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type User = String

data Issue = Issue { reporter :: User
, assignee :: Maybe User
, weight :: Int
, closed :: Bool
} deriving Show

data Repo = Repo { maintainer :: User
, issues :: [Issuel]
} deriving Show

data Project = Project { codeRepo :: Repo
, wikiRepo :: Maybe Repo
} deriving Show
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Motivace

data Issue = Issue { reporter :: User, assignee :: Maybe User, weight :: Int, closed :: Bool }
data Repo = Repo { maintainer :: User , issues :: [Issue] }
data Project = Project { codeRepo :: Repo , wikiRepo :: Maybe Repo }

Ukol: v projektu p zaviit prvni issue v repozitafi s kodem.
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Motivace

data Issue = Issue { reporter :: User, assignee :: Maybe User, weight :: Int, closed :: Bool }
data Repo = Repo { maintainer :: User , issues :: [Issue] }
data Project = Project { codeRepo :: Repo , wikiRepo :: Maybe Repo }

Ukol: v projektu p zaviit prvni issue v repozitafi s kodem.

m V ,bénych" jazycich (C, Java, ...):
p.codeRepo.issues[0].closed = true;
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Motivace

data Issue = Issue { reporter :: User, assignee :: Maybe User, weight :: Int, closed :: Bool }
data Repo = Repo { maintainer :: User , issues :: [Issue] }
data Project = Project { codeRepo :: Repo , wikiRepo :: Maybe Repo }

Ukol: v projektu p zaviit prvni issue v repozitafi s kodem.

m V ,bénych" jazycich (C, Java, ...):
p.codeRepo.issues[0].closed = true;

m V Haskellu (s vyuZitim syntaxe zaznami):

p { codeRepo = (codeRepo p) { issues =
i { closed = True } : is
} } where (i:is) = issues (codeRepo p)

m Poslanim Cocek je délat podobné véci pricetnéji.
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HezCi feseni: settery a updatery

Napiseme si ,setter":
setClosed :: Bool -> (Issue -> Issue)

Potfebujeme ho aplikovat hluboko uvnit¥; pomizeme si updatery:
overCodeRepo :: (Repo -> Repo) -> (Project -> Project)
overIssues :: ([Issue] -> [Issue]) -> (Repo -> Repo)
overNth :: Int -> (Issue -> Issue) -> ([Issue] -> [Issuel])
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HezCi feseni: settery a updatery

Napiseme si ,setter":
setClosed :: Bool -> (Issue -> Issue)

Potfebujeme ho aplikovat hluboko uvnit¥; pomizeme si updatery:

overCodeRepo :: (Repo -> Repo) -> (Project -> Project)
overIssues :: ([Issue] -> [Issue]) -> (Repo -> Repo)
overNth :: Int -> (Issue -> Issue) -> ([Issue] -> [Issuel])

Regeni tGkolu nynf:
(overCodeRepo . overIssues . overNth 0 . setClosed) True p
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HezCi feseni: settery a updatery

Napiseme si ,setter":

setClosed :: Bool -> (Issue -> Issue)

Potfebujeme ho aplikovat hluboko uvnit¥; pomizeme si updatery:

overCodeRepo :: (Repo -> Repo) -> (Project -> Project)
overIssues :: ([Issue] -> [Issue]) -> (Repo -> Repo)
overNth :: Int -> (Issue -> Issue) -> ([Issue] -> [Issuel])

Reseni tkolu nyni:

(overCodeRepo . overIssues . overNth 0 . setClosed) True p

Pozorovani: Updatery se skvéle skladaji do hloubéji zanofenych updateri:

overFirstIssue :: (Issue -> Issue) -> (Project -> Project)
overFirstIssue = overCodeRepo . overIssues . overNth 0

(overFirstIssue . setClosed) True p
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Prvni polovina Cocky

Updatery mizZeme pouzit i bez setteru:
overWeight :: (Int -> Int) -> (Issue -> Issue)
(overFirstIssue . overWeight) (+10) p -- zvy$i vahu
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Prvni polovina Cocky

Updatery mizZeme pouzit i bez setteru:
overWeight :: (Int -> Int) -> (Issue -> Issue)

(overFirstIssue . overWeight) (+10) p -- zvy$i vahu

Mame-li updater, samostatny setter vlastné viilbec nepotrebujeme:

(overFirstIssue . overWeight) (\_ -> 42) p -- nastavi vahu
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Prvni polovina Cocky

Updatery mizZeme pouzit i bez setteru:

overWeight :: (Int -> Int) -> (Issue -> Issue)
(overFirstIssue . overWeight) (+10) p -- zvy$i vahu
Mame-li updater, samostatny setter vlastné viilbec nepotrebujeme:

(overFirstIssue . overWeight) (\_ -> 42) p -- nastavi vahu

Ale je to uzite¢nd pomocna funkce:
set updater newval obj = updater (\_ -> newval) obj

set (overFirstIssue . overWeight) 42 p

1B016: Cviceni 11 jaro 2023 5/31



Prvni polovina Cocky

Updatery mizZeme pouzit i bez setteru:
overWeight :: (Int -> Int) -> (Issue -> Issue)
(overFirstIssue . overWeight) (+10) p -- zvy$i vahu

Mame-li updater, samostatny setter vlastné viilbec nepotrebujeme:

(overFirstIssue . overWeight) (\_ -> 42) p -- nastavi vahu

Ale je to uzite¢nd pomocna funkce:
set updater newval obj = updater (\_ -> newval) obj

set (overFirstIssue . overWeight) 42 p

Pro kazdy atribut napiSeme updater a ,,zadarmo” mizeme vcelku hezky ménit libovolné
zanorené hodnoty!
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Co gettery?

data Issue = Issue { reporter :: User, assignee :: Maybe User
, weight :: Int, closed :: Bool }
data Repo = Repo { maintainer :: User , issues :: [Issue] }
data Project = Project { codeRepo :: Repo , wikiRepo :: Maybe Repo }

Novy Ukol: zjistit, zda je prvni issue v repozitafi s kddem zavrena.

m V ,béZnych" jazycich:
p.codeRepo.issues[0].closed

m V Haskellu (s vyuzitim getterl vyrobenych ze zaznamu):
closed . head . issues . codeRepo $ p

m Ok, ale poradi je opacné nez pfi nastavovani hodnot.
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Otacime gettery

Samotny getter uz mame diky pouziti zdznami:

closed :: Issue -> Bool

Ziskanou hodnotu je potteba vytahnout z hlubin struktury:

fromNth :: Int -> (Issue -> b) -> ([Issue] -> b)
fromIssues :: ([Issue] -> b) -> (Repo -> b)
fromCodeRepo :: (Repo -> b) -> (Project -> b)
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Otacime gettery

Samotny getter uz mame diky pouziti zdznami:
closed :: Issue -> Bool

Ziskanou hodnotu je potteba vytahnout z hlubin struktury:

fromNth :: Int -> (Issue -> b) -> ([Issue] -> b)
fromIssues :: ([Issue] -> b) -> (Repo -> b)
fromCodeRepo :: (Repo -> b) -> (Project -> b)

Stav prvni issue nyni ziskdme pomoci:

(fromCodeRepo . fromIssues . fromNth 0) closed p
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Otacime gettery

Samotny getter uz mame diky pouziti zdznami:

closed :: Issue -> Bool

Ziskanou hodnotu je potteba vytahnout z hlubin struktury:
fromNth :: Int -> (Issue -> b) -> ([Issue] -> b)
fromIssues :: ([Issue] -> b) -> (Repo -> b)
fromCodeRepo :: (Repo -> b) -> (Project -> b)
Stav prvni issue nyni ziskdme pomoci:

(fromCodeRepo . fromIssues . fromNth 0) closed p
p & (fromCodeRepo . fromIssues . fromNth 0) closed

(&) = flip ($), z modulu Data.Function
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Otacime gettery

Samotny getter uz mame diky pouziti zdznami:

closed :: Issue -> Bool

Ziskanou hodnotu je potteba vytahnout z hlubin struktury:

fromNth :: Int -> (Issue -> b) -> ([Issue] -> b)
fromIssues :: ([Issue] -> b) -> (Repo -> b)
fromCodeRepo :: (Repo -> b) -> (Project -> b)

Stav prvni issue nyni ziskdme pomoci:
(fromCodeRepo . fromIssues . fromNth 0) closed p
p & (fromCodeRepo . fromIssues . fromNth 0) closed

(&) = flip ($), z modulu Data.Function

Pozorovani: , Extraktory” se skvéle skladaji do hloubéji zanofenych extraktori:

fromFirstIssue :: (Issue -> b) -> (Project -> b)
fromFirstIssue = fromCodeRepo . fromIssues . fromNth 0

fromFirstIssue closed p
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Druhéa polovina cocky

Z 4

Nic ndm nebrani mit extraktor i pro ,listové” atributy:

fromWeight :: (Int -> b) -> (Issue -> b)
fromWeight g issue = g (weight issue)
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Druhéa polovina cocky

Z 4

Nic ndm nebrani mit extraktor i pro ,listové” atributy:

fromWeight :: (Int -> b) -> (Issue -> b)
fromWeight g issue = g (weight issue)

Mame-li extraktor, samostatny getter vlastné viibec nepotrebujeme:
(fromFirstIssue . fromWeight) id p
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Druhéa polovina cocky

Z 4

Nic ndm nebrani mit extraktor i pro ,listové” atributy:

fromWeight :: (Int -> b) -> (Issue -> b)

fromWeight g issue = g (weight issue)

Mame-li extraktor, samostatny getter vlastné viibec nepotrebujeme:
(fromFirstIssue . fromWeight) id p

Ale je to uzite¢nd pomocna funkce:
view extractor obj = extractor id obj

view (fromFirstIssue . fromWeight) p
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Druhéa polovina cocky

Z 4

Nic ndm nebrani mit extraktor i pro ,listové” atributy:

fromWeight :: (Int -> b) -> (Issue -> b)
fromWeight g issue = g (weight issue)

Mame-li extraktor, samostatny getter vlastné viibec nepotrebujeme:

(fromFirstIssue . fromWeight) id p

Ale je to uzite¢nd pomocna funkce:
view extractor obj = extractor id obj

view (fromFirstIssue . fromWeight) p

Pro kazdy atribut napiSeme extraktor a mizeme vcelku hezky &ist libovolné zanofené hodnoty!
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Myslenka cocky

Mame:

set (overCodeRepo . overIssues . overNth @ . overClosed) True
view (fromCodeRepo . fromIssues . fromNth @ . fromClosed)
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Myslenka cocky

Mame:

set (overCodeRepo . overIssues . overNth @ . overClosed) True
view (fromCodeRepo . fromIssues . fromNth @ . fromClosed)
Chceme:

set (codeRepo' . issues' . nth' @ . closed') True
view (codeRepo' . issues' . nth' 0 . closed')

1B016: Cviéeni 11 jaro 2023 9/31



Myslenka cocky

Mame:

set (overCodeRepo . overIssues . overNth @ . overClosed) True
view (fromCodeRepo . fromIssues . fromNth @ . fromClosed)

Chceme:
set (codeRepo' . issues' . nth' @ . closed') True
view (codeRepo' . issues' . nth' 0 . closed')

Cocka (lens) =~ kombinace ,updateru” a ,extraktoru"
m ulehCuje praci se zanofenymi datovymi strukturami
m toutéz Cockou lze Cist i zapisovat
m CocCky lze skladat do vétsSich, brat jako argumenty, vracet,. ..
m pri zméné datového typu staci zménit par cocek

m reference jako obcan prvni kategorie

1B016: Cviéeni 11 jaro 2023 9/31



Spojeni polovin ¢ocky

Prvni feSeni: datovy typ pro Cocky.

data Lens s a = Lens { over :: (a->a) ->s -> s
, from :: (a->b) -=>s ->b }

(Zjednoduseny kéd, neni validni Haskell)

N i

Cotka typu Lens s a ,ostfi" ve strukture s na atribut typu a.

Jak vypada cocka osttici v Project na codeRepo?
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Spojeni polovin ¢ocky

Prvni feSeni: datovy typ pro Cocky.
data Lens s a = Lens { over :: (a -> a) -> s -> s
, from :: (a->b) -=>s ->b }
(Zjednoduseny kéd, neni validni Haskell)

N i

Cotka typu Lens s a ,ostfi" ve strukture s na atribut typu a.

Jak vypada cocka osttici v Project na codeRepo?

codeRepo' :: Lens Project Repo

codeRepo' = Lens
{ over = ( \f p => p { codeRepo = f (codeRepo p) } )
, from = ( \g p -> g (codeRepo p) }

P¥iklad pouziti: prevzeti moci spravcem jiného projektu:

pl & set (over codeRepo' . over maintainer')
(p2 & view (from codeRepo' . from maintainer'))
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data Lens s a = Lens { over :: (a ->a) > s -> s
, from :: (a > b) > s ->b }
pl & set (over codeRepo' . over maintainer')
(p2 & view (from codeRepo' . from maintainer'))

To jsme si moc nepomohli — sklddame funkce ziskané pres over nebo from podle toho, jestli
zapisujeme nebo Cteme. Neskladame celé Cocky.

® napiSeme vlastni skladani
m upravime pfislusné set a view

B codeMaintainer :: Lens Project User
codeMaintainer = codeRepo' <.> maintainer'
pl & set codeMaintainer (p2 & view codeMaintainer)
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Pro¢ ne takto

data Lens s a = Lens { over :: (a ->a) > s -> s
, from :: (a > b) > s ->b }
pl & set (over codeRepo' . over maintainer')
(p2 & view (from codeRepo' . from maintainer'))

To jsme si moc nepomohli — sklddame funkce ziskané pres over nebo from podle toho, jestli
zapisujeme nebo Cteme. Neskladame celé Cocky.

® napiSeme vlastni skladani
m upravime pfislusné set a view

B codeMaintainer :: Lens Project User
codeMaintainer = codeRepo' <.> maintainer'
pl & set codeMaintainer (p2 & view codeMaintainer)

. nebo se pokusime updater (over) a extraktor (from) zobecnit do jediné, snadno
skladatelné funkce!
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Colka, druhy pokus

Cockou bude jakési ,vylep$ené over":
type Lens s a = Functor f => (a -> f a) > s > f s

(Takova funkce je uzite¢na sama o sobé&. Miizeme tfeba chtit, aby ,,updater” selhal pfi zadani neplatné
hodnoty (Maybe) nebo zaprotokoloval do databaze, Ze doslo ke zméné (10).)
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Colka, druhy pokus

Cockou bude jakési ,vylep$ené over":
type Lens s a = Functor f => (a -> f a) > s > f s

(Takova funkce je uzite¢na sama o sobé&. Miizeme tfeba chtit, aby ,,updater” selhal pfi zadani neplatné
hodnoty (Maybe) nebo zaprotokoloval do databaze, Ze doslo ke zméné (10).)

Jak pomoci tohoto ,nad-updateru” napiseme. ..

mover :: Lens sa->(a->a) ->s —>s

m from :: Lens s a > (a -=>b) ->s ->b
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Colka, druhy pokus

Cockou bude jakési ,vylep$ené over":
type Lens s a = Functor f => (a -> f a) > s > f s

(Takova funkce je uzite¢na sama o sobé&. Miizeme tfeba chtit, aby ,,updater” selhal pfi zadani neplatné
hodnoty (Maybe) nebo zaprotokoloval do databaze, Ze doslo ke zméné (10).)

Jak pomoci tohoto ,nad-updateru” napiseme. ..
mover :: Lens sa->(a->a) ->s ->s
— pomoci trividlniho knihovniho funktoru Identity, ktery nic zajimavého nedéla a je
»funktorem, aby byl funktor".

m from :: Lens s a > (a > b) ->s > b
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Colka, druhy pokus

Cockou bude jakési ,vylep$ené over":
type Lens s a = Functor f => (a -> f a) > s > f s

(Takova funkce je uzite¢na sama o sobé&. Miizeme tfeba chtit, aby ,,updater” selhal pfi zadani neplatné
hodnoty (Maybe) nebo zaprotokoloval do databaze, Ze doslo ke zméné (10).)

Jak pomoci tohoto ,nad-updateru” napiseme. ..
mover :: Lens sa->(a->a) ->s ->s
— pomoci trividlniho knihovniho funktoru Identity, ktery nic zajimavého nedéla a je
»funktorem, aby byl funktor".

m from :: Lens s a > (a > b) ->s > b

— pomoci knihovniho funktoru Const b, ktery ukryvd hodnotu, na kterou fmap nemize.
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Colka, druhy pokus

Cockou bude jakési ,vylep$ené over":
type Lens s a = Functor f => (a -> f a) > s > f s

(Takova funkce je uzite¢na sama o sobé&. Miizeme tfeba chtit, aby ,,updater” selhal pfi zadani neplatné
hodnoty (Maybe) nebo zaprotokoloval do databaze, Ze doslo ke zméné (10).)

Jak pomoci tohoto ,nad-updateru” napiseme. ..
mover :: Lens sa->(a->a) >s ->s
— pomoci trividlniho knihovniho funktoru Identity, ktery nic zajimavého nedéla a je
»funktorem, aby byl funktor".
m from :: Lens s a->(a->b) ->s ->b
view :: Lens s a -> s -> a
— pomoci knihovniho funktoru Const b, ktery ukryvd hodnotu, na kterou fmap nemize.
— loudime se s from — bylo uzite¢né jen na skladani, a to ted ¢ocka umi pékné sama od sebe.
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Identity a Const

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

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

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

newtype Identity a = Identity { runIdentity :: a }
instance Functor Identity where
fmap f (Identity x) = Identity (f x)
over :: Lens s a -> (a->a) ->s ->s
over lens f obj = runldentity $ lens (Identity . f) obj
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Identity a Const

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

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

over :: Lens s a -> (a->a) ->s ->s
over lens f obj = runldentity $ lens (Identity . f) obj

newtype Const c a = Const { getConst :: ¢ }
instance Functor (Const c) where
fmap _ (Const y) = Const y
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Identity a Const

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

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

over :: Lens s a -> (a->a) ->s ->s
over lens f obj = runldentity $ lens (Identity . f) obj

newtype Const c a = Const { getConst :: ¢ }
instance Functor (Const c) where
fmap _ (Const y) = Const y
view :: Lens s a -=> s -> a
view lens obj = getConst $ lens Const obj
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Nase cocka — shrnuti

v

m Colka typu Lens s a ,ostf" ve struktufe s na atribut typu a.

Al

m Funkce set, view a over umi ,zaostfeny” atribut Cist a ménit.
m Skladanim ¢odek vznika Cocka ,ostfici” hloubéji do struktury.
m Colka je vlastné funkce — , updater ve funktoru*:

type Lens s a = Functor f => (a -> f a) => (s -> f s)
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Nase cocka — shrnuti

v

Cocka typu Lens s a ,ostfi" ve struktufe s na atribut typu a.

Al

Funkce set, view a over umi ,zaostfeny” atribut Cist a ménit.

v/ s

Skladanim Cocek vznika ¢oclka ,ostfici" hloubéji do struktury.

Cocka je vlastné funkce — ,updater ve funktoru":
type Lens s a = Functor f => (a -> f a) => (s -> f s)

Ptiklad ¢ocky typu Lens Project Repo:

codeRepo' :: ... => (Repo -> f Repo) -> (Project -> f Project)

codeRepo' f p = flip Project (wikiRepo p) <$> f (codeRepo p)

Ptiklad pouziti: zvySujeme prioritu

newp = p & over (codeRepo' . issues' . nth' 1 . weight')
(+10)

Pt¥iklad pouziti: pridavame spravci povinnosti:

newp = p & set (codeRepo' . issues' . nth' 2 . assignee')
(Just $ p & view (codeRepo' . maintainer'))

1B016: Cviéeni 11 jaro 2023 14 /31



Balik lens

1B016: Cviéeni 11 jaro 2023 15 /31



Balik lens

Knihovni balik lens:
m nejznaméjsi Haskellova implementace Cocek a jiné optiky

m , batteries included” — mnoho funkci i zavislosti
m moduly Control.Lens.*
m definuje optiku pro knihovni typy
m umi byt obecnéjsi nez nase Cocky
Ukazeme si, jak s vyuzitim baliku lens:
generovat ¢ocky automaticky,

[ T
m ...zprehlednit kéd pomoci operatort,
m ...¢ist a ménit vic hodnot najednou.

$ cabal new-update && cabal new-install --1lib lens

jaro 2023 16 / 31
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https://hackage.haskell.org/package/lens

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

type User = String
data Issue = Issue { _reporter :: User
, _assignee :: Maybe User
, _weight :: Int
, _closed :: Bool
} deriving Show

makelLenses ''Issue

m Nutno zapnout rozsiteni TemplateHaskell.
m Vyrobi ¢oCky pro atributy zacinajici podtrzitkem.
m Colky se jmenuji bez podtritka.

m Vse je mozné nastavit.
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https://hackage.haskell.org/package/lens-4.19.1/docs/Control-Lens-TH.html

lens: priklad pouziti

Colky z lens miizeme pouzivat skoro stejné! jako predtim:

root = p & view (codeRepo . maintainer)

newp = p & set (codeRepo . issues . ix 2 . assignee)
(Just root)

newp = p & over (codeRepo . issues . ix 1 . weight)
(+10)

Ve jménech &olek nejsou apostrofy a misto nth existuje ix (jako ,index").
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lens: priklad pouziti

Colky z lens miizeme pouzivat skoro stejné! jako predtim:

root = p & view (codeRepo . maintainer)

newp = p & set (codeRepo . issues . ix 2 . assignee)
(Just root)

newp = p & over (codeRepo . issues . ix 1 . weight)
(+10)

Nebo mizeme vyuzit operatory:

root = p *. codeRepo . maintainer

newp = p & codeRepo . issues . ix 2 . assignee .~ Just root
newp = p & codeRepo . issues . ix 1 . weight %~ (+ 10)
newp = p & codeRepo . issues . ix 1 . weight +~ 10

1Ve jménech Colek nejsou apostrofy a misto nth existuje ix (jako ,index").
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Operatory — prehled

Balik obsahuje veliké mnozstvi operator(, naptiklad:

m objekt *. optika (getter?)
m objekt .. optika (,multi-getter")
m objekt *? optika (Maybe-getter)
m objekt & optika .~ hodnota (setter)
m objekt & optika %~ funkce (updater)
m objekt & optika %%~ funkce (updater s efekty”)
m objekt & optika +~ ¢&islo (pFicteni)
m objekt & optika <>~ hodnota (pfi<>eni, napf. (++))

2je-li vysledkd vic, pak je slou¢i pomoci <>, neni-li zadny, vraci mempty
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https://github.com/ekmett/lens/wiki/Operators

Cocky (lenses)

B umoznuji ,zaostrit" na jednu slozku typu.
Prismata (prisms)

® umoznuji ,zaostfit" na jeden hodnotovy konstruktor.
Traversals

® umoziuji ,,zaostfit” na libovolny pocet hodnot.
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Cocky (lenses)

B umoznuji ,zaostrit" na jednu slozku typu.
Prismata (prisms)

® umoznuji ,zaostfit" na jeden hodnotovy konstruktor.
Traversals

® umoziuji ,,zaostfit” na libovolny pocet hodnot.

Musime pocitat s netispéchem!
m Hodnotovy konstruktor nemusi byt pritomen: Nothing *. _Just
m Hodnota nemusi byt pfitomna: [1..5] *. ix 10
m Lze feSit pomoci Maybe (*?), seznamu (*..) nebo monoidu (*.)
m Setter pri nedspéchu neudél3 nic.
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Cocky (lenses)

B umoznuji ,zaostrit" na jednu slozku typu.
Prismata (prisms)

® umoznuji ,zaostfit" na jeden hodnotovy konstruktor.
Traversals

® umoziuji ,,zaostfit” na libovolny pocet hodnot.

Musime pocitat s netispéchem!
m Hodnotovy konstruktor nemusi byt pritomen: Nothing *. _Just
m Hodnota nemusi byt pfitomna: [1..5] *. ix 10
m Lze feSit pomoci Maybe (*?), seznamu (*..) nebo monoidu (*.)
m Setter pri nedspéchu neudél3 nic.

Vsechny druhy optik je mozné Fetézit prostym skladanim funkci.

[Just 3, Nothing, Just 4] *.. traverse . _Just ~» [3,4]
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Prisms

Prisma je dalsi druh optiky:
m ,zaostfuje" na jednu hodnotu s moznosti selhani
— typicky argument (&i jejich n-tici) hodnotového konstruktoru
% ale tfeba taky prefixed z Data.List.Lens
m pokud konstuktor nenajde, vypropaguje Nothing nebo mempty.

m makePrisms ''Typ vyrabi prismata tvaru _HKonstruktor.

Vyzkousejte a srovnejte chovani riznych operatori:

Right 42 ~. _Right ~* ? Left 66 ». _Right ~* ?
Right 42 *? _Right ~* ? Left 66 *? _Right ~* ?
Right 42 ~.. _Right ~* ? Left 66 *.. _Right ~* ?
Right "r” ». _Right ~* ? Left "1" ~. _Right ~* ?
Right 8 & _Right *~ 2 ~* ? Left 5 & _Right *~ 2 ~* ?
Right (Right "foo”) & _Right . _Left %~ map toUpper ~* ?
Right (Left "bar”) & _Right . _Left %~ map toUpper ~* ?
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Traversals

Traversal je zobecnénim Cocek a prismat.
m ,zaostfuje" na libovolny poéet hodnot (klidné Zadnou).

m vysledek podle pouzitého operatoru dostaneme jako seznam (*..), monoidovy soucin (*.)
nebo jen prvni vysledek, existuje-li (*7?).

m traverse — vybere viechny prvky seznamu (& jiného Traversable)

Vyzkousejte a srovnejte chovani riznych operator(:

[1..4]1 ». traverse ~ ? [1..4]1 *»? traverse ~ ?
[1..4]1 ~.. traverse ~ ? [1..4] ». traverse . to Sum ~ ?
[1..4] & traverse +~ 10~ ?

[("a",1), ("b",2)]1 ~. traverse . _1 ~* ?
[("a",1), ("b",2)]1 ~. traverse . _2 ~* ?
[("a",1), ("b",2)]1 *? traverse . _2 ~* ?
[("a",1), ("b",2)]1 ~.. traverse . _2 ~* ?

[("a",1), ("b",2)]1 & traverse . _1 . traverse %~ toUpper ~* ?
_1 a _2 jsou Cocky ostfici na prvky n-tic.
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Poznadmka k psani vlastnich traversali

Typ traversalil se lisi od typu Colek pozadavkem na Applicative:

type Traversal' s a = Applicative f => (a -> f a) ->s > f s

Implementace bude v lecCem pripominat instanci tfidy Traversable.
Ptiklad: vybér prvnich dvou prvki trojice:
firstTwo :: Traversal' (a, a, b) a
-— "= ... = (a->fa) > (a, a, b) >f (a, a, b)
firstTwo f (x, y, z) = (,,) <$> f x <x> f y <*> pure z

(1, 2, 3) & firstTwo *~ 10 ~* (10, 20, 3)
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Existujici optika — prehled

Lze vyuzit mnozstvi preddefinované optiky. Namatkou:
1

2, ..., both, each — pfistup k prvkiim n-tic

_Just, _Right, _Left, ... — vybér konstruktoru
® ix n —indexujici traversal; umoZiuje ostfit na
— n-ty prvek seznamu

— n-ty prvek m-tice®

— prvek mapy s kli¢em n (nemusi byt &islo)

traverse — vybér vsech prvkil kontejneru naraz

to f — aplikuje na vysledek funkci

filtered p — vybere hodnoty splnujici predikat

_head, _last, _init a _tail — traversaly pro ¢asti seznamu

worded, lined — traversal pres slova/Fadky Fetézce

3Co pro m-tici musf platit, aby %el pouzit traversal ix?
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Optika odjinud

K nemalému mnozstvi balikl existuje doprovodny balik s optikou.
m Colky na praci s datem a ¢asem (lens-datetime)
postpone = issues . traverse . due . years +~ |

m optika na parsovani a prochazeni JSONu (lens-aeson):

jsonStr & key "flags” . nth 2 . _Bool .~ True
jsonStr & _Array . traverse . key "amount” . _Number -~ 1

m prochazeni XML a la XPath (xml-lens)

doc *.. root . el "courses” ./ el "course" . attributeIs "faculty” "FI" ./ el
— "description” . text

m Podobné Ize pracovat napt. s YAMLem
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Vsechno se to sem nevleze. . .

Optika z baliku lens toho umi jesté vic

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

hierarchie optiky a pravidla pro validni optiku,

prace s indexy vysledki (,vypi$ kazdou druhou issue®),

»zpétny chod" prismat (nap¥. vkladani konstruktor(),
isomorfismy (seznam a jeho obréceni, riizné representace textu),
operatory pro praci ve stavové monadé,

ohromna spousta rliznych optik a kombinatord,

Dalsi Cteni v pFipadé zajmu:
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tutoridl na School of Haskell
balik Control.Lens. Tutorial
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https://www.schoolofhaskell.com/school/to-infinity-and-beyond/pick-of-the-week/a-little-lens-starter-tutorial
https://hackage.haskell.org/package/lens-tutorial/docs/Control-Lens-Tutorial.html

Samostatné programovani
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Stahnéte si z ISu soubor Seminarll.hs a pomoci optik:

vypiste spravce repozitare s kodem
zménte spravce repozitare s kédem na svilj xlogin

vypiste spravce repozitare s wiki, pokud existuje (jinak vypiSte Nothing)

Porad pracujte s celym projektem a pro repozitaf s kodem:
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vypiste reportéra prvni Issue, pokud existuje (jinak vypiste Nothing)
vypiSte seznam vSech Issue

vypiste reportéry viech neuzavienych Issue (mize se vdm hodit optika filtered z
Control.Lens.Fold)

vypiste reportéra prvni neuzaviené Issue, pokud existuje
uzavrete vSechny neuzaviené Issue

priradte vSechny neptitazené Issue uzivateli "xjonas”
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https://is.muni.cz/auth/el/fi/jaro2023/IB016/um/kody_ke_cviceni/Seminar11.hs

Bary

Méjme nasledujici datovy typ. Implementujte pomoci traversald funkce na dalSim slajdu.
{-# LANGUAGE TemplateHaskell #-}

import Control.Lens
import Control.Lens.Fold (filtered)

type Bars = [Bar]
type Price = Int
data Bar = Bar { _name :: String, _drinks :: [(Drink, Price)] } deriving (Show)
data Drink = Beer { _beerName :: String, _beerStrength :: Float }
| Wine { _variety :: String, _color :: String } deriving Show

makelLenses ''Bar
makelLenses ''Drink
makePrisms ''Bar
makePrisms ''Drink

bars :: [Bar]
bars = [ Bar "Bar 1" [ (Beer "Starobrno” 11, 25), (Beer "Svijany” 12, 30) 1,
Bar "Bar 2" [ (Beer "Plzen"” 12, 40), (Wine "Chardonnay” "White", 30) 1,
Bar "Wine bar” [ (Wine "Pinot Grigio” "White”, 40), (Wine "Pinot Nero” "Red”, 45) 1]
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datovy typ z predchoziho slajdu pomoci optik

vypiSte seznam vSech jmen bard

vypiste seznam vsech cen napoji

vypiste seznam vsech nazvi piv

zdrazte vSechny napoje o 10 K¢

udélejte ze vSech vin Cervend

vypiste seznam vsech odrid vin, které zacinaji na "Pinot”

vypiste nejvétsi cenu napoje (vyuzijte monoid Max)

jaro 2023

30 /31



Prohledavani do hloubky

Vzpomerite si na DFS z minula:

type Vertex = Char
type Edge = (Vertex, Vertex)

dfs' :: Vertex -> [Edge] -> State (Set Vertex) [Vertex]
dfs' v edges = do
modify' (Set.insert v)
let succs = [to | (from, to) <- edges, from == v]
next <- forM succs $ \s -> do
visited <- get
if s “elem” visited then return [] else dfs' s edges
return $ v : concat next

dfs :: Vertex -> [Edge] -> [Vertex]
dfs v es = evalState (dfs' v es) Set.empty

Ptidejte datovy typ type Stamp = (Vertex, Int, Int) a upravte funkci dfs tak, aby vracela
i Casové znamky projitych vrchold. Tj. dfs :: Vertex -> [Edge] -> [Stamp].

Budete si ve stavu pottebovat pamatovat vic informaci. Zkuste k nim pristupovat pomoci
optickych operatoril %= (updater ¢asti State), += (inkrementace Casti State) a optik _1 a _2.
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