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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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@ Algebraic data types
data X = A | B Int | C Int String
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@ Algebraic data types
data X = A | B Int | C Int String
o [[pumeHeHUEe QYHKUMHN
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[IpenmonoxeHuda OOKIag4YyuKa
@ Algebraic data types
data X = A | B Int | C Int String
o [[pumeHeHUEe QYHKUMHN
f x gb56 f.gh5
g5 (f x) g5¢4%fx
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[IpenmonoxeHuda OOKIag4YyuKa

@ Algebraic data types
data X = A | B Int | C Int String

o [[pumeHeHUEe QYHKUIMMI
f x gb56 f.gh5
g5 (f x) g5¢4%fx
x “elem” xs

@ ba3oBrele TUNIEL

Int Int -> String [Int] Maybe Int
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[IpenmonoxeHuda OOKIag4YyuKa
@ Algebraic data types
data X = A | B Int | C Int String
o [[pumeHeHUEe QYHKUIMMI
f x gb56 f.gh5
g5 (f x) g5¢4%fx
x “elem” xs
@ ba3oBrele TUNIEL
Int Int -> String [Int] Maybe Int
@ Pattern matching
@ CUHTaKCHuC CIIUCKOB

X1 XS [a, b, c]
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O ueM mokJjian

o [TapameTpuueckui u ad-hoc nonumopdpusm
@ Taunkiacchl U TOIuMOpPpU3IM
@ B03MOXKHOCTH, KOTOpPBIE HAET UCIIOJIb30BaHUE

nonuMopgusMa
» YyKoi Kof paboTaeT uHaue
» Ham ko paGoTaeT mo-pa3HoMy
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@ B03MOXKHOCTH, KOTOpPBIE HAET UCIIOJIb30BaHUE

nonuMopgusMa
» Uyxoi Kofl paboTaeT uHaue
» Ham kopx paGoTaeT mo-pasHoMy

Hoknan He Imogpa3yMeBaeT IIOJIHOTY U3JIOZKEHU A

... HEMHOT' O JIYKaBUT
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MoHoMOp®HBIE QYHKIINHU

prepend :: Int -> [Int] -> [Int]
prepend a xs = a:Xxs
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MoHoMOp®HBIE QYHKIINHU
prepend :: Int -> [Int] -> [Int]
prepend a Xxs = a:Xs

append :: Int -> [Int] -> [Int]
append a [] = [a]
append a (x:xs) = x:(append a xs)
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prepend :: Int -> [Int] -> [Int]
prepend a Xxs = a:Xs

append :: Int -> [Int] -> [Int]

append a [] = [a]

append a (x:xs) = x:(append a xs)

zip' :: [Int] -> [Double] -> [(Int, Double)]
zip' [] _ =[]

zip' [] =[]

zip' fa:as) (b:bs) (a, b):(zip' as bs)
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MoHoMOp®HBIE QYHKIINHU

prepend :: Int -> [Int] -> [Int]
prepend a Xxs = a:Xs

append :: Int -> [Int] -> [Int]

append a [] = [a]

append a (x:xs) = x:(append a xs)

zip' :: [Int] -> [Double] -> [(Int, Double)]
zip' [] _ =[]

zip' [] =[]

(a, b):(zip' as bs)

zip' (a:as) (b:bs)

BaxkHbI T4 KOHKpeTHBIE TUITH Int 1 Double?
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MoHoMOp®HBIE QYHKIINHU

prepend :: String -> [String] -> [String]
prepend a xs = a:Xs

append :: String -> [String] -> [String]
append a [] = [a]
append a (x:xs) = x:(append a xs)

zip' :: [String] -> [Bool] -> [(String, Bool)]
zip' [] _ =[]
zip' [] =[]

(a, b):(zip' as bs)

zip' (a:as) (b:bs)

Ymo uMeHHO OHM OesaloT, He 3aBUCHUT OT 3TUX THUIIOB

Ienuc Byspamnos Tonumopdusm B Haskell u typeclasses 1 HOs1Gps1 2019 6/42



[lapaMeTpUYeCKUuM MOIUMOPPU3IM

prepend :: a -> [a] -> [a]
prepend a xs = a:Xxs

append :: a -> [a] -> [a]

append a [] = [a]

append a (x:xs) = x:(append a xs)
zip' :: [a] -> [b] -> [(a, b)]
zip' [1] _ = [1

zip' [] = [1

zip' (a:as) (b:bs) (a, b):(zip' as bs)
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[lapaMeTpUYeCKUuM MOIUMOPPU3IM

prepend :: a -> [a] -> [a]
prepend a xs = a:Xxs

append :: a -> [a] -> [a]

append a [] = [a]

append a (x:xs) = x:(append a xs)
zip' :: [a] -> [b] -> [(a, b)]
zip' [1] _ = [1

zip' [] = [1

zip' (a:as) (b:bs)

(a, b):(zip' as bs)

Type-level u value-level namespace’sl pa3n4yHbI
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[lapaMeTpUYeCKUuM MOIUMOPPU3IM

prepend :: a -> [a] -> [a]
prepend a xs = a:Xxs

append :: a -> [a] -> [a]

append a [] = [a]

append a (x:xs) = x:(append a xs)
zip' :: [a] -> [b] -> [(a, b)]
zip' [l _ =[]

zip' _ [] = [1]

zip' (a:as) (b:bs) (a, b):(zip' as bs)

Type-level u value-level namespace’sl pa3n4yHbI

TONBbKO CTPYKTYpPa apryMeHTOB
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[lapaMeTpUYeCKUuM MOIUMOPPU3IM

prepend :: forall a. a -> [a] -> [a]
prepend a Xxs = a:Xs

append :: forall a. a -> [a] -> [a]

append a [] = [a]

append a (x:xs) = x:(append a xs)

zip' :: forall a b. [a] -> [b] -> [(a, b)]
zip' [1 _ =[]

zip' [] =[]

zip' fa:as) (b:bs) (a, b):(zip' as bs)
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[TapaMeTpu4YeCcKu MOIUMOPPU3IM

head :: [a] -> Maybe a
head [] = Nothing
head (x: ) = Just x
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[lapaMeTpUYeCKUuM MOIUMOPPU3IM

head :: [a] -> Maybe a

head [] = Nothing
head (x: ) = Just x
Iazke map!

map :: (a -> b) -> [a] -> [b]
map _ [] []
map f (x:xs) (f x):(map xs)
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[TapamMeTpu4YeCcKu moauMoppPusm?

maximum :: [a] -> Maybe a
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[lapaMeTpudyecKuu NonuMoppu3m?

maximum :: [a] -> Maybe a
maximumInt :: [Int] -> Maybe Int
maximumInt [] = Nothing
maximumInt (x:xs) = Just $ findMax xs x where
findMax [] c==cC
findMax (x:xs) c = findMax xs $ if x < c then c else x
maximumDouble :: [Double] -> Maybe Double
maximumDouble [] = Nothing
maximumDouble (x:Xxs) Just $ findMax xs x where

findMax [] c=2¢cC
findMax (x:xs) c f

indMax xs $ if x < c then c else Xx
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[lapaMeTpudyecKuu NonuMoppu3m?

maximum :: [a] -> Maybe a
maximumInt :: [Int] -> Maybe Int
maximumInt [] = Nothing
maximumInt (x:xs) = Just $ findMax xs x where
findMax [] c==cC
findMax (x:xs) c = findMax xs $ if x < c then c else x
maximumDouble :: [Double] -> Maybe Double
maximumDouble [] = Nothing
maximumDouble (x:xs) = Just $ findMax xs x where
findMax [] c=c

findMax (x:xs) c findMax xs $ if x < c then c else x
Tena ¢pyHKIINNM OOUHAKOBLIE

Ho sedym ¢dyukIinu ceb6ss HEMHOTO I0-Pa3HOMY
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[TapamMeTpu4YeCcKu moauMoppPusm?

fold :: [a] -> Maybe a
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[lapaMeTpudyecKuu NonuMoppu3m?

fold :: [a] -> Maybe a

foldInt :: [Int] -> Maybe Int

foldInt [] = Nothing

foldInt (x:xs) = Just $ foldNE x xs where
foldNE x xs maybe x (x +) $ fold xs

foldString :: [String] -> String

foldString [] = Nothing

foldString (x:xs) = Just $ foldNE x xs where
foldNE x xs = maybe x (x ++) $ fold xs
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[lapaMeTpudyecKuu NonuMoppu3m?

fold :: [a] -> Maybe a

foldInt :: [Int] -> Maybe Int

foldInt [] = Nothing

foldInt (x:xs) = Just $ foldNE x xs where
foldNE x xs = maybe x (x +) $ fold xs

foldString :: [String] -> String

foldString [] = Nothing

foldString (x:xs) = Just $§ foldNE x xs where
foldNE x xs = maybe x (x ++) $ fold xs

OYHKIMY TPUHLUTIHAIbHO AealoT OOQHO U TO XKe

Ho eedym cebs mmo-pa3HOMYy B 3aBUCUMOCTH OT THUIIA
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[lapaMeTpudyecKuu NonuMoppu3m?

... OT THIIA?

foldIntM :: [Int] -> Maybe Int

foldIntM [] = Nothing

foldIntM (x:xs) = Just $ foldNE x xs where
foldNE x xs = maybe x (x +) $ fold xs

foldIntS :: [Int] -> Maybe Int

foldIntS [] = Nothing

foldIntS (x:xs) Just $ foldNE x xs where
foldNE x xs = maybe x (x *) $ fold xs
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IIBa myTu

@ OcTaBaThCs B TapaMeTPUYECKOM HOIUMOpPdu3IMe

maximum :: forall a. (a->a->Bool) -> [a] -> Maybe a
fold :: forall a. (a->a-=a) -> [a] -> Maybe a
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IIBa myTu

@ OcTaBaThCs B TapaMeTPUYECKOM HOIUMOpPdu3IMe

maximum :: forall a. (a->a->Bool) -> [a] -> Maybe a
fold :: forall a. (a->a-=a) -> [a] -> Maybe a
UM Oazxe

data Ord a = MkOrd (a -> a -> Bool)

maximum :: forall a. Ord a -> [a] -> Maybe a
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IIBa myTu

@ OcTaBaThCs B TapaMeTPUYECKOM HOIUMOpPdu3IMe

maximum :: forall a. (a->a->Bool) -> [a] -> Maybe a
fold :: forall a. (a->a-=a) -> [a] -> Maybe a
UM Oazxe

data Ord a = MkOrd (a -> a -> Bool)

maximum :: forall a. Ord a -> [a] -> Maybe a

@ Ad-hoc nonumopdusm

maximum :: forall a € ordered. [a] -> Maybe a
fold :: forall a € squashable. [a] -> Maybe a

1t a0 He curTakcuc Haskell {}
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HaneBo nmoumenis — KOHS IIOTEPSIelb

data Ord a = MkOrd (a -> a -> Bool)
maximum :: Ord a -> [a] -> Maybe a

data Semi a = MkSemi (a -> a -> a)
fold :: Semi a -> [a] -> Maybe a
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HaneBo nmoumenis — KOHS IIOTEPSIelb

data Ord a = MkOrd (a -> a -> Bool)
maximum :: Ord a -> [a] -> Maybe a

data Semi a = MkSemi (a -> a -> a)
fold :: Semi a -> [a] -> Maybe a

maxes :: Ord a -> [[a]] -> [Maybe al
maxes ord = map $ maximum ord
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HaneBo nmoumenis — KOHS IIOTEPSIelb

data Ord a = MkOrd (a -> a -> Bool)
maximum :: Ord a -> [a] -> Maybe a

data Semi a = MkSemi (a -> a -> a)
fold :: Semi a -> [a] -> Maybe a

maxes :: Ord a -> [[a]] -> [Maybe al
maxes ord = map $ maximum ord
combMaxes :: Ord a -> Semi a -> [[a]] -> Maybe a
combMaxes o (MkSemi fs) = fold maybeSemi . maxes o
where
maybeSemi Nothing vy =y
maybeSemi X Nothing = X

maybeSemi (Just x) (Just y)

Just $ fs x vy
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HaneBo nmoumenis — KOHS IIOTEPSIelb

ITocTosTHHO ITepedaBaTh

[Topssmok BazxKeH

Hepapxus CTPYKTYyp
[Tepeucnosnb3oBaHue npeodpa3oBaHUM
[TonuMopdu3m Ha npeodpa30BaHUIX
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Tanunkjaccel

maximum :: forall a € ordered. [a] -> Maybe a

1 aTo He cunTakcuc Haskell
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Tanunkjaccel

maximum :: forall a € ordered. [a] -> Maybe a

1 aTo He cunTakcuc Haskell
class 0Ord a where
(<) :: a ->a -> Bool

maximum :: forall a. Ord a => [a] -> Maybe a
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Tanunkjaccel

maximum :: forall a € ordered. [a] -> Maybe a

1 aTo He cunTakcuc Haskell

class 0rd a where

(<) :: a ->a -> Bool
maximum :: forall a. Ord a => [a] -> Maybe a
maximum [] = Nothing
maximum (x:xs) = Just $ findMax xs x where

findMax [] c==c
findMax (x:xs) c¢ = findMax xs $ if x < ¢ then c else Xx
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Tanunkjaccel

class Semigroup a where

(<>) :: a ->a ->a
fold :: Semigroup a => [a] -> Maybe a
fold [] = Nothing

fold (x:xs) = Just $ foldNE x xs where
foldNE x xs = maybe x (x <>) $ fold xs
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Taunkmaccel: UHCTAaHCHI

class Semigroup a where
(<>) :: a ->a ->a

fold :: Semigroup a => [a] -> Maybe a
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Tanmnkjacchl: MHCTAHCHI

class Semigroup a where
(<>) :: a ->a ->a

fold :: Semigroup a => [a] -> Maybe a

instance Semigroup Int where
(<>) = (+)

instance Semigroup String where
(<=) = (++)
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Tanmnkjacchl: MHCTAHCHI

class Semigroup a where
(<>) :: a ->a ->a

fold :: Semigroup a => [a] -> Maybe a

instance Semigroup Int where

(<>) = (+)
instance Semigroup String where
(<=) = (++)
fold [1, 2, 3] -- gives Just 6

fold ["1", "2", "3"] -- gives Just "123"
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TalnKiacchl: YCIIOBHBIE MHCTAHCHI

instance Semigroup a => Semigroup (Maybe a) where
Nothing <>y =y
X <> Nothing X
Just x <> Just y Just $ x <>y
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Tanunkjaccel

ZK13Hb HaJlaXKUBAETCS

maxes :: Ord a => [[a]] -> [Maybe a]
maxes = map maximum
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Tanunkjaccel

ZK13Hb HaJlaXKUBAETCS

maxes :: Ord a => [[a]] -> [Maybe al
maxes = map maximum

combMaxes (Ord a, Semigroup a) => [[a]] -> Maybe a
combMaxes = fold . maxes
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Tanunkjaccel

ZK13Hb HaJlaXKUBAETCS

maxes :: Ord a => [[a]] -> [Maybe al
maxes = map maximum

combMaxes (Ord a, Semigroup a) => [[a]] -> Maybe a
combMaxes = fold . maxes

Ho ecTs HI0OQHCHI

@ He TakK JIETKO ITOACTABJISATh CBOU (PYHKITUU
@ BBEIOOP TAMMKIIACCOB JOIXKEH OBITh YIaUYHBIM

Ienuc By3pamos ITomumopdusm B Haskell u typeclasses
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Taunkmaccel: nparmatuka u trade-off
Kak ynpaBnsaTts ad-hoc nonumopdumom?
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Taunkmaccel: nparmatuka u trade-off
Kak ynpaBnsaTts ad-hoc nonumopdumom?

newtype Last a = Last a
getlLast :: Last a -> a
getLast (Last a) = a

newtype First a = First { getFirst :: a }
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Taunkmaccel: nparmatuka u trade-off

Kak ynpaBnsaTts ad-hoc nonumopdumom?

newtype Last a = Last a

getlLast :: Last a -> a

getLast (Last a) = a

newtype First a = First { getFirst :: a }

instance Semigroup (Last a) where

<> X =X
instance Semigroup (First a) where
X <> =X
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Taunkmaccel: nparmatuka u trade-off
Kak ynpaBnsaTts ad-hoc nonumopdumom?

newtype Last a = Last a

getlLast :: Last a -> a

getLast (Last a) = a

newtype First a = First { getFirst :: a }

instance Semigroup (Last a) where

<> X =X
instance Semigroup (First a) where
X <> =X

head :: [a] -> Maybe a
head = fmap getFirst . fold . map First

last :: [a] -> Maybe a
last = fmap getLast . fold . map Last
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Taunkacchl: yHKIIUY 10 YMOJTYaHUIO0

class 0rd a where
(<) :: a ->a -> Bool
(>) :: a ->a -> Bool
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Taunknacchl: GYHKIIUUA 10 YMOJTYaHUIO

class 0Ord a where
(<) :: a ->a -> Bool
(>) :: a ->a -> Bool
a>b=>b<a

(<=) :: a -> a -> Bool
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Taunknacchl: GYHKIIUUA 10 YMOJTYaHUIO

class 0rd a where
(<) :: a ->a -> Bool
(>) :: a ->a -> Bool

(<=) :: a -> a -> Bool
(==) :: a -> a -> Bool
(/=) :: a -> a -> Bool
a<=b=a<b || a==

Ienuc By3panos ITomumopdusm B Haskell u typeclasses

1 HOs16pst 2019
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Hepapxusa TaUuKiIiacCoB

class Eq a where
it a ->a -> Bool
::a ->a -> Bool

=)

—— b
a/=»b
class Eq
(<)
(>)
(<=)
(>=)
a<=b

Ienuc By3panos ITomumopdusm B Haskell u typeclasses

a

[<V I <) I <) <))

not $a/=>b

not $ a ==

=> 0rd a where
-> a -> Bool
-> a -> Bool
-> a -> Bool
-> a -> Bool

a<b || a==

1 HOs16pst 2019
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KorepeHTHOCTbH

class Semigroup a => Monoid a where
mempty :: a

class Semigroup a => ReversibleSemigroup a where
rev :: a -> a
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KorepeHTHOCTh

class Semigroup a => Monoid a where
mempty :: a

class Semigroup a => ReversibleSemigroup a where
rev :: a -> a

f :: (Monoid a, ReversibleSemigroup a) =
rev mempty <> mempty

1} rapaHTHUPYeTCs, YTO <> 00HA u ma Jce
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KorepeHTHOCTh

HN3-3a sToro nepapxusa HHCTaHCOB ITIOBTOPSET MePapPXUI0
KJIaCCOB

instance Semigroup String where
(<=) = (++)

instance Monoid String where
mempty = ""
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I[Tonck “HCTAHCOB

He “ecau ecmv amo, mo uHcma+Hc som”, a “eom
UHCMaHc, 0151 He2o MHe mpebyemca”

[Tpu moucKe MHCTAHCOB pacCMaTPUBAETCS TOJILKO YacThb
npasee “=>"
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I[Tonck “HCTAHCOB

He “ecau ecmv amo, mo uHcma+Hc som”, a “eom
UHCMaHc, 0151 He2o MHe mpebyemca”

[Tpu moucKe MHCTAHCOB pacCMaTPUBAETCS TOJILKO YacThb
npasee “=>"

class Impossible a where
magic :: forall b. a -> b

instance Impossible a => Semigroup a where
a <> = magic a
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I[Tonck “HCTAHCOB

He “ecau ecmv amo, mo uHcma+Hc som”, a “eom
uHcmawc, 0415 Heeo MHe mpebyemcs”

[Tpu moucKe MHCTAHCOB pacCMaTPUBAETCS TOJILKO YacThb
npasee “=>"

class Impossible a where
magic :: forall b. a -> b

instance Impossible a => Semigroup a where
a <> = magic a

Takol MHCTaAHC MOJIHOCTHIO BHIK/IIOUAET JII0O00M ITOUCK I
Semigroup
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THUIIBI BEICIIINX IIOPAOKOB

kind *
Int, [Int], Maybe Int, Either String Int, Int -> String
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TUIIBI BBICIIIUX IIOPAOKOB
kind *
Int, [Int], Maybe Int, Either String Int, Int -> String

class Semigroup a where
(<>) :: a ->a ->a
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TUIIBI BBICIIIUX IIOPAOKOB
kind *
Int, [Int], Maybe Int, Either String Int, Int -> String

class Semigroup a where
(<>) :: a ->a ->a

kind * -> *
Maybe, Either String, (->) Int
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THUIIBI BEICIIINX IIOPAOKOB

kind *
Int, [Int], Maybe Int, Either String Int, Int -> String

class Semigroup a where
(<>) :: a ->a ->a

kind * -> *
Maybe, Either String, (->) Int

class Functor m where
fmap :: (@ ->b) ->ma ->mb
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O yéeM ele MOXKHO IPOOOIXKUTh

@ instance resolution
» overlapping instances
@ MHOTO TUIIOB
» multiparameter typeclasses
» functional dependencies
> type families
@ BBIBOI TAMIIKJIACCOB
» derivable typeclasses
» newtype deriving
» deriving via
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[IpuMep: UCXOOHOE COCTOSTHUE

putStrLn :: String -> I0 ()
getlLine :: IO String

program :: IO0 ()

program = do
putStrLn "What is your name?"
name <- getlLine
putStrLn ("Hi, " ++ name)
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[IpuMep: UCXOOHOE COCTOSTHUE

putStrLn :: String -> I0 ()
getlLine :: IO String

program :: IO0 ()

program = do
putStrLn "What is your name?"
name <- getlLine
putStrLn ("Hi, " ++ name)

Kaxk nmpoTecTupoBaTth, 4TO PYHKLIUA OejlaeT POBHO TO, YTO
TaM Hamo?
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[TpumMmep: BLIOMEIUIIN aOCTPAKITUIO

class ConsoleIO0 m where
putStrLn :: String -> m ()
getLine :: m String
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[TpuMep: BeImenuIn abCTPaKIInio

class ConsoleI0 m where
putStrLn :: String -> m ()
getLine :: m String

program :: (Monad m, ConsoleI0 m) =>m ()
program = do

putStrLn "What is your name?"

name <- getlLine

putStrLn ("Hi, " ++ name)
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[TpuMep: BeImenuIn abCTPaKIInio

class Monad m => ConsoleIO0O m where
putStrLn :: String -> m ()
getLine :: m String

program :: ConsoleI0 m =>m ()
program = do
putStrLn "What is your name?"
name <- getlLine
putStrLn ("Hi, " ++ name)
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[TprMep: MHCTAHCHI [JIsT OOBIYHOI'0 3amlycKa

instance ConsoleI0 IO where
putStrLn = Prelude.putStrLn
getLine = Prelude.getlLine
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[TpuMep: MHCTAHCHI AJIsT OOBIYHOTO 3allyCKa

class MonadIO m where
1iftIO :: I0 a -> m a
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[TprMep: MHCTAHCHI [JIsT OOBIYHOI'0 3amlycKa

class MonadIO m where
1iftIO :: I0 a -> m a

instance MonadIO0 m => ConsoleI0 m where
putStrLn = 1iftIO . Prelude.putStrLn
getLine = 1iftI0 $ Prelude.getlLine
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[TprMep: MHCTAHCHI [JIsT OOBIYHOI'0 3amlycKa

class MonadIO m where
1iftIO :: I0 a -> m a

instance MonadIO0 m => ConsoleI0 m where
putStrLn = 1iftIO . Prelude.putStrLn
getLine = 1iftI0 $ Prelude.getlLine

Ckomnunupyercs?
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[TprMep: MHCTAHCHI [JIsT OOBIYHOI'0 3amlycKa

class MonadIO m where
1iftIO :: I0 a -> m a

instance MonadIO0 m => ConsoleI0 m where
putStrLn = 1iftIO . Prelude.putStrLn
getLine = 1iftI0 $ Prelude.getlLine

Ckomnunupyercs?

B3netut?
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[TprMep: MHCTAHCHI [JIsT OOBIYHOI'0 3amlycKa

class MonadIO0O m where
1iftIO :: I0 a -> m a

newtype RealConsoleT m a = RealConsoleT
{ runRealConsole :: ma }
deriving (Functor, Applicative, Monad, MonadIO)

instance MonadI0 m => ConsoleI0 (RealConsoleT m) where

putStrLn = 1iftI0 . putStrLn
getLine = 1iftIO0 $ getLine
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[TprMep: MHCTAHCHI [JIsT OOBIYHOI'0 3amlycKa

class MonadIO0O m where
1iftIO :: I0 a -> m a

newtype RealConsoleT m a = RealConsoleT
{ runRealConsole :: ma }
deriving (Functor, Applicative, Monad, MonadIO)

instance MonadIO m => ConsoleIO0 (RealConsoleT m) where
putStrLn = 1iftI0 . putStrLn
getLine = 1iftIO0 $ getLine

CkoMniunupyercs?
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[TprMep: MHCTAHCHI [JIsT OOBIYHOI'0 3amlycKa

class MonadIO0O m where
1iftIO :: I0 a -> m a

newtype RealConsoleT m a = RealConsoleT
{ runRealConsole :: ma }
deriving (Functor, Applicative, Monad, MonadIO)

instance MonadI0 m => ConsoleI0 (RealConsoleT m) where

putStrLn = 1iftI0 . putStrLn
getLine = 1iftIO0 $ getLine

CkoMniunupyercs?

B3netur?
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[TprMep: MHCTAHCHI [JIsT HEOOBIYHOI'O 3aIlycKa

newtype NoConsoleT m a = NoConsoleT
{ runNoConsole :: m a }
deriving (Functor, Applicative, Monad, MonadIO)

instance Applicative m => ConsoleIO (NoConsoleT m) where

putStrLn = const $ pure ()
getLine = pure ""
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[IpuMep: 3ayCcK IporpaMMEl

program :: ConsoleI0 m =>m ()
instance ConsoleIO0 IO where ...

instance MonadIO m => ConsoleI0 (ReadConsoleT m) where .
instance Applicative m => ConsoleIO (NoConsoleT m) where

Ienuc By3panos ITomumopdusm B Haskell u typeclasses 1 HOs16pst 2019 38/42



[IpuMep: 3ayCcK IporpaMMEl

program :: ConsoleI0 m =>m ()

instance ConsoleIO0 I0 where ...
instance MonadIO m => ConsoleI0 (ReadConsoleT m) where .
instance Applicative m => ConsoleIO (NoConsoleT m) where

main = program

Ienuc By3panos ITomumopdusm B Haskell u typeclasses 1 HOs16pst 2019 38/42



[IpuMep: 3ayCcK IporpaMMEl

program :: ConsoleI0 m =>m ()

instance ConsoleIO0 I0 where ...
instance MonadIO m => ConsoleI0 (ReadConsoleT m) where .
instance Applicative m => ConsoleIO (NoConsoleT m) where

main program

main runRealConsole program
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[IpuMep: 3ayCcK IporpaMMEl

program :: ConsoleI0 m =>m ()

instance ConsoleIO0 I0 where ...
instance MonadIO m => ConsoleI0 (ReadConsoleT m) where .
instance Applicative m => ConsoleIO (NoConsoleT m) where

main = program
main = runRealConsole program
main = runNoConsole program
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[TpuMep: UHCTAHC OIS TECTUPOBAHUSA

data ScenarioAction = ExpectPrinting String
| ExpectReading String

newtype TestingConsoleT m a = TestingConsoleT
(ExceptT String (StateT [ScenarioAction] m) a)
deriving (Functor, Applicative, Monad,
MonadState [ScenarioAction], MonadError String)

runTestingConsole :: [ScenarioAction]
-> TestingConsoleT m a
-> Either String a

instance Monad m => ConsoleI0 (TestingConsoleT m) where
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[TpuMep: UHCTAHC OIS TECTUPOBAHUSA

instance Monad m => ConsoleI0 (TestingConsoleT m) where
putStrLn s = do
sc <- get
(curr, sc') <- case sc of
[l -> throwError "Scenario ended, but putStrLn"
(x:xs) -> pure (x, xs)
put sc'
case curr of
ExpectPrinting exp ->
when (s /= exp) $ throwError "Wrong is printed"
ExpectReader  -> throwError "Reading is expected"

getLine = ...
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[TpuMep: 3a1yCcK OISl TECTUPOBAHUSA

scenario =
[ ExpectPrintlng "What is your name?"
, ExpectReading "Denis"
, ExpectPrinting "Hi, Denis" ]

runTestingConsole scenario program -- gives Right ()
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[TpuMep: 3a1yCcK OISl TECTUPOBAHUSA

scenario =

[ ExpectPrintlng "What is your name?"
, ExpectReading "Denis"
, ExpectPrinting "Hi, Denis" ]

runTestingConsole scenario program -- gives Right ()

B hpec M02KHO 3TO MCIOJIL30BATh TaK:

spec = describe "Hello program" do
it "asks and responds" do

testRun “shouldBe™ Right ()
where

testRun = runTestingConsole scenario program
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Cnacubo
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