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[Nnan nekyunm

e AnninkaTnBHbIE Napcepbl
e Knacc Tnnos Alternative

e Knacc Tnnos Traversable
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[Nnan nekyunm

© AnnnvkatusHbie napceps!
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e [lapcep — nporpamma, NpvHMMAatOLLAst Ha BXOA CTPOKY U
BO3BpPaLLAtOLLIAs HEKOTOPYHO CTPYKTYPY AaHHbIX, €C CTPOKA
YOOB/IETBOPSIET 3a4aHHONA rpaMMaTuke, unm coobueHne ob
ownbKe B NPOTUBOMOJSIOKHOM CiyHae.

o [MpocTeiiwnii, Ho HeynobHbI napcep:
type Parser a = String -> a

[Aennc Hukonaesny MockeuH icnonb3oBaHne annamkaTUBHBIX yHKTOPOB



e [lapcep — nporpamma, NpvHMMAatOLLAst Ha BXOA CTPOKY U
BO3BPALLAtOLLAsi HEKOTOPYIO CTPYKTYPY AAHHbIX, €CIM CTPOKA
YOOB/IETBOPSIET 3a4aHHONA rpaMMaTuke, unm coobueHne ob
ownbKe B NPOTUBOMOJSIOKHOM CiyHae.

o [lpocTeiiwmii, HO HeyaobHbIV napcep:
type Parser a = String -> a

@ Bepcusi 2 (xpaHnm HepazobpaHHbIA OCTaToOK):
type Parser a = String -> (String,a)
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e [lapcep — nporpamma, NpvHMMAatOLLAst Ha BXOA CTPOKY U
BO3BpaLLatoLLLasi HEKOTOPYH CTPYKTYPY AaHHbIX, €Cl CTPOKa
YOOB/IETBOPSIET 3a4aHHONA rpaMMaTuke, unm coobueHne ob
OLLIMOKE B MPOTMBOMOJIOKHOM Cly4ae.

o [lpocTeiiwmii, HO HeyaobHbIV napcep:
type Parser a = String -> a
@ Bepcusi 2 (xpaHnm HepazobpaHHbIA OCTaToOK):
type Parser a = String -> (String,a)
e Bepcum 3,4 (ymeem obpabatbiBaTs owmnbkm):
type Parser a = String -> Maybe (String,a)
type Parser a = String -> Either String (String,a)
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e [lapcep — nporpamma, NpvHMMAatOLLAst Ha BXOA CTPOKY U
BO3BpaLLatoLLLasi HEKOTOPYH CTPYKTYPY AaHHbIX, €Cl CTPOKa
YOOB/IETBOPSIET 3a4aHHONA rpaMMaTuke, unm coobueHne ob
OLLIMOKE B MPOTMBOMOJIOKHOM Cly4ae.

o [lpocTeiiwmii, HO HeyaobHbIV napcep:
type Parser a = String -> a

@ Bepcusi 2 (xpaHnm HepazobpaHHbIA OCTaToOK):
type Parser a = String -> (String,a)

e Bepcum 3,4 (ymeem obpabatbiBaTs owmnbkm):
type Parser a = String -> Maybe (String,a)

type Parser a = String -> Either String (String,a)

@ Bepcusi 5 (HeopHO3HaYHbIE rPaMMaTUKM):
type Parser a = String -> [(String,a)]
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Mapcepsbr (2)

@ Buibepem B kayecTse basoesoii Bepcuto 3:
type Parser a = String -> Maybe (String,a)
o BozamoxHoe 060bweHne — abcTparnposaTecs no Tuny

BXOA4HOro nNOTOKa:
type Parser tok a = [tok] -> Maybe ([tok],a)
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Mapcepsbr (2)

@ Buibepem B kayecTse basoesoii Bepcuto 3:
type Parser a = String -> Maybe (String,a)

o BozamoxHoe 060bweHne — abcTparnposaTecs no Tuny
BXOAQHOIo NOTOKa:
type Parser tok a = [tok] -> Maybe ([tok],a)

@ llToroeas Bepcusi, rogHas Ais peanusauny nNpencTaBuTeNeii:

newtype Parser tok a =
Parser {runParser :: [tok] -> Maybe ([tok],a)}
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[Napcep B paboTe

newtype Parser tok a
Parser {runParser ::

[tok] -> Maybe ([tok],a)}

Just (cs,c)

charA :: Parser Char Char
charA = Parser f where

f (c:cs) | c == A’ =

£ =

Nothing

Ceccusa GHCi

GHCi> runParser charA
Just ("BC",’A’)

GHCi> runParser charA
Nothing

n ABC n

IIBCD n
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DyHKUUU NS KOHCTPYMPOBAHWS MapcepoB

satisfy :: (tok -> Bool) -> Parser tok tok
satisfy pr = Parser f where

f (c:cs) | pr ¢ = Just (cs,c)

£ = Nothing

GHCi> runParser (satisfy isUpper) "ABC"
Just ("BC",’A’)

GHCi> runParser (satisfy isLower) "ABC"
Nothing

lower :: Parser Char Char
lower = satisfy isLower

char :: Char -> Parser Char Char
char ¢ = satisfy (== c¢)
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[apcep kak yHKTOP

digit :: Parser Char Int
digit = satisfy isDigit -- returns Char :(
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[apcep kak yHKTOP

digit :: Parser Char Int
digit = satisfy isDigit -- returns Char :(

digit :: Parser Char Int
digit = digitToInt <$> satisfy isDigit
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[apcep kak yHKTOP

digit :: Parser Char Int

digit = satisfy isDigit -- returns Char :(
digit :: Parser Char Int

digit = digitToInt <$> satisfy isDigit

[ns saTOro Hy>xHO caenatb napcep pyHKTOPOM:

instance Functor (Parser tok) where
--fmap :: (a -> b) -> Parser tok a -> Parser tok b
fmap g (Parser p) = Parser f where
f xs = case p xs of
Just (cs, c) -> Just (cs, g c)
Nothing -> Nothing
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Mapcep kak dyHkTop (2)

Mpeabloyuwee obbaeneHmne hyHKTOpa MOXET DObiTh 3anncaHo
KOMMaKTHee.

newtype Parser tok a =
Parser {runParser :: [tok] -> Maybe ([tok],a)}

[HeiicTBuTensHo, TN Parser — He YTO WMHOE, Kak
nocneaoBaTeNibHasi KOMNo3uums Tpex dyHkTopos: (->) [tok],
Maybe n (,) [tok]. [losTomy

instance Functor (Parser tok) where
--fmap :: (a -> b) -> Parser tok a -> Parser tok b
fmap g (Parser p) = Parser $ (fmap . fmap . fmap) g p
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ARNnNAnKaTuBHbLI Napcep: pure

instance Applicative (Parser tok) where
--pure :: a -> Parser tok a
pure x = Parser $ \s -> Just (s, x)

CEMAHTWKA: pure — napcep, Bcerga Bo3Bpallarownii 3agaHHoe
3HaYeHNe; BXOAHAA CTPOKA He «noTpebnsercs».

GHCi> runParser (pure 42) "ABCD"
Just ("ABCD",42)

[Aennc Hukonaesny MockeuH icnonb3oBaHne annanmKaTUBHBIX yHKTOPOB



ANnnnkaTuBHbIN napcep: (<x>)

--(<*>) :: Parser tok (a -> b) -> Parser tok a -> Parser tok b
Parser u <*> Parser v = Parser f where
f xs = case u xs of

Nothing -> Nothing
Just (xs’, g) -> case v xs’ of
Nothing -> Nothing

Just (xs’’, x) -> Just (xs’’, g x)

CEMAHTUKA: nony4utb pesynbTaT nepBoro napcepa, 3atem
BTOPOro Ha OCTaTKe CTPOKU, N MPUMEHUTb MEPBbLIfi KO BTOPOMY.
Heygnaua xoTs Obl ogHOro napcepa NpMBOANT K TOTafbHOI HeyAade.

GHCi> runParser (pure (,) <*> digit <*> digit) "12AB"
Just ("AB",(1,2))

GHCi> runParser ((,) <$> digit <*> digit) "1AB2"
Nothing

[Aennc Hukonaesny MockeuH icnonb3oBaHne annanmkaTUBHBIX yHKTOPOB



[lprmep ncnoab3oBaHMs anmiInKaTUBHOIO MHTEpdeica

Tenepb MOXXeM CTPOUTH «CJOXHbIEY Mapcepsbl:

multiplication :: Parser Char Int
multiplication = (%) <$> digit <* char ’#*’ <x> digit

Bce onepaTopbl seBoaccaunoTuBHbl U UMEOT oauH (4) npuopnTerT.

GHCi> runParser multiplication "6x7"
Just ("",42)

A Kak caenaTb YHUBEPCaNbHbIA napcep ans "63%796"7
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[Nnan nekyunm

e Knacc Tnnos Alternative
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BcrnomHuM knacc TMNoB Monoid

class Monoid a where
mempty :: a
mappend :: a -> a -> a

HekoTopble anninkaTneHble yHKTOPbI ABASIOTCA, NOMUMO BCErO
npoyero, MoHougamu (cnuckm, Maybe). Hanpumep,

instance Monoid a => Monoid (Maybe a) where
mempty = Nothing
Nothing ‘mappend‘ m m
m ‘mappend‘ Nothing = m
Just ml ‘mappend‘ Just m2 Just (ml ‘mappend‘ m2)

Il
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Lpyroii npeacTaBuTENb Monoid AJIS1 Maybe

MonesHbl u apyrue cnocobwbl caenatb Maybe MOHOWAOM, HaNpUMep

instance Monoid (Maybe a) where
mempty = Nothing
Nothing ‘mappend‘ m
m ‘mappend‘ _

o
8B B

MockonbKy Henb3si 0ObABUTL ABYX NPEACTaBUTENEN AJisi OQHOrO
TUNa, B CTaHZAPTHOW BubnnoTeke NCNoNbL3yeTcst ynakoBKa

newtype First a = First { getFirst :: Maybe a }

B oTnanune oT npenbigylleii peanusauuu, napameTpusyoLnii
Maybe TN a COBEPLUEHHO HE BaXKEH.
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Knacc Alternative

class Applicative f => Alternative f where
empty :: f a
&I> :: fa->fa->fa

infixl 3 <[>

Hapensiem annavnkaTueHblli (byHKTOP LOMNOAHUTENLHON
MOHOWAAILHOW Onepaumnen C CEMAHTUKON «CIIOXKEHUSA Y.

instance Alternative [] where
empty = []
<> (++)

[Mpeactasutens Alternative ANt CMUCKOB MOJIHOCTBLIO NOBTOPSIET
onpefenieHne MOHOUAA NS CNKCKA.
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Hpe,ﬂ,CTaBVITeIIb Alternative [J15 Maybe

instance Alternative Maybe where

empty = Nothing
Nothing <[> m = m
m <I>_ = m

npeACTaBMTenb Alternative gnsa Maybe Bener cebs, Kak YMNaKoBKa
First, Bo3BpalLias nepsblii He-Nothing B Leno4ke afbTePHATUB:

*Fp11> Nothing <|> (Just 3) <[> (Just 5) <|> Nothing
Just 3
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3aKoHbI Alternative (1) n (2)

[Momumo 3akoHOB MOHOI/I/J,aﬂbHOVI CTPYKTYPpbI Tp66leT BbINOJIHEHUA

(1) Right distributivity of <*>

(f <I>g) <#>a = (f <x> a) <[> (g <> a)

(2) Right absorption for <*>

empty <*> a = empty

DTa napa 3aKOHOB OMUCHLIBAET CBsA3b Alternative u Applicative.
Beinonusitorcs nm oy ans Maybe?
Cnuckos?
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3aKoHbI Alternative (3) n (4)

(3) Left distributivity of fmap

f <$> (a<|>Db) = (f <$ a) <[> (f <$> b)

(4) Left absorption for fmap

f <$> empty = empty

DTa mapa 3aKOHOB OMUCLIBAEeT CBsA3b Alternative n Functor.
BeinonuatoTrcs nn oHn ana Maybe?
Cnnckos?
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HTepdbeiic alternative 4151 Napcepa

instance Alternative (Parser tok) where

--empty :: Parser tok a
empty = Parser $ \_ -> Nothing
--(<|>) :: Parser tok a -> Parser tok a -> Parser tok a

Parser u <|> Parser v = Parser f where
f xs = case u xs of
Nothing -> v xs
z -> z

CEMAHTUKA:
@ empty — mapcep, BCErAa BO3BPALLAIOLLNIA Heydauy;

@ (<|>) — npobyem nepsbIii, Npn Heyaade npobyem BTOPOIA Ha
NCXOOHOW CTPOKeE.
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[lprmMep ncnoab30BaHNS aNbTEPHATUBHOIO NHTEpdeiica

GHCi> runParser (char ’A’ <|> char ’B’) "ABC"
Just ("BC",’A’)
GHCi> runParser (char ’A’ <|> char ’B’) "BCD"
Just ("CD",’B?)

Tenepb MOXXeM CMOHTUPOBATb PEKYPCUBHbIA Napcep

lowers :: Parser Char String
lowers = (:) <$> lower <*> lowers <|> pure ""

GHCi> runParser lowers "abCd"
J'LlSt (qun s n ab")
GHCi> runParser lowers "abcd"
Just (II n s "abcd")
GHCi> runParser lowers "Abcd"
Just ("Abcd","")
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[Monxoe OnpenesieHne KnacCCa Alternative

class Applicative f => Alternative f where
empty :: f a
> :: fa->fa->fFfa

-- One or more.
some :: f a -> f [al
some vV = some_V where
many_v = some_v <|> pure []
some_v = (:) <$> v <*> many_v
-- Zero or more.
many :: f a -> f [a]
many v = many_v where
some_v <|> pure []
(:) <$> v <*> many_v

many_v

I

some_vVv

infixl 3 <[>
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[Nnan nekyunm

e Knacc Tnnos Traversable
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ANnanKaTuBHbLIA ANCTPUOBLIOTOP CNUCKA

dist :: Applicative f => [f a] -> f [al]
dist [] = pure []
dist (ax:axs) = (:) <$> ax <*> dist axs

GHCi> dist [Just 3,Just 5]

Just [3,5]

GHCi> dist [Just 3,Nothing]

Nothing

GHCi> getZipList $ dist $ map ZipList [[1,2,3],[4,5,6]]
[[1,41,[2,5],[3,6]]
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Knacc TUNOB Traversable

MuHnmansHoe nonHoe onpefeneHne: traverse WM sequenceA.

class (Functor t, Foldable t) => Traversable t where
sequenceA :: Applicative f => t (f a) -> f (t a)
sequenceA = traverse id
traverse :: Applicative f => (a -> £ b) -> t a -> f (t b)
traverse g = sequenceA . fmap g

sequenceA: obecneyrBaem NpaBuaO KOMMYTALMN HALLEro
byHKTOpa t C NPON3BOJIbHBIM anNMINKaTUBHLIM (PYHKTOPOM f.
CTpyKTypa BHELIHEro KOHTelHEPa t COXPAHSETCs, a annkaTuBHble
apdbekTbl BHYTPEHHMX £ OOBEANHAIOTCA B PE3YNLTUPYHOLLEM f.
traverse — 370 map C 3dpdpeKTaMu: MPOE3KAEM MO CTPYKTYpE t a,
NOC/NIEA0BATENBbHO NPUMEHSIS (PYHKLUIO K 3IEMEHTaM TuNa a u
MOHTMPYEM B TOYHOCTU Ty XK€ CTPYKTYPY U3 pesynbTaToB Tuna b,
napasielbHO «KOJUIEKLMOHUPYST» 3eKThI.
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ﬂpeACTaBMTeﬂM KJ1laCCa TUMNOB Traversable

instance Traversable Maybe where
traverse _ Nothing = pure Nothing
traverse g (Just x) = Just <$> g x

instance Traversable [] where
traverse _ [] = pure []
traverse g (x:xs) = (:) <$> g x <*> traverse g xs

CpaBHum ¢ peanusauyueil Functor:

instance Functor Maybe where

fmap _ Nothing = Nothing

fmap g (Just x) = Just $ g x
instance Functor [] where

fmap _ [] =[]

fmap g (x:xs) (:) (g x) (fmap g xs)
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[lepBbili 3aKOH Traversable

newtype Identity a = Identity {runIdentity :: a}

instance Functor Identity where
fmap g (Identity x) = Identity (g x)

instance Applicative Identity where
pure = Identity
Identity g <*> v = fmap g v

(1) identity

traverse Identity = Identity

GHCi> traverse Identity [1,2,3]
Identity [1,2,3]
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Peannsauuu fmap N0 yMonyaHuto

Bcakuii Traversable — 3To Functor:

fmapDefault :: Traversable t => (a ->b) ->t a ->t b
fmapDefault g = runldentity . traverse (Identity . g)

@ Identity :: b -> Identity b

@ (Identity . g) :: a -> Identity b

@ traverse (Identity . g) :: Identity (t b)

@ runldentity . traverse (Identity . g) :: t b
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3aKoHbI Traversable (2) u (3)

traverse (Compose . fmap g2 . gl) =
Compose . fmap (traverse g2) . traverse gl

(3) naturality

t . traverse g = traverse (t . g)

rpe t :: (Applicative f, Applicative g) => f a -> g a
MPOM3BOJIbHbIV anNMNJINKATUBHBIE FOMOMOPMU3M, TO ECTb (PYHKLNS
yposnetsopsitowast Tpebosanusim (1) t (pure x) = pure x; (2)
t (x <> y) =t x <>t oy,
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3aKOHbI Traversable: I'IpaKTVI‘-IeCKVIVI CMbICN

3akoHbl Traversable AatOT C/edytOLME FrapaHTUN:
@ TpaBepcbl He NMPOMYCKatOT 3JIEMEHTOB.
@ TpaBepchbl nocewatoT aeMeHThl He bonee ogHOro pasa.
@ traverse pure = pure.

@ TpaBepcbl He U3MEHSIIOT UCXOAHYHO CTPYKTYpy — OHa nmbo
COXpaHsieTcst, AMbO MOSMHOCTBIO NCHE3aET.

GHCi> traverse Just [1,2,3]

Just [1,2,3]

GHCi> traverse (const Nothing) [1,2,3]
Nothing
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