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CnymaTtenu
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@ Jlerko 4uuTaroT Koj co craugoB (cuHTakcuc Haskell)
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@ Tunsl-mpon3BeOeHnsI
data Product a b = Product a b
(a, b)

@ TUNBI-CyMMEI

B b

I
pd
o]

data Coproduct a b
Either a b
@ Algebraic data types
data X = A | B Int | C Int String
o [TonumopdHbIe QyHKIINU

f 2 forall x. x — [x] — [x]



O uéMm Jokian

@ 3aueM HaM JaHHBIE?

@ HemMHOXkKO 00 anre6pe

@ CHOBa O JAaHHBIX

@ CHoBa 00 anrebpe... anredpax!

e Tammnkiaccel + monumopdusm = anredpa? 0_0



O uéMm Jokian

@ 3aueM HaM JaHHBIE?

@ HemMHOXkKO 00 anre6pe

@ CHOBa O JAaHHBIX

@ CHoBa 00 anrebpe... anredpax!

e Tammnkiaccel + monumopdusm = anredpa? 0_0

B Hauamne OymeT Beceso, B KOHIIE CJIOKHO



O uéMm Jokian

@ 3aueM HaM JaHHBIE?
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B Hauamne OymeT Beceso, B KOHIIE CJIOKHO
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I17151 yero Hy>KHEI JaHHbBIE?
parse :: Raw — Either Error Parsed

manageParsed :: Parsed — I0 ()

manageRaw :: Raw — I0 ()
manageRaw = m . parse where

m (Right d) = manageParsed d
m (Left e) = error $ show e
AnbTEepHATUBHO

manageRaw = either (error . show) manageParsed . parse

HanomuHaHue

either :: (a > ¢) - (b - ¢) — Either a b = ¢
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I719 9ero Hy>KHBI JaHHBIE?

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

HanomuHaHue

uncurry :: (a > b - ¢) = (a, b) > ¢



BcnoMHUM anrebpy
@ CHUMBOJIBL
@ Onepanuu
o OTHoOlIEeHusa

@ CporicTBa (3aKOHHI)
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BcrioMHUM anre6py 3jieMeHTapHYI0 anrebpy
@ Cumsonst: 0, 1, a, b, ¢, ...
e Omepamuu: a + b, ab, a®, ...
@ OTHoleHus: “="
@ CaotricTBa (3aKOHHBI):
»a+b=0b+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

0

»ad’=1,a'=a



BcrnoMmHUM M IJIEMEHTAPHYIO aﬂre6py
@ Cumsonst: 0, 1, a, b, ¢, ...
e Omepamuu: a + b, ab, a®, ...
@ OTHoleHus: “="
@ CaotricTBa (3aKOHHBI):
»a+b=0b+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-i—c — abac

> abc — (ab)c
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» yHapHHEe, kind * — *
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@ CumBoJIbL: TUOEL, kind *
Int [Int] Either String Int

o OnepauHH: KOHCTPYKTOPEI THUIIOB

» yHapHHEe, kind * — *

Maybe forall a. [a] Either String
» OuHapHEIE, kind * — * — *

Either (=) forall a b. (a, b)
» n-apuble, kind * — * — ... — *

@ OTHOIIEeHHUS: U30MOPPU3M “=”
a=b = 3Ifia—=bg:b—a-fog=idyNgof=id,

@ CBoliCcTBa: caMOe UHTEPECHOe
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Either A B— cymMa A u B, (A, B) — mpou3BeneHune
@ KoMMyTaTuBHOCTH
»a+b=b+a
Either A B = Either B A
» ab = ba
(A, B) = (B, A)
@ AcCCOoIMaTHUBHOCTD
»a+(b+c)=(a+b)+c
Either A (Either B C) = Either (Either A B) C
» a(bc) = (ab)c
(A, (B, ©)) = ((A, B), O)
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Anrebpa TUIIOB: CBOMCTBA

@ [IucTpuOyTUBHOCTH
a(b+c) =ab+ ac
(A, Either B C) = Either (A, B) (A, C)
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Either A Void = A
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data () = () -- eguHuua

data Void -- Honb
ea+0=a
Either A Void = A
e la=a
(0), A) = A
@ 0a=0

(Void, A) = Void
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Anrebpa TUIIOB: CBOMCTBA
el+1=2

data Bool = True | False -- "pgsowka"
Either () () = Bool

ea+1
Either A () = Maybe A

Bomnpoc:
Maybe Bool = data Three = T1 | T2 | T3

Henuc By3panos
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Oyukius A — B cooTrBeTcTByeT b?

eal=ua

() > A = A

0a’=1

Void - A = ()
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e (ab)¢ = a‘b°
C > (A B) & (C> A, C> B)

OCab:Cba:(Cb)a
(A, B) D C = A->B—>C
uncurry :: (a > b = ¢c) = (a, b) = ¢

a+b a b

@ C =cCccC

Either AB > C &= (A > C, B = ()
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e (ab)¢ = a‘b°
C > (A B) & (C> A, C> B)

°Ctzb:cba:(cb)a
(A, B) 5 C = A->B—>C
uncurry :: (a > b = ¢c) = (a, b) = ¢

atb _ CaCb

@ C
Either AB > C &= (A > C, B = ()

either :: (a > ¢) - (b = ¢) — Either a b = ¢
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Anrebpa tunos: guddepeHIIUPOBaHNE

Zipper (one-hole context)
e da=1
Der A = ()
o d(a®)=2a=a+a
Der (A, A) = (Bool, A) = Either A A
o 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)



AnreOpa TUMIOB: UHTETPUPOBAHUE?

Ienuc Byspanos



Anrebpa TUNIOB: "UHTErpupoBaHue”

o [ f(x)dx

Henuc By3panos



Anrebpa TUNIOB: "UHTErpupoBaHue”

o [ f(x)dx

forall x. F x

Henuc By3panos



Anrebpa TUNIOB: "UHTErpupoBaHue”

o [ f(x)dx

forall x. F x

o [(f(x)+g(x))dx = [ f(z)dz+ [ g(x)dx




Anrebpa TUNIOB: "UHTErpupoBaHue”

o [ f(x)dx

forall x. F x

o [(f(x)+g(x))dx = [ f(z)dz+ [ g(x)dx

forall x. Either (F x) (G x) =
= Either (forall x. F x) (forall x. G x)



Anrebpa TUNIOB: "UHTErpupoBaHue”

o [ f(x)dx

forall x. F x

o [(f(x)+g(x))dx = [ f(x)dz+ [ g(x)dx

forall x. Either (F x) (G x) =
= Either (forall x. F x) (forall x. G x)

o [(c- flx))dz=c- [ f(zx)dz



Anrebpa TUNIOB: "UHTErpupoBaHue”

o [ f(x)dx

forall x. F x

o [(f(x)+g(x))dx = [ f(x)dz+ [ g(x)dx

forall x. Either (F x) (G x) =
= Either (forall x. F x) (forall x. G x)

o [(c Ndz =c- [ f(z)dx

forall x. (C, F x) = (C, forall x. F x)
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CyIIeCTBYeT PYyHKIIUU
X = X
X

X

@ (() » X) = X
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CyIIeCTBYeT PYyHKIIUU

X — X

xac

@ (() » X) = X

f111

X
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CyIIeCTBYeT PYyHKIIUU

X — X

xac

@ (() » X) = X

1

x :x:v

X
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CyIIeCTBYeT PYyHKIIUU

X — X

xac

@ (() » X) = X

1
¥ =z

@ (Void — X) — X
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CyIIeCTBYeT PYyHKIIUU

X — X

xac

@ (() » X) = X

1
¥ =z

@ (Void — X) — X

20

X

Henuc By3panos



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CyIIeCTBYeT PYyHKIIUU

X — X

xac

@ (() » X) = X

1
¥ =z

@ (Void — X) — X

0

¥ =z

Henuc By3panos



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU

@ forall x. x = x
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU

@ forall x. x = x

[ x®dx
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU

@ forall x. x = x

[ a®dx = fx””ldx

Henuc By3panos



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU

@ forall x. x = x = forall x. (() = x) = x
fa:xdac:fxxldx
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU

@ forall x. x = x = forall x. (() = x) = x
fa:xda::fxxldxwl
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AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU

@ forall x. x = x = forall x. (() = x) = x = ()

[ a®dx = fa:xldx ~1

Henuc By3panos



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU

@ forall x. x - x = forall x. (() =» x) = x = ()
fa:xda::fxgcld:pwl

@ forall x. (Void — x) — x



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU
@ forall x. x - x +— forall x. (() - x) > x = ()
[a%de = [2* dx ~ 1
e forall x. (Void — x) — x
[ 2% dx



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU
@ forall x. x - x +— forall x. (() - x) > x = ()
[a%de = [2* dx ~ 1
e forall x. (Void — x) — x
[2*°dz ~ 0



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU
@ forall x. x - x +— forall x. (() - x) > x = ()
[a%de = [2* dx ~ 1
e forall x. (Void —» x) = x = Void

fx”’oda: ~ 0



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU
@ forall x. x - x +— forall x. (() - x) > x = ()
[a%de = [2* dx ~ 1
@ forall x. (Void —» x) = x = Void
[2*°dz ~ 0

@ forall x. (Bool — x) — X



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU
@ forall x. x > x = forall x. (() = x) - x = ()
[ a®dx = fa:wld:p ~1

@ forall x. (Void —» x) = x = Void

fx”’oda: ~ 0
@ forall x. (Bool — x) — X
fa:x?dx



AnreOpa THUOOB: K BaXKHOMY

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



AnreOpa THUOOB: K BaXKHOMY

CKOJIBKO CylLIeCTBYyeT (PyHKIIUU
@ forall x. x > x = forall x. (() = x) - x = ()
[a%de = [2* dx ~ 1
@ forall x. (Void —» x) = x = Void
[2*°dz ~ 0
@ forall x. (Bool — x) = x = Bool
[z dx ~ 2



[TpomomKeHus M KOOUpPOBaHue Yepya

[z dx ~a

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

Henuc By3panos



[TpomomKeHus M KOOUpPOBaHue Yepya

[z dx ~a

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

data A = A1 | A2 B | A3CD
a=(1+b+cd) ~
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[TpomomKeHus M KOOUpPOBaHue Yepya

[z dx ~a

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

data A = A1 | A2 B | A3CD
a=(1+b+cd) ~

1+b+cd
~ [a® de =

Henuc By3panos



[TpomomKeHus M KOOUpPOBaHue Yepya

[z dx ~a

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

data A = A1 | A2 B | A3CD
a=(1+b+cd) ~
~ fxw1+b+cddx _

b,.cd b,.d°
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[TpomomKeHus M KOOUpPOBaHue Yepya

[z dx ~a

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

data A = A1 | A2 B | A3CD
a=(1+b+cd) ~
~ fxleerrcddx _

b,.cd b,.d°

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



[TpomomKeHus M KOOUpPOBaHue Yepya

[z dx ~a

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

—

data A = A1 | A2 B | A3CD
a=(1+b+cd) ~

1+b+cd
~ [z de =
b..cd b..dC¢
= forall x. (x, B > x, C > D = X) = x
—\
N

forall x. x - (B - x) - (C - D = x) — X

Henuc By3panos
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Krnaccel TUIIOB crielaT Ha IIOMOIIb!

Ienuc Byspanos



Krnaccel TUIIOB crielaT Ha IIOMOIIb!

data A = A1 | A 2B | A3CD
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Krnaccel TUIIOB crielaT Ha IIOMOIIb!

data A = A1 | A 2B | A3CD

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

Henuc By3panos



Krnaccel TUIIOB crielaT Ha IIOMOIIb!

data A = A1 | A 2B | A3CD

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

onCasel :: I0 ()

onCase2 :: B — I0 ()
onCase3 :: C > D — 10 ()

manageA :: A — I0 ()

manageA A1
manageA (A2 b)
manageA (A3 c d)

Henuc By3panos

onCasel
onCase2 b
onCase3 c d
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Krnaccel TUIIOB crielaT Ha IIOMOIIb!

- data A=A1| A2B | A3CD
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Krnaccel TUIIOB crielaT Ha IIOMOIIb!

- data A=A1| A2B | A3CD

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

Ienuc Byspanos



Krnaccel TUIIOB crielaT Ha IIOMOIIb!

-- data A Al | A2 B | A3 CD

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

class A a where - anre6pa Hag a
al a
a2 :: B — a
a3 C—>D—= a

Ienuc Byspanos



Krnaccel TUIIOB crielaT Ha IIOMOIIb!

-- data A Al | A2 B | A3 CD

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

class A a where - anre6pa 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

Henuc By3panos



Krnaccel TUIIOB crielaT Ha IIOMOIIb!

-- data A = A1 | A2 B | A3 CD
-- forall a. (a, B > a, C = D = a)

class A a where -- anre6bpa 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 (IO ()) where
al = onCasel
a2 onCase2
a3 onCase3

Henuc By3panos



PacummpsaemMocTs

data A = A1 | A2 B | A3 CD

Ienuc Byspanos



PacummpsaemMocTs

data A = A1 | A2 B | A3 CD
YTo, eciiu XOTUM eIe?

data B = B1 | B2 E
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PacummpsaemMocTs

data A = Al

| A2 B | A3CD

YTo, eciiu XOTUM eIe?

data B = Bl

manageBoth
manageBoth
manageBoth
manageBoth
manageBoth
manageBoth

Henuc By3panos

| B2 E

Either A B — X

(Left A1)

(Left (A2 b))
(Left (A3 ¢ d))
(Right B1)
(Right (B2 e))
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PacummpsaemMocTs

-- data A
-- data B

Al | A2 B | A3CD
Bl | B2 E

Ienuc By3ganos



PacummpsaemMocTs

-- data A
-- data B

Al | A2 B | A3CD
Bl | B2 E

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

-- data A
-- data B

Al | A2 B | A3CD
Bl | B2 E

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

p(Itbtcd)+(1+e) — 4.pbpedpn.e
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PacummpsaemMocTs

Al | A2 B | A3CD
Bl | B2 E

-- data A
-- data B

(1+b+cd)+(14+e)=14+b+cd+1+e
p(Itbtcd)+(1+e) — 4.pbpedpn.e

class A a where
class B a where
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PacummpsaemMocTs

Al | A2 B | A3CD
Bl | B2 E

-- data A
-- data B

(1+b+cd)+(1+e)=14+b+cd+1+e
p(Itbtcd)+(1+e) — 4.pbpedpn.e

class A a where
class B a where

produceA A a = ... =
%

a
produceBoth :: (A a, B a) = a
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PacummpsaemMocTs

Al | A2 B | A3CD
Bl | B2 E

-- data A
-- data B

(1+b+cd)+(1+e)=14+b+cd+1+e
p(Itbtcd)+(1+e) — 4.pbpedpn.e

class A a where
class B a where

produceA A a = ... =
%

a
produceBoth :: (A a, B a) = a

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

Henuc By3panos



Pekypcus (4yTh-4yTh)

Tumn, ams KoToporo 3agaéTrcs anredpa, MOXKeET y4acTBOBATh U B ap2yMeHmax
orepaluu anredpsl

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

OTO COOTBETCTBYET PEKYPCHUU B MAHHBIX



Kommno3unus

class Y a b where
f @@ C—> a
g : B—>a—>b

Ienuc Byspanos



Komno3unus

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

h :: Yab=
$

—> B —> b
hcb=ghb C

C
f
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Komno3unus

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

h :: Yab=
$

- B = b
hcb=ghb C

C
.F
A 4gToO, ecnu...

instance Y (IO Int) (IO ()) where

Henuc By3panos



KoMITI03HUIIMs C TUIIaMU BBICIINX IIOPAOKOB

class Y m b where
f :: C > mInt
g :: B—=> Int > mb

Henuc By3panos



KoMITI03HUIIMs C TUIIaMU BBICIINX IIOPAOKOB

class Y m b where
f :: C > mInt
g :: B—=> Int > mb

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

Henuc By3panos



KoMITI03HUIIMs C TUIIaMU BBICIINX IIOPAOKOB

class Y m b where
f :: C > mInt
g :: B—=> Int > mb

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

Ecnu anrebpa npedHa3HayeHa Ojisi MOHAAUYECKON KOMITO3UIINU
class Monad m = Y m b where

Ho 3To HaknagbIBaeT CBOU Ol"paHI/ItleHI/Iﬂ!



BepréemMmcs K Either

class Errorablel e a x where
okay a > X
throwError e > X

Henuc By3panos



Bepuémcs kK Either

class Errorablel e a x where
okay ta >
throwError :: e —

xX X

class Errorable2 e a m where
okay i a > ma
throwError :: e > m a

Henuc By3panos



BepréemMmcs K Either

class Errorablel e a x where
okay a = X
throwError :: e — X

class Errorable2 e a m where
okay i a > ma
throwError :: e = m a

class Errorable3 e m where
okay i a > ma
throwError :: e > m a

Henuc By3panos



BepréemMmcs K Either

class Errorablel e a x where
okay a = X
throwError :: e — X

class Errorable2 e a m where
okay i a > ma
throwError :: e = m a

class Errorable3 e m where

okay i a > ma
throwError :: e > m a

class ... = Applicative m where
pure ::x a —> m a

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



BepréemMmcs K Either

f :: ... = Either E A

Henuc By3panos



BepréemMmcs K Either

f :: ... = Either E A f :: MonadError Em = ... - mA
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BepréemMmcs K Either

f :: ... = Either E A f :: MonadError Em = ... - mA
Right a pure a
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BepréemMmcs K Either

f :: ... = Either E A f :: MonadError Em = ... - mA
Right a pure a
Left e throwError e
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BepréemMmcs K Either

f :: ... = Either E A f :: MonadError Em = ... =5 mA
Right a pure a
Left e throwError e




BepréemMmcs K Either

f :: ... = Either E A f :: MonadError Em = ... =5 mA
Right a pure a
Left e throwError e

ini2fin :: MonadError e m = Either e a — m a

ini2fin (Left e) = throwError e

ini2fin (Right a) pure a



BepréemMmcs K Either

f :: ... = Either E A f :: MonadError Em = ... =5 mA
Right a pure a
Left e throwError e

ini2fin :: MonadError e m = Either e a — m a

ini2fin (Left e) = throwError e

ini2fin (Right a) = pure a

fin :: MonadError String m = m Int

ini :: Either String Int



Bepuémcs kK Either

f : — Either E A f :: MonadError Em = ... =5 mA
Right a pure a
Left e throwError e

ini2fin MonadError e m = Either e a = m a

ini2fin (Left e)
ini2fin (Right a)

fin
ini
ini
fin

Henuc By3panos

throwError e
pure a

MonadError String m = m Int
Either String Int

fin
ini2fin ini
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C cocTOossHHEM U OIMUOKaMU
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”



[TonybGonyc

Tagless-final 1 pa3Hble MHTEPIIPETATOPHI KOOa



[IpuMep: UCXOOHOE COCTOSTHUE

putStrLn :: String — I0 ()
getLine :: IO String

program :: IO ()

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

Henuc By3panos



[IpuMep: UCXOOHOE COCTOSTHUE

putStrLn :: String — I0 ()
getLine :: IO String

program :: IO ()

program = do
putStrLn "What is your name?"
name ¢ getline
putStrLn ("Hi, " ++ name)

Kak mpoTecTupoBaTth, YTO PYHKLMS AejlaeT POBHO TO, YTO TaM Hafo?



[TpuMep: BuIOenuIn abCTPaKIInio

class ConsoleIO m where
putStrLn :: String — m ()
getlLine :: m String
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[TpuMep: BuIOenuIn abCTPaKIInio

class ConsoleIO m where
putStrLn :: String — m ()
getlLine :: m String

program :: (Monad m, ConsoleIO m) = m ()
program = do

putStrLn "What is your name?"

name ¢ getline

putStrLn ("Hi, " ++ name)



[TpuMep: BuIOenuIn abCTPaKIInio

class Monad m = ConsoleIO m where
putStrLn :: String — m ()
getlLine :: m String

program :: ConsoleIO m = m ()
program = do
putStrLn "What is your name?"
name ¢ getline
putStrLn ("Hi, " ++ name)



[TprMep: MHCTAHCHI [JIsT OOBIYHOI'O 3aIlycKa

instance ConsoleIO IO where
putStrLn = Prelude.putStrLn
getLine = Prelude.getlLine

Henuc By3panos



[TprMep: MHCTAHCHI [JIsT OOBIYHOI'O 3aIlycKa

class MonadIO m where
1iftIO :: I0 a — m a

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

instance MonadIO m = ConsoleIO (RealConsoleT m) where

putStrLn = 1iftI0 . putStrLn
getlLine = 1iftIO $ getlLine



[TprMep: MHCTAHCHI [JIsT HEOOBIYHOT'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 ()
getlLine = pure ""



[IpuMep: 3amyCcK IporpaMMEl

program :: ConsoleIO m = m ()
instance ConsoleIO IO where

instance MonadIO m = ConsoleIO (RealConsoleT m) where
instance Applicative m = ConsoleIO (NoConsoleT m) where

Henuc By3panos



[IpuMep: 3amyCcK IporpaMMEl

program :: ConsoleIO m = m ()

instance ConsoleIO IO where
instance MonadIO m = ConsoleIO (RealConsoleT m) where
instance Applicative m = ConsoleIO (NoConsoleT m) where

main = program



[IpuMep: 3amyCcK IporpaMMEl

program :: ConsoleIO m = m ()

instance ConsoleIO IO where
instance MonadIO m = ConsoleIO (RealConsoleT m) where
instance Applicative m = ConsoleIO (NoConsoleT m) where

main program

main runRealConsole program



[IpuMep: 3amyCcK IporpaMMEl

program :: ConsoleIO m = m ()

instance ConsoleIO IO where
instance MonadIO m = ConsoleIO (RealConsoleT m) where
instance Applicative m = ConsoleIO (NoConsoleT m) where

main = program
main = runRealConsole program
main = runNoConsole program



[IpuMep: UHCTAHC /I TECTUPOBaHUSA
data ScenarioAction = ExpectPrinting String
| ExpectReading String

newtype TestingConsoleT m a = TestingConsoleT

instance (MonadError String m, MonadState [ScenarioAction] m)
= ConsoleIO (TestingConsoleT m) where



[TpuMep: UHCTAHC OIS TECTUPOBAHUSA

data ScenarioAction = ExpectPrinting String
| ExpectReading String

newtype TestingConsoleT m a = TestingConsoleT

instance (MonadError String m, MonadState [ScenarioAction] m)
= ConsoleIO (TestingConsoleT m) where

newtype SimpleTestRunningM = ExceptT String (State [ScenarioAction])
runTestingConsole :: [ScenarioAction]

— TestingConsoleT SimpleTestRunningM a
— Either String a



[TpuMep: UHCTAHC OIS TECTUPOBAHUSA

instance (MonadError String m, MonadState [ScenarioAction] m)
= ConsoleIO (TestingConsoleT m) where
putStrLn s = do
sc « get
(curr, sc') « case sc of
[] — throwError "Scenario ended, but putStrLn"
(x:xs) — pure (x, Xxs)
put sc'
case curr of
ExpectPrinting exp —
when (s /= exp) $ throwError "Wrong is printed"
ExpectReader _ = throwError "Reading is expected"

getlLine =



[TpuMep: 3a1yCcK OIS TECTUPOBAHUA

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

runTestingConsole scenario program -- gives Right ()
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[TpuMep: 3a1yCcK OIS TECTUPOBAHUA

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

runTestingConsole scenario program -- gives Right ()

B hpec M02XHO 3TO MCIOJIL30BATh TaK:

spec = describe "Hello program" do
it "asks and responds" do
testRun “shouldBe”™ Right ()
where
testRun = runTestingConsole scenario program



B crnenyroimux cepusax

¢ O KOMIOO3UIIUY MOHAaJ
@ TpaHcdopmepsl MOHa[
@ [Ipyrue cucteMul 3pHeKTOB

a TaKXe

o KonupoBanue YE€pya npu peKypcuu
@ PekypCuBHBIE CXEMBI
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@ John Hughes, Why functional programming matters (2016)

@ Harold Carr, Refactoring Recursion (2019)

@ 1 MHOTUMHU OPYTUMH...

DJIeMeHTHl CIMCKa HaKUuMabeIbHbI


https://www.youtube.com/watch?v=YScIPA8RbVE
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=F5NjINDNwYc

Cnacubo

Bormpocsr?

Henuc By3panos



