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Jlekminga 0

1.1 JIam6ma Mcuucienne

Omnpenenenne. Ilycrs X, Y — menycroie muoxkectBa. OtHomenne R C X x Y — dyHKImMoO-

HaJIbHO€ OTHOIIICHHE €CJIN /IO,ILG Th

Onpenenenne. Ilycrs Var = {xg, 21,22} — cUeTHOe MHOXKECTBO TiepeMeHHBIX. MHOKeCTBO
[peTEePMOB IIPOU3BOJIMTCS CJIEIYIONIEl TpaMMaTUKOM:

M,N =z | (A\z.M) | (MN)

3ameuanue. XOTUM OTOXKJECTBIATH (DYHKIME BOOOIIE TOBOPS OJIMHAKOBBIX, HO PA3IMIHbIX TDa-
dbuvecku(uMena epeMeHHbBIX ).

ITycTh (-KOHBEpCHsI — IIEpeMMEHOBAHHME CBA3aHHBIX II€DEMEHHBIX. BBejem oTHomeHne o-
9KBHBAJIEHTHOCTH — DPeJIeKCUBHOE, TPAH3UTUBHOE, CUMMETPHIHOE 3aMBIKAHNE (-KOHBEPCHUH,
KOTOpOE OTOXKJIECTBJIsIeT Takue (DyHKIWA.

Onpepnenenne. JIambaa TepM — mpearepM ¢ TOYHOCTBIO 10 (-9KBUBAJIEHTHOCTHU

Onpenenenue. JIsmomaa tpem M [S-pemynupyercst K N, eCjiu eCTb CIIOCOD IEPEIcaTh ero mo
CJIEJTYFOIIMM TTPABUJIAM:
o (A\z.M)N —g Mz :== N]

M1—>3M2
]V[lN*)[gMQN

Mi— Mo
NM1—>ﬁNM2

3ameuanue. Tepm (Ax.M)N HasbBaeTCH PEILyIUPYEMbIM.

Onpenenenue. Tepm HasbiBaeTcs cjIabo HOPMATIU3YyEMbIM, €CJIU CYIIECTBYET IIyTh KOTOPBIi
3aKaHIMBaeTCs (IIPUXOAUM K TEPMY KOTODbIi He penynupyercs). CHIbHO HOPMAaJIN3yeMbIM,
ecyu JI000i IyTh 3aKAHIMBAETCS.

IIpumep.
Azy.x(Az.2)(Az.zx)(Az.2zx))

MozkeM MpopeynupoBaTh €ro AByMsl CIIOCODaMU:
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1.
(Azy.x)(Az.2)(Az.zz)(Az.zx)) =5
(Ay.Jz = (Az.2)|(Az.zz)(Az.z2))) =8
Ay Az.z)(Az.zz)(Az.xz)) =8
(Az.2)[y = (Az.zz)(Az.zx)] —p
Az.z

2.

(Azy.x)(Az.2)(Az.zz)(Az.xz)) —p
(Azy.x)(Az.2)(zx) [z = [Ar.zz]] —4
(Ary.x)(Nz.2)(Av.zz)(Az.xx)) —p

3amevwarue. JIBa crocoba pemyrupoBaTh:
e (\r1...2,.M)N; ... N, — annnaukatusHbIii nopsiok. Cragana pexynupyem (N;)ie(1,....n}

o (Az1...2,.M)N;... N, —HOpManbHbIii nopsaok. Cuavasna peayuupyem (Azy . .. x,.M)Nq,
U T.JI.

Teopema 1.1.1. Ilyctb M — TepM, Takoit 4TO ecTh HOpMaJbHas ¢gopma M’
Torga M Mozker 6bITh pepynupoBaH K M’ ¢ IIOMOIIBI0 HOPMAJILHOIO MOPSIJIKA, PeAyKIUN.

1.1.1 Tunet

Sameuarue. Cucrema THIIOB — CHHTAKCUYECKHIT (POPMAJIN3M KOTOPbI O3BOJISIET JI0KA3BIBATH
HaJIM9ue MOBeJeHYECKHi 0COOEHHOCTEl TPOrPaMMBI.

Onpenenenune. IIpocTo TunusupoBaHHoOe JIAMOga-UCUUCIEHTE

(] — aKCHOMa

Iz Atz A
I'x:AM:B

® Touw.M:A=B

° I'M:A—-B TEN:A
I'MN:B

Samevanue. T : A — x TpuHALIEKUT TUIY A.

3amevwarue. I' — KoHeUHBIH HAOODP yTBEDKJIEHUI, KOTOPbIE TOBOPSAT YTO KAKAs-TO IepEeMEeHHAsT
nMeeT KaKON-TO THII.

3amewarue. I' = N : A — C wucrosb3oBaHneM epeMeHHbIX u3 [ MoxkeM mocTpouTb Tepm N
nmeromuii Tum A.

3amevwarue. B runuzupoBannomM jsmbaa-ucaucaenun dyuknus tuna A — B — dyHKIusa Bbic-
mero nopsiyika, ecin A : C — D

¢hangefiwiceBy :: (Int -> Int) -> Int -> Int
changeTwiceBy operation value = operation (operation value)
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changeTwiceBy :: (String -> String) -> String -> String
changeTwiceBy operation value = operation (operation value)

MozxeMm HammcaTb OJIHY (byHKI_[I/IIO JJIA a6CTpaKTHOFO THUIIa a:

changeTwiceBy :: (a -> a) -> a -> a
changeTwiceBy operation value = operation (operation value)

1.1.2 Cucrema F

3amewarue. Bepcust Curry:

'eEM:A
tripa P#mel)
I'EM:vp.A
'M : Alp = B]
Sameuarue. Bepcust Church:
I',pEM:A

I'EVp.M :Vp.A

I'vp.A
'+ M[B]: Alp = B

3amevwarue. Cucrema tunos Xuuam-Muurepa

THM:A

- 7! T

Trarvpa Pl
T'FM:VpA

'+ M: Alp = B]
e:A-M:B
\e.M : A— B

, Tie A — cBObGOJIHAST OT KBAHTOPOB.

ITMO y2019 Page 4 of 8



Jlekniniga 4

2.1 Semigroup

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

AcconmaTBuHBI 3aKO0H /I Semigroup:
L (z<>y)<>z=a<>(y<>2)

IIpumep.

instance Semigroup [a] where

(<>) = (++)

2.2 Monoid

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

Identity 3akon s Monoid:
1. z <> mempty =z

2. mempty <>z ==z

2.3 Foldable

class Foldable t where
{-# MINIMAL foldMap | foldr #-}

fold :: Monoid m => tm ->m
foldMap :: Monoid m => (a ->m) ->t a ->m
foldr ::(a->b ->b) >b ->ta->b

3amevarue. length onpejesnen yepe3 Foldable
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3.1 Functor

Omnpenesnenue.

class Functor f where
fmap :: (a ->b) ->fa->£fb

Samenanue. (<$>) = fmap — undukcHbIil oneparop

IIpumep.

Prelude> :kind (->)
(=>) 11 % > * > %
Prelude> :kind (->) Int
(->) Int :: * -> %

instance Functor ((->) r) where
fmap :: (a ->b) > (r ->a) >r > b
fmap = (.)

3.1.1 3akoHBI
1. fmap id =id

2. fmap (f . g)=fmap f . fmap g

3.2 Applicative

Omnpenesnenne.

class Functor f => Applicative f where
pure :: a -> f a
(<¥>) :: £ (a->Db) >fa->1fb

IIpumep.
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instance Applicative ((->) r) where
pure :: a ->r -> a
pure x = \_ -> x

(<¥>) :: (r =>a ->b) > (r ->a) ->r ->b
f <> g=\x ->f x (g x)

3.2.1 3akoHBI
1. pure id <*>v =D
2. pure (. ) <> u <> v <> W =u <> (v <R W)
3. pure f <*> pure x =pure (f x)

4. u <*> pure y =pure($ y) <*>u

3.3 Alternative

Onpenenenue.

class Applicative f => Alternative f where

empty :: f a
<[>) :: fa->fa->fa
IIpumep.

instance Alternative Maybe where
empty :: Maybe a
empty = Nothing

(<|>) :: Maybe a -> Maybe a -> Maybe a
Nothing <[> r = r
1 <I>_=1

instance Alternative [] where
empty :: [al
empty = []

<> :: [a]l -> [a] -> {a}

<|> = (++)

3.4 Traversable

Onpenenenue.
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class (Functor t, Foldable t) => Traversable t where
traverse :: Applicative f => (a -> £ b) -> t a -> £ (t b)
sequencelA :: Applicative f =>t (f a) -> f (t a)

IIpumep.

instance Traversable Maybe where
traverse :: Applicative f => (a -> f b) -> Maybe a -> £ (Maybe b)
traverse _ Nothing = pure Nothing
traverse f (Just x) = Just <$> f x

instance Traversable [] where
traverse :: Applicative f => (a -> f b) -> [a] -> f [b]
traverse f = foldr consF (pure [])
where
consF x ys = (:) <$> f x <> ys
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