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[Nnan nekyunm

e Monoungbl, Alternative, MonadPlus
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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
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IHTepdbeiic Alternative A1t Mapcepa Parsec

Ceccunsa GHCi

> import Text.Parsec

> let parser = string "ABC" <|> string "DEF"
> parseTest parser "ABC123"

"ABC"

> parseTest parser "DEF123"

"DEF"

> parseTest parser "GHI123"

parse error at (line 1, column 1):
unexpected "G"

expecting "ABC" or "DEF"
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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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3aKOHbI MonadPlus

lMoMnMO 3aKOHOB MOHOWAANILHOW CTPYKTYpbl TPEDYIOT BbINOAHEHNS

Left Zero — JleBbin HONB

mzero >>= Kk = mzero

N No KpaliHein Mepe OQHOro U3 ABYX

Left Distribution — Jleeasi aucTpnbyTneHoCTb

(a ‘mplus® b) >>=k = (a >>= k) ‘mplus‘ (b >>= k)

Left Catch law

(return a) ‘mplus® b = return a

BbInonHeHUs aHANOrMYHBIX 3aKOHOB TPeDYIOT Ansi 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 a] -> 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

e MyanVlnapameTpmquKme K/1aCCbl TUNOB
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MoTusunpytowmnii npumep

PaccmoTpum nuneiityto anrebpy B 72

data Vector = Vector Int Int
data Matrix Matrix Vector Vector

XOTUM peannsoBaTb YMHOXEHME TaK, YTODbl MOXHO Bbino

(xxx) :: Matrix -> Matrix -> Matrix
(xxx) :: Matrix -> Vector -> Vector
(*%**) :: Matrix -> Int -> Matrix
(xxx) :: Int -> Matrix -> Matrix

ObbiyHasn CUrHaTypa YMHOXeHNSA 13 Num C/INLLIKOM 6ep,Ha Ans
3TOro.
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hﬂyanmnapameTpmquKme KJ1aCCbl TUMOB

class Mult a b c where
(x%%x) :: a ->b -> ¢

instance Mult Matrix Matrix Matrix where

{- ... -}
instance Mult Matrix Vector Vector where
{- ... -2
instance Mult Matrix Int Matrix where
{- ... -2}
instance Mult Int Matrix Matrix where
{- ... -}

MynbTunapameTpuyeckne Knaccbl TUMNOB SIBASIOTCS PaCLUMPEHNEM
CTaHAapTa 1 TpebytoT nparmbl
{-# LANGUAGE MultiParamTypeClasses #-}
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[Mpobrembl ¢ ncnonb3oBaHneM

K coxaneHuto, Takoe peLueHne CANLWKOM NOoAnMMOPEHO:

Ceccusa GHCi

*Fpl1> let a = Matrix (Vector 1 2) (Vector 3 4)
*xFpl11> let i = Matrix (Vector 1 0) (Vector 0 1)
*Fpll> a *xx i
No instance for (Mult Matrix Matrix c) arising from
a use of ‘xxx’
The type variable ‘c’ is ambiguous
*Fpl1> (a *** i) :: Matrix
Matrix (Vector 1 2) (Vector 3 4)

TVII'IOBa;I nepemeHHa;l C B ,quICTBI/ITeJ'IbHOCTVI HE ABNAETCA
cBOBOAHOM, HO CMCTeME BbIBOAA TUMOB HY>XHA COOTBETCTBYHOLLAA
NoACKa3Ka.
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cDyHKLI,VIOHaJ'I bHblIE 3aBUCMOCTHN

MoXHO 3a4aTb «(PYHKUMOHANBHYKO 3aBUCMMOCTbLY, YKa3aB, 4To
TUM ¢ YHUKaNbHEIM 0DPa30oM OMpefensieTcss Tunamm a u b

class Mult a b ¢ | a b -> ¢ where
(x*x) :: a ->b -> ¢

Tenepb Bce paboTaer

*Fpl1> let a
*Fpl1> let i
*Fpl1> a **x i

Matrix (Vector 1 2) (Vector 3 4)

Matrix (Vector 1 2) (Vector 3 4)
Matrix (Vector 1 0) (Vector 0 1)

Il

Hy»xHa nparma {-# LANGUAGE FunctionalDependencies #-}.
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[Nnan nekyunm

© Monaae ¢ obpaboTkoii ownbok
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Knacc error (Deprecated: Use Except instead)

MpocToe pelwerne ans 0bpaboTku owMbOK — NCNONbL30BaTh
MoHagy Either String. OgHako yaobree 060bwmnTh.
Monb3oBaTenbckuii knacc ownbok (obobuiaem String):

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

Hanpumep,

data DivByError = ErrZero | Other String
deriving (Eq, Read, Show)

instance Error DivByError where
strMsg s = Other s
noMsg = Other "Unknown DivByError"
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KJ'I dCC MonadError

class (Monad m) => MonadError e m | m -> e where

throwError e ->m a
catchError :: ma -> (e ->ma) ->m a
Camblii rnaBHbll NpeacTaBUTENb
instance MonadError e (Either e) where
throwError = Left
Left 1 ‘catchError‘ handler = handler 1
a ‘catchError* = a
Wcnonb3sosanue

do { actionl; action2; action3 } ‘catchError‘ handler
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[lpumMep ncnonb3oBaHus

(/?) :: Double -> Double -> Either DivByError Double
x /7 0 = throwError ErrZero
x /7y =return $ x/ y

exampleO :: Double -> Double -> Either DivByError String
example0 x y = action ‘catchError‘ handler where
action = do
q<-x /7y
return $ show q
handler = \err -> return $ show err

Ceccunsa GHCi

*Fpl1> exampleO 5 2
Right "2.5"

*Fpl11> exampleO 5 O
Right "ErrZero"
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Bonee nonumopdHbili npumep

[enexne, COBMECTMMOE C NPON3BOJILHBIM MeXaHU3MOM 0bpaboTkm
ownbok. (HyxHa nparma {-# LANGUAGE FlexibleContexts #-}.)

(?/?) :: (MonadError DivByError m)

=> Double -> Double -> m Double
throwError ErrZero
return $ x / y

x ?7/7 0
x ?/?y

Tenepb Moran bl UCNOMBb30BaThL He TONLKO Either, HO He Byaem.

examplel :: Double -> Double -> Either DivByError String
examplel x y = action ‘catchError¢ handler where
action = do
q<-x7?/7y
return $ show q
handler = \err -> return $ show err
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[nsi yero nosieseH KOHTEKCT Error’

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

mzero = Left nolMsg
Left _ ‘mplus‘ n = n
m ‘mplus® _ = m

example2 :: Double -> Double -> Either DivByError String
example2 x y = action ‘catchError‘ handler where
action = do
q<-x7?/?7y
guard $ y>=0
return $ show q
handler = \err -> return $ show err

Ceccunsa GHCi

*Fpl1> examplel 7 (-5)
Right "Other \"Unknown DivByError\""
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[Nnan nekyunm

e TpaHcdopmepbl MoHag

Henunc Hukonaesny Mockeunx Ewé o moHagax



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 MOHAL — KOHCTPYKTOP TUMa, KOTOPbIiA
MPVHMMAET MOHAaZy B Ka4YeCTBe NapaMeTpa 1 BO3BPALLAET MOHaZy
KaK pesysbTar.

TpebosaHus:

O [lMockonbky y MOHafbl KaliHg m : * -> *, y TpaHccopmepa
OOSDKEH BbITb KaliHA t: (x -> %) -> % -> %

@ [ns noboit MoHaab! m, annAMKauMs t m AO/HKHA ObITb
MOHaJOM, TO eCTb €€ return U (>>=) AOSKHbI YAOBAETBOPSATH
3aKOHaM MOHag,.

© HyxeH 1ift :: m a -> t m a, KNOAHUMAIOLNNY 3HAYEHUE
13 TpaHCOPMMPYEMOIl MOHAAb! B TPAaHC(OPMUPOBAHHYIO.

B bubnunoteke transformers cyHKumst 1ift BCerga Bbi3bIBAETCS
BPYYHYIO, B mt1l — TOJIbKO AJ1s1 HEOAHO3HAYHbBIX CUTYaLINiA.
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PeuenT npurotosnenus TpaHcdopmepa s MyMonad (1)

1. V TpaHccopmepa [osixKeH bbITb KaliHg

tr (k => %) -> * -> %

OnpegensiemM Hawl KOHKPETHbIA TpaHcopmep MyMonadT aJist
MoHagbl MyMonad

newtype MyMonadT m a
= MyMonadT { runMyMonadT :: m (MyMonad a) }

Takoe onpeaeneHne cornacoBaHo ¢ MEXaHU3MOM BbI30Ba

comp :: (MyMonadT Identity) a

runldentity (runMyMonadT comp) :: a

(«Cu,ennﬂlou.l,aﬂ» BbIYNC/IEHUS] KOHCTPYKLINA MOXET bbITh bonee
cnoxxHoii yem m (MyMonad a) M 3aBUCUT OT KOHKPETHON CEMAHTUKM
3d)d3eKTOB MyMonad.)
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PeuenT npurotosnenus TpaHcdopmepa Ans MyMonad (2)

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 npurotoBnenus TpaHcdopmepa A5 MyMonad (3)

3. Onepauus 1ift :: m a -> t m a U3 class MonadTrans
MoagHumaem 3HayeHme 3 TpaHcdopMupyemoli MOHaabl B
TpaHCcOPMUPOBAHHYIO

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

instance MonadTrans MyMonadT where
lift mx = ...
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SET Y A1A KNaCCa TUMOB MonadTrans

PyHkums 1ift ana noboro npeacraBuTens MonadTrans 4OJ/KHA
YOOBNETBOPSTL CNEAYOLUM 3aKOHaM

Right Zero — lNpagblii HOMb

1lift . return = return

Left Distribution — Jleeasi guctpnbytneHocTb

lift (m >>= k) = 1lift m >>= (1ift . k)
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Tpancdopmep ans maybe — warn (1) n (3)

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

MaybeT :: m (Maybe a) -> MaybeT m a
runMaybeT :: MaybeT m a -> m (Maybe a)

instance MonadTrans MaybeT where
lift :: m a -> MaybeT m a
lift = MaybeT . 1iftM Just

MosicHeHne paboTel 1ift npu nogHATUM get U3 State:

*Fpll> :t get

get :: MonadState s m => m s
*Fpl1> :t lift get
lift get :: (MonadState a m, MonadTrans t) => t m a

(3mecb m MOXHO 4MTaThb Kak State s.)
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Tpaxcdopmep ans maybe — war (2)

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

instance (Monad m) => Monad (MaybeT m) where
fail :: String -> MaybeT m a

fail _ = MaybeT $ return Nothing
return :: a -> MaybeT m a
return = lift . return

(>>=) :: MaybeT m a -> (a -> MaybeT m b) -> MaybeT m b
x >>= f = MaybeT $ do -- inner monad do
v <- runMaybeT x
case v of
Nothing -> return Nothing
Just y -> runMaybeT (f y)
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[TpuMep MCMONb30BaAHNS MaybeT

mbSt :: MaybeT (StateT Integer Identity) Integer
mbSt = do

lift $ modify (+1)

a <- lift get

True <- return $§ a >= 3

return a

*xFp11> runldentity $ evalStateT (runMaybeT mbSt) O
Nothing

*Fpl1> runIdentity $ evalStateT (runMaybeT mbSt) 2
Just 3

Ecnm xoTum guard $ a >= 3 Hy>)KHO caenatb MaybeT m
npeacraButenem MonadPlus
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Mpumep ncnonb3oBaHUs Maybet (2)

instance (Monad m) => MonadPlus (MaybeT m) where
mzero = MaybeT $ return Nothing
x ‘mplus® y = MaybeT $ do
v <- runMaybeT x

case v of
Nothing -> runMaybeT y
Just _ -> return v
mbSt’ :: MaybeT (State Integer) Integer

mbSt’> = do lift $ modify (+1)
a <- lift get
guard $ a >= 3 --n
return a

*Fp11> runIdentity $ evalStateT (runMaybeT mbSt’) 2
Just 3

R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRRRRRRRRRRRERRRRRRERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERERRRRRRERERRRRERERRBRRRESBEEERBEERRRRR
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Mpumep ncnonb3oBaHUs Maybet (3)

[ns noboli napbl MoHaZ MOXHO U36aBUTLCS OT NOABEMA
CTaHAAPTHLIX ONepaunii BNOXEHHOU MOHaAbI.

Hanpumep, gns MoHagbl State CTaHAAPTHbIV MHTEPEAC ynakoBaH
(B BubnuoTeke mtl) B KNacc TMNOB C pyHAENCaMu

class Monad m => MonadState s m | m -> s where

get :: ms
put :: s ->m ()
state :: (s -> (a, s)) ->m a

Mbl MoXxeM peannsoBaTh aist MaybeT

instance (MonadState s m) => MonadState s (MaybeT m) where
get = lift get
put 1lift . put
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Mpumep ncnonb3oBaHUs Maybet (3)

Tenepb MOXXHO He MOAHUMATL SIBHO CTaHAAPTHbIE onepauun State

mbSt’’ :: MaybeT (State Integer) Integer
mbSt’’ = do
modify (+1) -- bes lift
a <- get -- b6e3 lift
guard $ a >= 3
return a

*Fpl11> runIdentity $ evalStateT (runMaybeT mbSt’’) 2
Just 3
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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 MoHage State JaéT yHKLUUIO
TpaHcdhopmupoBaHua 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.
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