

Enqueue je viditelné O(1).

Dequeue je amortizované O(1). Pro kazdy prlichozi prvek probéhnou operace:
+ pfipojeni na zacatek seznamu
« reverse (konstantni cena za prvek)

+ odpojeni ze zacatku seznamu
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Zipper Tree

Zipper je genericka konstrukce jak z normalni datové struktury udélat vhodnou pro funkcionalni

programovani. Princip si ukazeme na stromech.

« Normalni stromy jsou reprezentované odkazem na koren, hloubka vsech operaci se méfi
seshora.

« Zipper tree jsou reprezentované odkazem na libovolny prvek, ze kterého jdou ukazatele jak
nahoru (aZ do kofene) tak dolu (aZ do listd).
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Patef je nutné specializovat.

m



data BTree a = BNode (BTree a) a (BTree a) | Nil
data ZSpine a = RootR a (BTree a)
| RootL (BTree a) a
| SpineR (ZSpine a) a (BTree a)
| Spinel (BTree a) a (ZSpine a)
data ZBTree a = Root (BTree a) | NonRoot (BTree a) (ZSpine a)
zUp, zLeft, zRight :: ZBTree a — ZBTree a

Implementace jde odvodit z plivodni struktury mechanicky pomoci derivace na termech. Koncept je
aplikovatelny na jakoukoliv strukturu.

QGerard Huet, “Functional Pearl: The Zipper.” Journal of Functional Programming 7 (5), pp.
549-554 (1997).
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Standardni implementace operace find by vystoupala ke kofeni a pouzila hledani z BVS.

Usporna implementace se pfi stoupani miize zastavit dfive:

+ hledany prvek ma klic x
+ aktualni uzel je

+ u = NonRoot (BNode st a _) (SpineL _ b _) nebo
+ u = NonRoot (BNode Ist a _) (RootL _b)

. platib < x < a

+ uzelsx existuje <= uzel je v podstromu Ist

(plati i symetricky obracené, s mirnou Gpravou i pro intervaly)
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b<x<a
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Je to rychlé?

3 Root
3.000 [ Cursor

2,000

nllh

CH ct Haskell

Time (ms)

Fig. 6. 2-3 Tree insertion performance

QSefl, Vit. “Performance Analysis of Zippers.” In Declarative Programming and Knowledge Management, pp.
215-229. Springer, Cham, 2019. https://arxiv.org/pdf/1908.10926.pdf

Bonus: Alokace a GC-shrabani paméti v nursery ve standardni implementaci GHC RTS je oproti
mallocu vyrazné rychlejsi.

Pozor: To ani zdaleka neplati univerzalné pro vechny GC.
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®Ralf Hinze and Ross Paterson, “Finger trees: a simple general-purpose data structure” Journal of
Functional Programming 16:2 (2006), pp. 197-217.

Konstrukce: Zipper z ‘obou stran’ — strom je rozdéleny podle podstromti od kraje, umoznuje rychly
pristup ke krajnim prvkim a rychlé spojovani/rozpojovani.
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Finger tree (myslenka)




2-3 Finger tree (Hinze&Paterson, 2006)

data FingerTree a = Empty

| Single a

| Deep (Digit a) (FingerTree (Node a)) (Digit a)
data Digita = Onea | Twoaa | Threeaaa |Fouraaaa
data Node a = Node2 a a | Node3 a a a
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Sekvence (Data.Sequence)

Pozadavky: rychly pfistup k obéma konciim, log-n nalezeni k-tého prvku.
Implementace: 2-3 finger tree oznackovany velikosti podstromd.

Tradeoff: Sekvence nem(izou byt nekonecné (narozdil od seznaml).
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Kompilujeme Haskell




Priibéh kompilace

1. Parsovani

Typecheck

Desugaring (pfevod do jazyka Core)
Optimalizace (“simplifier”)

Pfevod do STG, optimalizace

Prevod do Cmm nebo LLVM, optimalizace
sestaveni

linkovani s RTS

® N o U~ W N
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Simon Peyton Jones & Simon Marlow




Jak typecheckovat funkcionalni kod?

Rozdil oproti C-like: postupovani ‘po sméru vypoctu’ nam toho moc nefekne.

+ literaly mGzou mit libovolné typy, defaultovat a “kdyztak pozdéji kovertovat” nelze
« obcas je potfeba odhadnout typ parametru funkce (auto-parametry v C++)

« v rekurzivnich pfipadech dopfedné odvozovani selze

Popiseme si Hindley-Milnerlv systém a jeho rozsifeni o typové tridy.
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Lambda kalkulus

(c) Alonzo Church 1930
V ::=alb|c| - - - [Xoo
A ==VIAA[(AV.A)

Kupodivu:

+ Systém je T-Gplny

+ Diky jednoduchosti je to skvély model pro “lidské” programovaci jazyky.
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Lambda kalkulus neumi hodnoty?

#haskell

20:30 < Ariakenom> lambda calculus has both
functions and values,
because functions

are values



Alonzo Church




I = (M\xx),K = (Axyx),K' = (\xy.y),
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I = (Axx),K = (Mxyx),K' = (Axy.y),
T=K,F=K'if = (\btf.btf) = |
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I = (Axx),K = (Mxyx),K' = (Axy.y),
T=K,F=K'if = (\btf.btf) = |

0 = (Mx.x) = F, 1= (Mx.fx) = 1,2 = (Mx.f(fx)),n = (Mx.f"x),
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I = (Axx),K = (Mxyx),K' = (Axy.y),
T=K,F=K'if = (\btf.btf) = |

0 = (Mx.x) = F, 1= (Mx.fx) = 1,2 = (Mx.f(fx)),n = (Mx.f"x),
add = (\abfx.af(bfx)), mul = (Aabf.a(bf)), exp = (Aab.ba)
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I = (Axx),K = (Mxyx),K' = (Axy.y),
T=K,F=K'if = (\btf.btf) = |

0 = (Mx.x) = F, 1= (Mx.fx) = 1,2 = (Mx.f(fx)),n = (Mx.f"x),
add = (\abfx.af(bfx)), mul = (Aabf.a(bf)), exp = (Aab.ba)

27 = (An.n(KF)T), incr = add 1 = (Abfx.f(bfx)) = (Abfx.bf(fx))
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I = (Axx),K = (Mxyx),K' = (Axy.y),
T=K,F=K'if = (\btf.btf) = |

0 = (Mx.x) = F, 1= (Mx.fx) = 1,2 = (Mx.f(fx)),n = (Mx.f"x),
add = (\abfx.af(bfx)), mul = (Aabf.a(bf)), exp = (Aab.ba)

2? = (An.n(KF)T),incr = add 1 = (\bfx.f(bfx)) = (Abfx.bf(fx))
pair = (Arx.xlr), left = (\x.xT), right = (\x.xF)
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I = (Axx),K = (Mxyx),K' = (Axy.y),
T=K,F=K'if = (\btf.btf) = |

0 = (Mx.x) = F, 1= (Mx.fx) = 1,2 = (Mx.f(fx)),n = (Mx.f"x),
add = (\abfx.af(bfx)), mul = (Aabf.a(bf)), exp = (Aab.ba)

2? = (An.n(KF)T),incr = add 1 = (\bfx.f(bfx)) = (Abfx.bf(fx))
pair = (Arx.xlr), left = (\x.xT), right = (\x.xF)

decr = (An.right(n incr2 (pair 0 0))),
incr2 = (\p.pair (incr (left p)) (if (22 (left p)) O (incr (rightp))))
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I = (Axx),K = (Mxyx),K' = (Axy.y),
T=K,F=K'if = (\btf.btf) = |

0 = (Mx.x) = F, 1= (Mx.fx) = 1,2 = (Mx.f(fx)),n = (Mx.f"x),
add = (\abfx.af(bfx)), mul = (Aabf.a(bf)), exp = (Aab.ba)

2? = (An.n(KF)T), incr = add 1 = (\bfx.f(bfx)) = (A\bfx.bf(fx))

pair = (Arx.xlr), left = (\x.xT), right = (\x.xF)

decr = (An.right(n incr2 (pair 0 0))),

incr2 = (\p.pair (incr (left p)) (if (22 (left p)) O (incr (rightp))))

Rekurze bez moznosti pouzit vlastni definici:

facF = (Mn.if(Z? n) 1 (mul n (f(decrn))))

fac = Y facF, Y = (Mf.(Ax.F(xx))(Ax.f(xx))), 00 = (Mx.Yx) =Y 183



Véta o pevném bodé pro \-kalkulus

(VF)(3X) X = F(X)

Dk.:



Véta o pevném bodé pro \-kalkulus

(VF)(3X) X = F(X)

Dk.:
Pomiicka: Y = (\f.(Ax.f(xx))(Mx.f(xx)))



Véta o pevném bodé pro \-kalkulus

(VF)(3X) X = F(X)

Dk.:

Pomiicka: Y = (\f.(Ax.f(xx))(Mx.f(xx)))
X =YF, YF=F(YF). ¥



Véta o pevném bodé pro \-kalkulus

(VF)(3X) X = F(X)

Dk.:

Pomiicka: Y = (\f.(Ax.f(xx))(Mx.f(xx)))
X =YF, YF=F(YF). ¥

Pozorovani: YF = F(YF) = F(F(YF)) = F>(YF).



Fixed point combinator

Y se tradicné jmenuje ‘fixed point combinator’ kvili podobnosti s analytickymi vétami o pevném
bodé:

+ Analyza: najdu x tak, Ze po spocitani (zachovavajicim ekvivalenci) z f(x) vyjde x, tudiz
x = f(x).
+ A najdu X tak, Ze po spocitani (zachovavajicim ekvivalenci) vyjde F(X), tudiz X = F(X).

Teorie vycislitelnosti fixpointu fika ‘while cyklus’

« F°°(X) mlze cyklit donekonecna

+ podminka v F mize cyklus kdykoliv zastavit

D. U.: Na faktorial pfece neni potfeba ani while-cyklus, ani dekrementace! Vyrobte fac bez decra Y!
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Fixpoint v Haskellu

let fix f = f (fix f)
Cviceni (k vysvétleni vysledku):

s fix (Mi—i:f(i+1))1
. fix (1:)
« fix show

« fix (scanl (+) 0 (1:))
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Jak se nezacyklit

Pokud jde \-term viibec dostat do normalni formy, urcité se do ni jde dostat pomoci
vyhodnocovani nejlevéjsiho redexu.

o (Axxx) (Ax.xx)
o K ((Axxx) (Axxx))(Ax.x)

Tomu se fika lazy vyhodnocovani.
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Bonus: Kombinatorovy kalkulus

Uzavienym term0m se fika kombinatory. (F, K, S, I, ...)
Véta (SKI kalkulus): Kazdy A-term lze vyjadfit jako vyraz slozeny pouze z aplikaci kombinatord
S = Mxyz.xz(yz)
K = A\xy.x
Napt.:
I = SKK
K' = SK
F = S(K(SI))K -flip
Y = S(K(SI)(S(S(KS)K)(K(SIT)))
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Bonus: Point-free

Trochu podobné se kazdy Haskellovy term (bez specialni syntaxe) da zbavit abstrakci, vysledkem je
tzv. point-free forma.

Konverze jednoduchych vyrazl podle vyskytu abstrahované proménné:

X — X id
AX — a const a
AX — ax a

A — a (bx) a-b

A — (ax)b flipab
M — (ax)(bx) a(x)b
M — Ay —a rekurzivné

voave

pripadl a vyfesit rekurzivné. 188



STLC

Jde néjak staticky zjistit, co dany \-term déla?
Néapad: zkusime odvodit typ a uvidime.
Jazyk typ:

Vr z=a|Bly] - 7o
T:=ViT—>T

Tradicni zapis: T =M : 7

Napi:Hl:7—=7 FK:a—f8—a Fn:(c 50)—>0—0
Fif:(a—wa—a)va—a—a {x:a—=py:albxy:p
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Mechanickeé odvozeni typi v STLC

x:Tel
Mex:71

(Var)

N-M:m—p ITEN:m
Fr=MN:p

(App)

Fru{v:m}-M:p
M= (AvM): (7 — p)

(Abs)

Pravidla se obcas nazyvaji postupné Axiom, —-eliminace a —-zavedeni.

190



STLC

Slaba normalizace:

(VM e A) M:7 — MmaNF

Nevyhoda: vétsina uzite¢ného programovani typ v STLC nema, ale “shodou okolnosti” ma normalni
formu. (typicky: Y)
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STLC

Slaba normalizace:

(VM e N) M:7 — MmaNF.

Nevyhoda: vétsina uzite¢ného programovani typ v STLC nema, ale “shodou okolnosti” ma normalni
formu. (typicky: Y)

Existuji typoveé systémy se silnou normalizaci (tj. kde pravé vsechny zastavujici programy maji typ),
problém odvozeni typu v nich ale neni rozhodnutelny. Napf. A+’

Souvisejici: rozdil mezi PRF, ORF a CRF, viz. vycislitelnost.
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Girard (1972) a nezavisle Reynolds (1974) z riznych divodu zavedli polymorfni typovani.

T = Vy|T — TWr.T

Extra pravidla:

FrN-M:o adél
r=M: (Va.o)

(Generalizace)

r'=M: (Ya.o)
MEM:ola:=1]

(Specializace)
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Jean-Yves Girard & John C. Reynolds




Vyhody:

+ | : Va.a — a, jde poutzit vickrat
s (Mxx) : (VB.(Va.a) — B)

Nevyhody:

o (Mxxx) : (VB.(Va.a) = (B — B))
o (Mxx) @ (Vo) = (Voua)

« nerozhodnutelna inference

Pouziti generalizace je pfilis nedeterministické. Zkusme to rozumné.
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Hindley-Milnerdv systém

Zavedeme novou jazykovou konstrukci let v = d in e, jejimz vysledkem bude polymorfni v
pouzitelné v e.

Generalizaci v typech mlzeme omezit na “vrchni Groven”.

A :=V|AA|(AV.A)[let V = Ain A
M =V M - M (monotypy)
P :=M|VWVr. P (polymorfni typy)
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Odpovidajici Gprava STLC:
x:tel 7eM
Me=x:71

(Var)

x:Tel 7€P
I - x : instantiate(7)

(Var-Inst)

lr-a:7#m—p kb7
Fr~ab:p

(App)

Fru{v:nm}rke:p
= (Av.e): (7 — p)

(Abs)

N=d:7 TU{v:quantify(r)}-e:o
't (letv=dine): o

(Let'Gen) 195



Bézna implementace H-M

« Proménné zachycené v let prifadime nejobecnéjsi mozny typ.
+ Pokud nékde pouzijeme polymorfni proménnou, typ instancujeme na monomorfni typ
doplnénim cerstvych typovych proménnych za polymorfni.

Pr:let/ = (Ax.x)in/l

s (X)) a—

o | :Va.a — «

« Druhél: g — 8

* Prvnil:y — ~, posléze (5 — B) — (6 — B)
+ Celyvyraz: 5 — 8
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Bez instancovani neni polymorfismu!

idid::a — a
ale:
(M — x x) id

Occurs check: cannot construct the infinite type: t ~ t — t



Typové tiidy

Rozsifeni H-M pro podporu typovych tfid:

+ kvalifikované polymorfni typy
kvalifikace je efektivné mnozina tvrzeni o typovych proménnych (ve tvaru predikatt)
« kontroly typovych tfid pfi specializaci

vvvvvv

+ v rekurzivnim pfipadé to je nerozhodnutelny problém
« nékteré odvozené predikaty patfi kontextu

(typicky ve vnorenych definicich)
« nékteré typy dovoluji nejednoznacné chovani

f = show - read

R Mark P. Jones, “Typing Haskell In Haskell” http://web.cecs.pdx.edu/ mpj/thih/
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Rekurzivni polymorfismus

Typ vzajemné polymorfnich rekurzivnich definic neni mozné automaticky odvodit!

data Seq a = Nil | Cons a (Seq (a, a))
seqmap f Nil = Nil
seqgmap f (Cons x xs) =
Cons (f x) (segqmap (A(a,b) — (f a,f b)) xs)

Error: cannot construct the infinite type...

Oprava: typ pripiSeme rucné.

segmap :: (a — b) — Seq a — Seq b
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Defaulting

f = show - read
f :: String — String

..ale co se vlastné stane uvnitF?

Podobné:
main = print 5
Vypise se Int, Integer, Float, nebo néco jiného?
Defaulting: Kompilator v takovych pfipadech vyzkousi prednastavené defaultni typy.
Bézné napi: default (Integer, Double)
Defaulting jde pro modul vypnout: default ()
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Defaulting zevnitf

f x = show (read x)

read :: Read a = String — a

X :: String

(read x) :: Read a = a

show :: Show a = a — String

show (read x) :: (Read a, Show a) = String
f :: (Read a,Show a) = String — String

Nepouzita kvalifikovana proménna oznacuje néjakou nejednoznacnost (ambiguity).

Nejednoznacnosti se odstrani vyhledanim prvniho typu ze seznamu default, ktery vyhovyje véem
predikatlm (pfipadné chybou).
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Typovy systém Haskellu

Haskell navic obsahuje pomérné velké mnozstvi rozsifeni:

+ viceparametrové typové tridy
+ DataKinds, “dependent” types
« explicitni typovou rovnost

+ type families

+ linearni typy
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Core

Kod ktery prosel typecheckem se transformuje na Core.

data Expr b = Var b
| Lit  Literal
| App (Expr b) (Arg b)
| Lam b (Expr b)
| Let (Bind b) (Expr b)
| Case (Expr b) b Type [Alt b]
| Cast (Expr b) Coercion
| Tick (Tickish Id) (Expr b)
| Type Type
| Coercion Coercion

(CoreSyn.hs:255-266)
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Core

Vyhody:

+ na jednoduchy kod se jednoduse piSou transformace

- DCE
+ Inlining
+ Specializace

« jde typecheckovat (tj. ovéfovat spravnost transformaci)
Zajimavosti:

« z kvantifikace typl se stavaji parametry funkci

+ typové tfidy se do Core ani nedostanou (jsou predélané na slovnikové funkce)
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STG

Spineless Tagless Graph machine je VM pro vykonavani Haskellu.
VM obsahuije:

. registry
« stack
+ Haskell nema viditelny stack!
+ pouzivany na continuations
+ heap
- data
+ thunks
+ functions
+ continuations

Hodnoty na heapu jsou propojené pointery.
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STG a laziness

Data maji mnoho podob:

+ unboxed —P.O.D.
+ boxed, unlifted — maji ‘obal’ ktery misto nich mlze obsahovat thunk, ale nemlzou byt L.

+ boxed, lifted — maji ‘obal’ a navic miiZzou byt L (vyrobit vyjimku).
Zivot na STG:

+ funkce je pointer na kod s aritou a uzavérem
» pfidanim dostatku argument se funkce zméni na thunk

« forcovanim se thunk (obcas) zméni na data
Laziness je disledkem oddéleni aplikace funkci a vlastniho vypoctu.
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Trocha Setfeni

Aby se funkce zbytecné nepocitaly vickrat nez je potfeba, Haskell pro kazdy let-binding v kodu
vygeneruje pouze jeden thunk pfi kazdém vstupu do scope.

Kdyz néjaka cast programu thunk poprvé spocita, nahradi ho vysledkem, ten mlzou dal pouzivat i
ostatni casti programu.
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Trocha Setfeni

Aby se funkce zbytecné nepocitaly vickrat nez je potfeba, Haskell pro kazdy let-binding v kodu
vygeneruje pouze jeden thunk pfi kazdém vstupu do scope.

Kdyz néjaka cast programu thunk poprvé spocita, nahradi ho vysledkem, ten mlzou dal pouzivat i
ostatni casti programu.
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Trocha Setfeni

Aby se funkce zbytecné nepocitaly vickrat nez je potfeba, Haskell pro kazdy let-binding v kodu
vygeneruje pouze jeden thunk pfi kazdém vstupu do scope.

Kdyz néjaka cast programu thunk poprvé spocita, nahradi ho vysledkem, ten mézou dal pouzivat i
ostatni casti programu.
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Trocha Setfeni

Aby se funkce zbytecné nepocitaly vickrat nez je potfeba, Haskell pro kazdy let-binding v kodu
vygeneruje pouze jeden thunk pfi kazdém vstupu do scope.

Kdyz néjaka cast programu thunk poprvé spocita, nahradi ho vysledkem, ten mlzou dal pouzivat i
ostatni casti programu.

Vysledek:

+ Let-binding bez parametri se vzdycky vypocita jen jednou
« Funguje fibs = 0 : 1 : zipWith (+) fibs (tail fibs)

+ monomorphism restriction
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Odstranéni implicitniho scope: Lifting

Asembler, STG ani Cmm nemaiji scope. Lifting je jednoducha transformace, ktera scope doplni:
solutionsa b c =map (/(2+a)) [-b + sD,—b — sD]
where sD = sqrt (b«xb — 4 xa *c)
Doplnéni argument:
solutionsabc=map (/(2+a))[-b+sDabc,—b—sDabc]
wheresDabc=sqrt (bxb—4xaxc)
Lift:
sDabc=sqrt (bxb—4xasxc)
solutionsa b c=map (/(2+a)) [-b+sDabc,—b—sDabc]
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Odstranéni piimé rekurze a stacku

Konverze na Continuation-Passing-Style:

sD a b c cont = cont (sqrt (b xb — 4 xax*c))
solutions a b ¢ cont =

sDabc$ \dl —

map (/(2xa)) [-b + dI, —b — d1] cont

(sqrt a ostatni ciselné operace povazujeme za primitivni)

Continuation je viceméné jen pointer na kod.
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Low-level

« STG se (uz pomérné jednoduse) prevede na Cmm

+ Cmm je C's garbage collectorem, ale bez slozitych typt a porfadnych pointer(
+ Cmm jde skompilovat podobné jako C na modul . o
+ Vysledek se slinkuje s RTS, ktery doplni:

* main

+ Cmm rutiny pro GC (alokaci apod.)

+ Cmm rutiny pro 10

« implementaci spodnich vrstev GHC.Prim
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Low-level: moduly

Modularizace funguje obdobné jako u C/C++:

+ .hs odpovida zdrojovému kédu . c a . cpp
+ .hi odpovida vygenerovanym hlavickovym souborim

+ .o odpovida Cékovému . o, jde predélat na . so nebo . a (pfipadné .d11a .1ib)a
standardné linkovat

Typicky problém: Zmény v . hi (i $patné) se mohou propagovat do jinych . hi. (Tradicni feseni:

cabal nuke)
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Bonus: pouziti STLC

flip = (Mxy.(fy)x), flip:_

pAll



Bonus: pouziti STLC

flip = (Mxy.(fy)x), flip:n
Axiom  Odvozeni Substituce
- F(M\xy.(fy)x) :m -

pAll



Bonus: pouziti STLC

flip = (Mxy.(fy)x), flip:m — 73

Axiom  Odvozeni Substituce
- E(Mxy.(fy)x):m =
(Abs)  {f: 7} = (Oxy.(fy)x) : 73, (Mxy.(fy)x) : 12 — 73 =T — T3

pAll



Bonus: pouziti STLC

flip = (Mxy.(fy)x), flip:m — 74 — 75

Axiom  Odvozeni Substituce
- F(\xy.(fy)x):m -
(Abs)  {f: 1} F (Mxy.(fy)x) : 13, (Afxy.(fy)x) : 12 — 73 T =T — T3
(Abs)  {f:7,x:7a} b (Ay.(fy)x) : 75, {f : =} B (Mxy.(fy)x) : 74 — 75 T3=1T4 = Ts

pAll



Bonus: pouziti STLC

flip = (Mxy.(fy)x), flip:m — 174 > 176 = 77

Axiom  Odvozeni Substituce
- E(Mxy.(fy)x):m -
(Abs)  {f: 1} F (Mxy.(fy)x) : 13, (Afxy.(fy)x) : 12 — 73 T =T — T3
(Abs)  {f:m,x:ma} b (Ay.(fy)x) : 75, {f : =} B (\xy.(fy)x) : 74 — 75 T3 =T4 — Ts

(Abs) {f:mx:may 7l b (Y {fimx:ma} F Oy () e o7 =767

pAll



Bonus: pouziti STLC

flip = (Mxy.(fy)x), flip:m — 714 =76 = 79

Axiom  Odvozeni Substituce
- F(\xy.(fy)x):m =
(Abs)  {f: 1} F (Mxy.(fy)x) : 13, (Afxy.(fy)x) : 12 — 73 =T — T3
(Abs)  {f : 7, x 74} B (Ay.(fy)x) : 75, {f : 2} b (M\xy.(fy)x) : 74 — 75 T3 = T4 —> T
(AbS) {fZTz,XZT4,y17'(,}|—(fy)X:T7,{f:Tz,X:T4}}—(Ay.(fy)X) 1T —> T7 T5 = Te —> T7
(App) {f:7m,x:7Ta,y: 716} (fy) : 78 > o AX: T8 7 =Ty

pAll



Bonus: pouziti STLC

flip = (Mxy.(fy)x), flip:m — 178 = 76 = 79

Axiom

Odvozeni

Substituce

(Abs)
(Abs)
(Abs)
(App)
(Var)

E (Afxy.(fy)x) : 7
{f:ma} = oy (fy)x) = 73, B (Mxy.(fy)x) - 72— 73

{f:7m,x:
{f:m,x:
{f:7m,x:
{f:m,x:

a4t b Qy.(fy)x) o 75, {f : 2} E Oy (fy)x) : 74 — 75

T4y 16} B (fy)xm, {f o x i mab E Qy(fy)x) c 16 —
Ta, Y Tt (fy) i 78 > To AX 78

T4,y : T(,} Fx: T4

T =T — T3
T3 = T4 — T5
T5 = T —> T7
T7 = T9

T4 = Tg

pAll



Bonus: pouziti STLC

flip = (Mxy.(fy)x), flip:m — 178 = 76 = 79

Axiom  Odvozeni Substituce
- F(\xy.(fy)x):m -

(Abs)  {f: 1} F (Mxy.(fy)x) : 13, (Afxy.(fy)x) : 12 — 73 =T — T3
(Abs)  {f:m,x:ma} b (Ay.(fy)x) : 75, {f : =} B (\xy.(fy)x) : 74 — 75 T3=1T4 = Ts
(AbS) {fZTz,XZT4,y17'(,}|—(fy)X:T7,{f:Tz,X:T4}}—(Ay.(fy)X) 1T — T7 T5 = T —> T7
(App) {f:m,x: 74,y 76} E(fy):78 > T9AX: T8 T7 =To

(Var) {fZTz,XZT4,yZT(,}|—XZT4 T4 = T8

(App) {f:Tz.X:T4.yZT(,}*fﬁﬂo%m/\yiﬂo ™ = T8 — T9

pAll



Bonus: pouziti STLC

ﬂip = ()\fxy.(fy)x), ﬂip 1T — T8 — 710 —~ T9

Axiom

Odvozeni

Substituce

(Abs)
(Abs)
(Abs)
(App)
(Var)
(App)
(Var)

E (Afxy.(fy)x) : 7
2t B (Axy.(fy)x) - 13,5 (Mxy.(fy)x) : o — 73

{f:
{f:
{f:
{f:
{f:
{f:
{f:

T2,X .
T2, X .
T2,X .
T2, X
T2,X .
T2, X :

T4}t B (Ay.(fy)x) - 75, {f : .} B (xy.(fy)x) : 74 — 75

Ta,Y Tt B (fy)x : 17, {f 1, x 1} B (Ay(fy)x) i 76 — 77
T4,y et E(fy) :m8 > ToAX T8

TaY i Tet b X174

Ta, Y Tt EfiTo— mAYy:T0

T4y Tt by Te

T =T — T3
T3 = T4 — T5
T5 = T —> T7
T7 = T9
T4 = Tg
™= T8 — T9

Te — T10

pAll



Bonus: pouziti STLC

flip = (AMxy.(fy)x),

Odvozeni

Axiom

flip: (10 — 1) = 78 = 110 — To

Substituce

(Abs)
(Abs)
(Abs)
(App)
(Var)
(App)
(Var)
(Var)

E (Afxy.(fy)x) : 7
2t B (Axy.(fy)x) - 13,5 (Mxy.(fy)x) : o — 73
T4}t B (Ay.(fy)x) - 75, {f : .} B (xy.(fy)x) : 74 — 75

{f:
{f:
{f:
{f:
{f:
{f:
{f:
{f:

T2,X .
T2, X .
T2,X .
T2, X
T2,X .
T2, X :
T2,X .

T4,y
T4,y .
T4,y :
T4,y :
T4,y :
T4,y :

T(,} [ (fy)X : T7,{f 5 T7ged 5 T4} [ (/\y(fy)x) 1T —> T7
Tet b (fy) 78 = 79 AX: T8

T(,} X T4

TetbEf:im0o =AY To

T(,} l—y 1 Té6

7'6} Ff:Tz

=T, T3
T3 = T4 — T5
T5 = T —> T7

T7 = T9
T4 = T8
™ =1T8 —» T9
Te = TI0
T2 = TiI0 — Tl

pAll



Bonus: pouziti STLC

flip = (AMxy.(fy)x),

Odvozeni

Axiom

ﬂip . (7’10 — 78 — 79) — T8 —> T1I0 — 79

Substituce

(Abs)
(Abs)
(Abs)
(App)
(Var)
(App)
(Var)
(Var)

E (Afxy.(fy)x) : 7
2t B (Axy.(fy)x) - 13,5 (Mxy.(fy)x) : o — 73
T4}t B (Ay.(fy)x) - 75, {f : .} B (xy.(fy)x) : 74 — 75

{f:
{f:
{f:
{f:
{f:
{f:
{f:
{f:

T2,X .
T2, X .
T2,X .
T2, X
T2,X .
T2, X :
T2,X .

T4,y
T4,y .
T4,y :
T4,y :
T4,y :
T4,y :

T(,} [ (fy)X : T7,{f 5 T7ged 5 T4} [ (/\y(fy)x) 1T —> T7
Tet b (fy) 78 = 79 AX: T8

T(,} X T4

TetbEf:im0o =AY To

T(,} l—y 1 Té6

7'6} Ff:Tz

T =T — T3
T3 = T4 — T5
T5 = T —> T7
T7 = T9
T4 = Tg
™= T8 — T9
Te = Ti0
T2 = Ti0 —> T

pAll



Bonus: pouziti STLC

flip = (AMxy.(fy)x),

Odvozeni

Axiom

fip: (a—=B—7)—=F—a—xy

Substituce

(Abs)
(Abs)
(Abs)
(App)
(Var)
(App)
(Var)
(Var)

E (Afxy.(fy)x) : 7
2t B (Axy.(fy)x) - 13,5 (Mxy.(fy)x) : o — 73
T4}t B (Ay.(fy)x) - 75, {f : .} B (xy.(fy)x) : 74 — 75

{f:
{f:
{f:
{f:
{f:
{f:
{f:
{f:

T2,X .
T2, X .
T2,X .
T2, X
T2,X .
T2, X :
T2,X .

T4,y
T4,y .
T4,y :

T4,y

T4,y :

T4,y

T(,}l— (fy)X2T7,{f:Tz,XiT4} [ (Ay.(fy)X)ZTé — T7
Tet b (fy) 78 = 79 AX: T8

T(,}I—XZT4

‘Tt b fiTo = Ay TO

T(,}l—yiTé

‘Tt bFim

T =T — T3
T3 = T4 — T5
T5 = T —> T7
T7 = T9
T4 = Tg
™= T8 — T9
Te = Ti0
T2 = Ti0 —> T

pAll



Curry-Howardova korespondence




Co vlastné znamena typ néjakého vyrazu?

» Tradicni jazyky: Format dat (zhruba)

« Funkcionalni programovani: jaky format ma — ?

212



Motivacni ikol: Napiste funkci f, kteramatyp f :: a — b.
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Motivacni ikol: Napiste funkci f, kteramatyp f :: a — b.

1. Dostanu a, zahodim ho, OK.
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Motivacni ikol: Napiste funkci f, kteramatyp f :: a — b.

1. Dostanu a, zahodim ho, OK.

2. Vyrobim néjaké b?

213



Motivacni ikol: Napiste funkci f, kteramatyp f :: a — b.

1. Dostanu a, zahodim ho, OK.
2. Vyrobim néjaké b?
(M — 1) :a — Integer #a — b

f::a— bznamenaf :: Va.Vb.a — b. Program timto slibuje, Ze bude umét vyrobit jakékoliv b.

213



Motivacni ikol: Napiste funkci f, kteramatyp f :: a — b.

1. Dostanu a, zahodim ho, OK.
2. Vyrobim néjaké b?
(M — 1) :a — Integer #a — b

f::a— bznamenaf :: Va.Vb.a — b. Program timto slibuje, Ze bude umét vyrobit jakékoliv b.

Haskell-style feseni:

(A= 1)up—a

213



Pouzitim a — b tvrdime, Ze z véci s typem a umime vyrobit véc s typem b.

214



Pouzitima — b tvrdime, Ze z véci s typem a umime vyrobit véc s typem b.

214



Typy jako tvrzeni

+ — si mUzZeme predstavit jako logickou implikaci
+ misto konjunkce a A b pouzijeme typ n-tice (a, b)
« misto disjunkce a \V b pouzijeme Either a b
Napf': viditelné neplati:
a— (a,b)
ale pokud nam nékdo navic da zpisob jak vyrabét b z a, mUze platit:

(a = b) = (a — (a,b))

215



Programy jako dikazy

Curry-Howard: Program s typem t existuje pravé, kdyz je tvrzeni
odpovidajici t dokazatelne v pfirozeneé logice.



Programy jako dikazy

(M — (x,L1)):a—(a,b)
(program obsahuje chybu, tvrzeni neni dokazané)
(M x — (x,fx)): (a = b) = (a — (a,b))

(tvrzeni je dokazané)
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Korespondence

Axiom logiky A-kalkulus

Zeslabeni FK:a—p—a

(¢ = (¥ = 9¢))

Substituce S = (Mxyz.xz(yz))
FS:(a—=pf—-7)—>(a—=8)sa—y

Modus ponens {A:ta— B,B:a}-AB: [
Fli(a—=p)—>a—p

Hledani dikazu Inhabitace typu

Extra korespondujici tvrzeni:

+ Kombinovanim axiom( lze sestrojit jakékoliv tvrzeni
+ Kombinovanim SKI |ze sestrojit jakykoliv program

e e . 217
(véetné Turingova stroje)



Korespondence

Axiom logiky A-kalkulus

Zeslabeni FK:a—p—a

(¢ = (¥ = 9¢))

Substituce S = (Myz.xz(yz))
FS:(a—=pf—-7)—>(a—=8)sa—y

Modus ponens {A:ta— B,B:a}-AB: [
Fli(a—=pB)>a—p0

Hledani dikazu Inhabitace typu

Extra korespondujici tvrzeni:

+ Kombinovanim axiom( lze sestrojit jakékoliv tvrzeni
+ Kombinovanim SKI |ze sestrojit jakykoliv program

e e . 217
(véetné Turingova stroje)



Chcidokazata A (bVc) = (aAb)V (aAc)
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Chcidokazata A (bVc) = (aAb)V (aAc)

p :: (a, Either b c¢) — Either (a,c) (a,b)

218



Chcidokazata A (bVc) = (aAb)V (aAc)

p :: (a, Either b c¢) — Either (a,c) (a,b)

p (a,e) = case e of Left b — Right (a,b)
Right ¢ — Left (a,c)

Vyhoda: prohledavani termd je algoritmicky pomérné jednoduché.

Hlavni implementace: Agda, Cog, HOL, Djinn
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Co s negaci?

Logika A-kalkulus
True 0

False Void

-a a — Void

Spornost teorie L
Void nejde vyrobit, miizeme ho jen ‘pfeposlat’ dal.

Pozor, v intuicionistické logice neplati ~——a = a!
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Co s negaci?

Logika A-kalkulus
True 0

False Void

—a a — Void

Spornost teorie L
Void nejde vyrobit, miizeme ho jen ‘pfeposlat’ dal.
Pozor, v intuicionistické logice neplati ~——a = a!
S trochou pfidané magie jde vyrobit:
throw :: a — Void

catch :: ((a — Void) — Void) — a

219



Co si z toho odnést?

« Funkce je dlikazem existence datové transformace

« Kéd funkce jde automaticky odvodit z typu
+ presnéjsityp == méné validnich implementaci

=—> méné chyb

« implementaci podle dostatecné presného typu mize zafidit pocitac (viz. Coq&Agda)
« obecnéjsi typ mlze byt restriktivngjsi

+ Je vhodné se podobné chovat i ke specifikacim dat

(data maji typ <= jsou validni)
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Co si z toho odnést?

« Funkce je dlikazem existence datové transformace

« Kéd funkce jde automaticky odvodit z typu
+ presnéjsityp == méné validnich implementaci

=—> méné chyb

« implementaci podle dostatecné presného typu mize zafidit pocitac (viz. Coq&Agda)
+ obecnéjsi typ mize byt restriktivnéjsi

+ Je vhodné se podobné chovat i ke specifikacim dat

(data maji typ <= jsou validni)

220



Tésné typy

Jak produkovat typové odolny kod:

2. pouzivat specifictéjsi datové typy (presnéjsi, ‘tésné’, ‘tight)
Generické funkce funguji na vic dat (etfi kod), jejich typ je ale ve skutecnosti restriktivnéjsi!

Specifictéjsi data vyrazné zjednodusuiji okolni program (je v ném mir ifd).

m



Tésné typy

Typické nepresné datové konstrukce:

+ null-member misto vice variant celého objektu
+ seznamy misto n-tic nebo zaznami
« XML

222



Tésné typy

Opacny problém: Kompilator CakeML ma (presné) typy pro vsech cca. 20 rlznych reprezentaci
mezikodu v pipeline.

+ Vyhoda: verifikovat ho je zabava na 10 minut

+ Nevyhoda: Neni rozumné psat skoro stejnou funkci pro 20 rlznych datovych typi
- Regeni:

223



Tésné typy

Opacny problém: Kompilator CakeML ma (presné) typy pro vsech cca. 20 rlznych reprezentaci
mezikodu v pipeline.

+ Vyhoda: verifikovat ho je zabava na 10 minut

+ Nevyhoda: Neni rozumné psat skoro stejnou funkci pro 20 rlznych datovych typi
« Reseni: feature-based typové tfidy poskytujici genericky pfistup ke specifickym vlastnostem.

« Napf. HasVars, Formattable, ...
« THIH:

« Type, Pred, Qual t, Scheme, Assump € Types
+ Type, [a], Pred, Qual t € Instantiate

« -XOverloadedRecords
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Optika, cocky a hranoly




OOP universe - galaxy (milky) - sun - earth - matfyz - rooms [S4] -
molecules [23] - atom [0] ~> "N"

Haskell (head - atoms - (1123) - molecules - (!!S4) - rooms - matfyz - earth - sun -
(!!'milky) - galaxies) universe ~ ~> "N"
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OOP universe - galaxy (milky) - sun - earth - matfyz - rooms [S4] -
molecules [23] - atom [0] ~> "N"
Haskell (head - atoms - (1123) - molecules - (!!S4) - rooms - matfyz - earth - sun -
(!!'milky) - galaxies) universe ~ ~> "N"
OOP universe - galaxy (milky) - sun - earth - matfyz - rooms [S4] -
molecules [23] - atom [1] = "Au"

Haskell ®

224



Vybirani podstruktur v OOP ve skutecnosti nevraci data, ale reference. Haskell jednoduché jazykové
reference nema. (/ORef apod. se nepocita)

Costim?
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Vybirani podstruktur v OOP ve skutecnosti nevraci data, ale reference. Haskell jednoduché jazykové
reference nema. (/ORef apod. se nepocita)

Co s tim? Software engineering! Reference nasimulujeme.
Co jde délat s referenci?

. get

. set

+ vyrobit z ni subreferenci

Jaka funkcionalni hodnota mize mit vSechny tyto vlastnosti najednou?

225



Co jde délat s referenci? (presnéji)
« vybrat hluboce zanorenou cast néjakého velkého objektu
+ zménit cast néjakého objektu

+ skombinovat ji s jinou (sub)referenci a dostat hlubsi referenci

226



Co jde délat s referenci? (presnéji)

« vybrat hluboce zanorenou cast néjakého velkého objektu
« zménit €ast néjakého objektu

+ skombinovat ji s jinou (sub)referenci a dostat hlubsi referenci

Prvni pokus:

data Ref big small = Ref
{view :: big — small
,over :: (small — small) — (big — big)

}
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data Ref big small = Ref
{view :: big — small, over :: (small — small) — (big — big) }

data Dva a = Dva a a deriving Show

x = Ref (\(Dva a _) — a) (M (Dva a b) — Dva (f a) b)
y = Ref (\(Dva _b) — b) (M (Dva a b) — Dva a (f b))
t=Dval?2

viewxt ~1
overy (+1)t ~Dval3

set x v = over x (const v)
setxb5t ~»Dvab?2
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(Ref v1 of) ‘sub’ (Ref v2 02) =
Ref (v2 - v1) (of - 02)
t = Dva (Dva 1 2) (Dva 3 4)
:tx'sub'y ~ Ref (Dva (Dva b)) b
view (x 'sub'y)t -~ 2
over (x 'sub'y) (x10) t ~ Dva (Dva 1 20) (Dva 3 4)

set r x = over r (const x)
set (x 'sub'y) 1234t ~> Dva (Dva 1 1234) (Dva 3 4)
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Zlepseni

« Vsichni jsou zvykli na tecku! Chceme x - y - x
+ Co takhle néco lepsiho nez tradicni OOP?

« Jak spravné udélat referenci na objekt, ktery nemusi byt k dispozici?
left :: Ref (Either a b) a?

« Nejde udélat referenci na vic objektd, podobné ve vektorovych jazycich?
ClampvRku:x [x <0] = 0;x [x > 1] = 1;

+ Co kdyz chceme zménit typ uvnitF velkého objektu?
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Zlepseni

« VSichni jsou zvykli na tecku! Chceme x - y - x
+ Co takhle néco lepsiho nez tradicni OOP?

« Jak spravné udélat referenci na objekt, ktery nemusi byt k dispozici?
left :: Ref (Either a b) a?

« Nejde udélat referenci na vic objektd, podobné ve vektorovych jazycich?
ClampvRku:x [x <0] = 0;x [x > 1] = 1;

+ Co kdyz chceme zménit typ uvnitF velkého objektu?

vvvvvv

Pozn.: Protoze Ref big small reprezentuje ‘zvétSeni’ operace na malém objektu, fika se ji Lens.
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Optika, pokus 2

Mame:
(Y:(b—c)—(a—b)—(a—rc)
Chceme:
(-):Lensxy — Lensy z — Lens x z
Lens tedy musi byt funkce:
typelensab=_— _
Zaroven vime:
set’ :(_— _)—= (b—b)— (a—a)
get' :(_— _)—=(b—b)— (a—b)
Z jakého (— — _) jde jednoduse udélat get i set?
230



Optika, pokus 2

Pokracujeme:

():(b—=c¢c)—=(a—b)— (a—rc)
(-)::Lensxy — Lensy z — Lens x z

Poradi parametr(i musi odpovidat
Lens big small = Neco small — Neco big

tj. cocka jako funkce konvertuje ‘Néco pracuijici s casti’ na 'Néco pracuijici s celkem’.
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Optika, pokus 2

Pokracujeme:

():(b—=c¢c)—=(a—b)— (a—rc)
(-)::Lensxy — Lensy z — Lens x z

Poradi parametr(i musi odpovidat

Lens big small = Neco small — Neco big
tj. cocka jako funkce konvertuje ‘Néco pracuijici s casti’ na 'Néco pracuijici s celkem’.
Takovou funkci potfebujeme pouzit v:

set’ :: (Neco small — Neco big) — (small — small) — (big — big)
get’ :: (Neco small — Neco big) — (small — small) — (big — small)
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Optika, pokus 2

Pokracujeme:

():(b—=c¢c)—=(a—b)— (a—rc)
(-)::Lensxy — Lensy z — Lens x z

Poradi parametr(i musi odpovidat

Lens big small = Neco small — Neco big
tj. cocka jako funkce konvertuje ‘Néco pracuijici s casti’ na 'Néco pracuijici s celkem’.
Takovou funkci potfebujeme pouzit v:

set’ :: (Neco small — Neco big) — (small — small) — (big — big)
get’ :: (Neco small — Neco big) — (small — small) — (big — small)

Neco big ocividné musi byt konvertovatelné na small i big!
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Optika, pokus 2

Za cenu drobného zkomplikovani interface mizeme dovnitf vrazit néjakou (parametrizovatelnou)
dekoraci:

type Neco a = a — Dekorace a

set’ :: ((small — Set small) — (big — Set big)) — (small — Set small) — (big — Set big)
get’ :: ((small — Get small) — (big — Get big)) — (small — Get small) — (big — Get big)

Uzivatel doda funkce pracujici s dekoraci, tu si nakonec sam odstrani.
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Optika, pokus 2

Za cenu drobného zkomplikovani interface mizeme dovnitf vrazit néjakou (parametrizovatelnou)
dekoraci:

type Neco a = a — Dekorace a

set’ :: ((small — Set small) — (big — Set big)) — (small — Set small) — (big — Set big)
get’ :: ((small — Get small) — (big — Get big)) — (small — Get small) — (big — Get big)

Uzivatel doda funkce pracujici s dekoraci, tu si nakonec sam odstrani. Potfebujeme, aby po
odstranéni dekorace platilo:

Set small ~» small

Set big ~ big

Get small ~» small

Get big ~> small 232



Optika, pokus 2

Za cenu drobného zkomplikovani interface mizeme dovnitf vrazit néjakou (parametrizovatelnou)
dekoraci:

type Neco a = a — Dekorace a

set’ :: ((small — Set small) — (big — Set big)) — (small — Set small) — (big — Set big)
get’ :: ((small — Get small) — (big — Get big)) — (small — Get small) — (big — Get big)

Uzivatel doda funkce pracujici s dekoraci, tu si nakonec sam odstrani. Potfebujeme, aby po
odstranéni dekorace platilo:

Set small ~> small id S ~S
Sethig  ~ big id B ~B
Get small ~ small constSS ~S

Get big ~> small constSB ~S 232



Vorsicht

Funktor

| 2m Abstand ha!ten‘




Optika, pokus 2

runldentity :: Identity small — small
runldentity :: Identity big — big

getConst :: (Const small) small — small
getConst :: (Const small) big — small

Dostavame:
set’ :: ((small — Identity small) — (big — Identity big)) — (small — Identity small) — (big — Identity big)
set’ = id
get’ :: ((small — Const small small) — (big — Const small big)) — (small — Const small small) — (big — Const small big)
get’ =id

over lens f = runldentity - lens (Identity - f)
view lens f = getConst - lens (Const - f)
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Co se zlepsilo?

Funktorova reference:

Naivni reference: Lens b s :: Vf.Functor f =

(s—Ffs)—b—fb
data Ref bs = {view:: b — s,

over::(s—s)—(b—b)}

Problémy: + Implementuije jedinou operacib — (5,5 — b)

« Co kdyz nékdo vymysli tFeti operaci? * Pipeline:b —s — fs — fb

+ Konkrétni operace se vybere pomoci dodaného

funktoru
+ Redundantni implementace ‘vybrani prvku’ ve Identity b = b, (Const s) b = s

view i over

« Co kdyz chceme referovat na vic prvki?

+ Dalsi operace jde implementovat libovolnym
dalsim funktorem
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Optika — implementace

Jak vypada implementace c¢ocky?

Lens big small :: Yf.Functor f = (small — f small) — big — f big

« dostane funkci, ktera malou ‘soucast’ né¢im obali

« ma vyrobit funkci, ktera umi tim samym obalit velky ‘celek’
+ moc typové validnich implementaci nemame:

1. celek dostaneme (jako parametr typu big)
. z celku vyfizneme ¢ast typu small
small si mGzeme nechat obalit na f small
z f small chceme udélat f big, ale umime jen small — big
kdyz je f funktor, mizeme to udélat pomoci fmap

v W

Lens jde takto trividlné vyrobit z getteru a setteru.
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Optika — implementace

Jak vypada implementace c¢ocky?

Lens big small :: Yf.Functor f = (small — f small) — big — f big

» dostane funkci, ktera malou ‘soucast’ nécim obali
« ma vyrobit funkci, ktera umi tim samym obalit velky ‘celek’
+ moc typové validnich implementaci nemame:
1. celek dostaneme (jako parametr typu big)
z celku vyfizneme cast typu small
. small si mGzeme nechat obalit na f small
z f small chceme udélat f big, ale umime jen small — big
kdyz je f funktor, miZeme to udélat pomoci fmap

va WS

Lens jde takto trividlné vyrobit z getteru a setteru.
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Optika — vysledek

Celkovy typ cocky (potiebuje -XRankNTypes):
type Lens a b = Vf.Functor f = (b — f b) — (a — f a)

Jak vypada funktorovy lens?
x::Lens (Dva a) a
x :: Functor f = (a — f a) — (Dva a — f (Dva a))

x wrap (Dva a b) = fmap (A’ — Dva a’ b) $ wrap a
y wrap (Dva a b) = fmap (\b’ — Dva a b’) $ wrap b

Genericky z getteru a setteru:

lens::(a —b) - (a—b—a)—Llensab
lens getter setter wrap a = fmap (setter a) $ wrap (getter a)
26



Optika vs. tecka

Typovy Gspéch:

() :: Functor f
= ((b —fb) — (a —fa))
— ((c—=fc)— (b—1fb))
— ((c—=fc)— (a—fa))

(-)::Lensab — Lensbc — Lensac

(a, b jsou v definici Lens prohozené!)
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Optika — implementace

Tradicné k dispozici:
set::lensab—b—a—a

set [ v = runldentity - [ (Identity - const v)

over:: lensab — (b - b) - a—a
over | f = runldentity - [ (Identity - f)

view::Llensab —a — b
view | = getConst - | Const
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Optika — pouziti

setx::b — Dvab — Dva b
over (x-y) (+1) :: Num b = Dva (Dva b) — Dva (Dva b)
view (x -y - x) :: Dva (Dva (Dva b)) — b

Pfijemny bonus: Lensy se skladaji v prirozenéjsim poradi

set (x - y) 10 (Dva (Dva 1 2) (Dva 3 4))
~ Dva (Dva 1 10) (Dva 3 4)
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Optika — pouziti

setx::b — Dvab — Dva b
over (x-y) (+1) :: Num b = Dva (Dva b) — Dva (Dva b)
view (x -y - x) :: Dva (Dva (Dva b)) — b

Pfijemny bonus: Lensy se skladaji v prirozenéjsim poradi

set (x - y) 10 (Dva (Dva 1 2) (Dva 3 4))
~ Dva (Dva 1 10) (Dva 3 4)

Plvodce: Twan van Laarhoven (2009)
@https ://www.twanvl.nl/blog/haskell/cps-functional-references
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Edward Kmett (import Control.Lens)

“newtype PlanT kiom a = PlanT {runPlanT ::¥Vr.(a - mr) — (0 > mr —mr) — (Vz.(z —

mr)—kiz—mr— mr)— mr— mr}isamonadlactually use.



Problémy:

« allitems :: Lens [a] _
« left :: Lens (Either a b) _
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Problémy:

« allltems :: Lens [a] _

« left :: Lens (Either a b) _

Konceptlim se fika Traversal a Prism.

vvvvvv

jednoduchého funktorového Lens ale plati.
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Problémy:

« allitems :: Lens [a] _
« left :: Lens (Either a b) _

Konceptlim se fika Traversal a Prism.

......

jednoduchého funktorového Lens ale plati.
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Traversal

Pokud chceme optiku aplikovat na vic véci, musi funktor podporovat moznost spojovat obaly.
Tradicnim feSenim je Applicative:

data Dva a = Dva a a deriving Show
oba ff (Dva a b) = Dva ($) ff a (x) ff b

Vysledky vypadaji zajimavé:
a = Dva (Dva 12) (Dva 3 4)

set oba 5 a ~ Dva 55
set (oba -x) 5 a ~> Dva (Dva 5 2) (Dva 5 4)
set (x -oba) 5 a ~> Dva (Dva 5 5) (Dva 3 4)

over (oba -y) (+10)a ~> Dva (Dva 1 12) (Dva 3 14)
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:t view oba



:t view oba
view oba :: Monoid c = Dva c — ¢

kde se tady vzal monoid?



view oba :: Monoid ¢ = Dva c — ¢
Divod je v definici aplikativni instance Const:
instance Monoid b = Applicative (Const b)
Pouziti:
view oba (Dva (Sum 1) (Sum 2))
~> Sum {getSum = 3}

view oba (Dva [1,2] [3,4])
~ [1,2,3,4]
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Traverzovani

Prekvapivé, traverse je traversal pro viechno traverzovatelné:

traverse :: (Applicative f, Traversable t) =
(a—fb)— (ta—f(th))

(typ je jen o trochu kosatéjsi, nez u Lens a b)
over (traverse - y) (+1) [Dva 1 2, Dva 3 4]
~ [Dva 1 3,Dva 3 5]
listOf | = getConst - [ (A\x — Const [x])

listOf oba $ Dva (Dva 1 2) (Dva 3 4)
~> [Dva 1 2,Dva 3 4]
listOf (oba -y) $Dva (Dva 12) (Dva 34) ~[2,4]
listOf (y - oba) $ Dva (Dva 12) (Dva 34) ~ [3,4]
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Traverzovani

SQL cviceni:

ident ffs=ff s --nicnedéla
ignored ff s = pure s -- zabrani zménam

filtered cond f s = if cond s then f s else pure s

over (oba - oba - filtered even) (‘div‘2) $ Dva (Dva 1 2) (Dva 3 4)
~> Dva (Dva 1 1) (Dva 3 2)
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Iso je cocka ménici reprezentaci (nazev podle izomorfismu).

asString :: (Show a, Read a) = Lens a String
asString ff a = fmap read $ ff (show a)

set (oba - asString - traverse - filtered (= >37)) ’5° $ Dva 103 430
~ Dva 105 450

(bez explicitniho typu asString nevi, ze ma vracet to samé a)

245



Prism je specialni pfipad Traversal, ktery matchne maximalné jednu hodnotu.

« view nemusi nevyzadovat monoidnost, staci preview s Maybe
(implementace pomoci funktoru First)

+ jde obratit (review, re)

Prakticka definice pro implementaci: Iso totalni jen v jednom sméru.
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preview _Right (Right 5) ~ Just 5
preview _Right (Left 5)  ~» Nothing
view (re _Right) 3~ Right 3

review _Right 3 ~> Right 3

preview (prefixed "tele") "teleskop" ~> Just "skop"
preview (prefixed "tele") "pomeranc" ~> Nothing
review (prefixed "tele") "graf" ~ "telegraf"
over (prefixed "tele") reverse "telegraf" -~ "telefarg"
over (prefixed "tele") reverse "mrkev" ~> "mrkev"

Intuice: Prism generalizuje datovy konstruktor a pattern match.
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Lens library

Optika je implementovana v Control.Lens.

Bonusy:

« TemplateHaskell
« Fajn operatory
Alternativni knihovny:
+ Lens.Micro (méné funkci, vyrazné mensi bloat)
+ Optics.Optic (jednodussi encoding, mirnéjsi typy, nespojuje se teckou)
+ Prolens (encoding v profunktorech, trochu ostrejsi typy, lepsi rychlost, zatim Zadny bloat a

prakticky Zadné funkce)
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HOW MANY LEVELS OF LENSES ARE YOU ON?




Lens library — TH

TemplateHaskellem je mozné automaticky vyrobit optiku pro ADT:

{-# LANGUAGE TemplateHaskell #-}
import Control.Lens
data Dva a = Dva {_x::a,_y :: a} deriving Show
makelenses *’ Dva

x :: Functor f = (a — fa) — Dva a — f (Dva a)
y :: Functor f = (a — f a) — Dva a — f (Dva a)

(podtrzitka jsou konvence)
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Lens library — TH

Kolize jmen se fesi pomoci typovych tfid:

{-# LANGUAGE TemplateHaskell #-}
{-# LANGUAGE FlexibleInstances #-}
{-# LANGUAGE FunctionalDependencies #-}

import Control.Lens
data Dva a = Dva {_dvaX ::a,_dvaY :: a}

makeFields  *’ Dva
data Three a = Three {_threeX :: a,_threeY :: a, _threeZ :: a}
makeFields >> Three

x :: (Functor f,HasX sa) = (a - fa) s —fs

(podtrzitka s nazvem konstruktoru jsou konvence)
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Nasleduje nahodna prehlidka uzitecnych lensovych konstrukci.



prefix infix State
view "~
set T =
over h h=
toListOf ..
preview -7

+7, -7, %7 4=, -= k=

Pomdicka: & je obraceny $.
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Operatory, pomiicky pro State

(0,1,0,1,0,1) & _1.77
& _2 %" (5%)
& _3.7(-1)
& _4.” "orange"
& 5+72
& _6x%"3

~ (7,5,—1, "orange", 2, 3)

runPhysics :: State SomeWorld ()
runPhysics dT =
zoom (gameObjects - actors) $
do Vec x y <+ use (player - speed)
player - position - x += dT x x
player - position -y +=dT xy
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MY INNOCENT
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import Data.Aeson.Lens
Prismy misto (osklivych) patternmatch:
"[1, \"x\"1" "?nth 0 - _Number

~> Just 1.0

“[1, \"x\"]" “?nth 1-_Number
~ Nothing

"[10.51" "7 nth O - _Integer
~> Just 10

n [{\IIX\Il:l’ \uy\||:2}’ {\IIX\IIZS, \uy\n:[]}]u
“.. values - members - _Integer
~[1,2,3]

n [{\"X\":l, \lly\ll:Q}, {\"X\":S, \Ily\ll:4}] n
"..values - key "x" - _Double
~ [1.0,3.0]
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Indexy, filtry, ...

Fajn pomcky:
import Control.Lens.Indexed

has (element 10) [1,2,3] ~ False
import Control.Lens.Combinators

is _Left (Right 5) ~ False
Indexované lensy obsahuji ‘skryty” index ktery jde pozdéji pouzit. hasn't _Left (Right 5) ~

[’a?..2z’] "..itraversed - filtered (€ "hello")
~ Ilehloll
[7a?..2z’] "..itraversed - filtered (€ "hello") - withindex
~ [(4,7),(7, 07, (11, °1°), (14, >0*)]
[?a?..2z’] "..itraversed - indices odd
~ "bdfhjlnprtvxz"

"Some random words" & worded
%" show - length
~ "4 6 5"
"AAAAARGGG!" & _tail - mapped
%" toLower

~ "Aaaaarggg!'"
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Transformujeme monady




Co kdyz chceme monadu, ktera umi:

« State (put, get, ...) alO (print)?
+ Parsec +10?
+ 10 +Either?

» State + 10 + seznamovy nedeterminismus? (a.k.a. prolog)

Software engineering: Naprogramujeme vsechny kombinace!
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Pfi vyrobé nové monady dostanu 2" novych kombinaci!



Lepsi napad

Nesly by existujici monady kombinovat néjak jednoduse?
Priklad 10 s moznosti selhat (Maybe + I0):

newtype MaybelO a =
MaybelO {runMaybelO :: 10 (Maybe a) }

instance Functor MaybelO where
fmap f (MaybelO m) = MaybelO $ fmap (fmap f) m
instance Applicative MaybelO where
pure = MaybelO - pure - Just
MaybelO a (x) MaybelO b = MaybelO $
a >= maybe (return Nothing)

(((3)b) - fmap)

NB.: aplikativni instance je mirné asymetricka. -



instance Monad MaybelO where
return = pure
MaybelO a >=f = MaybelO $
a = maybe (return Nothing)
(runMaybelO - f)
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MaybelO

Jak pouzit MaybelO?

runMaybelO :: MaybelO a — 10 (Maybe a)

Jak vyvolat 10 akci:

liftlO :: 10 a — MaybelO a
liftlO io = MaybelO (return ($) io)

Jak vyvolat Maybe ‘akci’:

failMIO :: MaybelO a
failMIO = MaybelO (return Nothing)
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io = liftlO
main = runMaybelO $ do
io $ putStrLn "daj cislo"
a < io (readLn :: 1O Float)
if a < 0 then failMIO
else io $ putStrLn "jde odmocnit!"
io - print $ sqrt a
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Transformer

Pozorovani: Nepouzili jsme nic specifického pro I0! Mizeme generalizovat pro viechny “obalené”
monady.
newtype MaybeT m a =
MaybeT {runMaybeT :: m (Maybe a) }
instance Functor m = Functor (MaybeT m) where
fmap f = MaybeT - fmap (fmap f) - runMaybeT
instance Monad m = Applicative (MaybeT m) where
pure = MaybeT - pure - Just
MaybeT a (x) MaybeT b = MaybeT $
a >= maybe (return Nothing)
((($)b) - fmap)
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Transformer

Pozorovani: Nepouzili jsme nic specifického pro I0! Mizeme generalizovat pro viechny “obalené”
monady.
newtype MaybeT m a =
MaybeT {runMaybeT :: m (Maybe a) }
instance Functor m = Functor (MaybeT m) where
fmap f = MaybeT - fmap (fmap f) - runMaybeT
instance Monad m = Applicative (MaybeT m) where
pure = MaybeT - pure - Just
MaybeT a (x) MaybeT b = MaybeT $
a >= maybe (return Nothing)
((($)b) - fmap)
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Transformer!

instance Monad m = Monad (MaybeT m) where
return = pure
MaybeT a >=f = MaybeT $
a >= maybe (return Nothing)
(runMaybeT - f)
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Genericky lift

class MonadTrans t where
lift :: Monad m=ma —-tma

instance MonadTrans MaybeT where
lift = MaybeT - fmap Just
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Prijemnéjsi operace

Pamatovat si o kolik Grovni niz je v monadovém stacku zastrcené 10: nuda.

class Monad m = MonadlO m where
liftlO :: 10 a — m a

instance MonadlO |0 where
liftl0 = id
instance (MonadlO m, MonadTrans t)
= MonadlO (t m) where
liftlO = lift - liftlO
(tato implementace je naivni a ilustrativni)

Zjednoduseni: putStrLn :: MonadlO m = String — m ()
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Jesté prijemnéjsi operace

Samozrejmé existuji StateT, ReaderT, EitherT, ...

Operace pro praci s monadou jsou typicky pretizené i pro transformované varianty, napf v knihovné
mtl:

class Monad m = MonadState s m | m — s where
get::ms
put::s —m()
state :: (s — (a,s)) - ma
class (Monoid w, Monad m)
= MonadWriter w m | m — w where
tell::w —m ()

class Monad m = MonadError e m | m — e where
throwError ::e — m a
catchError :ma — (e - ma) - ma
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Knihovni transformery a monady

Typické knihovny na monadové stacky jsou 2:

+ mt1 — starsi, postavena z viceparametrovych typovych tfid
+ transformers — novéjsi, jednodussi, bez generickych interfact

+ mt1-tf —generické interfacy nad transformers pomoci typovych rodin

Doporuceni (2021): mt1 pouzivejte jen z diivodli zpétné kompatibility
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Bézné transformery

+ Identity — nedéla nic, ale hodi se napf. na odstranovani specialnich pfipadu:
NejakaMonada = NejakaMonadaT Identity

+ MaybeT, EitherT (neni vhodné na chyby!)

» ExceptT (ErrorT je deprecated)

« StateT — stavovy vypocet

+ ReaderT — vypocet s globalnim prostredim, ask

« WriterT — vypocet konstruuje monoid, tell

« RWST — ReaderWriterStateT (pomérné typické kombo)

« ListT —funguije, ale ma trochu nevhodny systém selhavani
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Reader trivia

Instance Monad (Reader r) je prakticky ekvivalentni Monad ((—) r).

O jakémkoliv rozsifovani parametri se casto mluvi jako o Readeru.



Reader trivia

Instance Monad (Reader r) je prakticky ekvivalentni Monad ((—) r).
O jakémkoliv rozsifovani parametri se casto mluvi jako o Readeru.
Human-style: \x — (f x, g x)

Reader-style: liftA2 (,) f g



Uzitecné funktory

« Identity

+ Const ¢

« Compose f g — 2 (aplikativni) funktory v jednom
« Sum, Product

* Reverse — obraci folding a traverzovani

+ Backwards — obraci pofadi operaci u ((x))
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Jak na backtracking?

Moznost O: Alternative
(typicky pro parsery)

Moznost 1: MonadPlus

class (Alternative m, Monad m) = MonadPlus m where
mzero :: m a
mplus:ma —-ma—ma

mplus se diky pozadavku na monadicnost mize chovat podstatné slusnéji.
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Jak na backtracking?

Moznost 2: LogicT

class MonadPlus m = MonadLogic m where
msplit :: m a — m (Maybe (a,m a)) -- prvni vysledek
ifte:ma— (a—mb)—>mb—mb --softcut
once::ma— ma --hardcut
(>-):ma— (a—mb) —mb --férova konjunkce
interleave ::ma — ma — ma --disjunkce

Zbytek:

+ (>=) je prologova carka
« guard funguije jako pro seznamy

+ ‘mplus’ je prologovy strednik
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Continuation passing style je metoda programovani bez ‘vraceni” hodnot.

Normalni kod: f x = do {r < g x; return (2 xr); }
CPS-style kod: f x cont = g x (Ar — cont (2 xr))

Odpovidajici Cont a ContT jdou pouZit (mimo jiné) k vyraznému ovliviiovani control-flow.
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import Control.Monad
import Control.Monad.Trans.Class
import Control.Monad.Trans.Cont

getCC = callCC (return - fix)

main = flip runContT return $ do
lift $ putStrLn "nazdar!"
restart <— getCC
lift $ putStrLn "hadej cislo"
a <« lift (readLn :: 10 Int)
unless (a = 42) restart
lift $ putStrLn "konecne dobre!"
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Shrnuti

runSomeT :: Monad m =- SomeT xxx m a — m (yyy a)
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runSomeT :: Monad m =- SomeT xxx m a — m (yyy a)

lift :: (MonadTrans t, Monad m) = ma —tma
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Shrnuti

runSomeT :: Monad m =- SomeT xxx m a — m (yyy a)
lift :: (Monad m) = m a — SomeT xxx m a

liftSomeAction :: MonadSomeAction m = Some xxx a — m a
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Shrnuti

runSomeT :: Monad m =- SomeT xxx m a — m (yyy a)
lift :: (Monad m) = m a — SomeT xxx m a
liftlO :: MonadlO m = 10 a —- m a

instance (MonadSome m, MonadTrans t) = MonadSome (t m)



Shrnuti

runSomeT :: Monad m =- SomeT xxx m a — m (yyy a)
lift :: (Monad m) = m a — SomeT xxx m a
liftlO :: MonadlO m = 10 a —- m a
instance (MonadlO m, MonadTrans t) = MonadlO (t m)



Extra priklad

import Control.Monad.Trans.State
type CountingMonad a = StateT Int 10 a

doCountdown :: CountingMonad ()
doCountdown = do

i < get

if i > 0 then do put (i — 1)
liftlO $ print i
doCountdown

else return ()

main = evalStateT 10 doCountdown
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Extra priklad

import Control.Monad.Trans.State
type CountingMonad a = StateT Int 10 a

doCountdown :: CountingMonad ()
doCountdown = do

I+ get

if i > 0 then do put (i — 1)
liftlO $ print i
doCountdown

else return ()

main = evalStateT 10 doCountdown
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Extra priklad

import Control.Monad.Trans.State
type CountingMonad a = StateT Int 10 a
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i < get
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else return ()

main = evalStateT 10 doCountdown
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Extra priklad

import Control.Monad.Trans.State
type CountingMonad a = StateT Int 10 a

doCountdown :: CountingMonad ()
doCountdown = do

i < get

if i > 0 then do put (i — 1)
liftlO $ print i
doCountdown
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main = evalStateT 10 doCountdown
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Nebezpecenstvi: Na poradi transformeri zalezi!

StateT s (ParserT 10) a
vs.

ParserT (StateT s I10) a



Nebezpecenstvi: Na poradi transformeri zalezi!

StateT s (ParserT 10) a
vs.

ParserT (StateT s I10) a

Disledek: /OT nema Gplné dobry smysl.



Dodatek: MPTCs

classXabc|ab — cwhere

Funkcionalni dependence:

+ typy pred Sipkou jednoznacné urcuji typy za Sipkou
+ slouZi k odstranéni nejednoznacnosti

class MonadStatems |m — s
instance Monad m = MonadState (StateT s m) s

class KeyValueContainer ckv | c — kv
instance (Map Int String) Int String

class Convertible a b

instance Convertible Int Float 7



MPTCs vs. Prolog

Haskell:
data Z Prolog:
dataSa 1008
number (z) .
class Number a number (s(A)) :- number(A).

instance Number Z

instance Number a = Number (S a) Y (+A, -A1)
, succ(+A, -

succ(X, s(X)).
class Succab|a — b

instance Succ a (S a) % add(+X, +Y, -Z)
b Al 3 > T

add(z, X, X).

classAddabc|ab—c¢ add(s(X), Y, s(2)) :- add(X, Y, Z).

instance Add a b ¢ = Add (Sa) b (Sc)
instance Add Z b b

274



Dodatek: Type Families, associated types

class KeyValueContainer a where

class Monad m = MonadState m where type Key a
type StateType m type Value a
get :: m (StateType m) keys :: a — [Key a]
put :: StateType m — m () values :: a — [Value a]
instance Monad m = MonadState (StateT s m) where instance KeyValueContainer [(a,b)] where
type StateType (StateT sm) =s type Key [(a,b)] = a
get = lift get type Value [(a,b)] = b
put = lift - put keys = map fst

values = map snd
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Type Families vs. funkce

Typové rodiny jsou doslova funkce na typech.

ghci> :set -XTypeFamilies
ghci> data family X a
ghci> data instance X Int = String
ghci> data instance X Bool = Double
ghci> _ :: X Bool
<interactive>:13:1: error:

- Found hole: _ :: X Bool

- Valid hole fits include
Double :: X Bool (defined at <interactive>:5:24)
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Viceparametrove typové tridy a typové rodiny
jsou 2 rizna vyjadreni toho samého.

Bonus: V obojim jde velice jednoduse vytvorit nerozhodnutelny problem.



Typy jsou hodnoty

data 7

-# LANGUAGE DataKinds #-
data Sn { AT

data Nat = S Nat | Z
data family Succ a

. succa=Sa
data instance Succa =S a

data Vec :: Nat — x
where
Nil :: Vec Z
Cons :: Int — Vec n — Vec (S n)

data Vec [ where  -- GADT syntax
Nil :: Vec Z
Cons :: Int — Vec n — Vec (S n)
Vysledek: vec3d :: Vec (S (S (S 2)))
Pomoci GHC.TypelLits jde do typl dostat bézna Cisla, stringy, apod.
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Stringologie a formatovani textu




Text v Haskellu

« String
+ [Char] — obrovsky overhead na pismeno (16-32B), kazdé pismeno je boxed value, ...
« kazda polozka seznamu je jeden nezavisly Unicode znak (tj. bez normalizace)
+ pro zpracovani vétsiho mnozstvi textu je String pomaly
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Protoze je tézké odhadnout, v jakém formatu chce programator mit literaly, existuje tfida IsString:

{-# LANGUAGE OverloadedStrings #-}
class IsString a where
fromString :: String — a
"ahoj" :: IsString s = s
"ahoj" :: Text ~~ OK
"ahoj" :: ByteString ~~ OK
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ByteString

Konverze:

import qualified Data.ByteString as B

B.pack :: [Word8] — ByteString
B.unpack :: ByteString — [Word8]

Postupna konstrukce:

B.cons :: Word8 — ByteString — ByteString
B.snoc :: ByteString — Word8 — ByteString
B.uncons :: ByteString — Maybe (Word8, ByteString)
B.unsnoc :: ByteString — Maybe (ByteString, Word8)

Interné: vétsina substringovych operaci na ByteStringu je jen manipulace pointerd v O(1) nad

jednim bufferem. Pokud chcete zahodit zbytek bufferu, pouzijte B.copy. 280



ByteString

1/0:

B.getlLine :: 10 ByteString

B.hGetlLine :: Handle — 10 ByteString
B.hPutStr :: Handle — ByteString — 10 ()
B.hGetContents :: Handle — 10 ByteString

B.hGet :: Handle — Int — 10 ByteString
B.hPut :: Handle — ByteString — 10 ()

apod.
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UTF

Obsah ByteStringu je pro prevedeni na String nebo Text potfeba dekddovat. (Unicode jde kodovat
jako UTF-8, UTF-16LE, UTF-16BE, UTF-32LE, ..., ztratové jako Latin1, ISO8859-1, Codepage 1250,
KOI-8,...)

import Data.Text.Encoding

decodeUtf8 :: ByteString — Text
decodeUtf16BE :: ByteString — Text
decodeUtf32LE :: ByteString — Text

encodeUtf8 :: Text — ByteString
encodeUtf16LE :: Text — ByteString
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Text je hodné optimalizovany (vétsina funkci se fizuje a/nebo zmizi).

import qualified Data.Text as T

T.pack :: String — Text
T.unpack :: Text — String

(cons, snoc, append, take, takeEnd, intercalate, toLower, justifyLeft, splitOn, ...)

|O-related funkce jsou v Data.Text.IO
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Jak si vybrat?

situace feseni
Potfebuiju rychlost, polobinarni obsah vstupu interpretuju vlastnim kodem ByteString
Pouzivam AttoParsec ByteString
Mam nekonecnou vétu plnou nerozhodnutelnych pismen String
Aplikace je jednoducha a stringovy overhead je skoro nulovy String
Vsechny ostatni pripady Text
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Pravda o Pretty-Printingu



Pravda o Pretty-Printingu

Show neni pretty-printing!



Text.PrettyPrint

Pretty-printing se od Show-ovani lisi v nékolika podstatnych ohledech:

» vystup neni potieba parsovat (nemusi obsahovat detaily)
+ vystup mlze obsahovat redundanci

+ obcas je potfeba odsazovat a zarovnavat
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Text.PrettyPrint

Doc je abstrakce pro rizné pospojovana policka textu (podobné jako TeX-ové vlisty/hlisty).

empty :: Doc

text :: String — Doc

sizedText :: Int — String — Doc
int :: Int — Doc

float :: Float — Doc

286



Text.PrettyPrint

Dekorace:
semi, equals, [paren, rparen, comma, colon, space, ... :: Doc
parens, brackets, quotes, ... :: Doc — Doc

punctuate :: Doc — [Doc| — [Doc]

287



Text.PrettyPrint

Lepeni
(¢) :Doc — Doc — Doc --vedle
((+)) :: Doc — Doc — Doc  -- vedle s mezerou (néjakou)
($$) :: Doc — Doc — Doc --nad sebou
($+$) :: Doc — Doc — Doc  -- nad sebou bez nestingu

nest ::Int — Doc — Doc  -- odsazeni

Seznamové verze: hcat, hsep, vcat, vsep
Chytré verze (v/h): cat, sep
Odstavcové verze: fcat, fsep
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Text.PrettyPrint —demo

import Text.PrettyPrint
data Scheme = Ident String | Number Int | Seq [Scheme]
class PDoc a where
pdoc :: a — Doc
ppshow :: PDoc a = a — String
ppshow = renderStyle (style {lineLength = 80}) - pdoc

instance PDoc Scheme where
pdoc (Ident a) = text a
pdoc (Number i) = int i
pdoc (Seq xs) = parens $ sep (map pdoc xs)
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Text.PrettyPrint —demo

short k = Seq $ Ident "*" : map Number [k . .k + 3]
long = Seq $ Ident "+" : map short [1..10]
main = putStrLn - ppshow $ Seq [Ident "factorial",long]

(factorial

(+

(*x 123 4)

(*x 2 345)

(* 345 6)

(x 4567)

(* 567 8)

(x 67809)

(x 789 10)
(x 89 10 11)
(* 9 10 11 12)

(* 10 11 12 13)))
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Text.PrettyPrint —demo

pdoc (Seq []) = parens empty
pdoc (Seq (x : xs)) = parens $ pdoc x (+) sep (map pdoc xs)

(factorial (+ (x 1 2 3 4)
(x 2 345)
(*x 34586)
(4567
(x 567 8)
(x 6 78 9)
(x 789 10)
(x 8 9 10 11)
(x 9 10 11 12)

(x 10 11 12 13)))
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10!




Co jesté umi run-time Haskellu?

UNIX-like soubory a sitovou komunikaci

+ konkurentni vypocet programu a synchronizaci
+ paralelni vypocet programu

« reference a pointery

« FFI
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Komunikace uzivatele s programem

+ Proménlivé prostredi (‘env’)

import System.Environment

getEnv :: String — 10 String
lookupEnv "PATH" :: IO (Maybe String)
getEnvironment :: 10 [(String, String)]
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Komunikace uzivatele s programem

+ Proménlivé prostredi (‘env’)

import System.Environment

getEnv :: String — 10 String
lookupEnv "PATH" :: IO (Maybe String)
getEnvironment :: 10 [(String, String)]

+ Parametry z pfikazového fadku

getArgs :: 10 [String]
getProgName :: 10 String
getExecutablePath :: O FilePath
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Komunikace uzivatele s programem

« exit-code
import System.Exit
die "sorry jako": 10 a
exitWith (exitSuccess) :: 10 a
exitWith (exitFailure 3) :: 10 a
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Komunikace uzivatele s programem

+ exit-code
import System.Exit
die "sorry jako": 10 a
exitWith (exitSuccess) :: 10 a
exitWith (exitFailure 3) :: 10 a

« Cteni a zapis z/do souborovych deskriptord
import System.IO

openFile "test" WriteMode :: 10 Handle
hClose h :: 10 ()

hGetChar h :: 10 Char

hPutChar h >c? :: 10 ()
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Komunikace uzivatele s programem

+ posilat a chytat signaly
import System.Posix.Signals

raiseSignal sigSTOP :: 10 ()
signalProcess sigKILL 1 :: 10 ()
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Komunikace uzivatele s programem

+ posilat a chytat signaly
import System.Posix.Signals

raiseSignal sigSTOP :: 10 ()
signalProcess sigKILL 1 :: 10 ()

data Handler = Default | Ignore
| Catch (10 ()) | CatchOnce (10 ()) | ..

installHandler sigTERM
(Catch $ putStrLn "nope")
Nothing
:: 10 Handler

295
(vétsina ostatnich nizkodroviiovych véci je v balicku unix)



Jak se pozna kvalitni UNIXovy program?



Jak se pozna kvalitni UNIXovy program?

Vypisuje --help souvisejici s realitou.



optparse-applicative

Abstrakce: Volitelné vlastnosti parametri budeme popisovat jako monoid. Parametry pak
aplikativné spojime do velkeé struktury.
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optparse-applicative

Abstrakce: Volitelné vlastnosti parametri budeme popisovat jako monoid. Parametry pak
aplikativné spojime do velkeé struktury.

import Options.Applicative
import Data.Semigroup ((¢))

theOption :: Parser Bool
theOption = switch $ long "good"
o short g’
o help "Should it be really good?"
optinfo = info (helper (x) theOption)
$ progDesc "good shows current level of goodness"
o header "A program that shows if it’s good."

o footer "See more information on www.good.program.hu"
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optparse-applicative

main = do opt < execParser $ optinfo
putStrLn $ if opt
then "yeah it’s good"
else "not good at all!"

$ ./good
not good at all!
$ ./good -x

Invalid option ‘-x’
Usage: ./good [-gl|--good]
$ ./good -g

yeah it’s good
297
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main = do opt < execParser $ optinfo
putStrLn $ if opt
then "yeah it’s good"
else "not good at all!"

$ ./good
not good at all!
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optparse-applicative

$ ./good -h
A program that shows if it’s good.

Usage: good [-gl|--good]

good shows current level of goodness

Available optiomns:
-h,--help Show this help text
-g,--good Should it be really good?

See more information on www.good.program.hu

298



optparse-applicative

« Stringy

optOutput = strOption
$ long "output"
o short o’
¢ metavar "FILE"
o value "out . txt"
© showDefault
o help "Write output to FILE"

* Integery

optLevel = option
$ long "level"
o short °1°
o help "Level of whatever"
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optparse-applicative

+ Kombinace (produkt)

data CmdLineOpts = CmdLineOpts {level :: Int,
output :: String }
allOptions = CmdLineOpts ($) optlLevel (x) optOutput

« Kombinace alternativ

data OptionalOutput = FileOutput String | StdOutput
optionOptionalOutput = FileOutput ($) optOutput
(|) flag’ StdOutput (long "stdout"
o help "write to stdout")
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Run-time systém nad nizkoGroviiovym systémovym interfacem provozuje vlastni event loop.

+ Umoznuje velmi efektivni konkurentni programovani (“green threads”)
« Zabranuije potizim s pollovanim bez overheadu vlaken

+ Poskytuje C-like sdileni zapisovatelnych objektu

301



import Control.Concurrent
forklO :: 10 () — 10 ThreadID

forklO provede IO akci paralelné s volajici monadou.

Vyhoda: Lehka vlakna nemaji zadny overhead.
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Konkurentni programovani

Pro komunikaci mezi vlakny mame (mimo jiné) MVar:

import Control.Concurrent.MVar

newEmptyMVar :: 10 (MVar a)
newMVar :: a — 10 (MVar a)

takeMVar :: MVar a — 10 a
putMVar :: MVar a — a — 10 ()
readMVar :: MVar a — 10 a
swapMVar :: MVara —a — 10 a

MVar mize byt plna nebo prazdna, put/take jsou blokujici.
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Konkurentni programovani — priklad

import Control.Monad
import Control.Concurrent
import Control.Concurrent.MVar
main = do
kolik < readLn :: 10 Int
com < newEmptyMVar
forklO $ do
forM_ [1. . kolik] $ \i — putMVar com i > threadDelay 333333
forM_[1. . kolik] $ \i — putMVar com (kolik — i) > threadDelay 333333

let loop = do a «+ takeMVar com
when (a > 0) $ print a > loop
loop
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Konkurentni programovani — TCP server

import Control.Concurrent
import Control.Exception (bracket)
import Control.Monad (forever, void)
import Network.Socket
main =
withSocketsDo $ do
counter <— newMVar 0
bracket open close (serverLoop counter)
where
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Konkurentni programovani — TCP server

open = do
sock < socket AF_INET Stream defaultProtocol
setSocketOption sock ReuseAddr 1
bind sock $ SockAddrinet 8080 0
setCloseOnExeclfNeeded $ fdSocket sock
listen sock 16
return sock
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Konkurentni programovani — TCP server

serverLoop counter sock =
forever $ do
(conn, peer) <— accept sock
putStrLn $ "client: " 4 show peer
void $ forkFinally (talk counter conn)
(A_ — close conn)
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Konkurentni programovani — TCP server

talk counter conn = do
msg <+ words ($) recv conn 1024  -- String!
putStrLn $ "Request: " - show msg
case msg of
"GET": _ — do
ctr < takeMVar counter
putMVar counter (ctr + 1)
send conn $
"HTTP/1.0 200 OK\n" -+
"Content-type: text/plain\n\n" -+
"Hello, " -4 show ctr
_ — send conn "HTTP 400 bad request\n\n"
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10 Bonusy

Overhead MVar je moc velky/zbytecny

« TVar (neprazdna proménna, atomické operace nad STM)

IORef (neprazdna proménna)
« Ptr (o3kliva C¢kova reference na P.O.D. bez GC)

STM (Software Transactional Memory monad) — poskytuje serializovany pristup k paméti
sdilené mezi vlakny bez /O.

« Chan, TChan, QSem, QSemN, ...
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Kdyz je potreba sahnout na dno, Haskell podporuje pfimé napojeni na systémovy C-style kod
pomoci FFI.

Typické pouziti:
+ Obalovani systémovych API

+ Obalovani Cckovych knihoven (‘bindings’)

« Drceni ¢isel
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FFl ma 2 mody pouziti:

import  « Cckovy .ha . c soubor se automaticky skompiluji a slinkuji s programem
» funkce lze popsat jako /O akce, i jako Cisté funkce
+ typy parametrl se mapuiji z primitivnich haskellovych typl

export - export haskellové funkce vygeneruje . h
+ odpovidajici symbol je ve skompilovaném .o
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FFl —import

Haskell:

{-# INCLUDE "rawread.h" #-}
{-# LANGUAGE ForeignFunctioninterface #-}
import Foreign.C

foreign import ccall "raw_read" rawRead :: Word — 10 Word

main = rawRead 0 >>= print

rawread.h: int64_t raw_read(int64_t);
rawread.c: (BONUS: skoro validni poutziti reinterpret_cast)
int64_t raw_read(int64_t addr) {

int64_t* ptr=(int64_t*)addr;

return *ptr, 312
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FFl — export

Factorial.hs:

import Foreign.C
foreign export ccall "fact" factorial :: Int — Int

factorial n = product [1..n]

factorial.c:

#include "Factorial_stub.h"
void someF() {

printf ("%d\n", fact(5));
}
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Paralelni vyhodnocovani

Paralelizace Haskellu je (technicky) celkem jednoducha

« Vétsina jevl je bez efektl
+ RTS umi vlastni scheduling ‘zadarmo’
+ GC je celkem moderni a vic vlaken zvlada dobre

(narozdil od Javy, C# a Pythonu)

Implementace:
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Paralelizace Haskellu je (technicky) celkem jednoducha

« Vétsina jevl je bez efektl
+ RTS umi vlastni scheduling ‘zadarmo’
+ GC je celkem moderni a vic vlaken zvlada dobre

(narozdil od Javy, C# a Pythonu)
Implementace:
par::a—b—b

“Indicates that it may be beneficial to evaluate the first argument in parallel with the second.
Returns the value of the second argument.

a ‘par’ b is exactly equivalent semantically to b.”
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Paralelni programovani

hardFunction = let
firstHalf = ...
secondHalf = ...
in firstHalf ‘par* secondHalf ‘par* firstHalf + secondHalf

Kompilace: ghc -threaded -rtsopts hard.hs
Spusténi pro 16 jader: . /hard +RTS -N16

Nevyhoda:
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Paralelni programovani

hardFunction = let
firstHalf = ...
secondHalf = ...
in firstHalf ‘par* secondHalf ‘par* firstHalf + secondHalf

Kompilace: ghc -threaded -rtsopts hard.hs
Spusténi pro 16 jader: . /hard +RTS -N16

Nevyhoda: Pokud paralelismem chceme dosahnout rychlosti, je lepsi program napsat v C a volat
pres FFI. (paralelné)
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Paralelni programovani

Lepsi kontrola nad provadénim kodu:

import Control.Parallel.Strategies

316



Paralelni programovani

Lepsi kontrola nad provadénim kodu:
import Control.Parallel.Strategies
Akcelerace automatickym prelozenim programu do paralelniho SIMD nebo CUDA:

import Data.Array.Accelerate
dotp :: Acc (Vector Float) — Acc (Vector Float) — Acc (Scalar Float)
dotp xs ys = fold (+) 0 (zipWith (x) xs ys)
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Paralelni programovani

Lepsi kontrola nad provadénim kodu:
import Control.Parallel.Strategies
Akcelerace automatickym prelozenim programu do paralelniho SIMD nebo CUDA:

import Data.Array.Accelerate
dotp :: Acc (Vector Float) — Acc (Vector Float) — Acc (Scalar Float)
dotp xs ys = fold (+) 0 (zipWith (x) xs ys)

Numerické vypocty s moznosti paralelizace:

import Data.Array.Repa
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Paralelni programovani

Lepsi kontrola nad provadénim kodu:
import Control.Parallel.Strategies
Akcelerace automatickym prelozenim programu do paralelniho SIMD nebo CUDA:

import Data.Array.Accelerate
dotp :: Acc (Vector Float) — Acc (Vector Float) — Acc (Scalar Float)
dotp xs ys = fold (+) 0 (zipWith (x) xs ys)

Numerické vypocty s moznosti paralelizace:

import Data.Array.Repa

RParallel and concurrent programming in Haskell: Techniques for multicore and multithreaded
programming (Simon Marlow, 2013)
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Graficke knihovny




Jak na graficky vystup?

Samoziejmé existuji bindingy na vSechny mozné GUI knihovny.

« gtk, Qt, wxWidgets
+ SDL, OpenGL

Haskellové specifické véci jsou zajimaveéjsi:

« Back-end: JuicyPixels (&repa)
+ Generativni grafika: Rasterific
« Specificka generativni grafika: Chart

+ Interaktivni generativni grafika: Gloss & NotGloss
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JuicyPixels

import Codec.Picture
readlmage :: FilePath — 10 (Either String Dynamiclmage)

Dynamiclmage je union pro vechny mozné reprezentace pixeld, napt.
ImageRGBA8 (Image PixelRGBA8) nebo ImageYCbCr8 (Image PixelYCbCr8).

writeDynamicBitmap ::

FilePath — Dynamicimage — 10 (Either String Bool)
writeBitmap :: BmpEncodable pixel =

FilePath — Image pixel — 10 ()
writePng :: PngSavable pixel =

FilePath — Image pixel — 10 ()
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Co s obrazkem?

Vyrobit obrazek z funkce:

generatelmage :: Pixel px =
(Int — Int — px) — Int — Int — Image px

map-like zjednoduseni:

pixelMap :: Pixel a, Pixel b =
(a — b) — Image a — Image b
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Pixely je mozné manipulovat pfimo jako ciselné hodnoty.

data PixelRGB8 = PixelRGB8 ! Pixel8 ! Pixel8 ! Pixel8
type PixelF = Float
data PixelCMYK16 = PixelCMYK16 ! Pixel16 ! Pixell6

I Pixel16 ! Pixell6
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Strict&Unboxed

Vykficnik v datovém typu znamena, Ze data nejsou ‘boxed'. (Tj. nemizZou byt méné definovana nez
cela struktura.)

Prakticky vyznam:

data A = A Int Int data A =A!Int!Int

\ (A it fint)
Int

Pointery navic jsou klicovy rozdil pro rychlost vypoctl na velkém mnozstvi malych dat.
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Strict&Unboxed (odbocka)

Jak tomu pomoct?
seqg::a—b—b

“The value of seqa b is bottom if a is bottom, and otherwise equal to b. In other words, it evaluates
the first argument a to weak head normal form (WHNF). seq is usually introduced to improve
performance by avoiding unneeded laziness”

fla=..
f$la
{-# INLINE f #-}
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Jak to vypada v paméti?

faoX—A
expr =f

€Xpr -3 closure o
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Jak to vypada v paméti?

faoX—A
expr =f

€Xpr -3 closure o

expr = f x

fully applied

expr ...
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Jak to vypada v paméti?

data A = A Int Int
expr = f $! x

fully applied

fully applied

faoX—A
expr =f

€Xpr -3 closure o

expr ...

expr = f x

fully applied

expr ...
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Jak to vypada v paméti?

data A = A Int Int
expr = f $! x

fully applied

fully applied

faoX—A
expr =f

€Xpr -3 closure o

expr ...

(mezikrok: deepSeq)
expr = f x

fully applied

expr ...
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Jak to vypada v paméti?

€Xpr -3 closure o

expr ...

faoX—A
expr =f

expr = f x

fully applied

data A = A Int Int
expr = f $! x

fully applied

fully applied

expr ...

(mezikrok: deepSeq)

dataA=A!Int!Int
expr = f $! x

expr..-{A Int Int]
290055 “9ooned 323




Strict&Unboxed (prakticky)

Psat vsude vykficniky je otrava. Vétsina pouzivanych kontejneri ma striktni varianty:

« Data.Vector.Unboxed, Data.Vector .Primitive
+ Data.Set.Strict, Data.Map.Strict, ...

« Control.Monad.Trans:

. State.Strict, Writer .Strict, ...
« RWS.Strict

strict :: Strict lazy strict = Iso’ lazy strict
« unpackStrict :: ByteString — [Word8]
- foldl’
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‘Regular parallel arrays’ (polymorfni vicedimenzionalni primitivni striktni arraye)

« regularita — rychlost
« flzovani arrayovych funkci — vic rychlosti
+ lowlevelové optimalizace pi prekladu s LLVM — jesté vic rychlosti

« paralelni vyhodnocovani skoro zadarmo
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type DIMO =7
type DIM1 = DIMO : . Int
type DIM2 = DIM1 : . Int

+ R.Array U DIM2 Float — matice

* RArray V Z Int —1bod

« (Z:.1:.2:.3)—indexve 3D arrayi
* (Z:.3)—indexv 1D arrayi
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map :: (Shape sh, Source r a) =
(a = b) — Array rsh a
— Array D sh b

zipWith :: (Shape sh, Source 1 a, Source 12 b) =
(a = b —c)— Array rl sha — Array r2 sh b
— Array D sh c

fromFunction ::
sh — (sh — a) — Array D sh a

Vypocet:

computeUnboxedS :: (Load r1 sh e, Unbox e) =
Array r1 sh e — Array U sh e
computeUnboxedP :: (Load r1 sh e, Monad m, Unbox e) =
Array r1 sh e — m (Array U sh e) 327
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Repa (pouZiti)

ghc -0 -fllvm -threaded -rtsopts program.hs

./program +RTS -N 16
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Priklad (zpét k JuicyPixels)

import Data.Complex
import Data.Word
import Codec.Picture
julia limit z a0 = run a0 0
where run ci | i > limit = limit
| magnitude c > 2 =i
| otherwise = run (cxc+z) (i+ 1)
juliapix x y = (fromintegral :: Int — Word8) $
julia 255 (0.141:+0.6) $
((—1.25) :+ (—1.25)) + 0.0025 * (fromlintegral x : + fromintegral y)

main = writePng "fractal.png" $ generatelmage juliapix 1000 1000
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import Codec.Picture (PixelRGBAS (. .), writePng)
import Graphics.Rasterific

white = PixelRGBAS8 255 255 255 255
drawColor = PixelRGBA8 0 0x86 0xcl 255

main = writePng "kulaty.png" $
renderDrawing 200 200 white $
fill $ circle (V2 100 100) 75

Dalsi knihovny: diagrams (vektorové diagramy, zarovnavani, Sipky, ..), juicypixels-repa
(brutalnéjsi vypocty), friday (bézné rastrové vypocty typu blur)
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Generovat pékné grafy je tradicné tézke.

State-of-art: ggplot2

GGplot:
plot(data) + geom_point(pretest,posttest) + geom_quantile() + title(...

sjeway

alEp

count

|
Female

gender

i
Male

workshop

W sas
B sess

Stata

gender

& Male

posttest

55 70 75
pretest

Haskell: Jednotlivé kusy grafu jsou substruktury, mizeme do nich vrtat pomoci cocek.

~+ Female
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import Graphics.Rendering.Chart

import Data.Colour

import Data.Colour.Names

import Data.Default.Class

import Graphics.Rendering.Chart - Backend.Cairo
import Control.Lens

setLinesBlue :: PlotLines a b — PlotLines a b
setLinesBlue = plot_lines_style - line_color .~ opaque blue

chart = toRenderable layout
where
am :: Double — Double
am x = (sin (x * 3.14159 / 45) + 1) / 2 * (sin (x * 3.14159 / 5))

sinusoid! = plot_lines_values .~ [[(x, (am X)) | x <= [0, (0.5) . . 400]]]
$ plot_lines_style - line_color .~ opaque blue
$ plot_lines_title .~ "am" $ def

sinusoid2 = plot_points_style .~ filledCircles 2 (opaque red)
$ plot_points_values .~ [(x, (am x)) | x < [0, 7. .400]]
$ plot_points_title .~ "am points" $ def
layout = layout_title .~ "Amplitude Modulation"
$ layout_plots .~ [toPlot sinusoid1, toPlot sinusoid2] $ def

main = renderableToFile def "examplel_big.png" chart
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Amplitude Modulation

200.0




Chart (Monads!)

import Graphics.Rendering.Chart.Easy
import Graphics.Rendering.Chart - Backend.Cairo

signal :: [Double] — [(Double, Double)]
signal xs = [(x, (sin (x * 3.14159 / 45) + 1)
/ 2 (sin (x * 3.14159 / 5)))
| x < xs]
main = toFile def "examplel_big.png" $ do
layout_title . = "Amplitude Modulation"
setColors [opaque blue, opaque red|
plot (line "am" [signal [0, (0.5) ..400]])
plot (points "am points" (signal [0, 7 ..400]))
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Gloss

“Get something cool on the screen in under 10 minutes.”



Gloss poskytuje jednoduchy datovy typ na popis scény a pomérné efektivni zobrazovani scény
pomoci OpenGL.

Scéna:

type Point = (Float, Float)
type Path = [Point]
data Picture =
| Blank
| Polygon Path | Line Path | Circle Float
| Text String
| Color Color Picture
| Translate Float Float Picture

| Rotate Float Picture | Scale Float Picture
| ... 334



Gloss

Je to rychle?



Gloss

Je to rychle?

Je to lazy.



import Graphics.Gloss

display :: Display — Color — Picture — 10 ()

main = display (InWindow "Okno!" (200, 200) (10, 10))
white (ThickCircle 50 3)

animate :: Display — Color — (Float — Picture) — 10 ()
main = animate FullScreen

white $ X\t — Pictures $ flip map [1..4] $ \x —

Rotate (90 x x +20 x t) $

Translate 80 0 $

ThickCircle 20 (3 4 2 * sin t)
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simulate :: Display
— Color
— Int --fps
— model -- cokoliv
— (model — Picture)
— (ViewPort — Float — model — model)
—10 ()
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play :: Display
— Color
— Int  --fps
— world  -- popis svéta
— (world — Picture) --render
— (Event — world — world)
— (Float — world — world)
— 10 ()
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3D: not-gloss

data VisObject a = VisObjects [VisObject a]
| Trans (V3 a) (VisObject a)
| RotQuat (Quaternion a) (VisObject a)
| RotEulerDeg (Euler a) (VisObject a)
| Scale (a,a, a) (VisObject a)
| Cylinder (a,a) GlossColor.Color
| Box (a,a,a) Flavour GlossColor.Color
| Ellipsoid (a, a, a) Flavour GlossColor.Color
| Line (Maybe a) [V3 a] GlossColor.Color
| Arrow (a, a) (V3 a) GlossColor.Color
| Plane (V3 a) GlossColor.Color GlossColor.Color
| Triangle (V3 a) (V3 a) (V3 a) GlossColor.Color
| Quad (V3 a) (V3 a) (V3 a) (V3 a) GlossColor.Color
| Text3d String (V3 a) BitmapFont GlossColor.Color
| Text2d String (a, a) BitmapFont GlossColor.Color
| Points [V3 a] (Maybe GLfloat) GlossColor.Color
| ObjModel LoadedObjModel GlossColor.Color

l...
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3D: not-gloss

play :: Real b =

Options
— Double  -- sample time
— world  --initial state

— (world — (VisObject b, Maybe Cursor)) --draw function

— (Float — world — world)  -- state propogation function

— (world — 10 ()) -- set where camera looks

— Maybe (world — Key — KeyState — Modifiers — Position — world)
— Maybe (world — Position — world) -- mouse drag

— Maybe (world — Position — world) -- mouse move

—10 ()
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Debugovani, testovani, benchmarking




Jak debugovat Haskell?

Problém: koukani debuggerem na proménné a postup vypoctu nedava smysl.

+ To je ve skutecnosti dobre.
« Proménné neexistuji a hodnoty vétsinou nemaji hodnotu (jen thunk).
» Postup vypoctu je pro clovéka obtizné stravitelny

+ Skompilovany kod nema s plvodnim nutné spolecnou strukturu
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Jak debugovat Haskell?

Problém: koukani debuggerem na proménné a postup vypoctu nedava smysl.

+ To je ve skutecnosti dobre.
« Proménné neexistuji a hodnoty vétsinou nemaji hodnotu (jen thunk).
» Postup vypoctu je pro clovéka obtizné stravitelny

+ Skompilovany kod nema s plvodnim nutné spolecnou strukturu

Misto toho:

+ Mame efektivni interpreter
+ Mame uzitecny typovy systém

« Umime trasovat
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Program nejde skompilovat kviili typiim

BéZny programator nema v hlavé typovy systém. (Matfyzaci by ale méli.)

Nejlepsi feSeni: _ a.k.a. Typed Hole
—(+1) [1,2,3]

Found hole: _ :: (Integer — Integer) — [Integer] — t
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BéZny programator nema v hlavé typovy systém. (Matfyzaci by ale méli.)

Nejlepsi feseni: _ a.k.a. Typed Hole
_(+1)[1,2,3]

Found hole: _ :: (Integer — Integer) — [Integer] — t
foldl _ 0 ["asd", "que"]

Found hole:
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Program nejde skompilovat kviili typiim

BéZny programator nema v hlavé typovy systém. (Matfyzaci by ale méli.)

Nejlepsi feseni: _ a.k.a. Typed Hole
_(+1)[1,2,3]

Found hole: _ :: (Integer — Integer) — [Integer] — t
foldl _ 0 ["asd", "que"]

Found hole:_:: b — [Char] — b
Where: b is a rigid type variable with inferred type Num b = b

Uzitecna pomticka: Hoogle umi type search.
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Typova chyba je moc slozita

Bézny problém: Chyba se propaguje do jiné funkce a problém zplisobi az tam.

let concatMonoids = foldr mempty (<)

print $ concatMonoids ["neco", "tamto"|
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Typova chyba je moc slozita

Bézny problém: Chyba se propaguje do jiné funkce a problém zplisobi az tam.

let concatMonoids = foldr mempty (<)

print $ concatMonoids ["neco", "tamto"|

No instance for (Show (mO — mO — mO0))?
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Typova chyba je moc slozita

let concatMonoids = foldr mempty (<)

print $ (concatMonoids ["a", "bcd"] :: _)

Found type wildcard _ standing formO — mO — mO
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Typova chyba je moc slozita

let concatMonoids :: _
concatMonoids = foldr mempty (o)

print $ concatMonoids ["a", "bcd" |

Found type wildcard _ standing for [a] -+ mO — mO — mO

..to Uplné nesedi s ocekavanim!
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Typova chyba je moc slozita

let concatMonoids :: Monoid m = [m] — m
concatMonoids = foldr mempty (o)

print $ concatMonoids ["a", "bcd" |

Couldn’t match type m with mO — mO — mO
In the expression: foldr mempty (<)

Chybova hlaska nejde hloubéji, problém bude ve foldr

:t foldr

foldr :: Foldablet = (a - b —+b) b —ta—b
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Typova chyba je moc slozita

it foldr (<>) mempty

foldr (¢) mempty :: (Monoid b, Foldable t) = tb — b
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Trace

Co kdyz potrebujeme rychle vidét, co si program mysli uprostied néjakého vypoctu?

+ C-style feSeni: printf
+ Haskell, SW development feseni:
Vsechny funkce predélam na 10, aby fungoval print!
« Haskell, vhodné docasné neinvazivni feseni: Debug. Trace
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Trace

Co kdyz potrebujeme rychle vidét, co si program mysli uprostied néjakého vypoctu?

+ C-style feSeni: printf
+ Haskell, SW development feseni:
Vsechny funkce predélam na 10, aby fungoval print!
« Haskell, vhodné docasné neinvazivni feseni: Debug. Trace

trace :: String - a — a

ghci> if 3 < 4 then trace "funguje" 5 else 6
funguje
5

(Vedlejsi efekty a strictness miZou rozbit zbytek programu, v produkénim kédu nemaji co délat.)

347



Trace

trace :: String — val — val
traceShow :: Show msg =— msg — val — val
traceShowld :: Show val = val — val

traceM :: Applicative f = String — f ()
traceShowM :: (Show msg, Applicative f) = msg — f ()
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Magie: SimpleReflect

import Debug.SimpleReflect
product [1..10] :: Expr
~ 1k 1%2%x3%x4%x5%x6%x7x8%x9x%10
foldr (+) 0 [1..4] :: Expr
~ 1+ (2+(3+(4+0)))
map f [1,2,3] :: [Expr]
~ [f1,f2,f3]
scanl f 0 [1..3] :: [Expr]
~ [0,f01,f(f01)2,f(f(fO1)2)3]
mapM_ print $ reduction (1 % 2 + 3 x 4)
~1%x24+3x%4
24+3x4
2412
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Unit testy

Unit testy nejsou v Haskellu popularni, vétsinou jde o (zlo)zvyk z jinych jazyku.

® test-driven development je nahrazeny type-driven developmentem

@ absence vedlejsich efektd dovoluje i obrovské programy testovat v ghci
® unit testy nejsou integracni testy

@ funguijici polymorfismus zmensuje pokrytelny prostor

L+ spravné napsané unit testy jdou povazovat za vyssi variantu dokumentace

L+ v tymovém prostiedi je unit testing univerzalni ochranou proti ostatnim programatoriim
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L+ spravné napsané unit testy jdou povazovat za vyssi variantu dokumentace
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Bézné pouziti:
+ cabal nastavime na pouZivani unit testd

+ do test/ vyrobime samostatny program ktery spousti testovani

» Pouzujeme Test.HUnit k vyrobeni pékného interface programu
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test/main.hs

import Findldentifier (findldentifier)
import Test.HUnit

testEmpty = TestCase $ assertEqual "Should get Nothing from an empty string"
Nothing (findldentifier "" (1, 1))

testNegCursor = TestCase $ assertEqual "Should get Nothing when cursor is negat
Nothing (findldentifier "a" (—1,—1))

testMinimal = TestCase $ assertEqual "Minimal program"
(Just "main") (findldentifier "main = print 42" (1,2))

main = runTestTT $ TestList [testEmpty, testNegCursor, testMinimal]
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QuickCheck

Psat testy rucné je otrava. Pouzijme fuzzer.

import Test.QuickCheck

prop_reverse :: [Int] — Bool
prop_reverse xs = reverse (reverse xs) = Xs

ghci> quickCheck prop_reverse
>>> quickCheck prop_reverse
+++ 0K, passed 100 tests.
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QuickCheck

ghci> quickCheck $ \a -> a + 1 ==a + 1
+++ 0K, passed 100 tests.

ghci> quickCheck $ \a -> abs (axa) == axa
+++ 0K, passed 100 tests.

ghci> quickCheck $ \a -> abs (axa*a) == axa*a
**x* Failed! Falsifiable (after 4 tests and 2 shrinks):
-1
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QuickCheck

ghci> quickCheck $
\a -> (if a == 20 then 666 else a) == a
+++ 0K, passed 100 tests.

ghci> quickCheck . withMaxSuccess 10000 $

\a -> (if a == 20 then 666 else a) == a
*x%x Failed! Falsifiable (after 22 tests):
20
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QuickCheck

ghci> quickCheck $ \xs n -> xs !! n == head (drop n xs)
*xx Failed! Exception: ’Prelude.!!: index too large’

(]

0

ghci> quickCheck $ \(NonEmpty xs) (NonNegative n) ->
xs !! n == head (drop n xs)

*xx Failed! Exception: ’Prelude.!!: index too large’

NonEmpty {getNonEmpty = [()]1}

NonNegative {getNonNegative = 1}
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QuickCheck

ghci> quickCheck $ \(NonEmpty xs) (NonNegative n) ->
n < length xs ==> xs !! n == head (drop n xs)

+++ 0K, passed 100 tests; 61 discarded.

Jak QuickCheck hleda, co testovat?
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Jak QuickCheck hleda, co testovat?

class Arbitrary a where
arbitrary :: Gen a
shrink :: a — [a]

+ Gen je State-like monada poskytujici nahodna ¢isla

« arbitrary by mélo v Gen vypoctu vyrobit nahodny objekt typu a

« shrink by mélo z vétsiho generovaného nahodného objektu vyrobit pod-objekty (napf. kvali
presnéjsi lokalizaci chyby)
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Benchmarky typicky vyzaduii:

+ spustit vic béhl
« zméfit vysledek na riznych velikostech dat

+ neméfit okamzité liné vyhodnocovani

Haskelli feseni: Criterion + DeepSeq
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Zjistime, o kolik je Integer pomalejsi nez Int.

sumN n = sum [1..n]
fact n = product [1..n]

sumNi = sumN :: Int — Int

sumNhi = sumN :: Integer — Integer
facti = fact :: Int — Int

facthi = fact :: Integer — Integer
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Zjistime, o kolik je Integer pomalejsi nez Int.
sumN n = sum [1..n]
fact n = product [1..n]

sumNi = sumN :: Int — Int

sumNhi = sumN :: Integer — Integer
facti = fact :: Int — Int

facthi = fact :: Integer — Integer

problemSizes = [1,30..100]

mkBench f size = bench (show size) $ nf f $ frominteger size
mkBenches f = map (mkBench f) problemSizes
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main = defaultMain [
bgroup "sum-int" $ mkBenches sumNi,
bgroup "sum-integer" $ mkBenches sumNhi,
bgroup "fact-int" $ mkBenches facti,
bgroup "fact-integer" $ mkBenches facthi]

Hint: je vhodné kompilovat s -0
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main = defaultMain |
bgroup "sum-int" $ mkBenches sumNi,
bgroup "sum-integer" $ mkBenches sumNhi,
bgroup "fact-int" $ mkBenches facti,
bgroup "fact-integer" $ mkBenches facthi]

Hint: je vhodné kompilovat s -0
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IIHHHHliiIHHIHiHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

$ ./ints --help
Microbenchmark suite - built with criterion 1.5.2.0

Usage: ints [-I|--ci CI] [-L|--time-limit SECS]
[--resamples COUNT]

$ ./ints

benchmarking sum-int/1

time 8.832 ns (8.723 ns .. 8.952 ns)
0.996 R2 (0.991 R2 .. 0.999 R2)

mean 9.068 ns  (8.829 ns .. 9.675 ns)

std dev 1.246 ns  (536.7 ps 2.682 ns)

variance introduced by outliers: 967 (severely inflated)
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Criterion — vysledek

benchmarking sum-int/88
time 75.10 ns  (74.46 ns .. 76.07 ns)

benchmarking sum-integer/88
time 1.5629 us  (1.516 us .. 1.550 us)

benchmarking fact-int/88
time 103.7 ns  (99.13 ns .. 108.3 ns)

benchmarking fact-integer/88
time 3.645 us  (3.593 us .. 3.723 us)
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Criterion — vysledek

$ ./ints --output vysledek.html

criterion performance measurements

overview

want to understand this report?

sum-int
sumeinit sum-integer
surm-in’20 M fact-int

sum-int/39 M fact-integer
sum-iny’8e

sum-integer1

sum-int

sum-integer/88

fact-intl

w30

“uuuu—

1000 1500 2000 2500 3000 3500

sum-int/1 364



Criterion — vysledek

$ ./ints --output vysledek.html

sum-int/59

250
sum-int/39 time densities regression ]
sum-int/59 times
200
150
mear
100
50 ms
0s,
500x10° 1000 1500 2000 2500 3000 3500 4000
54 56 58 60.0 62 54 iters
estimate
OLS regression 545ns 550ns 557ns
R? goodness-of-fit 0 0.998 1.000
Mean execution time 54.7 1 562ns 562ns
Standard deviation 122 ns 230ns 369ns

Outlying measurements have severe (63.5%) effect on estimated standard deviation 365



nf na vlastnim typu

vvvvvv

nf :: Control.DeepSeq.NFData b =
(a = b) — a — Benchmarkable

data Tree = Leaf Int | Branch Tree Tree
instance NFData Tree where

mf (Leaf i) = rmfi'seq ()

rf (Branch [ r) = mf ['seq’ rmf r ‘seq’ ()

Definice seq nesouvisi s poradim vyhodnocenil
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nf na vlastnim typu

vvvvvv

nf :: Control.DeepSeq.NFData b =
(a = b) — a — Benchmarkable

data Tree = Leaf Int | Branch Tree Tree
instance NFData Tree where

mf (Leaf i) = rmfi'seq ()

rf (Branch [ r) = mf ['seq’ rmf r ‘seq’ ()

Definice seq nesouvisi s poradim vyhodnocenil

Pokud a ma slabou hlavové normalni formu (WHNF), seq a b vrati b. Pokud a nema WHNF,
seq a b taky nema WHNF.

(intuice: min a b)
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Webove aplikace




Architektura typické webové aplikace

- Databaze

+ CokolivSQL ElasticSearch, Mongo, Redis, ...
+ API klient
» Back-end

« webserver, request routing, APl endpointy
« API

« HTML

+ JSON

+ Front-end
« Javascript
- Browser
Haskell jde nasadit na vsech arovnich.
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HTTP klient

import Network.HTTP.Simple
import qualified Data.ByteString.Lazy.Char8 as L8

main = do
response < httpLBS "https://test.cz/stranka"

print (getResponseStatusCode response)
L8.putStrLn $ getResponseBody response
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import Data.Aeson (Value)

import qualified Data.ByteString.Char8 as S8
import qualified Data.Yaml as Yaml

import Network.HTTP.Simple

main :: 10 ()
main = do
request’ < parseRequest "POST http://data.cz/vec"
let request
= setRequestMethod "PUT"
$ setRequestPath " /polozit"
$ setRequestQueryString [("parametr", Just "hodnota")]
$ setRequestBodyLBS "DataData"
$ setRequestSecure True
$ setRequestPort 443
$ request’
response < http/SON request

print $ getResponseHeader "Content-Type" response
S8.putStrLn $ Yaml.encode (getResponseBody response :: Value)
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import Data.Aeson (Value)

import qualified Data.ByteString.Char8 as S8
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import Network.HTTP.Simple

main :: 10 ()
main = do
request’ < parseRequest "POST http://data.cz/vec"
let request
= setRequestMethod "PUT"
$ setRequestPath " /polozit"
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Standardni feseni parsovani a generovani JSONu je Data.Aeson.

data Value = Object (Map Text Value)
| Array (Vector Value)
| String Text | Number Number | Bool Bool
| Null

class From/SON a where
parse/SON :: Value — Parser a

class To/SON a where
to/SON :: a — Value
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data Hodnota = Hodnota { mnozstvi :: Double,
jednotka :: String }

instance To/SON Hodnota where
toJSON (Hodnota m j) = Object $
fromList [("mnozstvi", Number (D m)),
("jednotka", String j)]
instance From/SON Hodnota where
parse/SON (Object a) =
Hodnota ($) a . : "mnozstvi"
(x)a.:"jednotka"
parse/SON _ = mzero

37N
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Vyhoda: prakticky vsechny [SONovité baliky umi transparentné pouzivat instance From/SON a
ToJSON; bézné typy maji instance predpfipravené.

Manualni pouZziti:

encode :: To)SON a  =- a — ByteString
decode :: From/SON a = ByteString — Maybe a

decode "[123,234]" :: Maybe [Int]
~ Just [123,234]

encode [123,234]
~ "[123,234]"
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Aeson automaticky

{-# LANGUAGE DeriveGeneric #-}
import GHC.Generics
data Hodnota = Hodnota { mnozstvi :: Double,

jednotka :: String }
deriving (Show, Generic)

instance To/SON Hodnota where
toJSON = genericTo/]SON

instance From/SON Hodnota where
parse]SON = genericParse/SON
decode "{ \"mnozstvi\": 123, \"jednotka\": \"cm\" }" :: Maybe Hodnota
~ Just (Hodnota {mnozstvi = 123.0, jednotka = "cm" })
encode $ Hodnota 42 "kg"
~ "{\"jednotka\":\"kg\",\"mnozstvi\":42}"
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Aeson automaticky

{-# LANGUAGE DeriveGeneric #-}
import GHC.Generics
data Hodnota = Hodnota { mnozstvi :: Double,

jednotka :: String }
deriving (Show, Generic)

instance To/SON Hodnota where
toJSON = genericTo/]SON

instance From/SON Hodnota where
parseJSON = genericParse/]SON
decode "{ \"mnozstvi\": 123, \"jednotka\": \"cm\" }" :: Maybe Hodnota
~ Just (Hodnota {mnozstvi = 123.0, jednotka = "cm" })
encode $ Hodnota 42 "kg"
~ "{\"jednotka\":\"kg\",\"mnozstvi\":42}"
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Aeson automaticky s customizaci

Customizace pomoci defaultOptions :: Options:

instance To/JSON Hodnota where
toJSON = genericToJSON $ defaultOptions
{fieldLabelModifier = As — "hodnota_" ¢ s}

encode $ Hodnota 42 "kg"
~ "{\"hodnota_jednotka\":\"kg\",\"hodnota_mnozstvi\":42}"

Options jde obdobné pouzit i pro From/SON.
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Aeson automaticky s customizaci

Customizace pomoci defaultOptions :: Options:

instance To/JSON Hodnota where
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encode $ Hodnota 42 "kg"
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Options jde obdobné pouzit i pro From/SON.
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HTML

Generovat HTML Haskellem rucné je pomérné jednoduché. Dostupné knihovny jako Blaze a Lucid
minimalizuji overhead slepovani riiznych druhd stringl.

{-# LANGUAGE OverloadedStrings #-}
import Lucid
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HTML

Generovat HTML Haskellem rucné je pomérné jednoduché. Dostupné knihovny jako Blaze a Lucid
minimalizuji overhead slepovani riiznych druhd stringl.

{-# LANGUAGE OverloadedStrings #-}
import Lucid

Vétsina kombinatorl akceptuje ‘obsah’, monady jsou pouzité jako builder.

numbers n = do
head_$ title_ "Natural numbers"
body_$ do
p_"A list of natural numbers:"
ul_$ forM_[1..n] (li_ - toHtml - show)
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HTML

Atributy:

image :: Html ()
image = img_
[class_ "styled"
,src_ "lambda.png"
,alt_"An image of lambda."
,id_ "theimage"

]
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HTML

Atributy:
image :: Html ()
image = img_
[class_ "styled"
,src_ "lambda.png"
,alt_"An image of lambda."
,id_ "theimage"

]
Obsah tagu:

odstavec :: Html ()
odstavec = p_ [class_ "zarovnat"]$ em_ "V&ta!"
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import Database.SQLite.Simple

dbBracket :: (Connection — 10 a) — 10 a
dbBracket ¢ = withConnection "database.sqlite"

createUser user password =
dbBracket $ A\db — do
pwhash < newHash password
execute
db
"INSERT INTO users (user, pwhash) VALUES (7,7)"
(user :: String, pwhash :: String)
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dbBracket :: (Connection — 10 a) — 10 a
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createUser user password =
dbBracket $ \db — do
pwhash < newHash password

execute

db
"INSERT INTO users (user, pwhash) VALUES (7,7)"
(user :: String, pwhash :: String)
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import Database.SQLite.Simple

dbBracket :: (Connection — 10 a) — 10 a
dbBracket ¢ = withConnection "database.sqlite"

createUser user password =
dbBracket $ \db — do
pwhash < newHash password
execute
db
"INSERT INTO users (user, pwhash) VALUES (7,7)"
(user :: String, pwhash :: String)
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verifyPassword user password err f =
dbBracket $ A\db —
withTransaction db $ do
res <
query
db
"SELECT pwhash FROM users WHERE user = 7"
(Only (user :: String)) :: 10 [[String]]
case res of
[[hash]] —
if checkHash password hash
then f db
else err

378
_ —err
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verifyPassword user password err f =
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SQL DSL (Selda)

{-# LANGUAGE DeriveGeneric, OverloadedStrings, OverloadedLabels #-}
import Database.Selda
import Database.Selda.SQLite

data Pet = Dog | Horse | Dragon
deriving (Show, Read, Bounded, Enum)
instance SqlType Pet

data Person = Person
{name :: Text
,age ::Int
,pet  :: Maybe Pet
}+ deriving Generic
instance SqlRow Person

people :: Table Person

people = table "people" [#name : — primary]
379
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{-# LANGUAGE DeriveGeneric, OverloadedStrings, OverloadedLabels #-}
import Database.Selda
import Database.Selda.SQLite

data Pet = Dog | Horse | Dragon
deriving (Show, Read, Bounded, Enum)
instance SqlType Pet
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,pet  :: Maybe Pet
} deriving Generic
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SQL DSL (Selda)

main = withSQLite "people.sqlite" $ do
createTable people

insert_
people
[Person "Velvet" 19 (Just Dog)
, Person "Kobayashi" 23 (Just Dragon)
, Person "Miyu" 10 Nothing

]

adultsAndTheirPets < query $ do
person < select people
restrict (person ! #age . >=18)
return $ person | #name : x : person | #pet

liftlO $ print adultsAndTheirPets 380



SQL DSL (Selda)

main = withSQLite "people.sqlite" $ do
createTable people

insert_
people
[Person "Velvet" 19 (Just Dog)
, Person "Kobayashi" 23 (Just Dragon)
, Person "Miyu" 10 Nothing

]

adultsAndTheirPets < query $ do
person < select people
restrict (person ! #age . >=18)
return $ person | #name : x : person | #pet

liftlO $ print adultsAndTheirPets 380



SQL DSL (Selda)

main = withSQLite "people.sqlite" $ do
createTable people

insert_
people
[Person "Velvet" 19 (Just Dog)
, Person "Kobayashi" 23 (Just Dragon)
, Person "Miyu" 10 Nothing

]

adultsAndTheirPets < query $ do
person < select people
restrict (person ! #age . >=18)
return $ person | #name : x : person | #pet

liftlO $ print adultsAndTheirPets 380



SQL DSL (Selda)

main = withSQLite "people.sqlite" $ do
createTable people

insert_
people
[Person "Velvet" 19 (Just Dog)
, Person "Kobayashi" 23 (Just Dragon)
, Person "Miyu" 10 Nothing

]

adultsAndTheirPets < query $ do
person < select people
restrict (person ! #age . >=18)
return $ person | #name : x : person | #pet

lift!lO $ print adultsAndTheirPets 380



HTTP Back-end

Nejbéznéjsi baliky:
+ wai— Web Application Interface, nizkotroviovy zaklad pro HTTP protokol

+ warp —HTTP server

+ Yesod —warp obaleny RESTful datovym modelem a Template Haskellem

« Servant — Typové definice API, automatické generovani serverového, klientského a
javascriptového kodu.
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{-# LANGUAGE OverloadedStrings #-}
import Network.Wai
import Network.HTTP.Types
import Network.Wai.Handler.Warp (run)

app :: Application
app _respond = do
putStrLn "Nékdo néco chce!"
respond $ responsel BS
status200
[("Content-Type", "text/html")]
"<html><body><h1>Nazdar!</h1></body></html>"

main = run 8080 app
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app :: Application
app _respond = do
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status200
[("Content-Type", "text/html")]
"<html><body><h1>Nazdar!</h1></body></html>"

main = run 8080 app
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{-# LANGUAGE OverloadedStrings #-}
import Web.Scotty
import qualified Data.Text as T
import qualified Data.Map as M

main = scotty 8080 $
get "/pozdrav/: jmeno" $ do
jmeno < param " jmeno"
html$ "<hi>Nazdar, " ojmeno o "!</h1>"
post "/log/ :zprava" $ do
param "zprava" >= liftlO T.putStrLn - ("Log: ")
json $ M.fromList [("status" : "ok")]
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main = scotty 8080 $
get "/pozdrav/: jmeno" $ do
jmeno < param " jmeno"
html $ "<h1>Nazdar, " ojmeno o "!1</h1>"
post "/log/:zprava" $ do
param "zprava" = liftlO T.putStrLn - ("Log: "o)
json $ M.fromList [("status" : "ok")]
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{-# LANGUAGE DataKinds #-}

{-# LANGUAGE DeriveGeneric #-}

{-# LANGUAGE Flexiblelnstances #-}

{-# LANGUAGE GeneralizedNewtypeDeriving #-}
{-# LANGUAGE MultiParamTypeClasses #-}

{-# LANGUAGE OverloadedStrings #-}

{-# LANGUAGE RankNTypes #-}

{-# LANGUAGE ScopedTypeVariables #-}

{-# LANGUAGE TypeOperators #-}

import Prelude ()
import Prelude.Compat

import Control.Monad .Except

import Control.Monad.Reader

import Data.Aeson

import Data.Aeson.Types

import Data.Attoparsec.ByteString

import Data.ByteString (ByteString)
import Data.List

import Data.Maybe

import Data.String.Conversions

import Data.Time.Calendar

import GHC.Generics

import Lucid

import Network.HTTP.Media ((/ /), (/ :))
import Network. Wai 384
import Network.Wai.Handler. Warp

impbort Servant



type UserAPl =
"users" :) Get ‘[JSON] [User]

()
"posts" :) Get '[JSON] [Post]

server :: Server UserAPI
server = return users : (|) return posts

userAPI :: Proxy UserAPI
userAPl = Proxy

app :: Application
app = serve userAPI server

main = run 8080 app
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app :: Application
app = serve userAPI server

main = run 8080 app
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Jak se zeptat na API?
users :(|) posts = client userAPI
Pouziti:

runClientM users

(mkClientEnv
(newManager defaultManagerSettings)
(BaseURL Http "userdb.cz" 8080 "")

)
.1 10 [User]
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)
.1 10 [User]
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Servant

Bonusy!

Javaskriptovy API klient pro jQuery:

apifS :: Text
apilS = jsForAPI userAPI jquery

API dokumentujjici jiné API:

apiDocs :: APl
apiDocs = docs userAPI



Tradicni webovy front-endovy jazyk je Javaskript (@ moc toho s tim nenadélame).
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https://github.com/ghcjs/ghcjs

Tradicni webovy front-endovy jazyk je Javaskript (@ moc toho s tim nenadélame).

Haskell jde prelozit do Javaskriptu!

+ GHCJS (https://github.com/ghcjs/ghcjs)

« Existuje nékolik uzitec¢nych knihoven, napf. Reflex-DOM.
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https://github.com/ghcjs/ghcjs

Méné brutalni reseni:
+ (Coffee/Type)Script

+ PureScript
+ Elm

(jazyky jsou obcas polovicaté, ale porad lepsi nez Javaskript)
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import Browser
import Html exposing (Html, button, div, text)
import Html.Events exposing (onClick)

main =
Browser.sandbox {
init = 0,
update = update,
view = view }

type Msg = Increment | Decrement

update msg model =
case msg of
Increment —
model + 1

Decrement —
model — 1

view model =
div []
[button [onClick - (Decrement)] [text "-"]
,div [] [text (String.fromint model)]
,button [onClick - (Increment)] [text "+"]

]
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Nahled na FRP a Reflex-DOM

Funkcionalni Reaktivni Programovani je zajimavy zptsob jak popisovat dynamicky se ménici
objekty. Uzivatelskeé interfacy jsou vhodné misto k pouziti.
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Nahled na FRP a Reflex-DOM

Funkcionalni Reaktivni Programovani je zajimavy zptsob jak popisovat dynamicky se ménici
objekty. Uzivatelskeé interfacy jsou vhodné misto k pouziti.
+ Tradicné:
+ getMousePos
- setWidgetPosition (mousePos)

« Event-based: onMousePosChange (setWidgetPosition)

+ Reaktivné: widget { position = mousePos }
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FRP modeluje data programu jako chovani (Behavior), coz je abstrakce
celého pribéhu hodnot v case béhu programu.



FRP modeluje data programu jako chovani (Behavior), coz je abstrakce
celého pribéhu hodnot v case béhu programu.

To samoziejmé nejde. Budeme fikat, Ze to je ‘implementacni detail’.



FRP demo

{-# LANGUAGE OverloadedStrings #-}
import Reflex.Dom

main = mainWidget $ el "div" $ do
t < inputElement "default1"
t2 + inputElement "default2"
dynText $ _inputElement_value t
oM, "o
_inputElement_value t2

(kod je zjednoduseny)
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data InputElement er d t
= InputElement
{_inputElement_value :: Dynamic t Text
, _inputElement_checked :: Dynamic t Bool
, _inputElement_checkedChange :: Event t Bool

, _inputElement_input :: Event t Text
, _inputElement_hasFocus :: Dynamic t Bool
, _inputElement_element :: Element er d t

, _inputElement_raw :: RawInputElement d
, _inputElement_files :: Dynamic t [RawFile d]

}
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data InputElement er d t
= InputElement
{_inputElement_value :: Dynamic t Text
, _inputElement_checked :: Dynamic t Bool
, _inputElement_checkedChange :: Event t Bool

, _inputElement_input :: Event t Text
, _inputElement_hasFocus :: Dynamic t Bool
, _inputElement_element :: Element er d t

, _inputElement_raw :: RawInputElement d
, _inputElement_files :: Dynamic t [RawFile d]

}

Néjakou jednodussi variantu FRP dozajista ceka zafiva budoucnost.
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eDSL a interprety




« ADTs jsou skvélé na reprezentaci vyrazli a programu
(podivame se na nékolik alternativ a pomticek)

+ embedované jazyky maji minimalni overhead diky agresivnim optimalizacim

+ diky efektovym systémim je dost jednoduché psat kvalitni interpretery
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Rozsifitelné analyzovatelné datové struktury

data Expr
= Var String
| Lam String Expr
| App Expr Expr
| Plus Expr Expr
| Negate Expr
| ...

Je string dobry typ pro proménné?
Budou existujici funkce fungovat kdyz
pridam jazykovou featuru?

Je vyraz (néjak) validni?

Musim vsechny funkce psat rekurzivné?
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Bézna pomiicka: Parametrizace typu proménnych

data Expr a
=Vara
| Lam a (Expr a) « vétsinou dava smysl jako funktor
| App (Expr a) (Expr a) « misto Stringl muZete pouZit napF. indexy

| Plus (Expr a) (Expr a)
| Negate (Expr a)
| ...

nebo reference (rychlost)
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Higher Order Abstract Syntax

data Expr a where
Val::a — Expr a
Lam :: (Expr a — Expr b) — Expr (a — b)
App :: Expr (a — b) — Expr a — Expr b
id’ :: Expr (a — a)
id" = Lam (Ax — x)
const’ :: Expr (a — b — a) + ponékud nepohodIné (parsery musi znat
const’ = Lam (Ax — Lam (\y — X)) typ predem, prettyprinting je komplikovany)

« typ vyrazu je urcité spravné!

eval :: Expra — a

eval (Valv) =v

eval (Lam f) = Ax — eval (f (Val x))
eval (App f p) = (eval f) (eval p)
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Problém: Struktura v ADT syntaxi neposkytuje zadné typové zaruky (ale jde ‘rozebrat’ rucné),
HOAS je nedostatecné patternmatchovatelny (ale je typovany Haskellem).
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Final interpreters

class Expr repr where
val :: Int — repr

add :: repr — repr — repr eval :: Int — Int

mul :: repr — repr — repr eval = id
instance Expr Int where render :: String — String

valn = n render = id

addab=a+b expr:: Exprr=r

mulab=axb expr = add (val 1) (mul (val 2) (val 3))
instance Expr String where evalexpr =7

val n = show n render expr = " (1+(2*3))"

add ab =" (" 4 at " b )"
mulab="("HaH"*x"Hb-H")"
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Final interpreters — vyhody

Vertikalni rozsifitelnost

Horizontalni rozsifitelnost class Expr repr = Lang repr

var :: String — repr

instance Expr (Writer [Asm]) where ... assign :: String — repr — repr
compile :: Writer [Asm] — Writer [Asm] semicolon :: repr — repr — repr
compile = id instance Lang (Writer [Asm]) where

semicolona b =a>>b
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Jak vypada final encoding v paméti?



Jak vypada final encoding v paméti?

AST je vyrobené z funkci pospojovanych v STG.



Tagless final

class Expr rep where
lam :: (rep a — rep b) — rep (a — b)
app ::rep (a — b) — (rep a — rep b)
val::a — rep a
newtype Interpret a = R {reify ::a}
instance Expr Interpret where
lam f =R $ reify - f - R
app f a = R $ reify f $ reify a
val =R
example :: Expr rep = rep Int
example = app (lam (Ax — x)) (val 3)

eval :: Interpret a — a
eval e = reify e

+ tagged final interpretery si musi typovou informaci

ukladat ru¢né

« v tagless verzi se o typy stara kompilator a neni

potieba je pracné ukladat a matchovat
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Nasleduje sbirka uzitecnych reseni typickych problemu



Anotace kodu (typicky lokace)

type Loc = Int
data Expr
= Val Loc Int
| Plus Loc Expr Expr
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Anotace kodu (typicky lokace)

type Loc = Int
data Expr
= Val Loc Int
| Plus Loc Expr Expr

Lepsi:

datala=LInta
type Expr a = L (Ex a)
data Ex a = Val Int | Plus Expr Expr
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Anotace kodu (typicky lokace)

Systematické (Data.Fix):

type Loc = Int newtype Fix f = Fix {unFix :: f (Fix f)}
data Expr data Expr f = Val Int | Plus f f
= Val Loc Int

data Loc e f = Loc Int (e f)

| Plus Loc Expr Expr
type LocExpr = Fix (Loc Expr)

Lepsi: loc l e = Fix (Loc l e)

loc 0 (Val 3) :: LocExpr
datal a=LInta

type Expr a = L (Ex a) Vyhoda: pfi zménach struktury (napf.: odmazani
data Ex a = Val Int | Plus Expr Expr lokaci) neni potfeba vyrabét novy typ a nové
funkce, staci pouzit Fix Expr.
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Vorsicht

Funktor

| 2m Abstand ha!ten‘




Monadické DSL bez monad

Monady jdou vyrabét z funktorii zadarmo
(Control.Monad .Free):

data Free f a
= Pure a
| Free (f (Free f a))

instance Functor f = Monad (Free f) where
return = Pure
Purea>=f=fa
Free m >=f = Free (fmap (>=f) m)
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Monadické DSL bez monad

Monady jdou vyrabét z funktorii zadarmo ? PG LTesly S C I et i

(Control.Monad.Free): + Kazdé pouziti Free vyrobi jednu (pozdéji

interpretovatelnou) vrstvu funktoru
data Free f a

= Pure a
| Free (f (Free f a))

Just 3 > Nothing
~ Nothing

Free (Just $ pure 3) > Free Nothing
~ Free (Just (Free Nothing))

Pure 123 = A\x — return x

instance Functor f = Monad (Free f) where ~ Free (Just (Pure 123))
return = Pure Free (Just (Pure 1)) > Free (Just (Pure 3))
Purea>=f=fa ~ Free (Just (Free (Just (Pure 3))))

sum ($) traverse (Ax — Free (x,pure x)) [1..5]
~ Free (1, Free (2, Free (3, Free (4, Free (5,
Pure 15)))))

Free m >= f = Free (fmap (>=f) m)
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Volné monady — pouziti

data ConsoleCmd a
= WriteLn String a
| ReadLn (String — a)
deriving Functor

type ConsoleM = Free ConsoleCmd
liftF :: Functor f = f a — Free f a
liftF = Free - fmap Pure

writeLn s = liftF (WriteLn s ())
readLn = liftF (ReadLn id)
program =

X < readlLn

y < readlLn

writeLn (show $ read x + read y)
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Volné monady — pouziti

data ConsoleCmd a
= WriteLn String a
| ReadLn (String — a)
deriving Functor

type ConsoleM = Free ConsoleCmd

liftF :: Functor f = f a — Free f a
liftF = Free - fmap Pure

writeLn s = liftF (WriteLn s ())
readLn = liftF (ReadLn id)

program =
X < readlLn
y < readlLn
writeLn (show $ read x + read y)

consInlO :: ConsoleCmd a — 10 a
consinlO (WriteLn s cont) = do
putStrLn s
pure cont
consinlO (ReadLn callback) = do
s < getline
pure (callback s)

-- Control.Monad.Free
foldFree :: Monad m
= (Vx. fx - mx)
— Freefa—ma

main = foldFree consinlO program
Interpret jde jednoduse vyménit, napf. consinMock,
consInConduit, ...
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« Aplikativni funktory umi popsat i pomérné slozité procesy, ale nejde v nich rozhodovat o ‘tvaru’
vypoctu (a o vedlejsich efektech) na zakladé mezivysledkd.

+ Monady umi =, ale ke statické analyze je nutné je spustit a interpretovat.
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« Aplikativni funktory umi popsat i pomérné slozité procesy, ale nejde v nich rozhodovat o ‘tvaru’
vypoctu (a o vedlejsich efektech) na zakladé mezivysledkd.

+ Monady umi =, ale ke statické analyze je nutné je spustit a interpretovat.

class Applicative f = Selective f where
select :: f (Either ab) — f (a — b) —fb

ifS :: Selective f = f Bool - fa — fa —fa

Viyhoda: Vhodnym funktorem je mozné nap. posbirat
vSechny mozné chyby.
(podobné: optparse-applicative)
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« Aplikativni funktory umi popsat i pomérné slozité procesy, ale nejde v nich rozhodovat o ‘tvaru’
vypoctu (a o vedlejsich efektech) na zakladé mezivysledkd.

+ Monady umi =, ale ke statické analyze je nutné je spustit a interpretovat.

data Shape = Circle Int | Rectangle Int Int

shape :: Selective f =

class Applicative f = Selective f where F Bool s £ Int — £ nt — F Int —> £ Shape
select :: f (E,ther a b) — f (a — b) —~fb shape s r w h = ifS s (Circle ($) r) (Rectangle ($) w (x) h)

i i shape (Success True) (Success 10)

ifS :: Selective f = f Bool - fa —fa— fa (Failure ["no width"])

(Failure ["no height"])
~ Success (Circle 10)

Viyhoda: Vhodnym funktorem je mozné nap. posbirat shape (Success False) (Faiure [*ao Tadins®])
vSechny mozné chyby. (Failure [ "no wideh"])

. . . (Failure ["no height"])
(podobné: optparse-applicative) ~ Failure ["no width", "no height"]

& Mokhov, A., Lukyanov, G., Marlow, S., & Dimino, J. (2019). Selective applicative functors. Proceedings of the ACM on

Programming Languages, 3(ICFP), 1-29. 404



Take-home message

Functor < Applicative < Selective < Monad



Teoreticka odbocka: vyssi pohled na interpretery a kompilatory

Caste¢nym vyhodnocovac kodu je program, ktery ze
zdrojového kodu programu obsahujiciho statickou
(znamou) a dynamickou (neznamou) ¢ast vyrobi kod

programu neobsahuijici staticky odvoditelny vypocet.

mix :: Program
— Staticlnput
— Program

Podobné: s, , véta ve vycislitelnosti, peval,
“specializace”

Futamura projections (1970):

0. Interpretace zdrojového kodu:

interp source input = mix source input
(zbyde jen program ktery pfimo vypise vystup)

. Kompilace programu:

mix interp source

. Vyroba kompilatoru:

mix mix interp

. Univerzalni prekladac interpreterd na kompilatory:

mix mix mix
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Rozsiritelnost

Programy pracujici s komplikovanymi datovymi strukturami se typicky rozsifuji nasledovné:

Vertikalné Pridanim typl dat

(OOP: odvozenim novych tfid, ADT: pridanim dalsich moznosti do souctového typu, ...)

Horizontalné Pridanim funkcionality

(OOP: rozsifeni interfacu, ADT: pfidani funkci/instanci)

Problém: Mnozstvi kodu je O(h - v), i trivialni rozsifeni vyzaduiji implementovat/upravit O(h + v)
funkdi, typicky ‘boilerplate’.

Cil: Chceme implementovat jen to zajimavé.
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SYB

Jak genericky traverzovat (a modifikovat) struktury?

Nejdfiv potiebujeme trochu materializovat typovou bezpecnost.

class Typeable a -- obsah nas nezajima

cast :: (Typeable a, Typeable b) = a — Maybe b
(cast’ d’) :: Maybe Bool

~> Nothing
(cast True) :: Maybe Bool

~> Just True

SLammel, R., & Jones, S. P. (2003). Scrap your boilerplate: a practical design pattern for generic programming. ACM
SIGPLAN Notices, 38(3), 26-37.
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SYB

Generické transformace na neznamém typu nic neudélaji:

mkT :: (Typeable a, Typeable b)
=(a—a)—b—b
mkT f = case cast f of
Justg — g
Nothing — id
mkT (=) True
~> False
mkT (=) ’a’

~ ’a’
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SYB

Se znalosti ‘tvaru’ dat je generické transformace mozné spoustét na celych datovych typech:
class Typeable a = Term a where
gmapT :: (Vb.Termb = b — b) - a — a

instance Term Either a b where
gmapT f (Left [) = Left (f )
gmapT f (Right r) = Right (f r)

instance Term (a, b) where
gmapT f (I,r) = (f L, fr)
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Se znalosti ‘tvaru’ dat je generické transformace mozné spoustét na celych datovych typech:
class Typeable a = Term a where
gmapT :: (Vb.Tebomb = b — b) - a — a

instance Term Either a b where
gmapT f (Left [) = Left (f )
gmapT f (Right r) = Right (f r)

instance Term (a, b) where
gmapT f (l,r) = (f ,fr)
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SYB

Se znalosti ‘tvaru’ dat je generické transformace mozné spoustét na celych datovych typech:
class Typeable a = Term a where
gmapT :: (Vb.Termb = b — b) - a — a

instance Term Either a b where
gmapT f (Left [) = Left (f )
gmapT f (Right r) = Right (f r)

instance Term (a, b) where
gmapT f (I,r) = (f L, fr)

gmapT (mkT (—)) (True, >a’)
~> (False,’a’)
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SYB

Rekurzivné:

everywhere :: Term a
= (Vb.Term b = b — b)
—a—a
everywhere f x = f (gmapT (everywhere f) x)
everywhere (mkT (+1)) (True, >a’, (1, False, [ True, False]))
~> (True, >a’, (2, False, [ True, False]))
everywhere (mkT (—)) (True, (1, False, [True, False]))
~> (False, (1, True, [False, True]))
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SYB v soucasném Haskellu

Soucasna implementace v GHC:

class Typeable a where
typeRep # ::TypeRep a

class Typeable a = Data a where
gfoldl :: (vd b.Datad = c (d - b) -d —cb) — (Vgg —>cg) wa—ca
gunfold, toConstr, gmapT, gmapQ, gmapM, ...

Obé tridy jdou odvodit mechanicky! Data navic zvlada monady a zmény typu:

mkT :: (Typeable a, Typeable b) = (b — b) — a — a

mkQ :: (Typeable a, Typeable b) = r — (b —r) —a —r

mkM :: (Monad m, Typeable a, Typeable b) = (b - mb) - a —-ma
mkR :: (MonadPlus m, Typeable a, Typeable b) = m b — m a
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Generics a okoli

Tradicni jazyky  + Typeable zhruba odpovida RTTI,
Data velmi zhruba odpovida né¢emu jako “Serializable”
« 'visitor pattern’ mifi podobnym smérem, ale nefesi problém O(h - v) a typicky
nejde bezpecné odvodit automaticky.
GHC.Generics Automaticky odvozena typova tfida Generic poskytuje dost rozsahlou informaci o
typu v GHC, vcetné napf. jmen konstruktord.

class Generic a where
type Rep a :: Type — Type
from ::a — (Rep a) x
to :(Repa)x —a

Uniplate/Biplate Starsi a jednodussi reprezentace zalozena na from&to; odvoditelna z Data.
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GHC.Generics

ghci> from (Just 3)
M1 {unM1 = R1 (M1 {unM1 = M1 {unMl = K1 {unK1l = 3}}})}

ghci> :k! Rep (Maybe Int)
Rep (Maybe Int) :: * -> %
= D1
(’MetaData "Maybe" "GHC.Maybe" "base" ’False)
(C1 (°MetaCons "Nothing" ’PrefixI ’False) Ul
:+: C1
(’MetaCons "Just" ’PrefixI ’False)
(s1
(’MetaSel ’Nothing
’NoSourceUnpackedness ’NoSourceStrictness ’DecidedLazy)
(RecO Int)))
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Bonus: bez-boilerplatova optika

import Control.Lens.Plated

incrVals = transformOf _Val (+1) :: Expr — Expr
incrVals (Plus (Val 1) (Mul (Val 2) (Val 3)))
~> (Plus (Val 2) (Mul (Val 3) (Val 4)))
(Plus (Val 1) (Var "x")) ".. cosmos - _Var
~ [r0]
import Data.Aeson.Lens
"1, \"x\", {\"y\": 123}]" ".. cosmos - _Number
~ [1,123]
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Konec!



« GADTSs, existencialni typy (GenericList)

« DataKinds (APl "items"), zavislé typy (Array 5 Int)

« rekurzivni schémata

» efektové systémy (freer, polysemy, fused-effects, eff)
« profunktory a profunktorova optika

« Sipky (arrows)

» streamové zpracovani dat (conduit, pipes,...)

+ linearni typy
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