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Pazpgen 1

Bcrynnenue

Ienuc Byspanos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa



[IpenronoxeHus O CIylIaTensax

@ MakcuMaIbHO JIEHUBEI
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[IpenronoxeHus O CIylIaTensax

@ XOTHT, YTOOBI MaKCHUMyM paGOTbI geiiajl 3a HUX KOMITUJIATOP
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[IpenronoxeHus O CIylIaTensax

@ XOTHT, YTOOBI MaKCHUMyM paGOTbI geiiajl 3a HUX KOMITUJIATOP

@ I'oToBBI pabomamb [t 3TOTO ;-)
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[IpenronoxeHus O CIylIaTensax

@ XoTaT, 4TOOB MaKCUMyM PabOTHI meJjiall 3a HUX KOMITUIISTOP
@ ['oToBHI pabomamy OISt 9TOTO ;-)

@ ['0TOBEI BOCIIpDHHHUMATh MmadKoe HOBO€, 4YTO OHO USMEHUT BCHO JIB.HBHOIZHIYIO
2KHU3Hb
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[IpenronoxeHus O CIylIaTensax

@ XoTaT, 4TOOB MaKCUMyM PabOTHI meJjiall 3a HUX KOMITUIISTOP
@ ['oToBHI pabomamy OISt 9TOTO ;-)

@ ['oTOBBHI BOCOHPUHUMATh MakKoe HOBOE, YTO OHO U3MEHUT BCIO JaJIbHEUIITYIO
XKU3Hb (MOXKET OBITH, HE CPA3y ;-) )
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[IpenronoxeHus O CIylIaTensax

@ XoTaT, 4TOOB MaKCUMyM PabOTHI meJjiall 3a HUX KOMITUIISTOP
@ ['oToBHI pabomamy OISt 9TOTO ;-)

@ ['oTOBBHI BOCOHPUHUMATh MakKoe HOBOE, YTO OHO U3MEHUT BCIO JaJIbHEUIITYIO
XKU3Hb (MOXKET OBITH, HE CPA3y ;-) )

@ ['OTOBEI IO3HAKOMUTBLCS C HOBBIM SI3BIKOM IIporpaMMupoOBaHUA
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[IpenronoxeHus O CaylLIaTensax

@ XOoTsAT, 4TOOB MAKCUMYM PaOOTHI [ejiall 3a HUX KOMITUISITOP
@ ['oTOBHI pabomamb HJIsd 3TOTO ;-)

@ ['oTOBBHI BOCOHPUHUMATh MakKoe HOBOE, YTO OHO U3MEHUT BCIO JaJIbHEUIITYIO
XKU3Hb (MOXKET OBITH, HE CPA3y ;-) )

@ ['0TOBBI MTO3HAKOMUTHCS C HOBEIM SI3bIKOM IIporpaMMupoOBaHUA

» He caMoliesb, HO BaXXHO IS HIOHUMAaHUA UOeHn
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[IpenronoxeHus O CaylLIaTensax

@ XOoTsAT, 4TOOB MAKCUMYM PaOOTHI [ejiall 3a HUX KOMITUISITOP
@ ['oTOBHI pabomamb HJIsd 3TOTO ;-)

@ ['oTOBBHI BOCOHPUHUMATh MakKoe HOBOE, YTO OHO U3MEHUT BCIO JaJIbHEUIITYIO
XKU3Hb (MOXKET OBITH, HE CPA3y ;-) )

@ ['0TOBBI MTO3HAKOMUTHCS C HOBEIM SI3bIKOM IIporpaMMupoOBaHUA

» He caMoliesb, HO BaXXHO IS HIOHUMAaHUA UOeHn

@ ['0TOBEI K KyUe Kola
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HpeJIHOJ'IO}KeHI/IH O CiIyniaTeJisax

@ XoTsAT, 4TOOB MakKCUMyM pabOTHl feall 3a HUX KOMITUISITOP

T'oTOBBEI pabomamb OJist 3TOTO ;-)

@ ['oTOBBHI BOCOHPUHUMATh MakKoe HOBOE, YTO OHO U3MEHUT BCIO JaJIbHEUIITYIO
XKU3Hb (MOXKET OBITH, HE CPA3y ;-) )

@ ['0TOBBI MTO3HAKOMUTHCS C HOBEIM SI3bIKOM IIporpaMMupoOBaHUA

» He camorlienb, HO BazKHO [OJI IIOHUMAaHUS uaoeu
@ ['0TOBEI K KyUe Kola

@ ['0TOBHI K JIYKaBCTBY BBHICIINX IOPSAOKOB ;-)
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Ha nnoBecTKke gH4A

@ Taynkiacchl C 3aKOHAMHU 0e3 3aBUCHUMEBIX THUIIOB
» OmucaHue (JIoTHKa IIePBOTO IIOPSIKa)
» Property-based TectupoBaHue
» Singletons magic
@ CootBeTcTBUE Kappu-Xosapma
» WHTyuImoHUCTCKasa (KOHCTPYKTHUBHAA) JIOTHKA
» CoOCTBEHHO COOTBETCTBHE
» 3aBUCHMBIE THUIIHI
@ HekoTopeie IpUMeHEHU 3aBUCUMEIX TUIIOB
» WHnykTuBHEIE NpenuKkaThl Kak GADT ¢ 3aBUCUMBIMU TUIIaMU
> YTBEpXKOEHUSI-OTPAaHUYEHUSI B QYHKIMAX
» CTPYKTYypPHO OrpaHWYEHHEIE THUIIBI
» CocTosiHMe B THIIAX

@ O TUNKM3UPOBAHHBIX OBIPKax
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Pazgemn 2

[Tpumep mpoOIeMbl

Ienuc Byspanos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa



TalmKnIacchl C moapa3yMeBaeMbIMU 3aKOHAMU

class Eq a where
(=) :: a > a = Bool
(&) :: a - a = Bool
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TalmKnIacchl C moapa3yMeBaeMbIMU 3aKOHAMU

class Eq a where
(=) :: a > a = Bool
(&) :: a - a = Bool

class Eq a = 0Ord a where
(<) a > a — Bool
(<) a > a — Bool
(>) a > a — Bool
(=) a > a — Bool
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Taunknaccel ¢ He)OopMasIbHO 3aliCaHHBIMU 3aKOHAMU

class Eq a where
(=) :: a » a — Bool
(/=) :: a > a — Bool
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Taunknaccel ¢ He)OopMasIbHO 3aliCaHHBIMU 3aKOHAMU
class Eq a where

(=) :: a > a = Bool

(/=) :: a = a = Bool

@ PedekcuBHOCTE: VI:a - -T =2
@ CUMMETPUYHOCTb: VI,¥Y: Q@ - T =Y <Yy ==
@ TpaH3UTUBHOCTE: VI,¥y,2: a- T =YANy=2=>T =2
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Taunknaccel ¢ He)OopMasIbHO 3aliCaHHBIMU 3aKOHAMU

class Eq a where
(=) :: a > a = Bool
(&) :: a - a — Bool

@ PedekcuBHOCTE: VI:a - -T =2
@ CUMMETPUYHOCTb: VI,¥Y: Q@ - T =Y <Yy ==
@ TpaH3UTUBHOCTE: VI,¥y,2: a- T =YANy=2=>T =2

e Va,b-a=b<= —(a+#0)
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Taunknaccel ¢ He)OopMasIbHO 3aliCaHHBIMU 3aKOHAMU

class Eq a where
(=) :: a > a = Bool
(&) :: a - a — Bool

@ PedekcuBHOCTE: VI:a - -T =2
@ CUMMETPUYHOCTb: VI,¥Y: Q@ - T =Y <Yy ==
@ TpaH3UTUBHOCTE: VI,¥y,2: a- T =YANy=2=>T =2

e Va,b-a=b<= —(a+#0)

class Eq a = Ord a where
(<) :: a > a — Bool
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Taunknaccel ¢ He)OopMasIbHO 3aliCaHHBIMU 3aKOHAMU
class Eq a where

(=) :: a > a = Bool

(/=) :: a = a = Bool

@ PedekcuBHOCTE: VI:a - -T =2

@ CUMMETPUYHOCTb: VI,¥Y: Q@ - T =Y <Yy ==
@ TpaH3UTUBHOCTE: VI,¥y,2: a- T =YANy=2=>T =2

e Va,b-a=b<= —(a+#0)

class Eq a = Ord a where
(<) :: a > a — Bool

@ AuTupedIeKCUBHOCT: V: a - —(r < )
@ AHTHCHMMETPUYHOCTE: VX, y: a-x <y = —(y < x)
@ TpaH3UTUBHOCTb: VI, ¥y, 2: a - T < YANy<z=x< 2
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Taunknaccel ¢ He)OopMasIbHO 3aliCaHHBIMU 3aKOHAMU
class Eq a where

(=) :: a > a = Bool

(/=) :: a = a = Bool

@ PedekcuBHOCTE: VI:a - -T =2
@ CUMMETPUYHOCTb: VI,¥Y: Q@ - T =Y <Yy ==
@ TpaH3UTUBHOCTE: VI,¥y,2: a- T =YANy=2=>T =2

e Va,b-a=b<= —(a+#0)

class Eq a = Ord a where
(<) :: a > a — Bool

@ AuTupedIeKCUBHOCT: V: a - —(r < )
@ AHTHCHMMETPUYHOCTE: VX, y: a-x <y = —(y < x)
@ TpaH3UTUBHOCTb: VI, ¥y, 2: a - T < YANy<z=x< 2

o Va,b-a<b<=a<bVa=0b
e Va,b-a>b<<=b<a
e Va,b-a>=b<=a>bVa=0>b
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Property-based testing: mar Kk ¢opmManu3aiyu 3aKOHOB

eqLaws :: forall a. (Eq a, Arbitrary a, Show a) = Proxy a — Spec
eqLaws _ = describe "Eq typeclass" do
describe "= operation" do
prop "reflexivity" $ \(x::a) —
X = X
prop "symmetry" $ \(x::a) (y:ra) —
(x =y) = (y = x)

modifyMaxDiscardRatio (*1076) .
prop "transitivity" $ \(x::a) (y::a) (z::a) —
X =y &8y =2 = X =12

describe " /= operation" do

prop "equals to not =" $ \(x::a) (y:ra) —
(x = y) = not (x /= vy)
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Property-based testing: mar Kk ¢opmManu3aiyu 3aKOHOB

ordLaws :: forall a. (Ord a, Arbitrary a, Show a) = Proxy a — Spec
ordLaws _ = describe "Ord typeclass" do
describe "< operation" do
prop "anti-reflexivity" $ \(x::a) —
not (x < x)

prop "anti-symmetry” $ \(x::a) (y:za) —
X <y = not (y < x)
prop "transitivity" $ \(x::a) (y::a) (z::a) —

X<y &8 y<z=—x«<z

describe " < operation" do

prop "is < or =" $ \(x::a) (y:ra) = (x<y) = (x<y || x=y)
describe "> operation" do

prop "is not <" $ \(x::a) (y:za) » (x >y) = (y < x)
describe "= operation" do

prop "is > or =" $ \(x::a) (y:za) = (x=2y) = (x>y || x=y)
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LiquidHaskell?

Ienuc By3ganos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



LiquidHaskell? TTo3BosieT KPyThe MITYKH '

{-@ type NonEmpty a = {v:[a] | @ < len v} @-}

{-@ head :: NonEmpty a — a @-}
head (x:_) = x

Thttps://ucsd-progsys.github.io/liquidhaskell-blog/


https://ucsd-progsys.github.io/liquidhaskell-blog/

LiquidHaskell? TTo3BosieT KPyThe MITYKH '

{-@ type NonEmpty a = {v:[a] | @ < len v} @-}

{-@ head :: NonEmpty a — a a@-}
head (x:_) = x

{-0 merge :: Ord a = xs:[a] — ys:[a] — [al/[len xs + len ys] @-}
merge xs [] = xs
merge [] ys = ys
merge (x:xs) (y:ys)
| x <y = x : merge xs (y:ys)
| otherwise =y : merge (x:xs) ys

Thttps://ucsd-progsys.github.io/liquidhaskell-blog/
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https://ucsd-progsys.github.io/liquidhaskell-blog/

LiquidHaskell? [Taske 3aKOHBI>
assocThm xs ys zs = (xs ++ ys) + zs = xs ++ (ys ++ zs)

{-@ assocPrf :: xs:_ — ys:_ — zs:_ — { assocThm xs ys zs } @-}

assocPrf [] ys zs
= ([1 ++ ys) ++ zs
=. [1 ++ (ys + zs)
**%x QED

assocPrf (x:xs) ys zs
= ((x:xs) ++ ys) ++ zs
=. (x : (Xs + ys)) + zs
. (x ¢ ((xs ++ ys) + zs))
. (x : (xs + (ys ++ zs))) ? assocPrf xs ys zs
. (x : xs) ++ (ys ++ zs)
**% QED

https://ucsd-progsys.github.io/liquidhaskell-blog/
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https://ucsd-progsys.github.io/liquidhaskell-blog/

LiquidHaskell? [Taske 3aKOHBI>
assocThm xs ys zs = (xs ++ ys) + zs = xs ++ (ys ++ zs)

{-@ assocPrf :: xs:_ — ys:_ — zs:_ — { assocThm xs ys zs } @-}

assocPrf [] ys zs
= ([1 ++ ys) ++ zs
=. [1 ++ (ys + zs)
**%x QED

assocPrf (x:xs) ys zs
= ((x:xs) ++ ys) ++ zs
=. (x : (Xs + ys)) + zs
. (x ¢ ((xs ++ ys) + zs))
. (x : (xs + (ys ++ zs))) ? assocPrf xs ys zs
. (x : xs) + (ys ++ zs)
**% QED

Ho y meHa He noayuusioch 04148 maunk/aaccos

https://ucsd-progsys.github.io/liquidhaskell-blog/
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https://ucsd-progsys.github.io/liquidhaskell-blog/

Type-level-nporpaMMupoBaHue U CUHTITOHBI
{-# LANGUAGE DataKinds, KindSignatures, PolyKinds #-}

{-# LANGUAGE TypeOperators,

class Eq a where
type (x::a) = (y::a)

TypeFamilies #-}

Bool

(%=) :: Sing (x::a) — Sing (y::a) — Sing (x = vy)

eqRefl :: Sing (x::a) -
eqSymm :: Sing (x::a) —
eqTran :: Sing (x::a) —

- X =y :~: 'True

(=) :: (SingKind m, Eq m)

X = X :~: 'True

Sing (y::a) > x =y :~:
Sing (y::a) — Sing (z::a
-y = z :~: 'True = x =

y
)

= X

z :~: 'True

= Demote m — Demote m — Bool

y = withSomeSing x $ \sX —

withSomeSing y $ \sY —
fromSing (sX %= sY)

Henuc Bysgamos 3aBUCHMBIe TUIIEL ¥ COOTBeTCTBHE Kappu-XoBapaa

22 siuBapst 2020
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Type-level-nporpaMMupoBaHue U CUHTITOHBI

data List a = Nil | Cons a (List a)

data instance Sing (xs :: List a) where
SNil :: Sing 'Nil
SCons :: Sing x — Sing xs — Sing ('Cons x Xs)

instance Eq a = Eq (List a) where

type 'Nil = 'Nil = 'True

type 'Nil = 'Cons _ _ = 'False

type 'Cons _ _ = 'Nil = 'False

type 'Cons x xs = 'Cons y ys = X = y & XS = Vs
SNil %= SNil = STrue

SNil %= SCons _ _ = SFalse

SCons _ _ %= SNil = SFalse

SCons x xs %= SCons y ys X %=y %86 XS %= ys
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Type-level-nporpaMMupoBaHU€e U CUHTIITOHBI

instance Eq a = Eq (List a) where

eqRefl SNil Refl
eqRefl (SCons x xs) = case (egRefl x, eqRefl xs) of
(Refl, Refl) — Refl

eqSymm SNil SNil = Refl
eqSymm SNil (SCons _ _) = Refl
eqSymm (SCons _ _) SNil = Refl

eqSymm (SCons x 1) (SCons y r)
(Refl, Refl) — Refl

case (eqSymm x y, eqSymm 1 r) of

eqTran SNil SNil SNil Refl Refl = Refl
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Type-level-nporpaMMupoBaHU€e U CUHTIITOHBI

$(singletons [d]
data List a = Nil | Cons a (List a)

equals :: EqQ a = List a = List a — Bool
equals Nil Nil = True
equals (Cons x xs) (Cons y ys) = x = y & equals Xs ys

False [])

equals

instance Eq a = Eq (List a) where
type xs = ys = Equals xs ys
(%=) = sEquals

eqRefl SNil = Refl

eqRefl (SCons x xs) = case (eqRefl x, eqRefl xs) of
(Refl, Refl) — Refl
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Type-level-nporpaMMupoBaHue U CUHTITOHBI

o PabGoTaert

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa


https://blog.jle.im/entry/verified-instances-in-haskell.html

Type-level-nporpaMMupoBaHue U CUHTITOHBI

o PaboTaert

@ Ho He cTouT ucnonb30BaTh (10 KpaliHell Mepe, B HEIHEIITHEM BUJIE)
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Type-level-nporpaMMupoBaHue U CUHTITOHBI

o PaboTaert

@ Ho He cTouT ucnonb30BaTh (10 KpaliHell Mepe, B HEIHEIITHEM BUJIE)

» Xots, Data.Singletons.Prelude.* MoryT 65ITh IEPCIEKTUBHBIMU
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https://blog.jle.im/entry/verified-instances-in-haskell.html

Type-level-nporpaMMupoBaHU€e U CUHTIITOHBI

o PaboTaert

@ Ho He cTouT ucnonb30BaTh (10 KpaliHell Mepe, B HEIHEIITHEM BUJIE)

» Xots, Data.Singletons.Prelude.* MoryT 65ITh IEPCIEKTUBHBIMU

o HpI/IKOJ'H:I C JIEHHUBOCTBIO 1 OTPUIIaHUAMHN
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https://blog.jle.im/entry/verified-instances-in-haskell.html

Type-level-nporpaMMupoBaHU€e U CUHTIITOHBI

o PaboTaert

@ Ho He cTouT ucnonb30BaTh (10 KpaliHEN Mepe, B HEIHEIIIHEM BUIE)

» Xots, Data.Singletons.Prelude.* MoryT 65ITh IEPCIEKTUBHBIMU
@ [IpuKOJIBI C IEHUBOCTHIO U OTPULITAHUAMU

@ Boo6Ie, M3HaYaIbHO IepBoanpelbcKas IyTKa’

Shttps://blog.jle.im/entry/verified-instances-in-haskell.html
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https://blog.jle.im/entry/verified-instances-in-haskell.html

Type-level-nporpaMMupoBaHU€e U CUHTIITOHBI

o PaboTaert

@ Ho He cTouT ucnonb30BaTh (10 KpaliHell Mepe, B HEIHEIITHEM BUJIE)

» Xots, Data.Singletons.Prelude.* MoryT OBITH IEPCIIEKTUBHBIMU

HpI/IKOHbI C JIEHHUBOCTBIO 1 OTPUIIaHUAMHN

Boo61iie, ©3Ha4aIbHO ITepBoampebcKas IyTKa®

HepBoe HpI/IGHI/I}KeHI/Ie B 3dBHCHMBIM THIIaM

3https://blog.jle.im/entry/verified-instances-in-haskell.html
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Pazgen 3

WHTYUIIMOHUCTCKAS JIOTUKA U COOTBETCTBUE
Kappu-XoBapoa

Henuc By3panos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa



Krnaccuuyeckasa u MHTYUIIMOHNCTCKANA JIOTHUKA

aJIbTEPH. aApuCTOTEJIEBCKAsA KOHCTPYKTHUBHAasA
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KHaCCquCKaHIIHHTYHHHOHHCTCKaﬂLHOFHKa

albTEPH.  apUCTOTeJIeBCKas KOHCTPYKTHUBHaA
Fp HCTUHHOCTbD IIOCTPOeHUEe (KOHCTPYKTUBHOE
IOKa3aTeJIbCTBO)
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KHaCCquCKaHIIHHTYHHHOHHCTCKaﬂLHOFHKa

albTEPH.  apUCTOTeJIeBCKas KOHCTPYKTHUBHaA
Fp HCTUHHOCTbD IIOCTPOeHUEe (KOHCTPYKTUBHOE
IOKa3aTeJIbCTBO)

p = q  UCTUHHOCTb ¢ €CJIM P UCTUHHO IIOCTPOEHME ¢ eCNU JaH P
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KHaCCquCKaHIIHHTYHHHOHHCTCKaﬂLHOFHKa

albTepH. apPUCTOTEJIeBCKas

Fp HCTUHHOCTD

p = q  UCTUHHOCTb ¢ €CJIU P UCTUHHO

dr - P(z) moKa3aTenbCTBO
HEBO3MOXKHOCTH Ipenukara P
OBITH JIOJKHBIM IJISI BCEX &

KOHCTPYKTHUBHAasA

IIOCTPOeHUEe (KOHCTPYKTUBHOE
IOKa3aTeJIbCTBO)

IIOCTPOEHME q eCJIU [aH p
ImocTpoeHue o0BLEKTa T,

YOOBJIETBOPSIIOIIETO
npegukary P
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KHaCCquCKaHIIHHTYHHHOHHCTCKaﬂLHOFHKa

albTepH. apPUCTOTEJIeBCKas

Fp HCTUHHOCTD

p =—> ¢  WCTUHHOCTD ¢ €CJIU P UCTUHHO
dr - P(z) moKa3aTenbCTBO
HEBO3MOXKHOCTH Ipenukara P

OBITH JIOKHBIM OJid BCeX T

—p P JIOXKHO

KOHCTPYKTHUBHAasA

IIOCTPOeHUEe (KOHCTPYKTUBHOE
IOKa3aTeJIbCTBO)

IIOCTPOEHME q eCJIU [aH p
ImocTpoeHue o0BLEKTa T,
YIOOBJIETBOPSIIOIIETO

npegukary P

P HE MOXKEeT OBITH IIOCTPOEH
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Krnaccuuyeckas u MHTYULIUOHUCTCKAA JIOTHUKA

albTepH. apPUCTOTEJIeBCKas

Fp HCTUHHOCTD

p =—> ¢  WCTUHHOCTD ¢ €CJIU P UCTUHHO
dr - P(z) moKa3aTenbCTBO
HEBO3MOXKHOCTH Ipenukara P

OBITH JIOKHBIM OJid BCeX T

—p P JIOXKHO

KOHCTPYKTHUBHAasA

IIOCTPOeHUEe (KOHCTPYKTUBHOE
IOKa3aTeJIbCTBO)

IIOCTPpOEeHuEe ¢ €CJIk OJaH P

ImocTpoeHue o0BLEKTa T,
YIOOBJIETBOPSIIOIIETO
npenukary P

P He MOXKEeT OBbITh ITOCTPOEH
(umest 0OBEKT P MBI MOXKEM
pa3pyLIuTh MUP)
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Krnaccuuyeckas u MHTYULIUOHUCTCKAA JIOTHUKA

albTepH. apPUCTOTEJIeBCKas

Fp HCTUHHOCTD

p =—> ¢  WCTUHHOCTD ¢ €CJIU P UCTUHHO
dr - P(z) moKa3aTenbCTBO
HEBO3MOXKHOCTH Ipenukara P

OBITH JIOKHBIM OJid BCeX T

—p P JIOXKHO

—=p P UCTUHHO

KOHCTPYKTHUBHAasA

IIOCTPOeHUEe (KOHCTPYKTUBHOE
IOKa3aTeJIbCTBO)

TIOCTPOEHUE ¢ €CJIU aH P
ImocTpoeHue o0BLEKTa T,
YIOBIETBOPSIIOIIETO
npegukary P

P He MOXKEeT OBbITh ITOCTPOEH
(umest 0OBEKT P MBI MOXKEM

pa3pyLIuTh MUP)

P HE MOXKeT OBITH HE IIOCTPOEH
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c 1904 Jleut3en Bpaysp noTBepraeT COMHEHHUIO JOKa3aTenbCcTBa C p V —p

@ 1925: Apenp I'eutunr (yuenuk bpayapa) u Augpeu Hukonaesuy
KonmMoropoB OoTKpHIBaOT c10c00 popMarbHOTO ITIOCTPOEHUS CJIOKHBIX
KOHCTPYKTUBHBIX JOKA3aTEJIbCTB U3 IIPOCTHIX

e 1932-33, AnoH30 Yépu: HETUMIU3UPOBAHHOE \-UCUYUCIICHUE

@ 1934: Xackenn Kappu (yueHuk I'mnbbepTa): COOTBETCTBUE YTBEPXKAEHUN
UMIUIMKQTUBHOU JIOTHUKU C “TUIaMu” QPyHKIIUU

@ 1940, Anon3o Yépuy: TUIU3UPOBAHHOE A\-MCYHKCIIeHKE (IapaJoKC
Knuuu-Poccepa)

@ 1945: CtuBeH Knunau (yueHUK Y€pya): TeOpUs pealnu3yeMOCTH,
¢dopmanuzanusa CyTu KOHCTPYKTHUBHBIX JOKA3aTEILCTB

@ 1969: Yuneam XoBapp (yueHuK MakJleliHa): TUIIBI, COOTBETCTBYIOIINE 10
Kappu yTBepKOEHUSIM IIEPBOTO MOPsSiaKa

@ K 1970 Hukonac [Ie bpétin (He3aBucumo): proof assistant Automath

@ B 1971-79 Ilep MapTtun-JIéd (yuenuk Konmmoroposa):
CHCTEMa THUIIOB, IOJIUMOPGPHOE A-MCUYHCIEHHE + 3aBUCUMBIE THUIIBI

@ 1988: Thierry Coquand: CoC, nermmui ocHoBy Coq

@ oK. 2010: Bnagumup BoeBonckuii mHUIIUUPYyET co3manue HoTT

@ 2015: Banepuit HMcaes: Arend, theorem prover Ha HoTT
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WHTYUITMOHUCTCKAs JIOTUKA
CootBetctBue Kappu-XoBapaa

a/\b (ay b)

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



WHTYUITMOHUCTCKAs JIOTUKA
CootBetctBue Kappu-XoBapaa

a/\b (ay b)

aVb Either a b
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WHTYUITMOHUCTCKAs JIOTUKA
CootBetctBue Kappu-XoBapaa

a/\b (ay b)
aVb Either a b
T Unit
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WHTYUITMOHUCTCKAs JIOTUKA
CootBetctBue Kappu-XoBapaa

alb (a, b)
aVb Either a b
T Unit

L Void
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WHTYUITMOHUCTCKAs JIOTUKA
CootBetctBue Kappu-XoBapaa

aNb
aVb
T
L

a=b

(a, b)
Either a b
Unit

Void

a > b

Ienuc Bysganos 3aBHCHMEIE TUIIEL ¥ cOOTBeTCTBUE Kappu-XoBapra 22 stuBapst 2020

20/63



WHTYUITMOHUCTCKAs JIOTUKA
CootBetctBue Kappu-XoBapaa

aNb
aVb
T

L
a=0b

-a

(a, b)
Either a b
Unit

Void

a —> b

a — Void
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WMHTYUIIMOHUCTCKAS JIOTHKA IIePBOT0 MOpsAOKa

CootBetctBue Kappu-XoBapaa

aNb
aVb
T

1
a=0>b
—a

V:a- f(x)

(a, b)
Either a b
Unit

Void

a —> b

a — Void
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WMHTYUIIMOHUCTCKAS JIOTHKA IIePBOT0 MOpsAOKa

CootBetctBue Kappu-XoBapaa

aNb
aVb
T

1
a=0>b
—a

V:a- f(x)

(a, b)
Either a b
Unit

Void

a —> b

a — Void

(x : a) - f x
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WMHTYUIIMOHUCTCKAS JIOTHKA IIePBOT0 MOpsAOKa

CootBetctBue Kappu-XoBapaa

alNb

aVb

T

1

a=0b

—a

V:a- f(x)

dz:a- f(x)

(a, b)
Either a b
Unit

Void

a —> b

a — Void

(x : a) - f x
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WMHTYUIIMOHUCTCKAS JIOTHKA IIePBOT0 MOpsAOKa

CootBetctBue Kappu-XoBapaa

alNb

aVb

T

1

a=0b

—a

V:a- f(x)

dz:a- f(x)

(a, b)

Either a b
Unit

Void

a —> b

a — Void

(x : a) » f x

(x : a **x f x)
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WMHTYyUIIMOHUCTCKAA JIOTUKA IIePBOro mopsAangKa
He HeoxumaHHBIE CBOMCTBA

aNl =1 (a, Void) = Void
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WMHTYyUIIMOHUCTCKAA JIOTUKA IIePBOro mopsAangKa
He HeoxumaHHBIE CBOMCTBA

aNl =1 (a, Void) = Void

aNT =a (a, Unit) = a
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WMHTYyUIIMOHUCTCKAA JIOTUKA IIePBOro mopsAangKa
He HeoxumaHHBIE CBOMCTBA

aNl =1 (a, Void) = Void
aNT =a (a, Unit) = a
aV .l <=a Either a Void = a
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WMHTYyUIIMOHUCTCKAA JIOTUKA IIePBOro mopsAangKa
He HeoxumaHHBIE CBOMCTBA

aNl =1 (a, Void) = Void
aNT =a (a, Unit) = a

aV .l <=a Either a Void = a
aVT=T Either a Unit = Unit
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WMHTYyUIIMOHUCTCKAA JIOTUKA IIePBOro mopsAangKa
He HeoxumaHHBIE CBOMCTBA

aNl =1 (a, Void) = Void

aNT =a (a, Unit) = a

aV .l <=a Either a Void = a
aVIis=T Either a Unit = Unit
(aNb=c)=(a=b=c) (a, b) > c=a —>b > c
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WMHTYyUIIMOHUCTCKAA JIOTUKA IIePBOro mopsAangKa
He HeoxumaHHBIE CBOMCTBA

aNl =1 (a, Void) = Void
aNT =a (a, Unit) = a
aVl<=a Either a Void = a
aVTs=T Either a Unit & Unit
(aNb=c)=(a=b=c) (a, b) > c=a —>b > c
(Fz:a-P(x)) = c) (x:a ** p x) > ¢

= (Vx:a-P(x) = c) = (x:a) > px = ¢
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WMHTYyUIIMOHUCTCKAA JIOTUKA IIePBOro mopsAangKa
He HeoxumaHHBIE CBOMCTBA

aNl =1 (a, Void) = Void
aNT =a (a, Unit) = a
aV.ll<=a Either a Void &= a
aVIis=T Either a Unit = Unit
(aNb=c)=(a=b=c) (a, b) > c=a —>b > c
(Fz:a-P(x)) = c) (x:a ** p x) > ¢
= (Vx:a-P(x) = c) = (x:a) > px = ¢
——a = a ((a = Void) — Void) — Void

= a — Void
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WMHTYUIIMOHUCTCKAS JIOTHKA IIePBOT0 MOpsAOKa

HerI/IBbItIHO OOHOCTOPOHHHNE CJIEOCTBUA

—aV —b= —(a ADb) Either (a — Void) (b — Void) —
(a, b) — Void
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WMHTYUIIMOHUCTCKAS JIOTHKA IIePBOT0 MOpsAOKa

HerI/IBbItIHO OOHOCTOPOHHHNE CJIEOCTBUA

—aV —b= —(a ADb) Either (a — Void) (b — Void) —
(a, b) — Void

aNb= —(—aV-b) (a, b) —
Either (a—Void)(b—Void)—Void
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WMHTYUIIMOHUCTCKAS JIOTHKA IIePBOT0 MOpsAOKa

HerI/IBbItIHO OOHOCTOPOHHHNE CJIEOCTBUA

—aV —b= —(a ADb) Either (a — Void) (b — Void) —
(a, b) — Void

aNb= —(—aV-b) (a, b) —
Either (a—Void)(b—Void)—Void

—(3z:a-P(zr)) = Va:a-—-P(x) ((x:a ** p x) — Void) —
(y:a) > py — Void
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WMHTYUIIMOHUCTCKAS JIOTHKA IIePBOT0 MOpsAOKa

HerI/IBbItIHO OOHOCTOPOHHHNE CJIEOCTBUA

—aV —b= —(a ADb) Either (a — Void) (b — Void) —
(a, b) — Void

aNb= —(—aV-b) (a, b) —
Either (a—Void)(b—Void)—Void

—(3z:a-P(zr)) = Va:a-—-P(x) ((x:a ** p x) — Void) —
(y:a) > py — Void

p=""Pp p —
(p = Void) — Void
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Bl yxKe nonb3yeTech 3aBUCUMEBIMU TUITAMU!

Ienuc Byspanos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend :: a — [a] — [a]
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyieckull noaumoppusm
prepend :: a — [a] — [a]

prepend :: forall a. a — [a] — [a]
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend :: a — [a] — [a]
prepend :: forall a. a — [a] — [a]
prepend :: forall (a :: *). a = [a] — [a]
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend :: a — [a] — [a]
prepend :: forall a. a — [a] — [a]
prepend :: forall (a :: *). a = [a] — [a]

prepend :: forall (a :: %). forall (x :: a). [a] — [a]
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend
prepend
prepend
prepend
prepend

a — [a] — [a]

forall a. a — [a] — [a]

forall (a :: *). a » [a] — [a]

forall (a :: *). forall (x :: a). [a] — [a]
forall (a :: Type). a — [a] — [a]
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend :: a — [a] — [a]
prepend :: forall a. a — [a] — [a]
prepend :: forall (a :: *). a = [a] — [a]

prepend :: forall (a :: %). forall (x :: a). [a] — [a]
prepend :: forall (a :: Type). a — [a] — [a]
prepend :: (a :: Type) —» a - [a] - [al]
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend
prepend
prepend
prepend
prepend
prepend
prepend

a — [a] — [a]

forall a. a — [a] — [a]

forall (a :: *). a » [a] — [a]

forall (a :: *). forall (x :: a). [a] — [a]
forall (a :: Type). a — [a] — [a]

(a :: Type) = a — [a]l - [a]

(a :: Type) > a — List a — List a
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend
prepend
prepend
prepend
prepend
prepend
prepend
prepend

a — [a] — [a]

forall a. a — [a] — [a]

forall (a :: *). a » [a] — [a]

forall (a :: *). forall (x :: a). [a] — [a]
forall (a :: Type). a — [a] — [a]

(a :: Type) = a — [a]l - [a]

a :: Type) > a — List a — List a

: (a : Type) > a — List a — List a
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend
prepend
prepend
prepend
prepend
prepend
prepend
prepend

prepend :

a — [a] — [a]

forall a. a — [a] — [a]

forall (a :: *). a — [a] — [a]

forall (a :: *). forall (x :: a). [a] — [a]
forall (a :: Type). a — [a] — [a]

(a :: Type) = a — [a]l - [a]

a :: Type) > a — List a — List a

(a : Type) > a — List a — List a

{a : Type} - a — List a — List a
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Br1 Y2Ke II0JIb3yeTeChb 3aBUCUMBIMU TUIIAMMH...

... C mex nop, Kak y3Ha/au npo napamempuyeckull noaumoppu3m

prepend
prepend
prepend
prepend
prepend
prepend
prepend
prepend

prepend :

prepend

a — [a] — [a]

forall a. a — [a] — [a]

forall (a :: *). a — [a] — [a]

forall (a :: *). forall (x :: a). [a] — [a]
forall (a :: Type). a — [a] — [a]

(a :: Type) = a — [a]l - [a]

a :: Type) > a — List a — List a

(a : Type) > a — List a — List a

{a : Type} - a — List a — List a

:a — List a — List a

Ienuc Bysganos 3aBHCHMEIE TUIIEL ¥ cOOTBeTCTBUE Kappu-XoBapra 22 stuBapst 2020

23/63



Pazgen 4

3aBUCHMBIE TUIILI B NEeUCTBUU

Henuc By3panos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa



Taunksnaccel “B 3ak0He”: dependent type edition

%default total
%access public export

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Taunksnaccel “B 3ak0He”: dependent type edition

%default total
%access public export

infix 6 =, /=, <, <, >, =

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Taunksnaccel “B 3ak0He”: dependent type edition

%default total
%access public export

infix 6 =, &, <, <, >, 2
interface Eq a where
(=) : a > a — Bool

eqRefl : (x : a) = So (x = x)
eqSymm : (x, y 1 a) > x =y =y = X
eqTrans : (x, y, z : a) = So (x=y) — So (y=z) — So (x=z)

(/=) : a > a — Bool
X =y =not $x =1y

neqIsNotEq : (x, y : a) > x = vy = not (x /&~ vy)
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interface Eq a = Ord a where
(<) : a > a = Bool

1TtArefl : (x : a) = So (not $ x < x)
TtAsymm : (x, y : a) = So (x <y) = So (not $ vy < x)
1tTrans : (x, y, z : a) > So (x <y) = So (y < z) - So (x < z)

(<) : a - a — Bool
x <y=x<yll x=y
lteIsLtOrE : (x, y : a) > x < vy

(x <y Il x =1y)

(>) : a > a = Bool
X >y =y <X
gtInverseOfLt : (x, y : a) 2 X<y =y > X

(=) : a > a — Bool
X 2 y=y s X
gteIsGtOrE : (x, y : a) > x = vy

(x >y Il x =1y)
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Peanu3zainuu TaunKiIacCOB

Eq Nat where

Ienuc Byspanos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Peanu3zainuu TaunKiIacCOB
Eq Nat where

Z = /7 = True
(Sn)=(5m) =n =
_ = = False

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Peanu3sanuu TauIIKIaCCOB C JOoKa3aTeJIbCTBaMHU 3aKOHOB
Eq Nat where

Z = Z = True
(Sn)=(Sm)=n=m

_ = _ = False
eqRefl Z = Oh

eqRefl (S n) = eqRefl n
eqSymm Z Z = Refl
eqSymm Z (S _) = Refl
eqSymm (S _) Z = Refl

eqSymm (S n) (S m)
eqTrans Z Z z Oh Oh
eqTrans (S i) (S j) (S k) p q

neqIsNotEq n m with (n = m)
| True = Refl
| False = Refl

eqSymm n m

Oh
eqTrans 1 j k p g
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Ord Nat where

Z < (S ) = True
(Sn)y<(Sm)=n<m
z < Z = False
(s ) <z = False

Ienuc Byspanos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Ord Nat where

Z < (S ) = True
(Sn)y<(Sm)=n<m

Z < Z = False

(s )<z = False

1tArefl Z = Oh

1tArefl (S k) = 1tArefl k

1tAsymm Z Z _ = 0h

TtAsymm Z (S ) _ =0h

TtAsymm (S k) (S j) p = LtAsymm k j p
1ltTrans Z (s ) (s ) oh _ =o0h
1tTrans (S 1) (S j) (S k) p q = 1tTrans 1 j k p q
lteIsLtOrE _ _ = Refl

gtInverseOfLt _ _ = Refl

gteIsGtOrE n m = rewrite eqSymm n m in Refl
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3aKOHHBIE CIIUCKU

(66) : Sop = Soq — So (p & q)
Oh & Oh = Oh

soSplit : So (p & q) — (So p, So q)
soSplit {p=True} Oh = (0Oh, Oh)

Eqg a = Eq (List a) where

[] = [] = True

(x::xs) = (y::ys) = x =y & Xs = ys
_ = _ = False

eqRefl [] = 0Oh

eqRefl (x::xs) = eqgRefl x & eqRefl xs
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Eq a = Eq (List a) where

eqSymm [ ] [] = Refl

eqSymm [ ] (_::_) = Refl

eqSymm (_::_) [] = Refl

eqSymm (x::xs) (y::ys) = rewrite eqSymm x y in
rewrite eqSymm Xxs ys in
Refl

eqTrans [] [] [] _ = 0h

eqTrans (x::xs) (y::ys) (z::zs) 5 q with (soSplit p, soSplit q)
| ((xy, xys), (yz, yzs)) =
eqTrans x y z Xy yz & eqTrans XS ys zZSs XysS yzs

neqIsNotEq xs ys with (xs = ys)
| True Refl
| False = Refl
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Ord a = Ord (List a) where

[1] < (_:t ) = True

_ <[] = False

(x:: ) < (y:: ) =x<y

TtArefl [] = Oh

1TtArefl (x::_ ) = lTtArefl x

TtAsymm [] [] _ = 0h

TtAsymm [] (_::_) _ =0h

TtAsymm (x::_) (y::_) p = LtAsymm x y p
1tTrans [] ( ) ( = 0Oh

: i)
1tTrans (x::_) (y::_) (z::_) pq = 1ltTrans xy z p q

lteIsLtOre _ _ = Refl
gtInverseOfLt _ _ = Refl

gteIsGtOrE n m = rewrite eqSymm n m in Refl



Briciive mopsagku

interface Functor (f : Type — Type) where
map : (a > b) > fa—> fb

mapPreservesId : (m : f a) > map (\x = x) m = m
mapComposes : (m : f a) - (ab : a - b) = (bc : b = ¢)
— map (bc . ab) m = map bc (map ab m)
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Briciive mopsagku

interface Functor (f : Type — Type) where
map : (a > b) > fa—> fb

mapPreservesId : (m : f a) > map (\x = x) m = m
mapComposes : (m : f a) - (ab : a - b) = (bc : b = ¢)
— map (bc . ab) m = map bc (map ab m)

Functor List where

map f [] =[]
map f (x::xs) = f x :: map f xs

Refl
rewrite mapPreservesId xs in Refl

mapPreservesId []
mapPreservesId (x::xs)

Refl
rewrite mapComposes xs f g in Refl

mapComposes [] fg
mapComposes (x::xs) f g
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Pazmen 5

TI/IHI/I3I/IpOBaHHI:>Ie OBIPKH

Ienuc Byspanos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa



Pa3paboTka C TOCTOSHHOU KOMIOIUJIAPYEMOCTBIO

interface Eq a where

eqSymm : (x, y : a) > x =y =y = X

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Pa3paboTka C TOCTOSHHOU KOMIOIUJIAPYEMOCTBIO

interface Eq a where

eqSymm : (x, y : a) > x =y =y = X

Eqg a = Eq (List a) where

eqSymm xs ys = ?eqSymm_rhs

Henuc By3panos 3aBUCHMEIE TUIIEL U COOTBeTCTBHE Kappu-XoBsapaa



H#ranor ¢ KOMIUIATOPOM

interface Eq a where

eqSymm : (x, y : a) > x =y =y = X

Eqg a = Eq (List a) where

eqSymm xs ys = ?eqSymm_rhs

a : Type

Xxs : List a

ys : List a
constraint : Eq a
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where

eqSymm [] [] = ?2eqSymm_rhs_1
eqSymm [] (y::ys) = ?2eqSymm_rhs_2
eqSymm (x::xs) [] = ?eqSymm_rhs_3
eqSymm (x::xs) (y::ys) = ?eqSymm_rhs_&4

~ lemucBysmamos ~ BaBuCHMMbIe TIEI M COOTBeTCTBEE Kappu-Xosap/a
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where

eqSymm [] [] = ?eqSymm_rhs_1
eqSymm [] (y::ys) = ?2eqSymm_rhs_2
eqSymm (x::xs) [] = ?eqSymm_rhs_3

eqSymm (x::xs) (y::ys) = ?eqSymm_rhs_&4

a : Type
constraint : Eq a

eqSymm_rhs_1 : True = True
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where

eqSymm
eqSymm
eqSymm
eqSymm
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[]
[]
(x
(x

[]

(y::

cixs) [1]

:ixs) (y::

ys)

ys)

Refl

?eqSymm_rhs_2
?eqSymm_rhs_3
?eqSymm_rhs_4
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where

eqSymm
eqSymm
eqSymm
eqSymm

a : Type
y :a

ys : List a
constraint :

[]
[]
(x
(x

[]

(y::

cixs) [1]

:ixs) (y::

ys) =

ys)

Refl

?eqSymm_rhs_2
?eqSymm_rhs_3
?eqSymm_rhs_4

False = False

eqSymm_rhs_2 :
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where

eqSymm
eqSymm
eqSymm
eqSymm
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[]
[]
(x
(x

[
(
:ixs) [
:exs) (

]

1
y::

)

ys)

Refl
Refl
?eqSymm_rhs_3
?eqSymm_rhs_4
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where

eqSymm [] [] = Refl
eqSymm [] (_::_) = Refl
eqSymm (x::xs) [] = ?eqSymm_rhs_3
eqSymm (x::xs) (y::ys) = ?eqSymm_rhs_&4
a : Type
X ¢ a
Xs : List a
constraint : Eq a
eqSymm_rhs_3 : False = False
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where

eqSymm
eqSymm
eqSymm
eqSymm
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[]
(]
(

(;;:

)

:1ys)

Refl
Refl
Refl
?eqSymm_rhs_&4
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where

eqSymm [ ] [] = Refl
eqSymm [ ] (_::_) = Refl
eqsymm (_::_) [] = Refl
eqSymm (x::xs) (y::ys) = ?eqSymm_rhs_&
a : Type
X ¢ a
Xs : List a
y :a

ys : List a

constraint : Eq a
y & Delay (xs
x & Delay (ys

ys) =
XS)
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H#ranor ¢ KOMIUIATOPOM

Eqg a = Eq (List a) where
eqSymm [ ] [] Refl
eqSymm [] (_::0) Refl
eqSymm (_::_) [1] Refl
eqSymm (x::xs) (y::ys) = rewrite eqSymm x y in
?eqSymm_rhs_4
~ lemucBysmamos ~ BaBuCHMMbIe TIEI M COOTBeTCTBEE Kappu-Xosap/a
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H#ranor ¢ KOMIUIATOPOM
Eqg a = Eq (List a) where

eqSymm [ ] [] = Refl
eqSymm [] (_::_) = Refl
eqSymm (_::_) [] = Refl
eqSymm (x::xs) (y::ys) = rewrite eqSymm x y in
?eqSymm_rhs_4
a : Type
X ¢ a
Xs : List a
y :a

ys : List a
constraint : Eq a

_rewrite_rule : x =y =y = Xx
eqSymm_rhs_4 : y = x & Delay (xs = ys) =
y = x & Delay (ys = xs)

Ienuc Bysganos 3aBHCHMEIE TUIIEL ¥ cOOTBeTCTBUE Kappu-XoBapra 22 stuBapst 2020 39/63



H#ranor ¢ KOMIUIATOPOM
Eqg a = Eq (List a) where

éééymm [1] (_:)
eqSymm (_::_) []
eqSymm (x::xs) (y::ys)

Refl

Refl

rewrite eqSymm x y in
rewrite eqSymm xs ys in
?eqSymm_rhs_4
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H#ranor ¢ KOMIUIATOPOM
Eqg a = Eq (List a) where

éééymm [1] (_:)
eqSymm (_::_) []
eqSymm (x::xs) (y::ys)

Refl

Refl

rewrite eqSymm x y in
rewrite eqSymm xs ys in
?eqSymm_rhs_4

a : Type

X :a

Xs : List a
y @ a

ys : List a
constraint : Eq a

_rewrite_rule : x =y =y = Xx

_rewrite_rulel : xs = ys = ys = Xs

eqSymm_rhs_4 : y = x &5 Delay (ys = xs) =
y = x & Delay (ys = xs)
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H#ranor ¢ KOMIUIATOPOM

Eq a = Eq (List a) where

eqSymm [ ] [] = Refl
eqSymm [] (_::_) = Refl
eqSymm (_::_) [] = Refl
eqSymm (x::xs) (y::ys) = rewrite eqSymm x y in

rewrite eqSymm xs ys in
Refl
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H#ranor ¢ KOMIUIATOPOM

Eq a = Eq (List a) where

eqSymm

[] [] = Refl
eqSymm [] (_::_) = Refl
eqSymm (_::_) [] = Refl
eqSymm (x::xs) (y::ys) = rewrite eqSymm x y in
rewrite eqSymm xs ys in
Refl
Typechecks!
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Pazgen 6

CTPYKTYpPHBIE OTPAaHUYEHU

Henuc By3panos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa



ToTanbHBIE HETOTAJIBHBIE (l)y'HKI_[I/II/I

%default total

at : (xs : List a) = (n : Nat) — a -— 27?7

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



TOTaHBHbKBHeTOTaHBHHB(bYHKHHH

%default total

at : (xs : List a) — (n : Nat) — a -— 27?7

at : (xs : List a) = (n : Nat) — Maybe a
at [] B = Nothing

at (x::_) Z Just Xx

at (_::xs) (S n) Xs “at’ n
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ApPTyMeHTHI-OTPaHUYEHUS

%default total

at : (xs : List a) — (n : Nat) — a -— 27?7

at : (xs : List a) = (n : Nat) — Maybe a
at [] B = Nothing
at (x::_) Z Just x
at (_::xs) (S n) Xs “at’ n

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a
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ApPTyMeHTHI-OTPaHUYEHUS

%default total

at : (xs : List a) — (n : Nat) — a -— 2?7?27

at : (xs : List a) = (n : Nat) — Maybe a
at [] B = Nothing
at (x::_) Z Just x
at (_::xs) (S n) Xs “at’ n

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a

at (x:: ) Z = X
at (_::xs) (S k) {ok} xs “at” k
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ApPTyMeHTHI-OTPaHUYEHUS

%default total

at : (xs : List a) — (n : Nat) — a -— 2?7?27

at : (xs : List a) = (n : Nat) — Maybe a
at [] B = Nothing
at (x::_) Z Just x
at (_::xs) (S n) Xs “at’ n

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a

at (x:: ) Z = X

at (_::xs) (S k) {ok} = xs “at” k
at [] Z impossible

at [1] (S k) impossible
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ApPTyMeHTHI-OTPaHUYEHUS

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



ApPTyMeHTHI-OTPaHUYEHUS

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a

X0 : Char
x0 = ['1", '2", '3'] Tat” 0
x2 : Char
x2 = ['1", '2", '3'] Tat® 2
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ApPTyMeHTHI-OTPaHUYEHUS

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a

X0 : Char
x0 = ['1", '2", '3'] Tat” 0
x2 : Char

x2 = ['1", '2', '3'] "at’ 2
x3 : Char
X3 - [lll' l2|’ I3I]

N

at™ 3
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ApPTyMeHTHI-OTPaHUYEHUS

at

X0
X0

X2
X2

X3
X3

(xs:List a) — (n:Nat) — {auto ok:So (n "1t" length xs)} — a

: Char

=['1", "2, '3'] "at™ 0

: Char

=['2", "2, '3'] Tat” 2
Char

- [lll' I2l’ I3I] ‘at* 3

30 | x3=['1", '2', '3'] "at” 3
I .

When checking right hand side of x3 with expected type
Char

When checking argument ok to function at:
Can't find a value of type

So False
Hennc Bysgamos 3aBUCHMBIe TUIIEL U COOTBeTCTBHE Kappu-XoBapaa
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OrpaHuYeHUsS

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a
at : (xs:List a) — (n:Nat) — {auto ok : So (n < length xs)} — a
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Ol"paHI/IquI/IS.[ — CIIellMaJIbHBIE IIPEeJUKAThI

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a
at : (xs:List a) — (n:Nat) — {auto ok : So (n < length xs)} — a

data LTE : (n, m : Nat) — Type where
LTEZero : LTE Z r
LTESucc : LTE 1 r = LTE (S 1) (S r)

total LT : Nat — Nat — Type
LT 1r =LTE(S 1) r
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OFpaHquHI/Iﬂ — CIIellMaJIbHBIE IIPEeJUKAThI

at : (xs:List a) — (n:Nat) — {auto ok:So (n “1t" length xs)} — a
at : (xs:List a) — (n:Nat) — {auto ok : So (n < length xs)} — a

data LTE : (n, m : Nat) — Type where
LTEZero : LTE Z r
LTESucc : LTE 1 r = LTE (S 1) (S r)

total LT : Nat — Nat — Type
LT 1r =LTE(S 1) r

at : (xs : List a) = (n : Nat) — {auto ok : LT n (length xs)} — a
at (x:: ) Z = X
at (_::xs) (S n) {ok = (LTESucc _)} Xs “at™ n
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OFpaHquHHH — CIIellMaJIbHBIE IIPEeJUKAThI

at : (xs : List a) = (n : Nat) — {auto ok : LT n (length xs)} — a
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OFpaHquHHH-—-CHGHH&HBHBKBHpeﬂHKaTH

at : (xs : List a) = (n : Nat) — {auto ok : LT n (length xs)} — a

X0 : Char
x0 = ['1", '2", '3'] Tat” 0
x2 : Char
x2 = ['1", '2", '3'] Tat® 2
x3 : Char

~

x3 = ['1", '2, '3'] at” 3
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OFpaHquHHH-—-CHGHH&HBHBKBHPGHHK&TH

at : (xs : List a) = (n : Nat) — {auto ok : LT n (length xs)} — a

X0 : Char
x0 = ['1", '2", '3'] Tat” 0
x2 : Char
x2 = ['1", '2", '3'] Tat® 2
x3 : Char

x3 = ['1", '2, '3'] at” 3

68 | x3 =['1", '2', '3'] "at” 3
I .

When checking right hand side of x3 with expected type
Char

When checking argument ok to function at:

Can't find a value of type
LTE 4 3
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OFpaHquHHH-—-CHGHH&HBHBKBHpeﬂHKaTH

data LTE : (n, m : Nat) — Type where
LTEZero : LTE Z r
LTESucc : LTE L r = LTE (S 1) (S r)

at : (xs : List a) —» (n : Nat) — {auto ok : LT n (length xs)} — a
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OrpaHu4YeHHUs: — elnne 0oyee crelnajabHble IPEeIuKaThI

data LTE : (n, m : Nat) — Type where
LTEZero : LTE Z r
LTESucc : LTE L r = LTE (S 1) (S r)

at : (xs : List a) —» (n : Nat) — {auto ok : LT n (length xs)} — a

data InBounds : (k : Nat) — (xs : List a) — Type where
InFirst : InBounds Z (x :: xs)
InLater : InBounds k xs — InBounds (S k) (x :: xs)
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OrpaHu4YeHHUs: — elnne 0oyee crelnajabHble IPEeIuKaThI

data LTE : (n, m : Nat) — Type where
LTEZero : LTE Z r
LTESucc : LTE L r = LTE (S 1) (S r)

at : (xs : List a) —» (n : Nat) — {auto ok : LT n (length xs)} — a

data InBounds : (k : Nat) — (xs : List a) — Type where
InFirst : InBounds Z (x :: xs)
InLater : InBounds k xs — InBounds (S k) (x :: xs)

at : (xs : List a) — (n : Nat) — {auto ok : InBounds n xs} — a
at (x:: ) Z = X
at (_::xs) (S k) {ok = InLater _} = xs "at” k
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OrpaHu4YeHHUs: — elnne 0oyee crelnajabHble IPEeIuKaThI

at : (xs : List a) — (n : Nat) — {auto ok : InBounds n xs} — a

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



OrpaHu4YeHHUs: — elnne 0oyee crelnajabHble IPEeIuKaThI

at
X0
X0

X2
X2

X3
X3

Ienuc By3panos 3aBHCHMEIE TUIIEL ¥ cOOTBeTCTBUE Kappu-XoBapra

: Char

('2', "2, '3']

: Char

("1, "2, '3']

(xs : List a) — (n
: Char
[lll' |2|’ |3|]

“at

~

“at®

~

at

~

: Nat) — {auto ok :

0

2

3
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OrpaHu4YeHHUs: — elnne 0oyee crelnajabHble IPEeIuKaThI

at : (xs : List a) — (n : Nat) — {auto ok : InBounds n xs} — a

X0 : Char
x0 = ['1", '2", '3'] Tat” 0
x2 : Char
x2 = ['1", '2", '3'] Tat® 2
x3 : Char

x3 =['1", '2", '3'] "at” 3

68 | x3 = ['1", '2', '3'] Tat” 3
| e

When checking right hand side of x3 with expected type
Char

When checking argument ok to function at:

Can't find a value of type
InBounds 3 ['1', '2', '3']
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OrpaHvyeHUsa B CaMOM THUIIE apryMeHTa’?

at : (xs : List a) —» (n : Nat) — {auto ok : LT n (length xs)} — a

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



OFpaHquHHH B CaMOM THII€ aPT'YMEHTa

at : (xs : List a) —» (n : Nat) — {auto ok : LT n (length xs)} — a

data BoundedNat : Nat — Type where
MkBNat : (n : Nat) — {auto ok : LT n b} — BoundedNat b
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OFpaHquHHH B CaMOM THII€ aPT'YMEHTa

at : (xs : List a) —» (n : Nat) — {auto ok : LT n (length xs)} — a

data BoundedNat : Nat — Type where
MkBNat : (n : Nat) — {auto ok : LT n b} — BoundedNat b

at : (xs : List a) — BoundedNat (length xs) — a
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OFpaHquHHH B CaMOM THII€ aPT'YMEHTa

at : (xs : List a) —» (n : Nat) — {auto ok : LT n (length xs)} — a

data BoundedNat : Nat — Type where
MkBNat : (n : Nat) — {auto ok : LT n b} — BoundedNat b

at : (xs : List a) — BoundedNat (length xs) — a

at (x::_) (MkBNat Z) = X
at (_::xs) (MkBNat (S n) {ok = (LTESucc _)}) = xs “at™ MkBNat n
at [] (MkBNat n) impossible
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OFpaHI/IquI/IH B CaMOM THII€ aPT'YMEHTa

at : (xs : List a) — BoundedNat (length xs) — a

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



OFpaHquHHH B CaMOM THII€ aPT'YMEHTa

at : (xs : List a) — BoundedNat (length xs) — a

X0 : Char
x0 = ['1", '2", '3'] “at® MkBNat 0
x2 : Char
x2 = ['1", '"2", '3'] “at® MkBNat 2

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



OFpaHquHHH B CaMOM THII€ aPT'YMEHTa

at : (xs : List a) — BoundedNat (length xs) — a

X0 : Char
x0 = ['1", '2", '3'] “at® MkBNat 0
x2 : Char
x2 = ['1", '"2", '3'] “at® MkBNat 2
x3 : Char

x3 = ['1", '2', '3'] “at’ MkBNat 3

Henuc By3panos 3aBUCHMEIE TUIIEL U COOTBeTCTBHE Kappu-XoBsapaa



OFpaHquHHﬂ B CaMOM THII€ aPT'YMEHTa

at : (xs : List a) — BoundedNat (length xs) — a

X0 : Char
X0 = ['1', '2', '3'] “at® MkBNat 0
x2 : Char
x2 = ['1", '2", '3'] “at® MkBNat 2
x3 : Char

x3 = ['1", '2', '3'] “at’ MkBNat 3

87 | x3 =['1", '2', '3'] “at® MkBNat 3
| e
When checking right hand side of x3 with expected type
Char

When checking argument ok to constructor MkBNat:

Can't find a value of type
LTE 4 3
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HecTpyKTypHBIE OTPaHUYEHU S

data BoundedNat : Nat — Type where
MkBNat : (n : Nat) — {auto ok : LT n b} — BoundedNat b

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



CTPYKTypHBIE OTPAaHUYEHUS

data BoundedNat : Nat — Type where
MkBNat : (n : Nat) — {auto ok : LT n b} — BoundedNat b

data Fin : Nat — Type where
FZ : Fin (S k)
FS : Fin k — Fin (S k)

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



CTPYKTypHBIE OTPAaHUYEHUS

data BoundedNat : Nat — Type where
MkBNat : (n : Nat) — {auto ok : LT n b} — BoundedNat b

data Fin : Nat — Type where
FZ : Fin (S k)
FS : Fin k — Fin (S k)

at : (xs : List a) — Fin (length xs) — a
at (x::_) Fz = X
at (_::xs) (FS n) = xs “at™ n
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CTPYKTypHBIE OTPAaHUYEHUS

at : (xs : List a) — Fin (length xs) — a

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



CTPYKTypHBIE OTPAaHUYEHUS

at : (xs : List a) — Fin (length xs) — a

X0 : Char
x0 = ['1", '2", '3'] Tat” 0
x2 : Char
x2 = ['1", '2', '3'] "at® 2

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



CTPYKTypHBIE OTPAaHUYEHUS

at : (xs : List a) — Fin (length xs) — a

X0 : Char
x0 = ['1", '2", '3'] Tat” 0
x2 : Char
x2 = ['1", '2', '3'] "at® 2
x3 : Char

~

x3 = ['1", "2", '3'] "at® 3

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



CTPYKTypHBIE OTPAaHUYEHUS

at

X0
X0

X2
X2

X3
X3

(xs : List a) — Fin (length xs) — a
: Char
- [|1|' |2|’ |3|] *at* 0
: Char
=['1', '2", '3'] Tat” 2
Char

=['1", 2", '3'] "at” 3
102 | x3 =['1", '2', '3'] "at” 3
| N
When checking right hand side of x3 with expected type
Char

When checking argument prf to function Data.Fin.fromInteger:
When using 3 as a literal for a Fin 3
3 is not strictly less than 3
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3o0mapK BO3MOXKHOCTEN

OOmre orpaHuYeHus

at : (xs : List a) = (n : Nat) — {auto ok:So(n 1t length xs)} — a
at : (xs : List a) = (n : Nat) — {auto ok:So (n < length xs)} — a
OrpaHUUYeHHs CO CTPYKTYPHBLIM IIPEIUKAaTOM

at : (xs : List a) = (n : Nat) — {auto ok : LT n (length xs)} — a
at : (xs : List a) — BoundedNat (length xs) — a

CTpYyKTypHBIE OTPAaHUUYEHUS

at : (xs : List a) — (n : Nat) — {auto ok : InBounds n xs} — a

at : (xs : List a) — Fin (length xs) — a
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Pazmen 7

Ha uTo emié cnocoOHBI 3aBUCUMEBIE TUIIBI

Henuc By3panos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

ITycts xoTuM®* dyHKIMIO sprintf

Ha BXOIe: CTPOKa C %-ImapaMeTpaMu

%d pns nensrx, %f ois naaBaromien 3anaTou, %c oy char’os
%% mrnst camoro cuMBoiia “%”

ITPOU3BOJILHOE KOJITUYECTBO %-ITapaMeTpPOB

Tuno0e30macHoOCTh (type-safety)

“https://www.codewars.com/kata/5c7fe5c859036f142eccaabb
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Tumo06e301macHOCTL U KOHTEKCT
Komnunupyrotcsa

sprintf "foobar" -- paét "foobar"

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa
sprintf "foobar" -- paét "foobar"
sprintf "foo%d" 5 -- pgaéTt "foob"

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar" -- paét "foobar"
sprintf "foo%d" 5 -- pgaéTt "foob"
sprintf "%coo%d%d" 'z' 6 5 -- faéTt "zoob5"

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar" -- paét "foobar"
sprintf "foo%d" 5 -- pgaéTt "foob"
sprintf "%coo%d%d" 'z' 6 5 -- faéTt "zoob5"
sprintf "%f%%%d" 1 0 -- paéTt "1.0%0"

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar" -- paét "foobar"
sprintf "foo%d" 5 -- pgaéTt "foob"
sprintf "%coo%d%d" 'z' 6 5 -- faéTt "zoob5"
sprintf "%f%%%d" 1 0 -- paéTt "1.0%0"
sprintf "%f%%%%d" 1 -- paéTt "1.0%%"

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar" -- paét "foobar"
sprintf "foo%d" 5 -- pgaéTt "foob"
sprintf "%coo%d%d" 'z' 6 5 -- faéTt "zoob5"
sprintf "%f%%%d" 1 0 -- paéTt "1.0%0"
sprintf "%f%%%%d" 1 -- paéTt "1.0%%"

He xoMnunupyoTcsa

sprintf "foo" 5 -= JNIMWHWA APTYMEHT

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar" -- pgaéTt "foobar"
sprintf "foo%d" 5 -- paéTt "foo5"
sprintf "%coo%d%d" 'z' 6 5 -- faéTt "zoob5"
sprintf "%f%%%d" 1 0 -- paéTt "1.0%0"
sprintf "%f%%%%d" 1 -- paéTt "1.0%%"

He xoMnunupyoTcsa

sprintf "foo" 5 -= JNIMWHWA APTYMEHT
sprintf "foo%d" 'd' -- char, oxwupaanca int

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar" -- pgaéTt "foobar"
sprintf "foo%d" 5 -- paéTt "foo5"
sprintf "%coo%d%d" 'z' 6 5 -- faéTt "zoob5"
sprintf "%f%%%d" 1 0 -- paéTt "1.0%0"
sprintf "%f%%%%d" 1 -- paéTt "1.0%%"

He xoMnunupyoTcsa

sprintf "foo" 5 -= JNIMWHWA APTYMEHT
sprintf "foo%d" 'd' -- char, oxwupaanca int
sprintf "foo%c" "d" -- string, oxwmpgancsa char

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar" -- pgaéTt "foobar"
sprintf "foo%d" 5 -- paéTt "foo5"
sprintf "%coo%d%d" 'z' 6 5 -- faéTt "zoob5"
sprintf "%f%%%d" 1 0 -- paéTt "1.0%0"
sprintf "%f%%%%d" 1 -- paéTt "1.0%%"

He xoMnunupyoTcsa

sprintf "foo" 5 -= JNIMWHWA APTYMEHT
sprintf "foo%d" 'd' -- char, oxwupaanca int
sprintf "foo%c" "d" -- string, oxwmpgancsa char
sprintf "foo%d" 4.0 -- float, oxmpanca int

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar" -- pgaéTt "foobar"
sprintf "foo%d" 5 -- paéTt "foo5"
sprintf "%coo%d%d" 'z' 6 5 -- faéTt "zoob5"
sprintf "%f%%%d" 1 0 -- paéTt "1.0%0"
sprintf "%f%%%%d" 1 -- paéTt "1.0%%"

He xoMnunupyoTcsa

sprintf "foo" 5 -— NUWHWA apryMeHT
sprintf "foo%d" 'd' -- char, oxwupaanca int
sprintf "foo%c" "d" -- string, oxwmpgancsa char
sprintf "foo%d" 4.0 -- float, oxmpanca int

putStrLn $ sprintf "fo%xo" x
putStrLn $ sprintf "fo%xo"

Henuc By3panos 3aBUCHMEIE TUIIEL U COOTBeTCTBHE Kappu-XoBsapaa



Tumo6e30macHOCTb U KOHTEKCT

Komnunupyrotcsa

sprintf "foobar"

sprintf "foo%d" 5

sprintf "%coo%d%d" 'z' 6 5
sprintf "%f%%%d" 1 0
sprintf "%f%%%%d" 1

He xoMnunupyoTcsa

sprintf "foo" 5

sprintf "foo%d" 'd'
sprintf "foo%c" "d"
sprintf "foo%d" 4.0

putStrLn $ sprintf "fo%xo"
putStrLn $ sprintf "fo%xo"
putStrLn $ sprintf "foo%"
putStrLn $ sprintf "foo%"

X

X

naeT
naeT
naeT
naeT
naeT

"foobar"
"foo5"
"zoo65"
"1.0%0"
"1.0%%"

NAWHUA apryMeHT

char,

oxumpanca int

string, oxumpgancsa char
float, oxupganca int
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Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

public export total
SprintfType : List Char — Type

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo06e301macHOCTL U KOHTEKCT
export total

sprintf : (str : String) — SprintfType (unpack str)

public export total
SprintfType : List Char — Type
SprintfType [] = String

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

public export total

SprintfType : List Char — Type

SprintfType [] = String
SprintfType ('%'::'%'::rest) = SprintfType rest
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Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

public export total

SprintfType : List Char — Type

SprintfType [] = String
SprintfType ('%"'::'%' ::rest) SprintfType rest
SprintfType ('%'::'d'::rest) = ?sprintfType_rhs_d
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Tumo6e30macHOCTb U KOHTEKCT

export total
(str : String) — SprintfType (unpack str)

sprintf :

public export total

SprintfType :

SprintfType
SprintfType
SprintfType

[]
('"%"::'%" ::rest)
('%'::'d"::rest)

List Char — Type

String
SprintfType rest
Integer — SprintfType rest
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Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

public export total

SprintfType : List Char — Type

SprintfType [] = String
SprintfType ('%"'::'%' ::rest) SprintfType rest
SprintfType ('%"'::'d' ::rest) Integer — SprintfType rest
SprintfType ('%'::'f'::rest) = Double — SprintfType rest
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Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

public export total

SprintfType : List Char — Type

SprintfType [] = String
SprintfType ('%"'::'%' ::rest) SprintfType rest
SprintfType ('%"'::'d' ::rest) Integer — SprintfType rest
SprintfType ('%'::'f'::rest) = Double — SprintfType rest
SprintfType ('%'::'c'::rest) = Char — SprintfType rest
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Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

public export total

SprintfType : List Char — Type

SprintfType [] = String
SprintfType ('%"'::'%' ::rest) SprintfType rest
SprintfType ('%'::'d'::rest) Integer — SprintfType rest
SprintfType ('%'::'f'::rest) = Double — SprintfType rest
SprintfType ('%'::'c'::rest) = Char — SprintfType rest
SprintfType ('%'::rest) ?sprintfType_rhs_bad

Ienuc Bysganos 3aBHCHMEIE TUIIEL ¥ cOOTBeTCTBUE Kappu-XoBapra 22 stuBapst 2020 57/63



Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

public export total

SprintfType : List Char — Type

SprintfType [] = String
SprintfType ('%"'::'%' ::rest) SprintfType rest
SprintfType ('%'::'d'::rest) Integer — SprintfType rest
SprintfType ('%'::'f'::rest) = Double — SprintfType rest
SprintfType ('%'::'c'::rest) = Char — SprintfType rest
SprintfType ('%'::rest) Void — SprintfType rest
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Tumo6e30macHOCTb U KOHTEKCT

export total
sprintf : (str : String) — SprintfType (unpack str)

public export total

SprintfType : List Char — Type

SprintfType [] = String
SprintfType ('%"'::'%' ::rest) SprintfType rest
SprintfType ('%"'::'d' ::rest) Integer — SprintfType rest
SprintfType ('%'::'f'::rest) = Double — SprintfType rest
SprintfType ('%'::'c'::rest) = Char — SprintfType rest
SprintfType ('%'::rest) Void — SprintfType rest
SprintfType ( ::rest) SprintfType rest
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Tumo6e30macHOCTb U KOHTEKCT

public export total
st : (curr : String) — (str : List Char) — (t : Type ** t)

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

public export total
st : (curr : String) — (str : List Char) — (t : Type ** t)
st ¢ [] = (_ %% C)

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

public export total

st : (curr : String) — (str : List Char) — (t : Type ** t)
st ¢ [] = (_ %% C)

st ¢ ("% ::'% ::ks) = st (¢ ++ "%") ks

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



Tumo6e30macHOCTb U KOHTEKCT

public export total

st : (curr : String) — (str : List Char) — (t : Type ** t)

st c [] (_ ** c)

st ¢ ("% ::'%' ::ks) st (¢ ++ "%") ks

st ¢ ("%'::'d"::ks) (_ %% \n:Integer=snd $ st (c++show n) ks)
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Tumo6e30macHOCTb U KOHTEKCT

public export total
st : (curr : String) — (str : List Char) — (t : Type ** t)

st ¢ [] = (_ *x c)

st ¢ ("% ::'% ::ks) = st (¢ ++ "%") ks

st ¢ ("%"::'d" ::ks) = (_ %% \n:Integer=snd $ st (c++show n) ks)
st ¢ ("% ::'f':tks) = (_ ** \x:Double =snd $ st (c+show x) ks)
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Tumo6e30macHOCTb U KOHTEKCT

public export total
st : (curr : String) — (str : List Char) — (t : Type ** t)

st ¢ [] = (_ ** c)

st ¢ ("% ::'% ::ks) = st (¢ ++ "%") ks

st ¢ ("%"::'d" ::ks) = (_ %% \n:Integer=snd $ st (c++show n) ks)

st ¢ ("% ::'f':tks) = (_ ** \x:Double =snd $ st (c+show x) ks)

st ¢ ('"%'::'c':ks) = (_ *% \k:Char =snd$ st (c+tsingleton k) ks)
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Tumo6e30macHOCTb U KOHTEKCT

pub11c export total
st : (curr : String) — (str : List Char) — (t : Type ** t)

st ¢ [] = (_ *x c)

st ¢ ("% ::'% ::ks) = st (¢ ++ "%") ks

st ¢ ("%"::'d" ::ks) = (_ %% \n:Integer=snd $ st (c++show n) ks)

st ¢ ("% ::'f':tks) = (_ ** \x:Double =snd $ st (c+show x) ks)

st ¢ ('"%'::'c':ks) = (_ *% \k:Char =snd$ st (c+tsingleton k) ks)
st ¢ ( ks) = (_ ** \v:Void =snd $ st c ks)
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Tumo6e30macHOCTb U KOHTEKCT

pub11c export total
st : (curr : String) — (str : List Char) — (t : Type ** t)

st ¢ [] = (_ *x c)

st ¢ ("% ::'% ::ks) = st (¢ ++ "%") ks

st ¢ ("%"::'d" ::ks) = (_ %% \n:Integer=snd $ st (c++show n) ks)

st ¢ ("% ::'f':tks) = (_ ** \x:Double =snd $ st (c+show x) ks)

st ¢ ("%'::'c'::ks) = (_ ** \k:Char =snd$ st (c++singleton k) ks)
st ¢ ("%':: ks) = (_ ** \v:Void =snd $ st c ks)

st ¢ ( k :: ks) = st (c + singleton k) ks
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Tumo6e30macHOCTb U KOHTEKCT

pub11c export total
st : (curr : String) — (str : List Char) — (t : Type ** t)

st ¢ [] = (_ *x c)

st ¢ ("% ::'% ::ks) = st (¢ ++ "%") ks

st ¢ ("%"::'d" ::ks) = (_ %% \n:Integer=snd $ st (c++show n) ks)

st ¢ ("% ::'f':tks) = (_ ** \x:Double =snd $ st (c+show x) ks)

st ¢ ("%'::'c'::ks) = (_ ** \k:Char =snd$ st (c++singleton k) ks)
st ¢ ("%':: ks) = (_ ** \v:Void =snd $ st c ks)

st ¢ ( k :: ks) = st (c + singleton k) ks

export total
sprintf : (str : String) — fst $ st "" $ unpack str
sprintf str = snd $ st "" $ unpack str
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CocTOosgHUE B TUIIE

data Access = LoggedOut | LoggedIn
data LoginResult = OK | BadPassword

interface DataStore (m : Type — Type) where
Store : Access — Type

connect : ST m Var [add (Store LoggedOut)]
disconnect : (store : Var) — ST m () [remove store (Store LoggedOut)]

login : (store : Var) —
ST m LoginResult [store ::: Store LoggedOut :—
(\res = Store (case res of
OK = LoggedIn
BadPassword = LoggedOut))]
logout : (store : Var) — ST m () [store ::: Store LoggedIn :— Store LoggedOut]

readSecret : (store : Var) — ST m String [store ::: Store LoggedIn]

*http://docs.idris-lang.org/en/latest/st/machines.html


http://docs.idris-lang.org/en/latest/st/machines.html

Pazgen 8

3aKjaoyeHue

Ienuc Byspanos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa



HUTor

3aBUCHMBIE TUIIEL U COOTBeTCTBHE Kappu-XoBapy:



HUTor

Ilopoau mpyOHbl, HO Xydce 6e3 dopoez
FO. Busbop

Henuc By3panos 3aBucuMEBIe TUIH U cooTBeTCTBHE Kappu-XoBapaa



HUTor

Ilopoau mpyOHbl, HO Xydce 6e3 dopoez
FO. Busbop

3aBUCUMEBIE THUIILI

@ CTOJIb Ke PyHOaMeHTaJIbHBI, Kak ImonumMopdusMm u type constructor

Ienuc Bysganos 3aBHCHMEIE TUIIEL ¥ cOOTBeTCTBUE Kappu-XoBapra 22 stuBapst 2020 61/63



HUTor

Ilopoau mpyOHbl, HO Xydce 6e3 dopoez
FO. Busbop

3aBuCHUMbBIE TUIIHI
@ CTOJIb Ke PyHOaMeHTaJIbHBI, Kak ImonumMopdusMm u type constructor

@ OTKPEBIBAIOT HEMMOBEPHBIE BOSMO2XKHOCTH
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HUTor

Ilopoau mpyOHbl, HO Xydce 6e3 dopoez
FO. Busbop

3aBuCHUMbBIE TUIIHI
@ CTOJIb Ke PyHOaMeHTaJIbHBI, Kak ImonumMopdusMm u type constructor
@ OTKPEIBAIOT HEMMOBEPHBIE BO3MOXKHOCTHU

@ TpeOyI0T aKKypaTHOCTH B O0OpalleHuu
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HUTor

Ilopoau mpyOHbl, HO Xydce 6e3 dopoez
FO. Busbop

3aBuCHUMbBIE TUIIHI
@ CTOJIb Ke PyHOaMeHTaJIbHBI, Kak ImonumMopdusMm u type constructor
@ OTKPHIBAIOT HEMMOBEPHBIE BO3MOXKHOCTH
@ TpeOyIoT aKKypPaTHOCTH B 0OpaIleHun

@ IMPEKPaCHO COYEeTalTCA C IPYTrUMHU CUCTEMaMHU
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HUTor?

Ilopoau mpyOHbl, HO Xydce 6e3 dopoez
FO. Busbop

3aBUCHUMbBIE THUITHI
@ CTOJIb Ke PyHOaMeHTaJIbHBI, Kak ImonumMopdusMm u type constructor

@ OTKPEBIBAIOT HEMMOBEPHBIE BOSMO2XKHOCTH

TpeOyIOT aKKypaTHOCTHU B oOpalleHuu
@ IPEKPacHO COYETAITCS C OIPYTUMU CUCTEMaMU

@ MEI CTOMM B CepeguHe IIyTU
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HUTor?

Ilopoau mpyOHbl, HO Xydce 6e3 dopoez
FO. Busbop

3aBUCHUMbBIE THUITHI
@ CTOJIb Ke PyHOaMeHTaJIbHBI, Kak ImonumMopdusMm u type constructor

@ OTKPEBIBAIOT HEMMOBEPHBIE BOSMO2XKHOCTH

TpeOyIOT aKKypaTHOCTHU B oOpalleHuu
@ IPEKPacHO COYETAITCS C OIPYTUMU CUCTEMaMU

@ MEI CTOMM B CepeguHe IIyTU

B cy660ty, 25-r0o, BuTtanuit bparuneBckuii ¢ JOKJIagoM
Dependent types: is this the future we want for out programming languages?
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BooxHoBeHUe

Philip Wadler, Propositions as Types (2015)
> KaHOHUYECKHH mokiapn (msaMOpa-cymneprepoin)
» cTaTthd
> eIé moKJjan u emie
e Edwin Brady, Type-driven Development of Communicating Systems in
Idris (2016)
Edwin Brady, Idris 2 - Type-driven Development of Idris (2018)
Edwin Brady, Type driven Development in Action (2019)
Hukomnay HukonaeBuud HerneliBoga, Kypc npo aoruky (2008), cM. KHUTY
[IpuknagHas JIOTUKa

3/1eMeHmMbl CNUCKAa Haxcumabe nbHbl
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https://www.youtube.com/watch?v=IOiZatlZtGU
http://homepages.inf.ed.ac.uk/wadler/papers/propositions-as-types/propositions-as-types.pdf
https://www.youtube.com/watch?v=aeRVdYN6fE8
https://www.youtube.com/watch?v=ivzpaiw26wQ
https://www.youtube.com/watch?v=IQO9N0Y8tcM
https://www.youtube.com/watch?v=IQO9N0Y8tcM
https://www.youtube.com/watch?v=DRq2NgeFcO0
https://www.youtube.com/watch?v=x_6ykZ7G-Vw
http://web.archive.org/web/20070126053002/http://ulm.uni.udm.ru/~nnn/prilog.pdf

Cnacubo

Bormpocsr?

Ienuc Byspanos 3aBucHMEBIE TUIE U coOoTBeTCTBHE Kappu-XoBapaa
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