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[Nnan nekyunm

@ Crosa moHongp!

© Monaae c obpaboTkoii ownbok

© Tparcdopmeps moHag
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[Nnan nekyunm

@ Crosa moHongp!
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BcrnomHuM knacc TMNoB Monoid

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

HekoTopble anninkaTueHble yHKTOPbI 1 MOHAaAbLI SBASIOTCS,
NOMUMO BCEro npoyero, MmoHonaamm (cnucku, 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@(Just _) ‘mappend‘ _

m

m

MockonbKy A5t Henb3si OOBbSABUTL ABYX NPEACTaBUTENER AN
OQHOrO TWMa, B CTAaHAAPTHON 6ubnnoTeke MCNONL3YETCs yNakoBKa

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

B oTnnune oT npenbigylieli peanusauuu, napameTpusyoLnii
Maybe TN a COBEPLUEHHO HE BaXKEH.
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Knacc 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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Hpe,ﬂ,CTaBVITeIIb Alternative [J15 Maybe

instance Alternative Maybe where
empty = Nothing

Nothing <|I>m = m
m@(Just _) <[> _

|
B8

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

Henunc Hukonaesny Mockeunn Ewé o moHagax



[lapcepb! perynsipHbix BbipaxeHuii: regex-applicative

RE s a — TUN PeryfisipHOro Bblpa)keHWsi, paCno3HatoLWEero CMMBOJIbI

TUMA s U BO3BPALLAIOLLIErO pe3ynbTaT Tuna a

psym ::
match ::

(s -> Bool) -> RE s s
RE s a -> [s] -> Maybe a

Ceccunsa GHCi

*Fpl11> match
Just ’a’
*Fpl1> match
Just "abc"
*Fp11> match
Nothing
*Fpl1> match
Just ""
*Fp11> match
Nothing

(sym ’a’ <[>
(many $ psym
(many $ psym
(many $ psym

(some $ psym

sym ’b’)
isAlpha)
isAlpha)
isAlpha)

isAlpha)

n abc n

] 123"
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Knacc MonadPlus

class Monad m => MonadPlus m where
mzero :: m a
mplus :: ma ->ma ->ma

instance MonadPlus [] where
mzero = []
mplus = (++)

instance MonadPlus Maybe where
mzero = Nothing
Nothing ‘mplus® ys = ys
xs ‘mplus‘ _ = xs

1n npeacTaBuTeNn MMeKIrcbyHKuMOHaanOCTb,aHanorMHHym
Alternative.
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lcnonb3oBaHne Monadplus

guard :: MonadPlus m => Bool ->m ()
guard True = return ()
guard False = mzero
pythags = do
z <- [1..]
x <- [1..z]
y <- [x..z]
guard (x72 + y~2 == z~2)
return (x, y, 2z)

Ceccunsa GHCi

*Fpl1l> take 5 pythags
[(3,4,5),(6,8,10),(5,12,13),(9,12,15),(8,15,17)]
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/cnonb3oBaHme Monadpius (2)

msum :: MonadPlus m => [m al] -> m a
msum = foldr mplus mzero
mfilter :: MonadPlus m => (a -> Bool) ->m a ->m a
mfilter p ma = do
a <- ma
if p a then return a else mzero
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[Nnan nekyunm

© Monaae c obpaboTkoii ownbok
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KJ'I adCC Error

MpocToe pelwenne ans 0bpaboTky owMbOK — NCNONbL30BaTh
MoHagy Either String. OgHako yaobHee 060bWmnTh.
Monb3oBaTenbckuii knacc owmnbok (obobiiaem String):

class Error e where
noMsg :: e
strMsg :: String -> e

Hanpumep,

data DivByError = DivByO | OtherDivByError String
deriving (Eq, Read, Show)

instance Error DivByError where
strMsg s = OtherDivByError s

Henunc Hukonaesny Mockeunn Ewé o moHagax



KJ'I dCC MonadError

class (Monad m) => MonadError e m | m -> e where
throwError :: e -> m a
catchError :: ma -> (e -=>ma) ->m a

instance Error e => MonadError e (Either e) where

throwError = Left

(Left e) ‘catchError‘ handler = handler e

a ‘catchError* = a
Wcnonb3osaHue

do { actionl; action2; action3 } ‘catchError‘ handler
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myDiv :: (MonadError DivByError m)

=> Double -> Double -> m Double
myDiv x O = throwError DivByO
myDiv x y = return $ x / y

example :: Double -> Double -> Either DivByError String
example x y = action ‘catchError‘ handler
where action = do { q <- myDiv x y; return $ show q }
handler = \err -> return $ show err

Ceccusa GHCi

*Fpl1> example 5 2
Right "2.5"

*Fpl1> example 5 0
Right "DivByO"

Henunc Hukonaesny Mockeunn Ewé o moHagax



[Nnan nekyunm

© Tparcdopmeps moHag
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TpaHcopmepbl MOHAJ: 3HAKOMCTBO

stInteger :: State Integer Integer
stInteger = do modify (+1)
a <- get
return a
stString :: State String String
stString = do modify (++"1")
b <- get
return b

*Fpl1> evalState stInteger O
1

*Fpl1> evalState stString "0"
IIOlIl

l‘ITO A€ENaThb €CqM XOTUM B OJHOM MOHaANYECKOM BblIHNCNEHNN
paboTaTh ¢ obonmmn cocTosHuAMN?
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Monad transformers are like onions

stComb :: StateT Integer
(StateT String Identity)
(Integer, String)
stComb = do modify (+1)
lift $ modify (++"1")
a <- get
b <- lift $ get
return (a,b)

*xFp11> runldentity $ evalStateT (evalStateT stComb 0) "O"
(1, "01")

B kaudecTBe ocHOBbI NOMUMO Identity MCMOAB3YIOT Takxe I0 co
crneynann3svposaHHoi 1iftI0.
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Tpancdopmepbl MoHag

TpaHcghopmep MOHAZ — KOHCTPYKTOP TUNa, KOTOPbIiA
MPMHMMAET MOHAaJy B KayeCcTBe NapaMeTpa 1 BO3BPALLLAET MOHaZy
Kak pesynbTaT.

TpebosaHus:
O [lockonbKy y MOHafbl KaliHa m : * -> *, y TpaHccdopmepa
JO/MKEH ObITh KaliHg t: (x -> %) -> % -> %

@ [ns noboit MoHaabl m, annANKauMs t m AO/HKHA ObITb
MOHaAol, TO eCTb €€ return N (>>=) JO/KHbI YAOBNETBOPSIThH
3aKOHaM MoHag,

© Hyxen 1ift :: m a -> t m a, <NOAHUMAIOLWNIAY> 3HAYEHNE
13 TpaHcoOpMMpPYeMOii MoHaab! B TPaHCOPMUPOBAHHYIO.
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PeuenT npurotosieHust TpaHcdopmepa AJ/isi MyMonad

1. V TpaHcchopmepa fosixKeH ObITb KaidHg,

t: (k => %) -> % -> x

OnpegensiemM Hall KOHKPETHbIA TpaHcopmep MyMonadT asis
MOHafabl MyMonad

newtype MyMonadT m a
= MyMonadT { runMyMonadT :: m (MyMonad a) }
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PeuenT npurotosieHust TpaHcdopmepa AJ/isi MyMonad

2. [Ans noboii MOHaAbl m, annaMKauus t m JOSHKHA BbITb MOHaAOM
[enaem annankauuto Hawero TpaHcpopmepa K MOHafe
(MyMonadT m) npeacTaBuTenem Monad

instance (Monad m) => Monad (MyMonadT m) where
return x = ...
mx (>>=) k
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PeuenT npurotosieHust TpaHcdopmepa AJ/isi MyMonad

3. Onepauust 1ift :: m a -> t m a U3 class MonadTrans
Henaem annnukauuio Hawero TpaHcchopMepa K MoHage
(MyMonadT m) npeacraButenem Monad

class MonadTrans t where
1ift :: (Monad m) => m a -> t m a

instance MonadTrans MyMonadT where
lift mx = ...
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Tpancdopmep a5t Maybe

newtype MaybeT m a = MaybeT { runMaybeT :: m (Maybe a) }

instance (Monad m) => Monad (MaybeT m) where
fail _ = MaybeT (return Nothing)
return = lift . return
x >>= f = MaybeT $ do
v <- runMaybeT x
case v of
Nothing -> return Nothing
Just y -> runMaybeT (f y)

instance MonadTrans MaybeT where
lift = MaybeT . 1iftM Just
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Tabnnua crtaHgapTHbIX TpaHChHOPMepOB

Monaga | TpaHcchopmep | Nexogheiit Tun | Tun Tpancdopmepa
Error ErrorT Either e a m (Either e a)
State StateT s -> (a,s) s ->m (a,s)
Reader ReaderT r -> a r ->ma

Writer WriterT (a,w) m (a,w)

Cont ContT (a->r) >r|(a->mr) ->nmr

B bubnunoteke mtl. Bonee Toro, nepebiii ctonbey,
BTOPOIA:

OHn onpegeneHsi
onpenenéx yepes

type Writer w =
type Reader r
type State s

WriterT w Identity
ReaderT r Identity
StateT s Identity

I
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Y10 BO 4TO BKIaAbIBATL!

@ Ecin Ham HyxHa dpyHKUMOHaNbHOCTL Error u State, TO eCTb
Halwa MOHajAa AoJKHa bbiTb npeacTaBuTenem MonadError U
MonadState.

@ [lo/mkHbl M Mbl NpUMeHATL TpaHchopmep StateT K MoHage
Error nnu TpaHcdopmep ErrorT K MoHage State?

@ PelueHue 3aBUCUT OT TOrO, KaKO B TOYHOCTW CEMAHTUKN Mbl
OXUJAEM OT KOMOUHMPOBAaHHOW MOHAAbI.
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Y10 BO 4TO BKIaAbIBATL!

@ [lpumeHeHne StateT K MOHage Error AaéT (yHKUWMIO
TpaHcdopmupoBaHus Tuna s -> Either e (a, s).

o [lpumeHeHne ErrorT K MOHaae StatefaéT pyHKLMIO
TpaHcdopmupoBaHua Tuna s -> (Either e a, s).

o [Nopsagok 3aBUCMT OT TOIl ponu, KOTOpYto owmnbKa urpaeT B
BbIYNCAEHNSX.

@ Ecan ownbka obosHayvaeT, 4TO COCTOsIHME HE MOXKET bbITh
BbIYUC/IEHO, TO HAM ClefyeT NMPUMeHsiTb StateT K Error.

o Ecam owmnbka obosHayaeT, 4TO 3HAYEHMEHE HE MOXET BbITh
BBIYUC/IEHO, HO COCTOSIHWE MPU 3TOM He «MOPTUTCSA», TO HaM
cnepyet NpuMeHaTb ErrorT K State.

Henunc Hukonaesny Mockeunn Ewé o moHagax



