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[IpenmonoxeHuda OOKIag4YyuKa

Cnywmarenu
@ BocnpuHuMaloT 2ycmoule cnaumbl
C IIOCJIeI0BATEIbHO BLIBAJIMBAIOIIUMUCS 3JIEMEeHTaMU
@ Jlerko 4MTAIOT KO CO CJIAWOOB

o CTpeMHTCH 3a1aTh BOIIPOC, KOT'Oa HEIIOHATHO
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[TpegnonoxeHus OOKJIagdyuKa

@ Tumbel-npou3BedeHUs

data Product a b = Product a b
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[IpenmonoxeHuda OOKIag4YyuKa

@ Tumbel-npou3BedeHUs
data Product a b = Product a b
(a, b)
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@ Tunsl-mpon3BegeHUs
data Product a b = Product a b
(a, b)

@ TUNBI-CyMMEI

data Coproduct ab=Aa | Bb
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[IpenmonoxeHuda OOKIag4YyuKa

@ Tunsl-mpon3BegeHUs
data Product a b = Product a b
(a, b)
@ TUNBI-CyMMEI
data Coproduct ab=Aa | Bb
Either a b
@ Algebraic data types
data X = A | B Int | C Int String
o [Tonumop@dHbIe QyHKIINU

f :: forall x. x -> [x] -> [X]



O ueM mokJjian

@ 3aueM HaM OaHHEBIE?

@ HemHoxkK0 00 anrebpe

o CHoBa 0 maHHBIX

@ CHoBa 00 anrebpe... anrebpax!

e Tamnkmacch + nmonuMopdusm = anredpa? 0 0
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o CHoBa 0 maHHBIX
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B Hauamne OymeT Beceso, B KOHIIE CJIOKHO
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O ueM mokJjian

@ 3aueM HaM OaHHEBIE?

@ HemHoxkK0 00 anrebpe

o CHoBa 0 maHHBIX

@ CHoBa 00 anrebpe... anrebpax!

e Tamnkmacch + nmonuMopdusm = anredpa? 0 0

B Hauamne OymeT Beceso, B KOHIIE CJIOKHO

U TyT emé Gosnblile IyKaBCTBa
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I71s1 yero Hy>XHBI JaHHbBIE?

parse :: Raw -> Either Error Parsed
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I719 9ero Hy>KHBI JaHHBIE?

parse :: Raw -> Either Error Parsed
manageParsed :: Parsed -> I0 ()
manageRaw :: Raw -> IO ()

manageRaw = m . parse where
m (Right d) = manageParsed d
m (Left e) error $ show e

AnbTEpHaTUBHO

manageRaw = either (error . show) manageParsed . parse

HanomuHaHue

either :: (a -> c) -> (b -> ¢) -> Either a b -> ¢



I71s1 yero Hy>XHBI JaHHbBIE?

split :: Whole -> (Partl, Part2)
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I71s1 yero Hy>XHBI JaHHbBIE?

split :: Whole -> (Partl, Part2)

manageSplit :: Partl -> Part2 -> I0 ()
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,]:[JISI 9ero Hy>KHBI JIaHHIbIe?
split :: Whole -> (Partl, Part2)

manageSplit :: Partl -> Part2 -> I0 ()

manageWhole :: Whole -> IO ()
manageWhole = m . split where
m (pl, p2) = manageSplit pl p2



,]:[JIH 9ero Hy>KHBI JIaHHLIe?
split :: Whole -> (Partl, Part2)

manageSplit :: Partl -> Part2 -> I0 ()

manageWhole :: Whole -> IO ()
manageWhole = m . split where
m (pl, p2) = manageSplit pl p2

AnbpTEepHATUBHO

manageWhole = uncurry manageSplit . split



,]:[JIH 9ero Hy>KHBI JIaHHLIe?
split :: Whole -> (Partl, Part2)

manageSplit :: Partl -> Part2 -> I0 ()

manageWhole :: Whole -> IO ()
manageWhole = m . split where
m (pl, p2) = manageSplit pl p2

AnbpTEepHATUBHO

manageWhole = uncurry manageSplit . split

HanomuHnaHue

uncurry :: (a ->b ->c) -> (a, b) ->c



BcnoMHUM anrebdpy

@ CUMBOJIBI

@ Omnepauuu

@ OTHomeHusa

@ CaoticTBa (3aKOHEI)



BcrioMHUM anre6py 3JieMeHTapHYI0 anrebpy
@ Cumsomnst: 0, 1, a, b, ¢, ...
@ Omepauuu: a + b, ab, a’, ...
@ OTHomeHusA: “="

@ CBolcTBa:
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BcrioMHUM a y 3JIeMeHTapHYI0 anreodopy
@ Cumsomnst: 0, 1, a, b, ¢, ...
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BcrioMHUM a y 3JIeMeHTapHYI0 anreodopy
@ Cumsomnst: 0, 1, a, b, ¢, ...
@ Omepauuu: a + b, ab, a’, ...
@ OTHomeHusA: “="
@ CaoiicTBa:
» a+b=>b+a,ab=ba

»a+ (b+c)=(a+b)+c
a(be) = (ab)c

a(b+c) =ab+ ac
la=a,a+0=a,0a=0

vV v v Vv

a=1ad =a



BCIIOMHUM a y 9JIeMEeHTapHYI0 anredpy
@ Cumsomnst: 0, 1, a, b, ¢, ...
@ Omepauuu: a + b, ab, a’, ...
e OrHOmeEHUA: “="
@ CaoiicTBa:
» a+b=>b+a,ab=ba
»a+ (b+c)=(a+b)+c

» a(bc) = (ab)c

» a(b+c)=ab+ ac

» la=a,a+0=a,0a=0
»a’=1,a'=a

> (ab)° = a®b®

> ab+c — abac

> abc — (ab)c



Anrebpa THUIIOB

@ CumsBoutel: Tundl, kind *
Int [Int] Either String Int
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» yHapHHe, kind * -> *
Maybe forall a. [a]
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Anrebpa TUTIOB

@ CumMBoJnl: THUIHL, kind *
Int [Int] Either String Int

@ Omepauuu: KOHCTPYKTOPHI TUIIOB

» yHapHHe, kind * -> *

Maybe forall a. [a]
» OuHapHEIE, kind * -> * -> *
Either forall a b. (a, b)
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Anrebpa TUTIOB

@ CumMBoJnl: THUIHL, kind *
Int [Int] Either String Int

@ Omepauuu: KOHCTPYKTOPHI TUIIOB

» yHapHHe, kind * -> *

Maybe forall a. [a]
» OuHapHEIE, kind * -> * -> *
Either forall a b. (a, b)
» n-apsble, kind * -> * -> .., -> *

@ OTHOLIEHUA: U30MOPGU3M “=”

a=b=3df:a—b,g:b—=a-fog=1id,Ngo f=1d,
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Anrebpa TUTIOB

@ CumMBoJnl: THUIHL, kind *
Int [Int] Either String Int

@ Onepauuu: KOHCTPYKTOPHI TUIIOB

» yHapHble, kind * -> *

Maybe forall a. [a]
» OumHaphswle, kind * -> * -> *
Either forall a b. (a, b)
» n-apHbIE, kind * -> * -> .., -> *

o OTHoIlleHUs: u3oMopPu3M “="
a=b=3fra—=byg:b—oa- fog=id,Ngof=id,

@ CBoliCcTBa: caMOe UHTEPECHOEe
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Anrebpa TUIIOB: CBOMCTBA

Either A B-cymma Au B, (A, B) - mpou3sBeneHue
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Anrebpa TUIIOB: CBOMCTBA

Either A B-cymma Au B, (A, B) - mpou3sBeneHue
@ KoOMMyTaTUBHOCTH
»a+b=b+a
Either AB +— Either B A
» ab = ba
(A, B) = (B, A)
@ AcCCoIMaTHUBHOCTD
»a+(b+c)=(a+b)+c
Either A (Either B C) +— Either (Either A B) C
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Anrebpa TUIIOB: CBOMCTBA

Either A B-cymma Au B, (A, B) - mpou3sBeneHue
@ KoOMMyTaTUBHOCTH
»a+b=b+a
Either AB +— Either B A
» ab = ba
(A, B) = (B, A)
@ AcCCoIMaTHUBHOCTD
»a+(b+c)=(a+b)+c
Either A (Either B C) +— Either (Either A B) C
» a(bc) = (ab)c
(A, (B, C)) = ((A, B), C)
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Anrebpa TUIIOB: CBOMCTBA

@ [IucTpuOyTUBHOCTH

Ienuc By3ganos [laHHBIE HE HYZKHBI



Anrebpa TUIIOB: CBOMCTBA

@ [IucTpuOyTUBHOCTH

a(b+c) =ab+ ac
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Anrebpa TUIIOB: CBOMCTBA

@ [IucTpuOyTHUBHOCTD
a(b+c) =ab+ ac
(A, Either B C) = Either (A, B) (A, Q)



Anrebpa TUIIOB: CBOMCTBA

data () = () -- eguHuua
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Anrebpa TUIIOB: CBOMCTBA

data () = () -- eguHuua

data Void -- Hosb
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Anrebpa TUIIOB: CBOMCTBA

data () = () -- eguHuua

data Void -- Hosb

ea+0=a
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Anrebpa TUIIOB: CBOMCTBA

data () = () -- eguHuua

data Void -- Hosb

ea+0=a
Either A Void — A
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Anrebpa TUIIOB: CBOMCTBA

data () = () -- eguHuua

data Void -- Hosb

ea+0=a
Either A Void — A

e la=a
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Anrebpa TUIIOB: CBOMCTBA

data () = () -- eguHuua

data Void -- Hosb

ea+0=a
Either A Void — A
e la=a

((), A) = A
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Anrebpa TUIIOB: CBOMCTBA

data () = () -- eguHuua

data Void -- Hosb
ea+0=a

Either A Void &= A
e la=a

(), A) = A
@ 0a=0

(Void, A) +— Void



Anrebpa TUIIOB: CBOMCTBA

el+1=2
data Bool = True | False -- "gBouka"

Either () () = Bool
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Anrebpa TUIIOB: CBOMCTBA

el+1=2
data Bool = True | False -- "gBouka"

Either () () = Bool

ea-+1
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Anrebpa TUIIOB: CBOMCTBA

el+1=2
data Bool = True | False -- "gBouka"

Either () () = Bool

ea-+1
Either A ()?
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Anrebpa TUIIOB: CBOMCTBA

el+4+1=2
data Bool = True | False -- "gsouka"

Either () () = Bool

ea-+1
Either A ()?
Either A () = Maybe A



Anrebpa TUIIOB: CBOMCTBA

el+4+1=2
data Bool = True | False -- "gsouka"

Either () () = Bool

ea-+1
Either A ()?
Either A () = Maybe A

Yemy OymeT COOTBETCTBOBATH
Maybe Bool



Anrebpa TUIIOB: CBOMCTBA

el+4+1=2
data Bool = True | False -- "gsouka"

Either () () = Bool

ea-+1
Either A ()?
Either A () = Maybe A

Yemy OymeT COOTBETCTBOBATH

Maybe Bool
data Three = T1 | T2 | T3



Anrebpa TUIIOB: CBOMCTBA

CKOJBKO CyIIeCTBYeT PyHKIIUU
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Anrebpa TUIIOB: CBOMCTBA

CKOJBKO CyIIeCTBYeT PyHKIIUU

@ Bool -> Bool
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Anrebpa TUIIOB: CBOMCTBA

CKOJBKO CyIIeCTBYeT PyHKIIUU
@ Bool -> Bool

@ Bool -> Three



Anrebpa TUIIOB: CBOMCTBA

CKOJBKO CyIIeCTBYeT PyHKIIUU
@ Bool -> Bool
@ Bool -> Three

@ Three -> Bool



Anrebpa TUIIOB: CBOMCTBA

Oyukuusi A -> B cooTBeTcTByeT b®
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Anrebpa TUIIOB: CBOMCTBA
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Anrebpa TUIIOB: CBOMCTBA

Oyukuusi A -> B cooTBeTcTByeT b®

0a’=1

Void -> A — ()



Anrebpa TUIIOB: CBOMCTBA

e (ab)¢ = a‘b*
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Anrebpa TUIIOB: CBOMCTBA

e (ab)¢ = a‘b*
c-> (A, B) = (C->A, C->B)
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Anrebpa TUIIOB: CBOMCTBA

e (ab)¢ = a‘b*
c-> (A, B) = (C->A, C->B)
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Anrebpa TUIIOB: CBOMCTBA

e (ab)¢ = a‘b*
c-> (A, B) = (C->A, C->B)

° Ca,b — Cba — (Cb)a

(A, B) - >C & A->B ->C
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Anrebpa TUIIOB: CBOMCTBA

o (ab)® = ab®
c-> (A, B) = (C->A, C->B)

° Cab — Cba — (cb)a

(A, B) - >C = A ->B ->C

uncurry :: (a ->b ->c) -> (a, b) ->c



Anrebpa TUIIOB: CBOMCTBA

o (ab)® = ab®
c-> (A, B) = (C->A, C->B)

° Cab — Cba — (cb)a
(A, B) - >C = A ->B ->C
uncurry :: (a ->b ->c) -> (a, b) ->c

° Caer — CaCb



Anrebpa TUIIOB: CBOMCTBA

o (ab)® = ab®
c-> (A, B) = (C->A, C->B)

° Cab — Cba — (cb)a

(A, B) - >C = A ->B ->C

uncurry :: (a ->b ->c) -> (a, b) ->c
+b b

@ ¢’ =%

Either AB ->C = (A ->C, B -> ()



Anrebpa TUIIOB: CBOMCTBA

o (ab)® = ab®
c-> (A, B) = (C->A, C->B)

@ ¢ = cba — (cb)a

(A, B) >C & A->B ->C

uncurry :: (a ->b ->c¢c) -> (a, b) -> ¢
o it — capb
Either AB ->C = (A ->C, B -> ()

either :: (a ->c) -> (b -> ¢) -> Either a b -> ¢



AnreOpa THMOB: Yero-To He XBaTaerT... ;-)
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Anrebpa THUIOB: Yero-To He XBaTaerT... ;-)

IuddepennmpoBanue: zipper (one-hole context)



Anrebpa THUIOB: Yero-To He XBaTaerT... ;-)
IuddepennmpoBanue: zipper (one-hole context)
e da=1
Der A &= ()
o d(a®)=2a=a+a
Der (A, A) = (Bool, A) = Either A A
e d(a+b)=da+db
Der (Either A B) — Either () () = Bool
Der (Either a b) &= Either (Der a) (Der b)
e d(ab) = (da)b + a(db)
Der (A, B) = Either B A

Der (a, b) — Either (Der a, b) (a, Der b)
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Anrebpa TUMOB: K BaKHOMY

CKOJBKO CyIIeCTBYeT PyHKIIUU
X ->X
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Anrebpa TUMOB: K BaKHOMY

CKOJBKO CyIIeCTBYeT PyHKIIUU
X ->X

‘,L.(IZ
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AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CyIIeCTBYeT PyHKIIUU
X ->X
x(l}

@ (() -> X) ->X
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AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CyIIeCTBYeT PyHKIIUU
X ->X

‘,L.(IZ

@ (() -> X) ->X

5111

X
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AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CyIIeCTBYeT PyHKIIUU
X ->X

:L..’IZ

@ (() ->X) ->X

1
xw

@ (Void -> X) -> X



AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CyIIeCTBYeT PyHKIIUU

X -> X

:L..’ZZ

@ (() ->X) ->X

xl

X
@ (Void -> X) -> X

20

X



AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CYyIIIeCTBYeT PyHKIIUU

@ forall x. x -> X

IOenuc Byspanos [laHHBIE HE HYZKHBI



AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CYyIIIeCTBYeT PyHKIIUU
e forall x. x -> X
[a*de = [2% dz ~ 1

forall x. (() -> x) ->x = ()



AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CYyIIIeCTBYeT PyHKIIUU
@ forall x. x -> x
[a*de = [2% dz ~ 1
forall x. (() -> x) ->x = ()

@ forall x. (Void -> x) -> X



AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CYyIIIeCTBYeT PyHKIIUU
@ forall x. x -> x
[a*de = [2% dz ~ 1
forall x. (() -> x) ->x = ()
@ forall x. (Void -> x) -> x
[2*°dz ~ 0

forall x. (Void -> x) -> x = Void



AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CYyIIIeCTBYeT PyHKIIUU
@ forall x. x -> x
[a*de = [2% dz ~ 1
forall x. (() -> x) ->x = ()
@ forall x. (Void -> x) -> X
[2*°dz ~ 0
forall x. (Void -> x) -> x = Void

@ forall x. (Bool -> x) -> x



AnreOpa THUIOB: K BaXKHOMY

CKOJBKO CYyIIIeCTBYeT PyHKIIUU
@ forall x. x -> x
[a*de = [2% dz ~ 1
forall x. (() -> x) ->x = ()
@ forall x. (Void -> x) -> X
[2*°dz ~ 0
forall x. (Void -> x) -> x = Void
@ forall x. (Bool -> x) -> X
[z dx ~ 2

forall x. (Bool -> x) -> x = Bool
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[TpomonkeHus 1 KOOupoBaHUe Yepua

[z dx ~a

forall x. (A -> Xx) ->x = A
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[TpomomKeHus U KOOupoBaHue Yepya

[z dx ~a

forall x. (A -> Xx) ->x = A

data A=Al | A2B | A3 CD
a=(1+b+cd)~
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[IpomonkeHUs U KOOUPOBaHUe Yepya
[z dx ~a

forall x. (A -> x) ->x &= A

data A = Al | 2B | A3CD
a=(1+b+cd) ~

1+b+cd
~ [a® de =



[IpomonkeHUs U KOOUPOBaHUe Yepya

[2*dz ~a

forall x. (A -> x) ->x &= A

data A = Al | A2B | A3 CD
a=(1+b+cd) ~
-~ fxw1+b+cddx _

b,.cd b,.d°



[IpomonkeHUs U KOOUPOBaHUe Yepya
[2*dz ~a

forall x. (A -> x) ->x &= A

data A = Al | A2B | A3 CD
a=(1+b+cd) ~
-~ fxw1+b+cddx _

b,.cd b,.d°
:fxa;xa: dx:fxa;wa: dSC

A = forall x. (x, B ->x, C ->D -> x) -> x



[IpomonkeHUs U KOOUPOBaHUe Yepya

[2*dz ~a

forall x. (A -> x) ->x &= A

data A = Al | A2B | A3 CD
a=(1+b+cd) ~

1+b+cd
~ [a® dx =

b,.cd b,.d°
:fxmxa: dx:fxmwm dx

= forall x. (x, B ->x, C ->D -> x) -> x

forall x. x -> (B -> x) -> (C -> D -> Xx) -> X



Kiiacchel TUIIOB CcIIellaT Ha IIOMOIIb!
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Kiiacchel TUIIOB CcIIellaT Ha IIOMOIIb!

data A = Al | A2B | A3CD
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Kiiacchel TUIIOB CcIIellaT Ha IIOMOIIb!

data A = Al | A2B | A3CD

produce :: Int -> A
produce x = if x < 0 then Al else A2 $ toB x
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Kraccel TUIIOB crielaT Ha IIOMOIIb!

data A=Al | A2B | A3CD

produce :: Int -> A
produce x = if x < 0 then Al else A2 $ toB x

onCasel :: I0 ()
onCase?2 :: B -> I0 ()
onCase3 :: C -> D -> I0 ()

manageA :: A -> I0 ()

manageA Al onCasel
manageA (A2 b) onCase2 b
manageA (A3 c d) onCase3 c d



Kiiacchel TUIIOB CcIIellaT Ha IIOMOIIb!
--data A=Al | A2B | A3CD
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Kiiacchel TUIIOB CcIIellaT Ha IIOMOIIb!
--data A=Al | A2B | A3CD

-- forall a. (a, B ->a, C ->D -> a)
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Kiiacchel TUIIOB CcIIellaT Ha IIOMOIIb!
--data A=Al | A2B | A3CD

-- forall a. (a, B ->a, C ->D -> a)

class A a where -- anrebpa Hag "a’
al :: a
a2 :: B -> a
a3 :: C->D -> a
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Kiiacchel TUIIOB CcIIellaT Ha IIOMOIIb!
--data A=Al | A2B | A3CD

-- forall a. (a, B ->a, C ->D -> a)

class A a where -- anrebpa Hag "a’
al :: a
a2 :: B -> a
a3 :: C->D -> a

produce :: A a => Int -> a

produce x = if x < 0 then al else a2 $ toB x
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Kraccel TUIIOB crielaT Ha IIOMOIIb!
-- data A=Al | A2B | A3CD

-- forall a. (a, B ->a, C ->D -> a)

class A a where -- anrebpa Hag "a’
al :: a
a2 :: B -> a
a3 :: C ->D -> a

produce :: A a => Int -> a

produce x = if x < 0 then al else a2 $ toB x

instance A (I0 ()) where

al = onCasel
a2 = onCase?2
a3 = onCase3



PacummpsaemMocTs

data A = Al | A2B | A3CD
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PacummpsaemMocTs

data A=Al | A2B | A3CD
YTo, eciiu XOTUM eIe?

data B = Bl | B2 E
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PacummpsaemMocTs

data A=Al | A2B | A3CD
YTo, eciii XOTHUM ele?

data B = Bl | B2 E

manageBoth :: Either A B -> X
manageBoth (Left Al)
manageBoth (Left (A2 b))
manageBoth (Left (A3 c d))
manageBoth (Right B1)
manageBoth (Right (B2 e))



PacummpsaemMocTs

-- data A
-- data B

Al | A2B | A3CD
Bl | B2 E
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PacummpsaemMocTs

-- data A
-- data B

Al | A2B | A3CD
Bl | B2 E

(14b+cd)+(1+e)=14+b+cd+1+e
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PacummpsaemMocTs

-- data A
-- data B

Al | A2B | A3CD
Bl | B2 E

(14b+cd)+(1+e)=14+b+cd+1+e

x(l-l—b-l—cd)-i—(l—l—e) — b rclare
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PacummpsaemMocTs

-- data A
-- data B

Al | A2B | A3CD
Bl | B2 E

(1+b+cd)+(1+e)=1+b+ed+1+e
x(l-l—b-l—cd)-i—(l—l—e) — b rclare

class A a where ...
class B a where ...
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PacummpsaemMocTs

-- data A
-- data B

Al | A2B | A3CD
Bl | B2 E

(1+b+cd)+(1+e)=1+b+ed+1+e
x(l-l—b-l—cd)-i—(l—l—e) — b rclare

class A a where ...
class B a where ...

produceA :: Aa=> ... -> a
produceBoth :: (A a, Ba) = ... -> a
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PacummpsaemMocTs

-- data A
-- data B

Al | A2B | A3CD
Bl | B2 E

(1+b+cd)+(1+e)=1+b+ed+1+e
x(l+b+cd)+(1+e) — b rClype

class A a where ...
class B a where ...

produceA :: Aa=> ... -> a
produceBoth :: (A a, Ba) = ... -> a

instance A (I0 ()) where ...
instance B (IO ()) where ...



Pekypcus (4yTb-4yTh)

Tur, Ojsi KOTOPOTO 3afaéTcs anredpa, MOXKeT y4aCTBOBATh U
B ap2yMeHmax orepanui anreGps

class X a where
f:: C->a
g ::B->a ->a

9TO COOTBETCTBYET PEKYPCHUU B MAHHBIX



KomMmmno3unusa

class Y a b where
f:: C->a
g::B->a->b

Ienuc By3ganos [laHHBIE HE HYZKHBI



KomMmno3unus

class Y a b where
f:: C->a
g::B->a->b

h::Yab=C->B ->b
hcb=gb¢$fc
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Kommno3unus

class Y a b where
f:: C->a
g::B->a->b

h::Yab=C->B ->b
hcb=gb¢$fc

A 4TO, ecnu...

instance Y (IO Int) (IO ()) where ...
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KoMmo3uiusa ¢ TUIIaM¥ BBICIIIUX IIOPAOKOB

class Y m b where
f :: C ->m Int
g ::B->Int->mb
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KoMITI03UIIMsI C TUIIAMU BBICIINX IIOPAOKOB

class Y m b where
f :: C ->m Int
g ::B->Int->mb

h :: (Ymb, Monad m) == C ->B -> b
hcb=gb=<<fc
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KoMITI03UIIMsI C TUIIAMU BBICIINX IIOPAOKOB

class Y m b where
f :: C ->m Int
g :: B->1Int ->mb

h :: (Ymb, Monad m) == C -> B -> b
hcb=gb=<<fc

Ecnu anrebpa npedHa3zHavyeHa nojisi MOHAOU4YeCKOM
KOMIIO3UIINU

class Monad m == Y m b where ...

Ho 5TO HakmagwiBaeT CBOM OTPaHUYEHU !



Bepuémcs Kk Either
class Errorablel e a x where

okay i a -> X
throwError :: e -> x
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BepuéemMmcs K Either

class Errorablel e a x where

okay i a -> X
throwError :: e -> x

class Errorable2 e a m where
okay ra->ma
throwError :: e ->m a
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Bepuemcs K Either

class Errorablel e a x where
okay i a -> X
throwError :: e -> x

class Errorable2 e a m where
okay ra->ma
throwError :: e ->m a

class Errorable3 e m where
okay :ra ->ma
throwError :: e ->m a



Bepuéemcs K Either

class Errorablel e a x where
okay i a -> X
throwError :: e -> x

class Errorable2 e a m where
okay ra->ma
throwError :: e ->m a

class Errorable3 e m where

okay :ra ->ma
throwError :: e -> m a

class ... => Applicative m where
pure :: a ->m a

class Applicative m => Monad m where
class Monad m => MonadError e m where
throwError :: e ->m a



Bepuémcs Kk Either

ef :: ... -> Either E A+~
<— f :: MonadError Em=> ... ->m a
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Bepuéemcs K Either

ef :: ... -> Either E A <+
<— f :: MonadError Em=> ... ->m a

@ Right a <— pure x



Bepuéemcs K Either

ef :: ... -> Either E A <+
<— f :: MonadError Em=> ... ->m a

@ Right a <— pure x
@ Left e «— throwError e



Bepuéemcs K Either

ef :: ... -> Either E A <+
<— f :: MonadError Em=> ... ->m a

@ Right a <— pure x

@ Left e «— throwError e

fin :: MonadError String m => m Int
ini :: Either String Int



Bepuéemcs K Either

ef :: ... -> Either E A <+
<— f :: MonadError Em=> ... ->m a

@ Right a <— pure x

@ Left e «— throwError e

fin :: MonadError String m => m Int
ini :: Either String Int

ini = fin
fin = ini2fin ini



Bepuéemcs K Either

ef :: ... -> Either E A <+
<— f :: MonadError Em=> ... ->m a

@ Right a <— pure x

@ Left e «— throwError e

fin :: MonadError String m => m Int

ini :: Either String Int

ini = fin

fin = ini2fin ini
ini2fin :: MonadError e m => Either e a -> m a
ini2fin (Left e) = throwError e

ini2fin (Right a) = pure a



C coCTOgHHEM U OIIUOKaMU

helper :: MonadState St m => Int -> m Intermediate

manage :: (MonadState St m, MonadError Err m)
=> Event -> m Reaction
manage ev = do
st <- get

put $ f st ev
inter <- helper $ num st

if prop ev inter
then pure $ g ev st
else do
put emptySt
throwError $ Errl "description”



B crnenyromux cepusax

e O KOMOO3UIIUY MOHAa[
@ TpaHcdopmepsl MOHA[
@ [Ipyrue cucteMul 3(pHeKTOB

a TaKXe

e KonupoBanue YEpua npu peKypcuu
@ PeKypCUBHEIE CXEMEI
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@ ¥ MHOTMMHU OPYTUMHU...

DJIeMeHTEHl CIIUCKAa HaXXuMaOeIbHEL
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https://www.youtube.com/watch?v=YScIPA8RbVE
https://www.youtube.com/watch?v=sWEtnq0ReZA
https://www.youtube.com/watch?v=sWEtnq0ReZA
https://www.youtube.com/watch?v=q6JCvdMWtmo
https://www.youtube.com/watch?v=q_xPKaAcWtI
https://www.youtube.com/watch?v=q_xPKaAcWtI
https://www.youtube.com/watch?v=XrNdvWqxBvA
https://www.youtube.com/watch?v=XrNdvWqxBvA
https://www.youtube.com/watch?v=F5NjINDNwYc

Cnacubo
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