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JleTyuKa 6

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

JleTyuka 6 - 7 MUHYT - 6e3 KOHCNEeKTOoB - Balle ®U:

1.data Choice = A Int | B Int Int | C.
PeaynbtaTcase B 1 2 of { A x ->x + 3; Bxy ->x+y; C->42 }:

2. 0OobaBneHne Either:

3. CyllecTByeT N1 3HayYeHne Tuna Maybe 6e3 TUMNOBOro aprymeHTa?

4. Hanoonee oowmm tmn Left 42:

5.Pesynbtatmap not [True, Falsel]:

________________________________________________________________________________________________________________________________________________________________________



[1pocTble Knaccbl TUMNOB



Knaccbl TUNOB Kak MeXaHU3M Neperpysku

MNeperpy3ku C++: 04HO UMS, ABE KOHKPETHbIE DYHKLINMN,

Int Data
string show(int x) { ... } string show(data d) { ... }



Knaccbl TUNOB Kak MeXaHU3M Neperpysku

Oo6uaa curHatypa: nogctaBnsiemM TUn v y3Haém 3HaKOMYH0 Neperpysky.

class Show a where

show :: a -> String
a=Int a =Data
string show(int x) { ... } string show(data d) { ... }

show :: Int -> String show :: Data -> String



Knaccbl TUNOB Kak MeXaHU3M Neperpysku

KOHKpeTHada peasim3auns CTaHOBUTCA METOA0OM COOTBETCTBYHLLLEro MHCTaHCa.

class Show a where

show :: a -> String

a=Int a =Data

instance Show Int where instance Show Data where
show :: Int -> String show :: Data -> String
show X = ... show d = ...

KaK Trn aprymeHTa onpeaenseT HyXXHY peanin3aumnio?



Knaccbl TUNOB Kak MeXaHU3M Neperpysku

Tun aprymeHTa Int BbibupaeT peanunsaumio n3 instance Show Int.

class Show a where
show :: a -> String

a=Int

instance Show Int where
show :: Int -> String
show X = ...

show (3 :: Int)

a =Data

instance Show Data where

show ::

show d

Data -> String



Knaccbl TUNOB Kak MeXaHU3M Neperpysku

Tun aprymeHTa Data BbIOMpaEeT APYryto peann3aunto A5 TOoro XXe cMmMBosia show.

class Show a where
show :: a -> String

a=Int

instance Show Int where
show :: Int -> String
show X = ...

show (3 :: Int)

show (d :: Data)

a =Data

instance Show Data where
show :: Data -> String
show d = ...



3agayku: cBOM MHCTaHC Show

N /lonuLLNTE NHCTaHC: KOHCTPYKTOPbI OTOBpaXxatoTcst cTpokamu "ERROR", "WARNING", "DEBUG", "INFO".

data LoglLevel = Error | Warning | Debug | Info

instance Show LoglLevel where
show Error = "ERROR"
show Warning =
show Debug =

show Info S
5 PeweHue.
instance Show LoglLevel where

show Error = "ERROR"

show Warning = "WARNING"

show Debug = "DEBUG"

show Info = "INFO"



UTo TpedyeTcs OT TUNOBOIo napameTpa?

N [lonuinTte orpaHnvyeHue B curHatype. lNpeackaxmnTte pesynbstaT Bbi3oBa.

showWithPrefix :: ________ __ _________ => a -> String -> String
showWithPrefix x prefix = prefix ++ show X

showWithPrefix Warning "level: "

S5 PeuweHue.

showWithPrefix :: Show a => a -> String -> String

Pe3ynbrart: "level: WARNING".
A Show a =>—TpeboBaHue: ANd TUna a Ao/MKHa ObITb AOCTYNHA peannsayma Show.
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3agavyku: UHCTaHC ANnA napbl

N Hanuwnte uennkom nHctaHe Show ang napsl (a, b), BKIwYad Heoo6xoanmble orpaHudyeHmns. dopmar
pesynsrata: " (True,3)" anda (True, 3 :: Int).

S5 PeuweHue.

instance (Show a, Show b) => Show (a, b) where
show (x, y) = "(" ++ show x ++ "," ++ show y ++ ")"
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3agayku: cBoun Knacc

N Mpuaymalite n HaNULWKUTE LLeIMKOM Kiacc 4151 napcuHra gaHHbIX MyRead. Ero MeToa Ao/MKeH NpUHMMaTh
CTPOKY 1 BO3BpaLlaTb pa3obpaHHOe 3Ha4YeHne MO0 OTCYTCTBME pe3ynbTara npu Heyaade.

5 PeweHue.

class MyRead a where
readMaybe :: String -> Maybe a

BapbnpyeMblii TUNOBOW NapamMeTp MOXET UCMNOb30BaTLCA rAe YroHo.
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Bce 3HaAaUYeHuda Tuna

N Hanuwunte curHatypy n peanusaumto allValues, nepedbupatoLleii Bce 3HaueHnst KOHEYHOTO
NepevYncIiMmMoro Tuna. Kakme knacchl Hy)XHbl 4151 TPaHuLL U nepexoaa K cneayowemy 3HaueHuto?

5 PeweHue.
allValues :: (Enum a, Bounded a) => [a]
allValues = [minBound .. maxBound]

allValues :: [Bool] paét [False, Truel].
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PaBeHCTBO (PYHKLUN HA KOHEYHOWU 0GN1ACTU

N PeanunayinTe NnpoBepKy paBeHCTBa PYHKLUNA: HANULIUTE LEeSIMKOM MHCTaHC Eq ans (a -> b) C
Heo6xoANMbIMU orpaHnyeHnamMm. ObnacTb BXOA0B KOHeYHAsA U HEGO/IbLLASA; NCNonb3yinTe allValues.

5 PeweHue.

instance (Enum a, Bounded a, Egq b) => Eq (a -> b) where
(==) :: (a -> b) -> (a -> b) -> Bool
f == g = map f allValues == map g allValues

NB lNosiHbIN Nepebop noseseH NuLlb Aas HebobLLION KOHEYHOW 06nacTn, Hanpumep Bool. [Anga Int Takon cnoco6
HernpakTU4YeH.
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OAauH Knacc TpeoyeTt gpyron

N YeTHO: HyXHbl x == yux < y.[locTatoyHo fin Ord a NN HYXHo (Eq a, Ord a)?llpoBepbTe No
00bAB/IEHNIO Klacca.

S5 PeweHue.

class Eq a => 0rd a where
compare :: a -> a -> Ordering

Ord ayxe TpebyeT Eq a — OTAe/IbHO NOBTOPSITb €r0 HE HYXXHO.
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Knaccbl TMNOB BbICLWLINX KAUHAOB



map — oiHa uges Ans pasHbIX CTPYKTYP

3HakoMbIn map, transform U3 15 n npeobpasoBaHne 3Ha4eHUA BHYTpKU Maybe.

map :: (a -> b) -> [a] -> [b]
transform :: (a -> b) -> Tree a -> Tree b
mapMaybe :: (a -> b) -> Maybe a -> Maybe b
CMNUCOK noepeso u3 [15

(oo ) () I

(] [

Maybe

) e ]
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map — oiHa uges Ans pasHbIX CTPYKTYP

B KaX 0 CTPYKTYpe NPUMEHSIEM not K 3HaUeHUsIM; doopMa CTPYKTYPbl COXpaHAETCS.

map :: (a -> b) -> [a] -> [b]
transform :: (a -> b) -> Tree a -> Tree b
mapMaybe :: (a -> b) -> Maybe a -> Maybe b
CMUCOK nepeso n3 I[15 Maybe

[not True]

N\

[not False] [not True]

[not True] [not False] [ Just ] [not True]
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map — oiHa uges Ans pasHbIX CTPYKTYP

OpaHO UMS fmap: KOHKPETHbIN KOHCTPYKTOP TUMa BbiIOUpaeT peannsaumtio.

fmap :: (a -> b) -> [a] -> [b]
fmap :: (@ ->b) -> Tree a -> Tree b
fmap :: (a -> b) -> Maybe a -> Maybe b
CMNUCOK noepeso u3 [15
[ False ]
[ False ] [ True ]

N
(e ] [

Maybe

EaEn
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map — oiHa uges Ans pasHbIX CTPYKTYP

Functor oO6beaNHNAET 3TV onepauumn: napamMmeTp f 3a4aéT CTPYKTYPY.

class Functor (f :: * -> *) where
fmap :: (a -> b) -> f a ->Ffb

f = [] f = Tree

[ False ] [ True ] [ ratse ]

N
(e ] (o

= Maybe

s
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fmap: MeHsieTcA 3HaYeHue, OCTAETCH CTPYKTypa

N YcTHOo: Npeackaxnte fmap show (Just True) ufmap show Nothing. YTO AO/MKHO COXPAHATLCA?

fmap show (Just True)

Just ] [ True

CTPYKTYypa 3Ha4yeHue Tuna Bool
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fmap: MeHsieTcA 3HaYeHue, OCTAETCH CTPYKTypa

OYHKUNSA show NPUMEHSIETCS K 3HAYEHUIO BHYTpU Just: U3 Bool nonyyaeTcs String.

Just (show True)

Just ] [ show True

CTPYKTYpa npeobpasyem TO/IbKO 3HaUYEHME
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fmap: MmeHAleTCA 3HaUueHne, OCTAaETCA CTPYKTypa

KOHCTPYKTOp Just COXpaHSAEeTCs; 3Ha4eHMe 1 ero TUM MeHsItoTCS.

Just "True"

Just ] [ "True"

CTPYKTypa pe3ynbraT Tuna String
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PYHKTOPbI: OT pa3dopa K nponycKkam

e.g. Pasbop Maybe:

instance Functor Maybe where
fmap £ Nothing = Nothing
fmap £ (Just x) = Just (f x)

N JlonniinTe MHCTAHC CAUCKA NO €ro KOHCTPYKTOpaM.

instance Functor [] where
fmap £ [] =
fmap £ (x:xs) =

5 PeweHue.

instance Functor [] where
fmap f [] =[]
fmap ¥ (x:xs) = £ x : fmap f xs

ATO map: MOXXHO HanNucaTtb fmap = map.



YacTuyHoe NpMMeHeHue TUNOBbIX KOHCTPYKTOPOB

N Onpepenute kanHapbl (,), (->) n (,) Int. Peanndynte oyHKTOP A1 Napsbl.

5 PeweHue.
(,) :: % -> % -> %
(->) :: % -> % -> %

(,) Int :: * -> %

5 PeweHue.

instance Functor ((,) e) where
fmap :: (a ->b) -> ((,) e) a -> ((,) e) b

fmap £ (w, x) = (w, ¥ x)

25



UTo Tenepb ymeem

e [/lcnonb3oBaTb OANH CMMBO/ A4J19 pa3HbIX TUMOB
° Onpep,enmb K/1aCCbl TUNMOB U UX UHCTAHCbI

e /lcnonb3oBaTb YaCTUYHOE NPUMEHEHNE TUMOBbLIX KOHCTPYKTOPOB
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% Peanusauuma knaccoB TMNoB B GHC



¥ MonnmopdHas copTnpoBKa: 6a3o0Bble K/1acCbl TUMOB

XOTUM COPTUPOBAaTb 3/1EMEHTbI Pa3HbIX TUMNOB. KaK X CpaBHMUBATb?

sort :: [a] -> [a]
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% MonnmopdHas copTUpoBKa: 6a30Bble KNaccbl TUMNOB

Nepenaém cpaBHEHME SABHO: /15 KAXKA0ro Tuna — CBOS peann3auusi.

sort :: (a -> a -> Bool) -> [a] -> [a]
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% MonnmopdHas copTUpoBKa: 6a30Bble KNaccbl TUMNOB

O6beanHsaeM onepawlunm B 3anncb — C/10Bapb.

data MyOrd a = MyOrd { less :: a -> a -> Bool }
sort :: MyOrd a -> [a] -> [a]

intMyOrd :: MyOrd Int
intMyOrd = MyOrd { less = (<) }

sort intMyOrd [3,2,1]

Pesynbtat: [1,2,3].
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i CBOMCTBO YyNOpPSAA04YEHHOCTN

Uepe3 data Uepe3 class
1. Onpepnenexnne cnosaps PyHKLUNN. 1. OnpepneneHve Knacca TUnos.
data MyOrd a = MyOrd class MyOrd a where
{ less :: a -> a -> Bool } less :: a -> a -> Bool
2. DK3eMNaap cnosapsa ANs KOHKPETHOro Tmna — 2. O06baBMeHNe TMNa npeacTtaBuTeNieM kiacca — He
nMMeHOBaHHOe 3HaueHNe. nMmeet MMeHW.
intMyOrd :: MyOrd Int instance MyOrd Int where
intMyOrd = MyOrd { less = (<) } less = (<)
3. ABHbIV NapamMeTp PYyHKLNN. 3. HedaBHbIN napameTp OyHKLNN.
sort :: MyOrd a -> [a] -> [a] sort :: MyOrd a => [a] -> [a]
4. [lepenaetcd nonb3oBaTesem. 4. Mepepnaétcs KOMNUNATOPOM.?
test = sort intMyOrd [3, 2, 1] test = sort [3, 2, 1]

1. Hy>keH uMnopT Moayns, Aake NycTol, C onpeaeneHneM Hy)XKHOro MHcTaHca: import Module ().



% OT cnoBaps 3a/ieMeHTa K C/1oBaplo CnuckKa

CTpouTesib CnoBaps 1 3aBUCUMbI UHCTAHC BblpaXatoT 04HO TpeboBaHue.

HABHO HeABHO
1listMyOrd :: MyOrd a -> MyOrd [a] instance MyOrd a => MyOrd [a] where
1istMyOrd aOrd = MyOrd less = ...

{ less = ... }

sort (listMyOrd intMyOrd) [[3,2], []1, [1]]

> 1ntMyOrd gpaet cpaBHeHue afieMeHToB; ListMyOrd intMyOrd — cpaBHEHWEe CMNCKOB.
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% OT cnoBaps 3a/ieMeHTa K C/1oBaplo CnuckKa

CTpouTesib CnoBaps 1 3aBUCUMbI UHCTAHC BblpaXatoT 04HO TpeboBaHue.

HABHO HeABHO
1listMyOrd :: MyOrd a -> MyOrd [a] instance MyOrd a => MyOrd [a] where
1istMyOrd aOrd = MyOrd less = ...

{ less = ... }

sort [[3,2], [1, [1 :: Int]]

> Komnunartop nwet MyOrd [Int]:Hy)XeHMyOrd Int,3aTeM MHCTaHC CNKXCKa.
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MaTtepuanbl



YacTUUYHbLIN N NONMHbLIN NOPAAOK

IHOroa o4HO CBOWCTBO BNEYET Apyroe Kak 6onee cnabdoe. B Haskell MHCTaHC pacLLunpeHHOro ksiacca Tunos
MNPOCTO TPebyeT Ha/INYMA NHCTaHca 6a30BOrO.

[TpyMep: YaCcTUYHbIN NMOPSA0K — paboTaeT He A1 KaxKA0W Napbl 3/IEMEHTOB.

class MyPartialOrd a where
mbLess :: a -> a -> Maybe Bool

UacTWUHbIN NopsaoK o6s3aTeneH ans noaHoro.

class MyPartialOrd a => MyOrd a where
less :: a -> a -> Bool

[pu 06bsABEHUN TUNA NPeAcTaBMUTEIeM 6a30BOro K/lacca MOXHO M0/1b30BaTbCsl 0ObSABIEHNEM AJ15
PACLUMPEHHOTrO.

instance MyPartialOrd Int where
mbLess x y = Just (less x vy)
1. Hanpumep, yncna c nnasatoLlen TOUKon no ctaHaapTy IEEE 754 ynopsaaoyeHbl TONbKO YacTU4YHO (NaN).

2. B Haskell Tak He caenaHo, HO caenaHo B Rust. MeHee yno6HO, HO 6o/1ee 6e3onacHo.
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[Toxoxxue KOHUENUUN B APYINX A3blKaX

e A g Knaccbl TMNOB, AMcnaTy Nno Hys1IeBoMYy aprymMmeHTy oyHKLUMIA:
= e.g. Rust traits;
= e.g. Swift protocols;
= e.g. Scala traits + implicits.
e KOHTpPO/Nb 3a MHCTaHuUualmen LaboHOB:
= e.g. C++20 KOHUENTbI.
e HesaBHbIE pecnBepbl:
= e.g. Kotlin context receivers.
e LLIa6noH visitor Ana AuHamMmm4yeckoro gmucnarya no HECKOSIbKUM aprymeHTam oHOBPEMEHHO.
e MynbsTnmeToabl:

= e.g. Julia.
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MTone3Hble CCbINTKU

Typeclassopedia: lWnaprasika no 300napky Kaccos TUMOB
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https://wiki.haskell.org/Typeclassopedia

Cepbeé3Hble MaTepuabl

e Tagless-Final Style

e Oner HWxHMKoB — CoBpemeHHoe PTI1 ¢ Tagless Final
e The Death of Tagless Final by John A. De Goes

e Review: Codata in Action

e Tagless Final style by Oleg

e |ecture notes on Tagless Final

e Philip Wadler, Stephen Blott. How to make ad-hoc polymorphism less ad hoc. POPL, 1989.
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https://youtu.be/MbFqJ2NHS8M?si=LamIrSnrjbwCYrt2
https://youtu.be/sWEtnq0ReZA?si=CxcESs7hoj73Kc7e
https://youtu.be/p98W4bUtbO8?si=fU7dtXL3DnXEs75h
https://reasonablypolymorphic.com/blog/review-codata/index.html
https://okmij.org/ftp/tagless-final/index.html
https://okmij.org/ftp/tagless-final/course/lecture.pdf

