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Motivace |.

P¥iklad: chceme naprogramovat funkci
findContext :: (a -> Bool) -> Int -> [a] -> Maybe [al]

kde findContext p n 1 bude vyhledavat v seznamu 1 hodnotu
splnujici predikat p, ale vrati nejen nalezenou hodnotu, ale navic i
n hodnot pred a po této hodnoté.

findContext even 2 [1,3,5,6,7,9,11,13]
~* Just [3,5,6,7,9]
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Motivace II.

import Data.List (findIndex)

findContextl :: (a->Bool) -> Int -> [a] -> Maybe [a]
findContextl p n xs = do

index <- findIndex p xs

return . drop (index - n) $ take (index + n + 1) xs
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Motivace II.

import Data.List (findIndex)

findContextl :: (a->Bool) -> Int -> [a] -> Maybe [a]
findContextl p n xs = do

index <- findIndex p xs

return . drop (index - n) $ take (index + n + 1) xs

Jak to naprogramovat tak, abychom seznam xs neprochazeli
zbytec¢né vicekrat?
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Motivace IIlI.

findContext2 :: (a->Bool) -> Int -> [a] -> Maybe [a]
findContext2 p n xs = fn xs []
where
fn [] _ = Nothing
fn (x:xs) back
| p x = prepend (take n back) (x : take n xs)
| otherwise = fn xs (x : back)
prepend [] xs = Just xs
prepend (b:bs) xs = prepend bs (b:xs)
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Seznamy

Co kdyz budeme chtit jinou funkci na seznamech, kterd pracuje s
lokalnim kontextem velkého seznamu?
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Seznamy

Co kdyz budeme chtit jinou funkci na seznamech, kterd pracuje s
lokalnim kontextem velkého seznamu?

Zevseobecnime kontextové prochéazeni seznami:

data LZipper a = LZip [a] [a]

goForward

goBackward ::
modifyLZip ::

listToZip ::
:: LZipper a -> [a]

zipTolList
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:: LZipper a -> Maybe (LZipper a)

LZipper a -> Maybe (LZipper a)
(a => a) -> LZipper a -> LZipper a

[a]l] -> LZipper a

Jaro 2018

5/ 24



Binarni stromy |.

Jak si pamatovat pozici v bindrnim stromu, abychom mobhli
efektivné zpracovavat okoli aktualniho uzlu?

BNode (BinTree a) a (BinTree a)
BEmpty

data BinTree a =
|
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Binarni stromy |.

Jak si pamatovat pozici v bindrnim stromu, abychom mobhli
efektivné zpracovavat okoli aktualniho uzlu?

BNode (BinTree a) a (BinTree a)
BEmpty

data BinTree a =
|
M{izeme si pamatovat trasu k upravovanému uzlu

data Direction = L | R
modify :: BinTree a -> [Direction] -> a -> BinTree a

Neefektivni pfi opakovanych Gpravach, dpravach blizkych uzld!
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Binarni stromy |I.

Ve stromé se budeme pohybovat, ale zaroven si budeme pamatovat
i trasu zpét pro rekonstrukci stromu.

data BinTree a = BNode (BinTree a) a (BinTree a)
| BEmpty
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Binarni stromy |I.

Ve stromé se budeme pohybovat, ale zaroven si budeme pamatovat
i trasu zpét pro rekonstrukci stromu.

data BinTree a = BNode (BinTree a) a (BinTree a)

| BEmpty

data TreeDir a = TLeft a (BinTree a)
| TRight (BinTree a) a
deriving ( Eq, Show, Read )

data TreeZipper a = TZip [TreeDir a] (BinTree a)
deriving ( Eq, Show, Read )
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Binarni stromy: priklad

zipper = TZip [J (N (N (NE 4 E) 2 WE S5 E) 1 (N (N
E6E) 3 (NE 7 E)))
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Binarni stromy: priklad

golLeft zipper
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Binarni stromy: priklad

[0]

A

zipper TZip [L 1 (N (NE 6 E) 3 WE 7 E))] (N (NE 4
E) 2 (N E 5 E))
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Binarni stromy: priklad

[0]

A

goRight zipper
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Binarni stromy: priklad

[0]

A

zipper TZip [R (NE 4 E) 2, L1 (N(NE6E) 3 (NE7
E))] (NE 5 E)
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Binarni stromy: priklad

[0]

A

B

modify (+ 37) zipper
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Binarni stromy: priklad

[0]

A

zipper = TZip [R (NE 4 E) 2, L 1 (N (NE 6 E) 3 (N
E 7 E)] (N E 42 E)
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Binarni stromy: priklad

[0]

A

B

goUp zipper
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Binarni stromy: priklad

[0]

A

zipper TZip [L 1 (N (NE 6 E) 3 WE 7 E))] (N (NE 4
E) 2 (N E 42 E))
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Binarni stromy: implementace

Manipulaci miZeme realizovat napfiklad pomoci:

goLeft :: TZipper a -> TZipper a
goRight :: TZipper a -> TZipper a
goUp :: TZipper a -> TZipper a
modify :: (a -> a) -> TZipper a -> TZipper a
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Zippers: Shrnuti

zipper pro danou datovou strukturu je datova struktura obohacena
o ,kontext”, ktery umoznuje efektivné manipulovat pozici ve
strukture

seznam:
zipper je dvojice seznamil: jeden obsahuje dosud neprojity
seznam, druhy prvky, které jiz byly projity v opacném poradi
binarni strom:

zipper je aktudlni strom spolu se seznamem krokii zpét ke
kofeni (vrchol + levy nebo pravy podstrom)

vvvvvv
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Lenses: Motivacni priklad

data Person = Person {
eid :: Int ,
name :: String } deriving Show

data Project = Project {
lead :: Persomn ,
techLead :: Person } deriving Show

data Team = Team {

jobl :: Project ,
job2 :: Project } deriving Show
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Porovnani s jinymi jazyky

data Person = Person { eid :: Int, name :: String }
data Project = Project { lead :: Person, techLead :: Person }
data Team = Team { jobl :: Project, job2 :: Project }

Jak zménit EID vedouciho prvniho projektu v tymu t7?
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Porovnani s jinymi jazyky

data Person
data Project
data Team

Person { eid :: Int, name :: String }
Project { lead :: Person, techLead :: Person }
Team { jobl :: Project, job2 :: Project }

Jak zménit EID vedouciho prvniho projektu v tymu t7?
V Haskellu (vyuzivajic zaznami):

t { jobl = (jobl t) { lead
(lead $ jobl t) { eid

123 }
} 3}
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Porovnani s jinymi jazyky

data Person
data Project
data Team

Person { eid :: Int, name :: String }
Project { lead :: Person, techLead :: Person }
Team { jobl :: Project, job2 :: Project }

Jak zménit EID vedouciho prvniho projektu v tymu t7?
V Haskellu (vyuzivajic zaznami):

t { jobl = (jobl t) { lead

(lead $ jobl t) { eid = 123 }
T}
V ,béznych" jazycich (C, Java, ...):
t.jobl.lead.eid = 123;
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Datové struktury: setters & updaters

data Person
data Project
data Team

Person { eid :: Int, name :: String }
Project { lead :: Person, techLead :: Person }
Team { jobl :: Project, job2 :: Project }

Napisme si ,setter” a ,updater”:

setEid :: Int -> Person —-> Person
overLead :: (Person -> Person) -> Project -> Project
overJobl :: (Project -> Project) -> Team -> Team

1B016: Cviceni 08 Jaro 2018 13 /24



Datové struktury: setters & updaters

data Person
data Project
data Team

Person { eid :: Int, name :: String }
Project { lead :: Person, techLead :: Person }
Team { jobl :: Project, job2 :: Project }

Napisme si ,setter” a ,updater”:

setEid :: Int -> Person —-> Person
overLead :: (Person -> Person) -> Project -> Project
overJobl :: (Project -> Project) -> Team -> Team

Zména EID vedouciho prvniho projektu v tymu t:
(overJobl . overLead . setEid) 123 t

Pozorovani: Modifikacni funkce se dobre skladaji.
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Lenses: zakladni myslenka

lens =~ kombinace ,getter" a ,setter” funkci pro manipulaci
s (pod)cZasti dané datové struktury

Ize je skladat, brat jako argumenty, modifikovat, vracet, ...

uleh&uji praci se slozitymi (vnorenymi) datovymi strukturami
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Lenses: zakladni myslenka

lens =~ kombinace ,getter" a ,setter” funkci pro manipulaci
s (pod)cZasti dané datové struktury
Ize je skladat, brat jako argumenty, modifikovat, vracet, ...

uleh&uji praci se slozitymi (vnorenymi) datovymi strukturami

Prvni (naivni) implementace:

data Lens'' s a = Lens''

{ view s > a
, set :: a ->s -> s
, over :: (a ->a) ->s -> s
}
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Priklad

data Person = Person { eid :: Int, name :: String }
data Lens'' s a = Lens''

{ view :: s > a

, set :: a ->s ->s

, over :: (a ->a) ->s ->s }

Jak vypada lens pro eid v rdmci Person?
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Priklad

data Person = Person { eid :: Int, name :: String }
data Lens'' s a = Lens''

{ view :: s > a

, set :: a ->s ->s

, over :: (a ->a) ->s ->s }

Jak vypada lens pro eid v rdmci Person?

eidlLens :: Lens'' Person Int
eidlLens = Lens''
{ view = (\ p —> eid p )
, set = ( \neweid p -> p { eid = neweid } )
, over = ( \f p>p{eid=f (eidp) }) }
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Priklad

data Person = Person { eid :: Int, name :: String }
data Lens'' s a = Lens''

{ view :: s > a

, set :: a ->s ->s

, over :: (a ->a) ->s ->s }

Jak vypada lens pro eid v rdmci Person?

eidlLens :: Lens'' Person Int
eidLens = Lens''
{ view = (\ p —> eid p )
, set = ( \neweid p -> p { eid =
, over = ( \f p—>p{eid-=
Pouzitf:
view eidLens P

set eidlLens 123 p

over eidLens (+1) p
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neweid } )

f (eid p) } ) %
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A co vedlejsi efekty?

A co kdyz bude Gprava mit vedlejsi efekty?

adjustEidWithCheck :: Int -> IO Int
(kontroluje platnost daného EID v databazi)
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A co vedlejsi efekty?

A co kdyz bude Gprava mit vedlejsi efekty?

adjustEidWithCheck :: Int -> IO Int
(kontroluje platnost daného EID v databazi)

Pridejme jesté ,updater” tvorici vysledek ve funktoru.

overF :: Functor f => (a -=> f a) -=> s > f s
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A co vedlejsi efekty?

A co kdyz bude Gprava mit vedlejsi efekty?

adjustEidWithCheck :: Int -> IO Int
(kontroluje platnost daného EID v databazi)

Pridejme jesté ,updater” tvorici vysledek ve funktoru.

overF :: Functor f => (a -=> f a) -=> s > f s
Pro eidLens :: Lens'' Person Int
overF :: Functor f =>

(Int -> f Int) -> Person -> f Person
overF f p = fmap

(\neweid -> p { eid = neweid })

(f $ eid p)
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Zobecnovani I.

data Lens'' s a = Lens''

{ view s > a
, set MM a —->s —> S
, over :: (a —> a) > s —> S
, overF :: Functor f => (a -> f a) ->s -> f s }

Nase lens zac¢ina mit ptilis mnoho operatori ...
Nemohli bychom vyjafit set pomoci ostatnich Casti Lens''?
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Zobecnovani I.

data Lens'' s a = Lens''

{ view s > a
, set MM a —->s —> S
, over :: (a —> a) > s —> S
, overF :: Functor f => (a -> f a) ->s -> f s }

Nase lens zac¢ina mit ptilis mnoho operatori ...
Nemohli bychom vyjafit set pomoci ostatnich Casti Lens''?

set :: a ->8 ->s
set newval object = over (\_ -> newval) object
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Zobecnovani |l.

data Lens'' s a = Lens''

{ view :: s > a
, over :: (a-> a) >s -> s
, overF :: Functor f => (a -=> f a) > s -> f s }

Nemohli bychom vyjéafit over pomoci ostatnich ¢asti Lens''?
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Zobecnovani |l.

data Lens'' s a = Lens''

{ view s —> a
, over (a-> a) >s -> s
, overF :: Functor f => (a -=> f a) > s -> f s }

Nemohli bychom vyjéfit over pomoci ostatnich ¢asti Lens''?

Knihovni funktor Identity:

newtype Identity a = Identity { runldentity :: a }
instance Functor Identity where
fmap f (Identity x) = Identity (f x)
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Zobecnovani |l.

data Lens'' s a = Lens''

{ view s —> a
, over :: (a-> a) >s -> s
, overF :: Functor f => (a -=> f a) > s -> f s }

Nemohli bychom vyjéfit over pomoci ostatnich ¢asti Lens''?

Knihovni funktor Identity:

newtype Identity a = Identity { runldentity :: a }
instance Functor Identity where
fmap f (Identity x) = Identity (f x)

over :: (a -> a) -> s -> s
over f object = runldentity $ overF (Identity . f) s
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Zobecnovani Ill.

data Lens'' s a = Lens'"'
{ view :: s > a
, overF :: Functor f => (a -> f a) > s > f s }

Nemohli bychom vyjéfit view pomoci ostatnich ¢asti Lens''?
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Zobecnovani Ill.

data Lens'' s a = Lens'"'
{ view :: s > a
, overF :: Functor f => (a -> f a) > s > f s }

Nemohli bychom vyjéfit view pomoci ostatnich ¢asti Lens''?

Knihovni funktor Const:

newtype Const a b = Const { getConst :: a }
instance Functor (Const a) where
fmap _ (Const a) = Const a
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Zobecnovani Ill.

data Lens'' s a = Lens''
{ view :: s > a
overF :: Functor f => (a -> f a) > s > f s }

b

Nemohli bychom vyjéfit view pomoci ostatnich ¢asti Lens''?

Knihovni funktor Const:

newtype Const a b = Const { getConst :: a }
instance Functor (Const a) where
fmap _ (Const a) = Const a

view :: s -> a
view s = getConst $ overF Const s

1B016: Cviceni 08 Jaro 2018 19 / 24



Priklad

data Person = Person { eid :: Int, name :: String }

eidlLens :: Lens'' Person Int

eidLens = Lens'' {overF = \f p -> fmap (\x -> p {eid=x}) (f $ eid p)}
newtype Const a b = Const { getConst :: a }

fmap _ (Const a) = Const a

view s = getConst $ overF Const s

viewEid p
where p = (Person 123 "John Doe")
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Priklad

data Person = Person { eid :: Int, name :: String }

eidlLens :: Lens'' Person Int

eidLens = Lens'' {overF = \f p -> fmap (\x -> p {eid=x}) (f $ eid p)}
newtype Const a b = Const { getConst :: a }

fmap _ (Const a) = Const a

view s = getConst $ overF Const s

viewEid p
where p = (Person 123 "John Doe")

~> getConst $ (overF eidLens) Const p
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Priklad

data Person = Person { eid :: Int, name :: String }

eidlLens :: Lens'' Person Int

eidLens = Lens'' {overF = \f p -> fmap (\x -> p {eid=x}) (f $ eid p)}
newtype Const a b = Const { getConst :: a }

fmap _ (Const a) = Const a

view s = getConst $ overF Const s

viewEid p
where p = (Person 123 "John Doe")
~ getConst $ (overF eidLens) Const p

“ &#

~» getConst $ fmap (\x -> p {eid=x}) (Const $ eid p)
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Priklad

data Person = Person { eid :: Int, name :: String }

eidlLens :: Lens'' Person Int

eidLens = Lens'' {overF = \f p -> fmap (\x -> p {eid=x}) (f $ eid p)}
newtype Const a b = Const { getConst :: a }

fmap _ (Const a) = Const a

view s = getConst $ overF Const s

viewEid p
where p = (Person 123 "John Doe")
~ getConst $ (overF eidLens) Const p

fmap (\x -> p {eid=x}) (Const $ eid p)
fmap (\x -> p {eid=x}) (Comnst 123)

~» getConst
~~ getConst

©“ P P
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Priklad

data Person = Person { eid :: Int, name :: String }

eidlLens :: Lens'' Person Int

eidLens = Lens'' {overF = \f p -> fmap (\x -> p {eid=x}) (f $ eid p)}
newtype Const a b = Const { getConst :: a }

fmap _ (Const a) = Const a

view s = getConst $ overF Const s

viewEid p
where p = (Person 123 "John Doe")
~> getConst $ (overF eidLens) Const p
~+ getConst $ fmap (\x -> p {eid=x}) (Const $ eid p)
~» getConst $ fmap (\x -> p {eid=x}) (Comnst 123)
~» getConst $ Const 123
~ 123
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Balik lens

Knihovni balik lens:
nejznaméjsi Haskellova implementace lenses

. batteries included“ = mnoho funkci i zavislosti
moduly Control.Lens.*

obecnéjsi, nez nase lenses

umoznuje generovat lenses automaticky

Jaro 2018 21 /24
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https://hackage.haskell.org/package/lens

Balik lens

Knihovni balik lens:
nejznaméjsi Haskellova implementace lenses
. batteries included“ = mnoho funkci i zavislosti
moduly Control.Lens.*
obecnéjsi, nez nase lenses

umoznuje generovat lenses automaticky

type Lens' s a = Functor £ => (a -> f a) -> s -> f s

view :: Lens' s a —> s —> a
over :: Lens' s a -> (a ->a) ->s -> s
set :: Lens' s a —> a ->s8 ->s

set lens b = over lens (\_ -> b)
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https://hackage.haskell.org/package/lens

lens: Ukazka pouziti

{-# LANGUAGE TemplateHaskell #-}
import Control.Lens

data Person = Person { _eid :: Int, _name :: String }
data Project = Project { _lead :: Person, _techlLead :: Person }
data Team = Team { _jobl :: Project, _job2 :: Project }

makeLenses ''Person
makeLenses ''Project
makeLenses ''Team
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lens: Ukazka pouziti

{-# LANGUAGE TemplateHaskell #-}
import Control.Lens

data Person = Person { _eid :: Int, _name :: String }
data Project = Project { _lead :: Person, _techlLead :: Person }
data Team = Team { _jobl :: Project, _job2 :: Project }

makeLenses ''Person
makeLenses ''Project
makeLenses ''Team

getJoblLeadEid :: Team -> Int
getJoblLeadEid t = view (jobl . lead . eid) t

setJoblLeadEid :: Int -> Team -> Team
setJoblLeadEid x t = set (jobl . lead . eid) x t
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lens: Ukazka pouziti

{-# LANGUAGE TemplateHaskell #-}
import Control.Lens

data Person = Person { _eid :: Int, _name :: String }
data Project = Project { _lead :: Person, _techlLead :: Person }
data Team = Team { _jobl :: Project, _job2 :: Project }

makeLenses ''Person
makeLenses ''Project
makeLenses ''Team

getJoblLeadEid :: Team -> Int
getJoblLeadEid t = view (jobl . lead . eid) t

setJoblLeadEid :: Int -> Team -> Team
setJoblLeadEid x t = set (jobl . lead . eid) x t

getJoblLeadEid' t
setJoblLeadEid' x

t~.jobl.lead.eid
jobl.lead.eid.~x
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Lenses jsou jen zacatek...

Implementace z balika lens

lenses mohou ménit strukturu objektu:
type Lens s t a b = Functor £ => (a -> £ b) —>s > f t

existuji pravidla pro validni lenses
moznost pracovat i s vicero hodnotami zaraz (traversals)
moznost pracovat s typy, které maji vic konstruktord (prisms)

moznost vyuzivat vztahy mezi typy (isos)
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https://blog.jakuba.net/2014/07/14/lens-tutorial-introduction-part-1.html
https://hackage.haskell.org/package/lens-tutorial/docs/Control-Lens-Tutorial.html

Lenses jsou jen zacatek...

Implementace z balika lens

lenses mohou ménit strukturu objektu:
type Lens s t a b = Functor £ => (a -> £ b) —>s > f t

existuji pravidla pro validni lenses
moznost pracovat i s vicero hodnotami zaraz (traversals)
moznost pracovat s typy, které maji vic konstruktord (prisms)

moznost vyuzivat vztahy mezi typy (isos)

Dalsi ¢teni v pripadé zajmu:
tutorial na Jakub Arnold Blog
balik Control.Lens. Tutorial
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https://blog.jakuba.net/2014/07/14/lens-tutorial-introduction-part-1.html
https://hackage.haskell.org/package/lens-tutorial/docs/Control-Lens-Tutorial.html

Zippers, lenses: Samostatna prace

Princip zippers mizeme zobecnit typovou (konstruktorovou)
tfidou. Zamyslete se, jak by deklarace/instance této tfidy
vypadaly a pak se podivejte na nasi implementaci v ISu.
Podivejte se na vétsi program, ktery pouziva lenses:
jednoduchou implementaci hry Pong od Edwarda Kmetta
primo v baliku /ens.

PrecCtéte si motivaci a detaily k tfiddm Foldable a Traversable
a pak tutorial k obecnéjsim /ens na blogu Jakuba Arnolda.
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https://github.com/ekmett/lens/tree/master/examples
https://blog.jakuba.net/2014/07/30/foldable-and-traversable.html
https://blog.jakuba.net/2014/08/06/lens-tutorial-stab-traversal-part-2.html

