[lpakTukKa 5. Tnunbl AaHHbIX

OCeHb 2026

AHpapen CtosH, nba Koneros

OCeHb 2026



JleTyuka 5

________________________________________________________________________________________________________________________________________________________________________

JleTyyka 5 - 7 MuHyT - Balwle ®U:

1. PaccTtaBbTe CKOOKM B TUNE String -> Int -> Bool:

2. Hannwnte Hanbonee oowmm tmn \x -> (x, x):

3. 3aMeHuTe CKOOKN Ha $, rae 3To BO3MOXHO: £ (g x) (h y) =
4, laHo fac 0 = 1; fac n = n * fac (n - 1).04uWH Wwar 6e3 apnPMeTUKn: fac 3 w

5.Cnucok [10, 20, 30] conocTtaBu/in c 06pa3uom x : xs.Yemy paBHO xs?

________________________________________________________________________________________________________________________________________________________________________



KOHCTpPYKTOpPbI 1 conocTaB/IeHe C 00pa3LoMm



TN NN KOHCTPYKTOP?

N Hanuwute tunbl Dog U Parrot.

data CatT = CatD String Int
data Pet = Cat CatT | Dog String Int | Parrot

5 PeweHue.

ghci> :t Dog

Dog :: String -> Int -> Pet
ghci> :t Parrot

Parrot :: Pet



OT geknapauum K Tunam KOHCTPYKTOPOB

data 0O6bABMASET HOBbIV TUN Pet. CnpaBa OT = NepeyncrieHbl CNoco6bl MOCTPOUTL €ro 3HaYEHMe.

data Pet = Cat CatT HOBBbI TUN Pet
| Dog String Int

| Parrot



OT geknapauum K Tunam KOHCTPYKTOPOB

Cat,Dog M Parrot — HOBbIE KOHCTPYKTOPbI AAaHHbIX. | pa3aensiet BapuaHThl.

data Pet = Cat CatT KOHCTpYKTOp Cat
| Dog String Int KOHCTPYKTOP Dog

| Parrot KOHCTPYKTOp Parrot



OT geknapauum K Tunam KOHCTPYKTOPOB

[locfie UMEHWN KOHCTPYKTOPAa 3anncaHbl TUMbl €r0 apryMeHToB. Y Parrot apryMeHTOB HeT.

data Pet = Cat CatT OfMH aprymeHT: CatT
| Dog S'tr‘ing Int nBa aprymeHrTa: String, Int

| Parrot 6e3 apryMeHToB



OT geknapauum K Tunam KOHCTPYKTOPOB

Tunbl apryMeHTOB CTAHOBSATCS BXO4aMW KOHCTPYKTOPa. Tun pe3ynbsratay Bcex TPéEX — Pet.

Cat :: CatT -> Pet nonyyaem Pet
Dog :: String -> Int -> Pet nosnyyaem Pet

Parrot :: Pet y)Xe 3HaueHue Pet



Pa3o6paTb TO, UTO CKOHCTPYUpoBaIn

N YcTHO: Kakyto BeTKy BblbepeT showPet (Cat (CatD "murka" 2))? Kakune nmeHa cBaxeT obpasel?

1 showPet :: Pet -> String

2 showPet pet = case pet of

3 Parrot -> "Parrot"

4 Dog name _ -> "Dog: " ++ name

5 Cat (CatD name _) -> "Cat: " ++ name

showPet (Cat (CatD "murka" 2))
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Pa3o6paTb TO, UTO CKOHCTPYUpoBaIn

Parrot n Dog He noaxoaaT. B nocnegHein BeTKe coBnagaroT 06a KOHCTPYKTopa: Cat n CatD.

1 showPet :: Pet -> String

2 showPet pet = case pet of

3 Parrot -> "Parrot"

4 Dog name _ -> "Dog: " ++ name

5 Cat (CatD name _) -> "Cat: " ++ name

showPet (Cat (CatD "murka" 2))

3HaueHue Cat ( CatD "murka" 2 )

o6paszel Cat ( CatD name _ )
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Pa3o6paTb TO, UTO CKOHCTPYUpoBaIn

name CBA3bIBAETCAC "murka"”. 06[2)83€L|| _ NpUHMMaEeT BO3PacT 2, He CBA3bIBadA UMEHMN.

1 showPet :: Pet -> String

2 showPet pet = case pet of

3 Parrot -> "Parrot"

4 Dog name _ -> "Dog: " ++ name

5 Cat (CatD name _) -> "Cat: " ++ name

showPet (Cat (CatD "murka" 2))

3HaYeHne Cat ( CatD "murka" ) name =  "murka"

o6pasel Cat ( CatD name ) BO3PaCT UTHOPUPYETCH
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Pa3o6paTb TO, UTO CKOHCTPYUpoBaIn

Bepém npaByto YacTb BbIOPAHHO BETKM U MNOACTAB/ISIEM 3HAYEHNE name.

showPet :: Pet -> String
showPet pet = case pet of
Parrot -> "Parrot"
Dog name _ -> "Dog: " ++ name
Cat (CatD name _) -> "Cat: " ++ name

a DN AnwnDN e

"Cat: " ++ "murka"

name

"murka"

12
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Pa3o6paTb TO, UTO CKOHCTPYUpoBaIn

KoHKaTeHauns CTPOK AaéT pesynbraT "Cat: murka".

1 showPet :: Pet -> String

2 showPet pet = case pet of

3 Parrot -> "Parrot"

4 Dog name _ -> "Dog: " ++ name

5 Cat (CatD name _) -> "Cat: " ++ name

"Cat: murka"
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Bo3pacT: uto genartb c nonyraem?

N 3akoHunTe doyHKLNI0, YUTOOLI OHa 0OpabaTbiBasia KaXabi BapuaHT Pet. Bo3pacT nonyras B HaLLeM TUME He
XPaHUTCA.

age :: Pet -> Maybe Int
age pet = case pet of
Dog _ age -> Just age
Cat (CatD _ age) -> Just age

S5 PeweHue.

Parrot -> Nothing

Nothing — HET AaHHbIX 0 BOo3pacTe; Just 0 — U3BECTHbIN BO3PACT, PaBHbIN HY/IIO.

e A TllonHoTa conocTtaB/IeHUA: y4TEeHbl BCE KOHCTPYKTOpPGI

14



PeKypcuBHbIe CTPYKTYPbI AaHHbIX



Kak ycTpoeHO 3HaueHue gepeBa

data Tree a = Leaf a | Node (Tree a) a (Tree a)

t :: Tree Int
t = Node (Leaf 1) 2 (Node (Leaf 3) 4 (Leaf 5))

e Leaf XpaHUT 0OHO 3HAUYEHUNE
e Node XpaHWUT 3HaYeHWe 1 ABa Noanepesa

e a — TUN 3HAYEeHUN: 3aecb Tree Int

16



Mpopeanyunpymnte BobICOTY

N [Mpopeayuupyiite height t Ao uncna. BbiCOTy cuMTtaem B BEpPLUMHAX: Y /IMCTA OHA paBHa 1.

data Tree a = Leaf a | Node (Tree a) a (Tree a)

t :: Tree Int
t = Node (Leaf 1) 2 (Node (Leaf 3) 4 (Leaf 5))

height :: Tree a -> Int
height t = case t of
Leaf _ -> 1
Node 1T _ r -> 1 + max (height 1) (height r)

17



BbicoTa: NO/IHbIN TEPM U CNYCK

[Tpopeayumpyem BeCcb TepM. XXENTbIN oparMeHT nepennileTca crieayoumnm KIMKOM.

height WAT PEAYKLN

(Node height: npaBuno Node
(Leaf 1)

2
(Node
(Leaf 3)
4
(Leaf 5)))

( Node 2

P

( Leaf 1 } Node 4 )

/ N\

[ Leaf 3 | [ Leaf 5 |
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BbicoTa: NO/IHbIN TEPM U CNYCK

Packpbl/iv KOpeHb; Tenepb NepenncbiBaem N1eBbI BbI3OB.

1 + max
(height (Leaf 1))
(height
(Node
(Leaf 3)
4
(Leaf 5)))

( Node 2

( Leaf 1 } Node 4 )

/ N\

[ Leaf 3 | [ Leaf 5 |

LWAM PEAYKLIN
height: npaBuno Node
height: 6a3a Leaf 1
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BbicoTa: NO/IHbIN TEPM U CNYCK

BbicoTa c/fieBa U3BecTHa. Becb oxunaaroLinm KOHTEKCT OCTAETCA Ha 3KpaHe.

1 + max
1
(height
(Node
(Leaf 3)
4
(Leaf 5)))

1 ( Leaf 1]

( Node 2

Node 4 )

N
/

[ Leaf 3 |

[ Leaf 5 |

LWAM PEAYKLI
height: npaBuno Node
height: 6as3a Leaf 1

height: npasuno Node 4
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BbicoTa: NO/IHbIN TEPM U CNYCK

[1paBoe nogaepeBo Toxe Node: eLlé ABa Bbi30Ba B NPEeXXHEM KOHTEKCTE.

1 + max
1
(1 + max
(height (Leaf 3))
(height (Leaf 5)))

( Node 2
1 ( Leaf 1 } Node 4 )

[ Leaf 3 |

4\

[ Leaf 5 |

WA PELYKL U

height:
height:
height:
height:

npasuno Node
ba3a Leaf 1
npasuno Node 4
6a3za Leaf 3
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BbicoTa: NO/IHbIN TEPM U CNYCK

J1eBbIN NINCT cnpaBa AaJl 1; OCTa/10Cb BbIYUC/IUTb I'IOCI'IG,CI,HI/II?] JTNCT.

(height (Leaf 5)))

1 + max
1
(1 + max
1
1 ( Leaf 1]

( Node 2

WA PELYKL U

height:
height:
height:
height:
height:

npasuno Node
ba3a Leaf 1
npasuno Node 4
ba3a Leaf 3
6a3a Leaf 5
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BbicoTa: NO/IHbIN TEPM U CNYCK

Bce nnucTbs BbluncieHbl. CHavyaa BHYTPEHHUI max.

1 + max WA PEOYKLNIN
1 height: npasuno Node
(1 + max height: 6asa Leaf 1
1) height: npasuno Node 4

height: 6a3a Leaf 3
height: 6a3a Leaf 5

max 1 1 -» 1

( Node 2

1 [Leaf 1] Node 4)

N
/

1(Leaf3) [LeafS) 1




BbicoTa: NO/IHbIN TEPM U CNYCK

B npaBoM noaAepesBe OCTas/I0Ch C/I0XKEHNE.

1 + max WA PEOYKLNIN
1 height: npaBuno Node
(1 B 1) height: 6a3a Leaf 1

height: npasuno Node 4
height: 6a3a Leaf 3
height: 6a3a Leaf 5
max 1 1 -» 1

1+ 1w 2

( Node 2

1 [Leaf 1] Node 4)

N
/

1(Leaf3) [LeafS) 1




BbicoTa: NO/IHbIN TEPM U CNYCK

BbicoTa cnpaBa paBHa 2. Tenepb BHELUHWI max.

1 + max
1
2

1 ( Leaf 1]

( Node 2

Node 4<] 2

1 ( Leaf 3 )

[Leaf 5) 1

LWAM PEAYKLI
height: npaBuno Node
height: 6as3a Leaf 1
height: npasuno Node 4
height: 6a3a Leaf 3
height: 6a3a Leaf 5
max 1 1 -» 1

1 +1 w2

max 1 2 -« 2
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BbicoTa: NO/IHbIN TEPM U CNYCK

OcTaniochb nocnegHee CoXeHne y KopHA.

1 + 2

1 ( Leaf 1]

( Node 2

Node 4<] 2

1 ( Leaf 3 )

[ Leaf 5 } 1

LWAM PEAYKLI
height: npaBuno Node
height: 6as3a Leaf 1
height: npasuno Node 4
height: 6a3a Leaf 3
height: 6a3a Leaf 5
max 1 1 -» 1

1 +1 w2

max 1 2 - 2

1 +2 -3
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BbicoTa: NO/IHbIN TEPM U CNYCK

[onHbIA TEepM NpopeayLnpoBaH Ao 3.

1 ( Leaf 1]

[Node 2 3

Node 4<] 2

1 ( Leaf 3 )

[Leaf 5) 1

LWAM PEAYKLI
height: npaBuno Node
height: 6as3a Leaf 1
height: npasuno Node 4
height: 6a3a Leaf 3
height: 6a3a Leaf 5
max 1 1 -» 1

1 +1 w2

max 1 2 - 2

1+ 2 -3

pe3ynbTaTt 3
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Hanuwunte cymmy 3HaYeHUn aepesBa

N Hanuwunte sumTree :: Tree Int -> Int uenukom. PyHKUMSA AO/MKHA CKAaAbiBaTb BCE 3HAYEHUS AepeBa:
1 B INCTbSIX, U BO BHYTPEHHUX y3/1axX.

S5 PeweHue.

sumTree :: Tree Int -> Int
sumlree t = case t of
Leaf X -> X
Node L x r -> sumliree L + X + sumlree r

28



CyMMa: nosiHbIN TEPM U CNYCK

[1lpopeayunpyem sumTree Ha TOM Xe aAepese.

sumTree
(Node
(Leaf 1)
2
(Node
(Leaf 3)
4
(Leaf 5)))

( Node 2

P

( Leaf 1 } Node 4 )

/ N\

[ Leaf 3 |

[ Leaf 5 |

WA PELYKL U

sumTree: npasuno Node

29



CyMMa: nosiHbIN TEPM U CNYCK

Y KOpHA OCTaloTCA 3Ha4YeHne 2 1 BbI30B CrnpaBa.

sumTree (Leaf 1) + 2
+ sumTree
(Node
(Leaf 3)
4
(Leaf 5))

( Node 2

[ Leaf 1 } Node 4 )

[ Leaf 3 |

[ Leaf 5 |

WA PELYKL U

sumTree: npasuno Node

sumTree:

6a3a Leaf 1
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CyMMa: nosiHbIN TEPM U CNYCK

Jlesbivt nnCT pan 1. lNepenncbiBaem npasbiil BbI3OB.

1 + 2
+ sumTlree

(Node
(Leaf 3)
4
(Leaf 5))

( Node 2
1 [Leaf 1] Node 4)
AN

N
/

[ Leaf 3 | [ Leaf 5 |

LAV PEAYKLWIA
sumTree: npasuno Node
sumTree: 6a3a Leaf 1

sumTree: npasuno Node 4
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CyMMa: nosiHbIN TEPM U CNYCK

CnyckaeMmcs K Leaf 3; BHELLUHSAS cymMa OCTaéTcst BUAMMOINA.

1 + 2 WA PEAYKLNIN
+ sumTree (Leaf 3) + 4 sumTree: npasuno Node
+ sumTree (Leaf 5) sumTree: 6a3a Leaf 1

sumTree: npaswuno Node 4

sumTree: 6a3a Leaf 3

( Node 2
1 [Leaf 1] Node 4)

4\

[ Leaf 3 | [ Leaf 5 |




CyMMa: nosiHbIN TEPM U CNYCK

Leaf 3 pan 3; ocTaN0Ch BbIYUCIUTL MNOCMEAHNIA TNCT.

1 + 2
+ 3 + 4
+ sumTree (Leaf 5)

( Node 2

1 [Leaf 1] Node 4)

WA PELYKL U

sumTree:
sumTree:
sumTree:
sumTree:

sumTree:

npasuno Node
ba3za Leaf 1
npasuno Node 4
ba3a Leaf 3
6a3a Leaf S5

33



CyMMa: nosiHbIN TEPM U CNYCK

Tenepb cyMMMpyeM 3Ha4eHnst BHyTpY NpaBoro nogaepesa.

T+
+ N
a1+

1 ( Leaf 1]

( Node 2

Node 4 )

N
/

3 ( Leaf 3 )

[Leaf 5) 5

LWAM PEAYKLI
sumTree: npasuno Node
sumTree: 6asa Leaf 1
sumTree: npaswuno Node 4
sumTree: 6asa Leaf 3
sumTree: 6asa Leaf 5
3+ 4 - 7
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CyMMa: nosiHbIN TEPM U CNYCK

[paBblIii y3en npubaBAsSeT NoceaHee 3HaYeHme.

1 + 2 WA PEAYKLNIN

+ 7 + 95 sumTree: npasuno Node
sumTree: 6asa Leaf 1
sumTree: npaswuno Node 4
sumTree: 6asa Leaf 3
sumTree: 6asa Leaf S
3+ 4 - 7
7 + 5 = 12

( Node 2

1 [Leaf 1] Node 4)

N
/

S(Leafz) [LeafSJ 5




CyMMa: nosiHbIN TEPM U CNYCK

[lpaBas cymma paBHa 12. Bo3BpallaemMcs K BHELLUHEMY KOHTEKCTY.

1 + 2 WA PEAYKLNIN

+ 12 sumTree: npasuno Node
sumTree: 6asa Leaf 1
sumTree: npaswuno Node 4
sumTree: 6asa Leaf 3
sumTree: 6asa Leaf S
3+ 4 - 7
7 + 5 = 12
1+ 2 -3

( Node 2

1 (Leawc 1} Node 4) 12

S(Leafz) [LeafSJ 5




CyMMa: nosiHbIN TEPM U CNYCK

OcTanochk C/0XKUTL Ba pe3ybraTa.

+

12

1 [ Leaf 1]

( Node 2

Node 4<] 12

3 ( Leaf 3 )

[Leaf 5) 5

LWAM PEAYKLI
sumTree: npasuno Node
sumTree: 6asa Leaf 1
sumTree: npaswuno Node 4
sumTree: 6asa Leaf 3
sumTree: 6asa Leaf 5
3+ 4 w7

7 + 5 = 12

1 +2 -3

3+ 12 - 15
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CyMMa: nosiHbIN TEPM U CNYCK

[To/IHBIV TePM NpopeayumpoBaH ao 15.

15

1 ( Leaf 1]

[Node 2 15

Node 4<] 12

3 ( Leaf 3 )

[Leaf 5) 5

LWAM PEAYKLI
sumTree: npasuno Node
sumTree: 6asa Leaf 1
sumTree: npaswuno Node 4
sumTree: 6asa Leaf 3
sumTree: 6asa Leaf 5
3+ 4 w7

7 + 5 = 12

1 +2 -3

3 + 12 - 15

pe3synbTaT 15
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MeHAeM 3Ha4YeHuA, coxXxpaHsaem gepeBo

N 3anonHuTe nponyckn. PyHKUMUS £ MOXET MEHSATb TUM COAEPXMUMOT0, a popma AepeBa A0/HKHA
COXPaHUTbLCS.

transform :: (a -> b) -> Tree a -> Tree b
transform £ t = case t of
Leaf X -> Leaf

Node 1 x r -> Node

S5 PeweHue.

transform £ t = case t of
Leaf x -> Leaf (f x)
Node 1 x r -> Node (transform f 1) (f x) (transform f r)

e CxeMma pekypcum rnpexHsas; pesynsrarbl Tenepb cobuparTca 0opaTHo B AePEBO

e BbicoTa He MmeHsieTcs: height (transform f t) == height t
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transform: coonpaem HoOBoOe AepeBo

[Tpeobpasyem (+ 10) Kaxxaoe 3HavYeHne; UICX0AHOe NepeBO C/1eBa OCTAETCA NPEXHUM.

transform (+ 10) WAV PELYKLINM
(Node transform: npaBuno Node

(Leaf 1)
2
(Node

(Leaf 3)

4

(Leaf 5)))

BXO/4, HOBO€E AiepeBO
}/NOde 2\{
Leaf 1 Node 4

/ \

Leat 3 Leaf S
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transform: coonpaem HoOBoOe AepeBo

Node cTpouTCS 3aHOBO 13 IBYX NPeobpa3oBaHHbIX NOAAePEBLEB 1 HOBOrO 3HAUEHUS.

Node WAV PELYKLINM
(transform (+ 10) (Leaf 1)) transform: npasuno Node
((+ 10) 2)

(transform (+ 10)
(Node

(Leaf 3)

4

(Leaf 5)))
BXO/4, HOBO€E AiepeBO

Node 2 ( Node .. J
Leaf 1 Node 4

/ \

Leat 3 Leaf S
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transform: coonpaem HoOBoOe AepeBo

[na nucta goctatoyHo 06epHyTh pesynbTar f x B Leaf.

Node WAV PELYKLINM
(Leaf ((+ 10) 1)) transform: npasuno Node
((+ 10) 2)

(transform (+ 10)
(Node

(Leaf 3)

4

(Leaf 5)))
BXO[, HOBOE [1IepeBO

Node 2 [ Node .. }
Leaf 1 Node 4 [Leaf }

/ \

Leat 3 Leaf S



transform: coonpaem HoOBoOe AepeBo

Tenepb Npeobpasyem 3HaueHne B KOPHE; IEBOE NOAAEPEBO YXKe roTOBO.

Node 2

N

Node
(Leaf 11)
((+ 10) 2)
(transform (+ 10)
(Node
(Leaf 3)
4
(Leaf 5)))
BXO/,
Leat 1

Node 4

/ \

Leaf 3

Leaf S

WA PEAYKL MW

transform: npasuno Node

HOBO€E iepeBO

(oo

[Leaf 11}
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transform: coonpaem HoOBoOe AepeBo

[Nepexoanm K npaBoMy NoanepeBy; NONHbIA KOHTEKCT Node ocTaéTcst BUAMMbIM.

Node

(Leaf 11)

12

(transform (+ 10)

(Node

(Leaf 3)
4
(Leaf 5)))

BXO/,

Leaf 3

Leaf S

LWWATW PEAYKLINW
transform: npasuno Node

transform: npaBuno Node 4

HOBO€E AiepeBO

[Node 12}

7

[Leaf 11}
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transform: coonpaem HoOBoOe AepeBo

[MpaBbit Node COGMpPaEeTCH Mo ToM e CXeme.

Node
(Leaf 11)
12
(Node
(transform (+ 10) (Leaf 3))
((+ 10) 4)
(transform (+ 10) (Leaf 5)))

BXoA
Node 2
Leat 1 Node 4

VA

Leat 3 Leaf S

LWWATW PEAYKLINW
transform: npasuno Node

transform: npasuno Node 4

HOBO€E AiepeBO

[Node 12}

N

[Leaf 11}

(ioss )
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transform: coonpaem HoOBoOe AepeBo

JlncT 3 npeBpatllaetcs B Leaf 13.

Node
(Leaf 11)
12
(Node
(Leaf ((+ 18) 3))
((+ 10) 4)
(transform (+ 10) (Leaf 5)))

BXoA
Node 2
Leat 1 Node 4
Leat 3 Leaf S

LWWATW PEAYKLINW
transform: npasuno Node

transform: npasuno Node 4

HOBO€E AiepeBO
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transform: coonpaem HoOBoOe AepeBo

nns BHYTPEHHETO 3Ha4YeHUA 4 nosyyaem 14.

Node WAV PELYKLINM
(Leaf 11) transform: npasuno Node
12 transform: npasuno Node 4
(Node
(Leaf 13)
((+ 10) 4)

(transform (+ 10) (Leaf 5)))

BXOA HOBOE J1ePEeBO
Node 2 Node 12
Leaf 1 Node 4 [Leaf 11 ( Node .

/ \ -

Leaf 3 Leaf 5 Leaf 13)




transform: coonpaem HoOBoOe AepeBo

[TocneanHee noanepeBo — Leaf 5.

Node
(Leaf 11)
12
(Node
(Leaf 13)
14
(transform (+ 10) (Leaf 5)))

BXO/,

Node 2

[ Leaf 1 Node 4 }

7

[ Leaf 5 |

{ Leaf 3

—/

WA/ PEQYKLUNMN
transform: npasuno Node
transform: npasuno Node 4
transform: npasuno Leaf

PKHMKBAepeBO
Node 12
Node 14}
[Leaf 13)
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transform: coonpaem HoOBoOe AepeBo

OcTtanocbk npumeHnTb f K5 n cobpatb nocrieaHui Leaf.

Node
(Leaf 11)
12
(Node
(Leaf 13)
14
(Leaf ((+ 10) 5)))

BXoA
Node 2
Leat 1 Node 4
Leat 3 Leaf S

WAM PEAYKLININ
transform: npasuno Node
transform: npasuno Node 4
transform: npasuno Leaf

HOBO€E AiepeBO

[Node 12}

7

[Leaf 11}

[Node 14}

[Leaf 13] || Le
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transform: coonpaem HoOBoOe AepeBo

HoBoe AepeBo MMEET NPEXHIOK hopMy 1 3HaUYeHus 11-15.

Node WAV PELYKLINM
(Leaf 11) transform: npasuno Node
12 transform: npasuno Node 4
(Node transform: npasuno Leaf

(Leaf 13) bopMa coxpaHeHa
14
(Leaf 15))
BXO/4, HOBO€E iepeBO
Node 2 Node 12
Leaf 1 Node 4 (Leaf 11] [ Node 14 ]

/ \

Leaf 3 Leaf 5 [Leaf 13) [Leaf 15)
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KanHabl



Tepm, TUN, KANHA

Tepm Just True — BbIpaXXeHne, KOTOPOe MOXHO BbIUNC/IUTb.

[ Just True

TepMm
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Tepm, TUN, KANHA

Y Tepma Just True ecTb TN Maybe Boo'.

[ Just True

TepM

Maybe Bool

T
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Tepm, TUN, KANHA

Y Tuna Maybe Bool eCTb KalHf, *.

Just True ]

TepMm

Maybe Bool

TUM

KanHa
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KaliHObl: TUNbI 419 TUNOB

3HaKoMoe AiepeBo Tepma: NpuMeHeHne Just K True.

Just True

(o]

(]
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KaliHObl: TUNbI 419 TUNOB

|_|pI/II'II/ILIJeM NTINCTbAM TUNbI. B 3TOM npuMeHeHnn y Just napameTp Tmna — Boo L.

Just True

[ Just ]:BooleMaybeBool [ True ]:Bool
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KaliHObl: TUNbI 419 TUNOB

APryMeHT MMEeEeT HYXHbI TUM Bool; BCE NPUMEHEHMe nosyyaeT Tun Maybe Boo'l.

Just True

[: Maybe Bool]

[ Just ]:BooleMaybeBool [ True ]:Bool
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KaliHObl: TUNbI 419 TUNOB

|_|pI/I6I'II/I3I/IM Maybe Bool:Thn TOXe 3anncaH NpuMeHeHNeM.

Maybe Bool
nepeso Tepma npubimKaem BblOpaHHbIN TUM
: Maybe Bool
[ Just [ True ] [MaYbe BOO-L]

: Bool > Maybe Bool : Bool
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KaliHObl: TUNbI 419 TUNOB

Y nepeBa Tuna Ta ke doopma: npumeHeHmne Maybe K Boo'l.

Maybe Bool
nepeBo Tepma nepeso TMna Maybe Bool
: Maybe Bool
[ Just [ True ]
: Bool > Maybe Bool : Bool

N o)
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KaliHObl: TUNbI 419 TUNOB

[Tpunuiiem NUCTbAM KanHabl: Maybe :: * -> % Bool :: *.
Maybe Bool
nepeBo Tepma nepeso TMna Maybe Bool
: Maybe Bool
[ Just [ True ]
: Bool > Maybe Bool : Bool

[ Maybe ]:*%* [ Bool ]
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KaliHObl: TUNbI 419 TUNOB

[MpaBn/I0 NPUMEHEHUSI TO XE: apryMeHT NoAXOANT, KOPEHb NOMyYaeT METKY pe3ynbraTa.

Maybe Bool :: %

nepeBo Tepma nepeso TMna Maybe Bool
: Maybe Bool
. X
[ Just [ True ]
: Bool > Maybe Bool : Bool
[ Maybe ]:*%* [ Bool ] R S

TepmMm: Bool > Maybe Bool 1 aprymeHT Bool gatot Tn Maybe Bool.

Tun: * — * N aprymeHT * aarlT KanHa x. KanHabl — TUMbl 414 TUMOB.
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Mpeackaxxute KauHA,

N YetHO: Onpepenute kanHabl Tree, Tree Bool, Either Stringwu Either String Int.

5 PeweHue.

ghci> :kind Tree

Tree :: * -> %

ghcl> :kind Tree Bool
Tree Bool :: =«

ghci> :kind Either String
Either String :: *x -> %

ghcl> :kind Either String Int
Either String Int :: *

e :t cnpawmBaeT TN TePMa; : k CNpalLMBaET KaiHa Tuna

e Node — KOHCTPYKTOP AaHHbIX; Tree — KOHCTPYKTOP TUna
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Cnuckm



Cnucok: ABe BEeTKU, 0AHO noaaepeBo

[]

X ¢ XS

N Hanuwunte 6e3onacHyto PyHKL M0 B3ATUS rONI0BbI CANCKA: HA MyCTOM CNUCKe Bo3BpaLlainTe Nothing.

safeHead :: [a] -> Maybe a
safeHead xs = case xs of

-

5 PeweHue.

[] -> Nothing
X : _ -> Just X
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map: MeHsIeM KaXXKAblN 3/IEMEHT

map NPUMeHAET PYHKLUMIO K KaxXaoMy afieMeHTy. Npeackaxutemap (x 2) [1,2,3].

map (* 2) [1,2,3] A

map: NpeoopasyemM 3/IeMEHTbI

BXO/], [ 1 ]—> 2 —>[ 3 ]—> [ ]

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

pe3ynbrar

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



map: MeHsIeM KaXXKAblN 3/IEMEHT

[TpumeHsiem (* 2) KrosioBe; pesy/sbrar CTaHOBUTCA HOBOW ro/i0BOM.

2 : map (x 2) [2,3] WAy

map: Npeobpasyem 3/IEMEHTHI
(x 2) 1=2

BXO/], 1 |—» 2 —>[ 3 ]—> [ ]

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

pesynerar [ 2 ]—»

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




map: MeHsIeM KaXXKAblN 3/IEMEHT

PekypcunBHbIN BbI30B NosyyaeT XxBocT [ 2, 3]. CneaytoLlad royiosa — 2.

2 :map (x 2) [2,3]

AT
map: Npeobpasyem 3/IEMEHTHI
(x 2) 12

BXO[L 1 —»[ 2 ]—»[ 3 ]—>[ [ ] ]

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

pesynerar [ 2 ]—»

-------------
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map: MeHsIeM KaXXKAblN 3/IEMEHT

Nnsa 2 nonyyaem 4. NopsiioK 3/1EMEHTOB COXPaHSAETCS.

2 4 : map (x 2) [3] s
map: Npeobpasyem 3/IEMEHTHI
(x 2) 12
(x 2) 2= 4
BXoA 1 — 2 —>[ 3 ]—> [ ]

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

pesynsrart [ 2 ]—> 4 _>

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



map: MeHsIeM KaXXKAblN 3/IEMEHT

B ocTaBLlemca XxBocTe [ 3] ellé ognH a/1eMeHT.

2 : 4 :map (x 2) [3] WAV
map: Npeobpasyem 3/IEMEHTHI
(x 2) 12
(x 2) 24
BXoA 1 — 2 —>[ 3 ]—> [ ]
(x 2)

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

pesynsrart [ 2 ]—> 4 _>

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



map: MeHsIeM KaXXKAblN 3/IEMEHT

[Tonyunnun 6, HO XBOCT pe3ynbraTa eLlé 3aaéTcs BbI30BOM Ha [ ].

2 14 : 6 :map (» 2) [1]

BXo[a 1 — 2 — 3 —

pesynkTat [ 2 ]_.[ 4 ]_.[

LA

map: Npeobpasyem 3/IEMEHTHI
(x 2) 12

(x 2) 24

(x 2) 3w6

[]

-----------

-----------
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map: MeHsIeM KaXXKAblN 3/IEMEHT

map £ [] = []:nycTton Bxon AaéTt nycTton XBOCT pe3y/brara.

[2,4,6]

BXO[

pe3ynbrar

L2 J—

AT

map: Npeobpasyem 3/IEMEHTHI
(x 2) 12

(x 2) 24

(x 2) 3=6

map f []w[]

[]

[]
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filter: ocTaBNnAAem noaxoasiiue

filter npoBepseT Kaxabi anemMeHT. lNpeackaxurte filter odd [1,2,3].

filter odd [1,2,3]

LLIAT I
filter: npoBepsem odd

)

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

pe3ynbrar

-------------
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filter: ocTaBNnAAem noaxoasiiue

odd 1 = True:coxpaHsaemM 1 1 npoao/nKaem C XBOCTOM.

1 : filter odd [2,3] S

filter: npoBepsem odd

odd 1~ True

BXoA 1 — 2 —>[ 3 ]—> [ ]
odd True: ocTaBNAaAeMm

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

pe3ynbrar [ 1 ]—>

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




filter: ocTaBNnAAem noaxoasiiue

CnepytoLlas ronosa — 2. [IpoBepka MOXET AaTb ApYyroi pe3ysnbrar.

1 : filter odd [2,3] S

filter: npoBepsem odd

odd 1~ True

BXO/], 1 |—» 2 —>[ 3 ]—> [ ]

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

pe3ynbrar [ 1 ]—>

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




filter: ocTaBNnAAem noaxoasiiue

odd 2 = False:nponyckaem 2; HOBOW A4enku pesysbrara HeT.

1

: filter odd [3]

BXO/

pe3ynbrar

LLUAT A

filter: npoBepsem odd
odd 1~ True

odd 2~ False

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

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

HE BK/TOYHaEM
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filter: ocTaBNnAAem noaxoasiiue

Y xBocTa [ 3] cHOBa npoBepsaeM rosioBy.

1 : filter odd [3] LAY

filter: npoBepsem odd
odd 1~ True
odd 2~ False

BXoA 1 — 2 —>[ 3 ]—> [ ]
odd
pesynbrar [ 1 ]—> 3

HE BK/TOYHaEM



filter: ocTaBNnAAem noaxoasiiue

odd 3 = True:gob6aBnsiem 3 nocrie 1, coxpaHsisi NopsiaoK.

. LA
1 : 3 : filter odd

[ ] filter: npoBepsiem odd
odd 1~ True
odd 2~ False

odd 3~ True

BXOA 1 |—» 2 |/ 3 |— ]

!

[ odd ]True:OCTaBnﬂeM

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

pesynbTar [ 1 ]—> 3 |— . 3

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

HE BK/TOYHaEM
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filter: ocTaBNnAAem noaxoasiiue

filter p [] = []:KOHeuU BXxoaa 3aBeplUaeT pe3ynsrar [1,3].

[1 3] LLUAT A
! filter: npoBepsiem odd

odd 1~ True

odd 2~ False

odd 3~ True

filter p [1w» ][]

BXO/1 1 |—» 2 |—» 3 —>[ [] ]

- SN NN N N

pe3ynsrar [ 1 ]—»[ 3 ]—>[ [] ] )

S TR

HE BK/TOYHaEM
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Zip: ABe rosioBbl — OoA4Ha napa

z1ip coeanHAET aieMeHTbl nonapHo. lNpeackaxnte zip [1,2,3] ['a','b'].

zip [1,2,3] ['a','b']

N O ) R

BTOpOA [ g ] »[ b ] >[ [] ]

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

pe3ynbrar

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




Zip: ABe rosioBbl — OoA4Ha napa

[lepBble ro/10Bbl BMeCcTe 0bpa3sytoT oaHy napy (1, 'a').

(1,'a') : zip [2,3] ['b"]

nepsbIit 1 >[ 2 ]

BTOPOW 'a’ >[ ‘b’ ]

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

pe3y/bTart [( 1 , 'a'’ )] >

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

AT
zip: 6epém aBe ronossbl
(1,'a'): HoBaA napa
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Zip: ABe rosioBbl — OoA4Ha napa

PekypcurBHbIN BbI30B Nnosyyaet oba xsocta: [2,3]mn [ 'b'].

(1,'a') : zip [2,3] ['b"]

nepsbIit 1 >[ 2 ]

BTOPOW 'a’ >[ ‘b’ ]

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

pe3y/bTart [( 1 , 'a'’ )] >

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

AT

zip: 6epém aBe ronossbl

(1,'a'):HoBas napa
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Zip: ABe rosioBbl — OoA4Ha napa

Bropasg napa— (2, 'b'). Tenepb BTOPOW CMNCOK MYCT.

(1,'a') : (2,'b") : zip [3] [1]

nepsbIit 1 > 2

AT

zip: 6epém aBe ronossbl
(1,'a'):HoBas napa
(2,'b'): HOBaA napa

BTOPOW 'a’ » 'b!

pesynsrar [( 1 ,'a')}—+[( 2 ,'b' ﬂ

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

-------------
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Zip: ABe rosioBbl — OoA4Ha napa

OanH Bxoa 3akoHuunca: zip xs [ = []./Ana 3 napbl HeT.

[(1,'a"),(2,'b")]

nepsbIit 1 > 2

LA

zip: 6epém aBe ronossbl
(1,'a'):HoBas napa
(2,'b'):HoBas napa
zip [3] [1=[]

BTOPOW 'a’ » 'b'

pesynsrar [( 1 ,'a')}—+[( 2 ,'b' ﬂ

ocTaToK [3] — 6e3 napsl
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AdynnuymnpoBaHue 3aIeMeHTOB CNUCKA

S Hanmwwute dupEvens :: [a]l -> [al, gynavympyrowyto afieMeHTbl ¢ uHgekcammn 0, 2, 4, ... Ans
[10,20,30,40] pe3ynsrar — [10,10,20,30,30,40]. Ncnonb3ynte zip, map U concat.

5 PeweHue.

dupEvens :: [a] -> [a&]

dupEvens = concat . map f . zip [0..]
where

f :: (Int, a) -> [a]
f (i, x) = if odd i then [x] else [x, x]
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dupEvens: CMUCOK NOcC/1e KKAO0ro atana

Komno3unums npuMeHsieTcs cnpasa HasieBo. CHavyasia o6aBMM MHAEKCHI.

dupEvens = concat . map f . zip [0..]

f (i, x) = if odd i then [x] else [x, x]
BX0[ [10,20,30,40]
zip [0..]
map f

concat
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dupEvens: CMUCOK NOcC/1e KKAO0ro atana

[locne zip y Kak0ro asieMeHTa ecTb MHAeKC. Tenepb map f BbIGEPET OANH UK ABA SK3eMMAsapa.

dupEvens = concat . map f . zip [0..]
f (i, x) = if odd i then [x] else [x, x]
BX0[ [10,20,30,40]
|
zip [0..] [(0,10), (1,20), (2,30), (3,40)]
map f

concat
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dupEvens: CMUCOK NOcC/1e KKAO0ro atana

Mocne map f nony4nncs CnMCok KOPOTKNX CNUCKOB. Tenepb concat COeAUHUT UX.

dupEvens = concat . map f . zip [0..]
f (i, x) = if odd i then [x] else [x, x]
BXOL [10,20,30,40]
|
zip [0..] [(0,10), (1,20), (2,30), (3,40)]
!
map f [[16,10], [20], [30,30], [40]]

concat
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dupEvens: CMUCOK NocC/1e KKAOoro satana

[ocne concat noayuYnacs NIOCKNin cncok. IHaeKeb! 0 1 2 ganuv nNo ABa aK3eMnaspa.

dupEvens
f (1, x)

= concat . map ¥ . zip [0O..]
= if odd i then [x] else [x, x]
BXOL [10,20,30,40]
|
zip [0..] [(6,10), (1,20), (2,30), (3,40)]
|
map f [[16,10], [20], [30,30], [40]]

)

concat [10,10,20,30,30,40]
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[lpoekTpoBaHMe AaHHbIX



type UNN newtype?

CUHOHUMBI HoBble TUunbI
type Moduleld = Int newtype Moduleld = ModulelId Int
type Courseld = Int newtype Courseld = Courseld Int
O6a nmeHu ob603HayaroT TOT XKe Tun Int. KoMnnnatop pasnuyaet naeHTUguKaTopsl.
N YcTHO: Hy)XHO 3anpeTuTb NepectaHoBKY apryMmeHToB publish :: ModuleId -> Courseld -> String.

Kakoun BapuaHT NnoaxoanT?

5 PeweHue.
newtype: OLUMOKY NpeacTaBneHns MOXHO NoMaTb Mo Tunam A0 3anycka.



Parse, don’t validate: Courseld

[poBepka Bo3BpalwlaeT Bool. Tun cneayroweiin yHKLMM HUYETO HE TOBOPUT O NOTOXUTE/ILHOCTM HOMEpPA.

NMpoBepkKa: Aganblle ocTaeTco Int

validateCourseId :: Int -> Bool
validateCourseId n = n > 0

publish :: Int -> String
publish n = "Course " ++ show n
[TpOBEPKY HYXXHO MOMHUTbL NMPU KaXkA0M BbI30BE.

CnpaBa KoOHCTPYKTOp Courseld CKpbIT: cO34aBaTh Takme
3HAYEHNS1 MOXET TO/IbKO Napcep.

[ 7 :: Int ]—»[ validateCourseld ]

NMapcuHr: panblie HyXXeH Courseld

module Courseld
(CourseId, parseCourseld, publish) where
newtype CourselId = Courseld Int

parseCourseld :: Int -> Maybe Courseld
parseCourseld n

| n > 0 = Just (Courseld n)

| otherwise = Nothing

publish :: Courseld -> String
publish (CourseId n) = "Course " ++ show n

>[ True :: Bool

Yncno octanocs Int; NONOXUTENBLHOCTL B €0 TUMe He COXPaHeHa.
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Parse, don’t validate: Courseld

[TpoBepPKY MOXHO 3ab6bITb UMK Nepeaatb aApyroe uncso. publish 0 nogxoamT no Tunam.

NMpoBepkKa: Aganblle ocTaeTco Int NMapcuHr: panblie HyXXeH Courseld
validateCourseld :: Int -> Bool module Courseld
validateCourseId n = n > 0 (Courseld, parseCourseld, publish) where

newtype CourselId = Courseld Int
publish :: Int -> String

publish n = "Course " ++ show n parseCourselId :: Int -> Maybe Courseld
parseCourseld n
[1poBepKYy HY>XHO NMOMHWUTbL NPV KaXk40M BbI30Be. | n > 0 = Just (CourseId n)

CnpaBa KOHCTPYKTOpP Courseld CKpbIT: co3aaBaTb Takme | otherwise = Nothing

3Ha4YEeHMA MOXET TO/IbKO napcep.
publish :: Courseld -> String

publish (CourseId n) = "Course " ++ show n
7 :: Int —_ validateCourseld > True :: Bool
O :: Int = publish > ‘Course 0’

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

Bool He 3acTaBnisieT cneayowyo dyHKLMI0 NCNOMb30BaTh MPOBEPEHHOE YMC/IO.



Parse, don’t validate: Courseld

[apcep coxpaHSAeT NONOXMUTENbHbIA HoOMep B Courseld. 3 Just nonyyaem 3HaueHne ¢ NpoBePEHHbIM CBOCTBOM.

NMpoBepkKa: Aganblle ocTaeTco Int NMapcuHr: panblie HyXXeH Courseld
validateCourseld :: Int -> Bool module Courseld
validateCourseld n = n > 0 (Courseld, parseCourseld, publish) where

newtype CourselId = Courseld Int
publish :: Int -> String

publish n = "Course " ++ show n parseCourselId :: Int -> Maybe Courseld
parseCourseld n
[1pOBEepPKY HY>KHO MOMHUTb NPW KaxkKA0M BbI30Be. | n > 0 = Just (CourseId n)

CnpaBa KOHCTpyKTOpP Courseld CKpbIT: CO34aBaTh Takme | otherwise = Nothing

3HauYeHns MOXXET TO/bKO napcep.
publish :: Courseld -> String

publish (CourseId n) = "Course " ++ show n

7 :: Int . parseCourseld ] >[ Just (Courseld 7)

YcneluHbIn pe3ysibraTr CoaepPXnMT CamMo HNCITO N COXPaHAET NOJTI0OKUTE/IbHOCTD.
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Parse, don’t validate: Courseld

publish npnHnmaet Courseld. INocne Just cid nepenaém cid aanblie 6e3 NOBTOPHbLIX NPOBEPOK n > 0.

NMpoBepkKa: Aganblle ocTaeTco Int NMapcuHr: panblie HyXXeH Courseld
validateCourseld :: Int -> Bool module Courseld
validateCourseld n = n > 0 (Courseld, parseCourseld, publish) where

newtype CourselId = Courseld Int
publish :: Int -> String

publish n = "Course " ++ show n parseCourselId :: Int -> Maybe Courseld
parseCourseld n
[1pOBEepPKY HY>KHO MOMHUTb NPW KaxkKA0M BbI30Be. | n > 0 = Just (CourseId n)

CnpaBa KOHCTpyKTOpP Courseld CKpbIT: CO34aBaTh Takme | otherwise = Nothing

3HauYeHns MOXXET TO/bKO napcep.
publish :: Courseld -> String

publish (CourseId n) = "Course " ++ show n
parseCourseld —»[ Just (Courseld 7) ]
conocTapseHune ¢ Just cid [ cid :: Courseld ]—F[ publish cid

TpeboBaHue B Tune PyHKUMK: NPON3BO/bHbIN Int cloga He NoAxXoauT.
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Parse, don’t validate: Courseld

Homep 0 oTbpackiBaeTcs Ha rpaHuue. O6onTn napcep, nepeaan publish 06bIYHLIN Int, HENMB3A.

NMpoBepkKa: Aganblle ocTaeTco Int

validateCourseId :: Int -> Bool
validateCourseId n = n > 0

publish :: Int -> String
publish n = "Course " ++ show n
[TpOBEPKY HYXXHO MOMHUTbL NMPU KaXkA0M BbI30BE.

CnpaBa KoOHCTPYKTOp Courseld CKpbIT: cO34aBaTh Takme
3HAYEHNS1 MOXET TO/IbKO Napcep.

O :: Int EEm— parseCourseld

NMapcuHr: panblie HyXXeH Courseld

module Courseld
(CourseId, parseCourseld, publish) where
newtype CourselId = Courseld Int

parseCourseld :: Int -> Maybe Courseld
parseCourseld n

| n > 0 = Just (CourseId n)

| otherwise = Nothing

publish :: Courseld -> String
publish (CourseId n) = "Course " ++ show n

> Nothing

Courseld He co3gaH: nepenasarthb C/ieAyoLMM PYHKUNAM HeYvero.

[TpoBepsem 04MH pa3 Ha BXofe; TpeboBaHme coxpaHaeM B Tunax AasibHenwmx QyHKUNN.
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[MepCUCTEHTHbIN CNUCOK: HOBbIN KOPEHb, OOLLUNU XBOCT

XS — NCXOAHbIN CNUCOK [3,4]. Y (:) eCcTb ronioBa 1 XBOCT.

xs = [3,4] YTO MBMEHWNOCh
Xs: aBaysna(:)

OOLLINIA XS
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[MepCUCTEHTHbIN CNUCOK: HOBbIN KOPEHb, OOLLUNU XBOCT

nays=1:xsco3gaeTca HoBasi ro/10Ba; CTapblie y3/1bl OCTaloTCA Ha MecTe.

XS
YS

[3,4]

1

. XS

L

T

YTO USMEHM/IOCH
xs: ABaysna (:)
HoBasA ronosa 1

OOLLINIA XS
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[MepCUCTEHTHbIN CNUCOK: HOBbIN KOPEHb, OOLLUNU XBOCT

XBOCT HOBOW r0/10Bbl CCbI/TAETCS HA YXKE CYLLIECTBYHOLLINIA XS.

XS
YS

[3,4]

1 :

XS

T

!
T

4TO USMEHWNOCH

xs: ABaysna (:)

HoBas rosiosa 1

XBOCT ys — NPEXHUMN Xs

OOLLINIA XS
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[MepCUCTEHTHbIN CNUCOK: HOBbIN KOPEHb, OOLLUNU XBOCT

NNns zs =2 :ys Hy)XHa eLlé oHa HoBas ro/ioBa.

xs = [3,4]
ys =1 : Xs
ZS = 2 . YyS

T

!
T

YTO NSMEHWNOCH

xs: ABaysna (:)

HoBas rosiosa 1

XBOCT yS — NPEXHUI XS
HOBasA ronosa 2

OOLLINIA XS
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[MepCUCTEHTHbIN CNUCOK: HOBbIN KOPEHb, OOLLUNU XBOCT

Bce Tpy MMeHN AOCTYMHbI OAHOBPEMEHHO; XS — OOLLINI XBOCT YS U ZS.

XS

YS
ZS

[3,4]
1 : Xs
2 . ys

T

!
T

!
T

4TO M3MEHMOCb

xs: ABaysna (:)

HoBas rosiosa 1

XBOCT yS — NPEXHUI XS
HOBas rosiosa 2

XBOCT zS — MPEeXHUN ys

OOLLINIA XS
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CnpoeKkTupynTte onunum KOMaHAHOU CTPOKWN

N Y1Tunurta neyaraet crnpaBky 6e3 napamMeTpoB 1N 3anyckaeTcs ¢ obsa3aTenbHbiM dpopmaTom Plain/JSON
BbIBOAOM B stdout in6o dpann.

data Mode = HelpMode | RunMode
data Format = Plain | JSON
data BadOptions = BadOptions Mode (Maybe Format) (Maybe FilePath)

Cnpoektupyinte Options, UCKNOHAKOLWMA HEBEPHbIE COCTOAHNA. CpaBHUTE C BadOptions YMC/O COCTOAHUN
ana apyx nyten a. txt, b.txt (Nothing o3Ha4yaert stdout).
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Pa36op: cymma BapuaHTOB, Npon3BeaeHne nonen

Nons BadOptions BbIOMPAOTCS HE3ABUCUMO: 2 peXnmMa, 3 BapnaHTa hopmara n 3 BapuaHTa nyTu.

data Mode = HelpMode | RunMode CUUTAEM COCTOAHUS
data Format = Plain | JSON 2 pexuma; 3 dopmaTa; 3 nyTu
data BadOptions =
BadOptions Mode (Maybe Format) (Maybe FilePath)
data Target = Stdout | File FilePath
data Options = Help | Run Format Target

Mode: 2 Maybe Format: 1 + 2 Maybe FilePath: 1 + 2

HelpMode | RunMode HeT | Plain | JSON HeT | a.txt | b.txt

2 x 3 x 5 — BblbMpaeM Kaxpoe none
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Pa36op: cymma BapuaHTOB, Npon3BeaeHne nonen

Kaxxgasa komouHauua nosen Aaét s3HavyeHune. lNosiyyaertcs 2 x 3 x 3 =18 COCTOAHUMN.

data Mode =
data Format

HelpMode | RunMode

= Plain

data BadOptions =
BadOptions Mode (Maybe Format) (Maybe FilePath)

data Target

data Options

= Stdout |

| JSON

File FilePath

= Help | Run Format Target

HelpMode

7~

HeT / HeT

HeT / a.txt

HeT / b.txt

Plain / HeT

Plain / a.txt

v \

N

Wy

Plain / b.txt

W

JSON / HeT

N a

JSON / a.txt

JSON / b.txt

J

n

RunMode

CUHNTAEM COCTOAHNA

2 pexuMma; 3 dopmaTa; 3 nyTwu
BadOptions: 2 x 3 x 3 = 18

7~

HeT / HeT

HeT / a.txt

HeT / b.txt

7?7 x 3 x 3 =

Plain / HeT

-

Plain / a.txt

N

Wy

'

G

Plain / b.txt

W

JSON / HeT

7

JSON / a.txt

J

\

JSON / b.txt

n
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Pa36op: cymma BapuaHTOB, Npon3BeaeHne nonen

1ns cnpaBky gonycTuMa To/1bKO KOMbuHauma 6e3 hopmata n nyTu: 1 n3 9.

data Mode = HelpMode | RunMode
data Format = Plain | JSON
data BadOptions =
BadOptions Mode (Maybe Format) (Maybe FilePath)
data Target = Stdout | File FilePath
data Options = Help | Run Format Target

HelpMode: 1 139

[ HeT / HeT ] HeT / a.txt HeT / Db.txt

Plain / HeT Plain / a.txt Plain / b.txt

JSON / HeT JSON / a.txt JSON / b.txt

1 cocTodaHMe cnpaBKWU; 8 JNUIWHUX

RunMode

CUHNTAEM COCTOAHNA

2 pexuma; 3 ¢opmaTa; 3 nyTwn
BadOptions: 2 x 3 x 3 = 18

Help: 1 ponycTuMoe coOCTOsiHUe

7~

HeT / HeT

HeT / a.txt

HeT / b.txt

Plain / HeT

S

N

Plain / a.txt

V.

'

N

Plain / b.txt

v

JSON / HeT

7

-

JSON / a.txt

J

.

JSON / b.txt

n
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Pa36op: cymma BapuaHTOB, Npon3BeaeHne nonen

[na 3anycka Hy>eH doopmar: 2 x 3 =6 COCTOAHUI. BMmecTe co cnpaBkon AonyCTUMbI 7 13 18.

data Mode = HelpMode | RunMode
data Format = Plain | JSON
data BadOptions =
BadOptions Mode (Maybe Format) (Maybe FilePath)
data Target = Stdout | File FilePath
data Options = Help | Run Format Target

HelpMode: 1 139

[ HeT / HeT ]

Plain / HeT

HeT / a.txt HeT / b.txt

Plain / a.txt Plain / b.txt
JSON / HeT

JSON / a.txt {i JSON / b.txt

1 + 6 = 7 ponyctumbix; 18 - 7

RunMode: 6 139

. HeT / HeT

CUHNTAEM COCTOAHNA

2 pexuma; 3 ¢opmaTa; 3 nyTwn
BadOptions: 2 x 3 x 3 = 18
Help: 1 ponycTuMoe cCOCTOsSHUE

Run: 2 x 3 = 6; Bcero 7

HeT / a.txt HeT / b.txt

Plain / HeT

N

Plain / a.txt

N

S

'

\

Plain / b.txt

v

JSON / HeT

7

JSON / a.txt

N

J

e

\

JSON / b.txt

n

11 nnuHmMx
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Pa36op: cymma BapuaHTOB, Npon3BeaeHne nonen

Options XpaHUT BbIOOP BETKN: Help nbo Run. MNMonyyaetca 1 +2 x 3 =7 COCTOSAHUIN,

data Mode = HelpMode | RunMode CUUTAEM COCTOAHUS

data Format = Plain | JSON 2 pexuma; 3 dopmaTa; 3 nyTu

data BadOptions = BadOptions: 2 x 3 x 3 = 18
BadOptions Mode (Maybe Format) (Maybe FilePath) Help: 1 MOMYCTAMOE COCTOSHME

data Target = Stdout | File FilePath
data Options = Help | Run Format Target

Run: 2 x 3 = 6; Bcero 7
Options: 1 + 2 x 3 = 7

Help: 1 Run:2x3=6

[%lain / stdout] [Plain / a.txt] [Plain / b.txt]

o]

[JSON / stdout] [;JSON / a.txt] [»JSON / b.txt]

1 + 2 x 3 =7 — BCce COCTOSAHUA OOMNYCTUMbI

106



UTOo Bbl TENEpPb YMeeTe

e YMETb UnTaTb AeKrnapaunn anre6pa|/|quK|/|x TUMNOoB AaHHbIX
e [oNb30BaTbCS CONOCTABIEHMEM C 06pa3LOM

e [lncartb pekypcuto No AepeBy N CMUCKY

e Pazninuarb Tepm, TMN 1 KanHA

e Bbibmpatb Maybe, type n newtype No cMbIC/y 3a4a4u

e BbipaxaTb AOMYCTMMblE COCTOSIHUSI CYMMOW 1 MPON3BEAEHNEM TUMOB
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MaTtepuanbl



Ecnav Tn npumeHnnun HenpaBu/1bHO

ghci> :kind Maybe Maybe
<interactive>:1:7: error: [GHC-83865]
- Expecting one more argument to ‘Maybe’
Expected a type, but ‘Maybe’ has kind ‘*x -> %’
« In the first argument of ‘Maybe’, namely ‘Maybe’
In the type ‘Maybe Maybe’

Maybe XOET 0ObIYHbIV TUM, a eMY Nepeaasiv KOHCTPYKTOp Tuna.
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KaliHAabl: ;ONONHUTE/IbHbIE MPUMepPbI

data Free f a = Pure a | Free (f (Free f a))

data HFree f a = HPure a | HFree (f (HFree f) a)
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MonuMopdHbIe TUMbI U CUCTEMA AW

type Pair a b = forall c. (a ->b ->¢c) -> ¢

Pair Int Char = forall c. (Int -> Char -> ¢c) -> cC

Pair : x — x — x

Pair = \a" 8*.Vv.(a = B8 — v) = v

pair : VaB.a — 8 — Pair a 8

pair = Aa* 5*. Az® ¢ . (Ay*. Afe7577 . f z y)
fst : Va 5. Pair a 8 — «

fst = Aa* B*. A\p" 2 %P . pa (K a B)
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Records M coerce: NOAPOOHOCTMU

o Cenektopbl Nosein MoryT 6bITb YaCTUUYHBIMU Y TUMOB-CYMM

e [11151 Nofiein NCnosib3ylT NPedVKCbI; AOMOSTHUTENbHbIE BaAPUaHTbI CUHTaKCcUca AatoT paclumperms GHC

e newtype NO3BOJISIET pa3aeNTb TUMbl 6€3 AOMNO/THUTEIbHON 0OEPTKM BO BPEMS UCMO/THEHUS

import Data.Coerce (coerce)
intsTolIds :: [Int] -> [Courseld]
intsToIds = coerce

PacwmnpeHus records - Parse, don’t validate
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https://ghc.gitlab.haskell.org/ghc/doc/users_guide/exts/records.html
https://lexi-lambda.github.io/blog/2019/11/05/parse-don-t-validate/

Tunbl-nponsBegeHnsa B C++

#include <string>
struct CatT {
std::string name;
int age;
i
CatT createBarsik() { return CatT{"barsik", 4}; }
std: :string getName(const CatT& cat) { return cat.name; }

107191 — KOMMOHEHTbI MPON3BEAEHNS; KOHCTPYKTOP CO30aET 3HAYEHWe, 0CTYN K NO/10 U3BNEeKaeT KOMMOHEHT.

113



Tunbl-cymmbl B C

struct Pet {
enum { CAT, DOG, PARROT } tag;
union A{
struct { const char *name; int age; } cat;
struct { const char *name; int age; } dog;
} value;
i
/* tag u value 0o0/xHb CO2/0COBbIBATLCA */
switch (pet.tag) {
case CAT: printf("Cat: %s", pet.value.cat.name); break;
case DOG: printf("Dog: %s", pet.value.dog.name); break;
case PARROT: printf("Parrot"); break;

}.
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TUnbl-cyMMbl B C++

std::variant<Cat, Dog, Parrot> pet{Cat{"barsik", 4}};

if (std::holds_alternative<Cat>(pet)) {
std::cout << "Cat " << std::get<Cat>(pet).name;

} else if (std::holds_alternative<Dog>(pet)) A1
std::cout << "Dog " << std::get<Dog>(pet).name;

} else if (std::holds_alternative<Parrot>(pet)) {
std::cout << "Parrot";

}.

std::variant
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https://en.cppreference.com/w/cpp/utility/variant

Tunbl-cyMMbl B Python

class Pet: pass
class Cat(Pet):

def __init__(self, name): self.name = name
class Dog(Pet):

def __init__(self, name): self.name = name
class Parrot(Pet): pass

if isinstance(pet, Cat):
print("Cat " + pet.name)
elif isinstance(pet, Dog):
print("Dog " + pet.name)
elif isinstance(pet, Parrot):
print("Parrot")
else:
raise AssertionError("unreachable code")
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Tunbl-cymmbl B Kotlin

sealed class Pet

class Cat(val name: String) : Pet()
class Dog(val name: String) : Pet()
class Parrot : Pet()

fun showPet(pet: Pet): String = when (pet) {
1s Cat -> "Cat: " + pet.name
1s Dog -> "Dog: " + pet.name
is Parrot -> "Parrot"

}.

Nepapxus sealed NO3BOMSIET KOMMUISATOPY NPOBEPSATL MOTHOTY BbIPaXKEHUS when.

117



UTo nocmoTpeTb B TpaHCNOpTe

e Parse, don’t validate
e (youtube) Tarnp BaneeB — Pattern matching B Java 1 ero Boodparkaemble Apy3bs

e The algebra (and calculus!) of algebraic data types
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https://lexi-lambda.github.io/blog/2019/11/05/parse-don-t-validate/
https://youtu.be/qurG_J81_Cs?si=tINacE3c6ZF3CkvF
https://codewords.recurse.com/issues/three/algebra-and-calculus-of-algebraic-data-types

