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[Than 3aHaTUSA

Ewé npo Haskell
© OyHKLUUM BLICLIErO NOPSIAKa
@ CraTtuyeckuii nonnmopcnam yHKLuii
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@ OTtkyna bepércs Tun-cymma
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@ Ewg npo Haskell
® DyHKLMM BLICLIErO MOPsiAKa
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HanomMmuHaHune

o DyHKUMA ABASETCA (PyHKLMENR BbICLIErO MOPSAKA, €CAN OHA B
Ka4YeCTBE OfHOro U3 apryMeHTOB MPUHUMAET APYryto yHKLMIO.

@ [Mpumep: map. OH nepebIM NapaMeTpoM NpUHUMaET OYHKLMIO,
KoTOpasi npeobpasyeT 3neMeHTbI CKUCKA.

@ DyHKUMN BbICLIErO NOPsILKA ABJSETCS OCHOBHLIMU KUPMNUYNKAMK B
hyHKLNOHANEHOM MPOrpPaMMUPOBAHUN.
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| CHICEOmED
Eweé oavH natTepH

sum (x:x8) = x + sum xS
sum =0

prod (x:xs) = x * prod xs
prod _ =1

max (x:x8) = max x (max xs)
max x = -1

concat (x:xs) = x ++ (concat xs)
concat _ = ""

Y1o obuiero?
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Eweé oavH natTepH

sum (x:x8) = x + sum xS
sum =0

prod (x:xs) = x * prod xs
prod _ =1

max (x:x8) = max x (max xs)
max x = -1

concat (x:xs) = x ++ (concat xs)
concat _ = ""

Y1o obuiero?

@ Bce 3mn dyHKUNM cHMTAOT DYHKLMIO OT MHOXECTBA 3/IEMEHTOB.

@ [lns nepecyéta TpebyeTcs 3HATL TONBLKO TEKYLLEE 3HAYEHUE U
oYepenHoli 3NeMeHT.
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[lpaBast cBépTKa

foldr £ a (x:x8) = f x (foldr f a xs)

foldr f a _ = a

sum xs = foldr (+) O xs
prod xs = foldr (%) 1 xS
max xs = foldr max (-1) xs
concat xs = foldr (++) "" xS

Eweé ogHa nonynsipHasi pyHKUNS BbLICLLErO NOPsiAKa.
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Vn pPa>XHEHNE HA MOHNMaHNE

foldr £ a (x:x8) = f x (foldr f a xs)
foldr f a _ = a

A uTto Takoe foldr (:) [4,5] xs?

Erop Cysopos (Cl6 AY) Tune 8 Haskell 27.11.2017

7/ 46



Vnpa»@mHmerm NMOHNMMaHNE

foldr £ a (x:x8) = f x (foldr f a xs)
foldr f a _ = a

A uTto Takoe foldr (:) [4,5] xs?

foldr (:) [4,5] [1,2,3] =
1:(foldr (:) [4,5] [2,3]) =
1:(2:(foldr (:) [4,5] [3])) =
1:(2:(3:(foldr (:) [4,5] [1))) =
1:(2:(8:[4,5])) =

[1,2,3,4,5]

Honuceisanne [4,5] B KOHew, cnucka.

(++) a b = foldr (:) b a
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KapTurka

/N /N
x1 : x1 f
;N\ xs FARRY foldr f z xs
®2 X2
\ \
: f
/N /N

®xn [] Xxn v

Bambyk pacTéT BnpaBo, No3TOMY npasasi CBEpPTKa.
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VnpaxkHeHus

Kak y3HaTb, BCe in 3neMeHTbl paBHbl True?
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VnpaxkHeHus

Kak y3HaTb, BCe N aneMeHTbl paBHbl True?
foldr (&&) True xs

Kak y3HaTb CymMy KBagpaTOB 4Yucen B maccmpe?
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VnpaxkHeHus

Kak y3HaTb, BCe N aneMeHTbl paBHbl True?
foldr (&&) True xs

Kak y3HaTb CyMMy KBagpaTOB 41CEN B MacCMBe?
foldr (+) 0 (map (°2) xs)

Kak BblpasuTb map 4epes foldr?
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VnpaxkHeHus

Kak y3HaTb, BCe in 3neMeHTbl paBHbl True?
foldr (&&) True xs

Kak y3HaTb CymMy KBagpaTOB 4Yucen B maccmpe?
foldr (+) 0 (map (°2) xs)

Kak BblpasuTb map 4epes foldr?

map £ xs = foldr (\a x -> (£ a):x) [] xs

BoiBog: B Teopuu noutu BCE ecTb foldr. Ha npakTuke nyuwe
NCMO/Ib30BaTh roTOBbIE (DYHKLMH.
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@ Ewé npo Haskell

o CraTtuueckuii nonumopdpuam byHKLMid
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_ CERTIRIEECE] CRAIIEREIED G

@ Mbl HUrZe He YKa3bIBaAM TUMbI HU apryMeHTOB (DYHKLMIA, HI
BO3BpALLAEMbIX 3HAYEHWIA.

e CeobogHo ncnonb3oBann pyHKUNM Ans pasHbix TUNos (Bpoae map).

e Ecan nabpats :t map 8 GHCI, yeuanm eé tun:

(a—> b) —> [a] —>  [b]
—— ~—~ ~—~
dyHKUMS NCXOQHBIV CNNCOK pesynbTaTt

o Cnpaga oT nocsegHeii -> — BO3BpalLaeMOe 3HAYEHUNE, [0 STOrO —
apryMeHThl.

@ Tyt a m b— Tunoesle nepemennbie. Ha nx mecte moxer cTosaThb
noboii Tun.

@ EctectBenHbim obpasom nonyuyaem, 4to map Boobuue BCE paBHO, C
KakuMu cnuckamum pabortats.

@ Haskell aBTomaTnyeckn BoiBognT Hanbonee obwme Tunbl gns
NPaKTUYECKN BCEX (DYHKLMIA.

@ Bce NPOBEPKN TUNOB — Ha 3Tarne KOMmnuisaynu.
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_ CERTIRIEECE] CRAIIEREIED G

Y710 MoryT fenaTb PyHKLUY

@ Yo BoObLE MOXET aenaTb 9ucTas PyHKUMUS C TUNOM
Bool -> Bool?

@ Nx Bcero 22 =4 pasnnyHbix: Bcerga True, scerga False, oTpuuaHue,
TOXXIAECTBEHHAS.

@ A yTo MOXeT genatb nonumopdHas dpyHkuMs ¢ TUnoM a -> a’?
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_ CERTIRIEECE] CRAIIEREIED G

Y710 MoryT fenaTb PyHKLUY

@ Yo BoObLE MOXET aenaTb 9ucTas PyHKUMUS C TUNOM
Bool -> Bool?

@ Nx Bcero 22 =4 pasnnyHbix: Bcerga True, scerga False, oTpuuaHue,
TOXXIAECTBEHHAS.

@ A yTo MOXeT genatb nonumopdHas dpyHkuMs ¢ TUnoM a -> a’?

@ Tonbko BO3BpaLLaTh CBOW apryMeHT — OHa He WMeeT NMpaBa HUYEro
Mpo Hero npegnoJsaraThb.
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_ CERTIRIEECE] CRAIIEREIED G

Y710 MoryT fenaTb PyHKLUY

@ Yo BoObLE MOXET aenaTb 9ucTas PyHKUMUS C TUNOM
Bool -> Bool?

@ Nx Bcero 22 =4 pasnnyHbix: Bcerga True, scerga False, oTpuuaHue,
TOXXIAECTBEHHAS.

@ A yTo MOXeT genatb nonumopdHas dpyHkuMs ¢ TUnoM a -> a’?

@ Tonbko BO3BpaLLaTh CBOW apryMeHT — OHa He WMeeT NMpaBa HUYEro
Mpo Hero npegnoJsaraThb.

@ A dyHKUMN C TUNOM a -> b He boiBaeT —oHa B 0bLEM Ciiyyae He
MOXET CO3[aTb 4TO-TO Tuna b.

@ Yto moxer genatb a -> [a]?
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_ CERTIRIEECE] CRAIIEREIED G

Y710 MoryT fenaTb PyHKLUY

@ Yo BoObLE MOXET aenaTb 9ucTas PyHKUMUS C TUNOM
Bool -> Bool?

@ Nx Bcero 22 =4 pasnnyHbix: Bcerga True, scerga False, oTpuuaHue,
TOXXIAECTBEHHAS.

@ A yTo MOXeT genatb nonumopdHas dpyHkuMs ¢ TUnoM a -> a’?

@ Tonbko BO3BpaLLaTh CBOW apryMeHT — OHa He WMeeT NMpaBa HUYEro
Mpo Hero npegnoJsaraThb.

@ A dyHKUMN C TUNOM a -> b He boiBaeT —oHa B 0bLEM Ciiyyae He
MOXET CO3[aTb 4TO-TO Tuna b.

@ Yto moxer genatb a -> [a]?

@ TosibkO CO34aBaTb CMNCOK N3 OAMHAKOBLIX 3NEMEHTOB
DUKCUPOBAHHON LNHbBI, KOTOPAsi HE 3aBUCUT OT apryMeHTa.
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S <% nonopcpuat by
Nrpa

Bawa 3agavya —no Tuny dyHKumMM yragaTe, 4TO OHA Aenaer.
Twun | OyHkuus

a ->a |
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S <% nonopcpuat by
Nrpa

Bawa 3agavya —no Tuny dyHKumMM yragaTe, 4TO OHA Aenaer.
Twun | OyHkuus

a -> a | id x = x
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Bawa 3agavya —no Tuny dyHKumMM yragaTe, 4TO OHA Aenaer.
Twun | OyHkuus

a -> a id x = x
a->b ->a
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun | OyHkuus
a->a id x = x
a->b ->a fst xy =x
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun | OyHkuus
a->a id x = x
a->b ->a fst xy =x

a->b->b
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun | OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun | OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y

(a->b) ->a ->b
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun | OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x

[a] -> a
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x

[a] -> a get xs = xs !! ¢
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_ CERTIRIEECE] CRAIIEREIED G

Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x
[a] -> a get xs = xs !! ¢
(a -> Bool) -> [a] -> [a]
Tunoi & Haskell 27.11.2017

13 / 46



_ CERTIRIEECE] CRAIIEREIED G

Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst x y = x
a->b->b snd x y =y
(a -=>b) ->a ->b apply £ x = f x
[a] -> a get xs = xs !! ¢
(a -> Bool) -> [a] -> [a] filter
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_ CERTIRIEECE] CRAIIEREIED G

Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x
[a] -> a get xs = xs !! ¢
(a -> Bool) -> [a] -> [a] filter

(a -> Bool) -> [a] -> [a]

Erop Cysopos (Cl6 AY)
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x
[a] -> a get xs = xs !! ¢
(a -> Bool) -> [a] -> [a] filter
(a -> Bool) -> [a] -> [al] dropWhile
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S <% nonopcpuat by
Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x
[a] -> a get xs = xs !! ¢
(a -> Bool) -> [a] -> [a] filter
(a -> Bool) -> [a] -> [al] dropWhile
(a -> Int) -> [a]l -> Int
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_ CERTIRIEECE] CRAIIEREIED G

Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x
[a] -> a get xs = xs !! ¢
(a -> Bool) -> [a] -> [a] filter
(a -> Bool) -> [a] -> [al] dropWhile

(a -> Int) -> [a] -> Int

Erop Cysopos (Cl6 AY)

Tune B Haskell

sum (map f xs)
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_ CERTIRIEECE] CRAIIEREIED G

Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x
[a] -> a get xs = xs !! ¢
(a -> Bool) -> [a] -> [a] filter
(a -> Bool) -> [a] -> [al] dropWhile
(a -> Int) -> [a] -> Int sum (map f xs)
(a->b->b) ->b ->[a] ->Db
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_ CERTIRIEECE] CRAIIEREIED G

Nrpa

Bawa 3agaya —no Tuny dyHKuMM yragatb, 4TO OHA Aenaer.

Twun OyHkuus
a->a id x = x
a->b ->a fst xy =x
a->b->b snd x y =y
(a ->b) ->a ->b apply f x = f x
[a] -> a get xs = xs !! ¢
(a -> Bool) -> [a] -> [a] filter
(a -> Bool) -> [a] -> [al] dropWhile
(a -> Int) -> [a] -> Int sum (map f xs)
(a->b->b) ->b ->[a] ->Db foldr
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_ CERTIRIEECE] CRAIIEREIED G

BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.
OyHKyns Tun

fooxy=xy
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_ CERTIRIEECE] CRAIIEREIED G

BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.
OyHKyns Tun

fooxy=xy (a -=>b) =>a ->b
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BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.

OyHKyns

Twun

fooxy=xy
fooxyz=xyz

Erop Cysopos (Cl6 AY)

Tuner B Haskell

(a -=>b) ->a ->b

27.11.2017
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BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.

OyHKyns Tun
fooxy=xy (a ->b) ->a ->b
fooxyz=xyz (a->b->¢c) >a ->b ->c
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_ CERTIRIEECE] CRAIIEREIED G

BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.

OyHKyns Tun
fooxy=xy (a ->b) ->a ->b
fooxyz=xyz (a->b->¢c) >a ->b ->c

fooxyz=(xy) + (x z2)
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_ CERTIRIEECE] CRAIIEREIED G

BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.

OyHKyns Tun
fooxy=xy (a ->b) ->a ->b
fooxyz=xyz (a->b->¢c) >a ->b ->c

fooxyz=(xy) + x=z)]| (@ ->1Int) ->a->a->1Int
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_ CERTIRIEECE] CRAIIEREIED G

BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.

OyHKyns Tun
fooxy=xy (a ->b) ->a ->b
fooxyz=xyz (a->b->¢c) >a ->b ->c

fooxyz=(xy) + x=z)]| (@ ->1Int) ->a->a->1Int
fooxy=(&y) +y
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_ CERTIRIEECE] CRAIIEREIED G

BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.

OyHKyns Tun
fooxy=xy (a ->b) ->a ->b
fooxyz=xyz (a->b->¢c) >a ->b ->c

fooxyz=(xy) + x=z)]| (@ ->1Int) ->a->a->1Int
fooxy=(&y) +y (Int -> Int) -> Int -> Int
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_ CERTIRIEECE] CRAIIEREIED G

BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.

OyHKyns

Twun

fooxy=xy
fooxyz=xyz
fooxyz=(xy) + (x z2)
fooxy=(&y) +y
fooxy = (xy):y

Erop Cysopos (Cl6 AY)

(a->b) ->a ->b
(a->b->¢c) >a ->b ->c
(a -> Int) -> a -> a -> Int
(Int -> Int) -> Int -> Int

Tune B Haskell 27.11.2017
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_ CERTIRIEECE] CRAIIEREIED G

BbiBog Tunos

Bawa 3agaya — no onpegenenunto pyHkLumM BbiBeCTU Haubonee obwmii Tun.

OyHKyns

Twun

fooxy=xy
fooxyz=xyz
fooxyz=(xy) + (x z2)
fooxy=(&y) +y
fooxy = (xy):y

Erop Cysopos (Cl6 AY)

(a->b) ->a ->b
(a->b->¢c) >a ->b ->c
(a -> Int) -> a -> a -> Int
(Int -> Int) -> Int -> Int

([al -> a) -> [a]l -> [a]
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_ CERTIRIEECE] CRAIIEREIED G

Pestome

@ bes nonumopdusma dyHkuMn Bbicero nopsgka 6eian bbl
becnonesHb.

@ Yacto no Tuny nonumMopdHoit hyHKLUN MOXKHO AOrafaThCsl, HTO OHa
Jenaer.

@ Ectb cneuymnanbheiii nonckosuk Hoogle, koTopblii uwet gpyHkunm no
ux Tuny.

@ Hoogle — nonesHas wryka, ecnm Bam Hy>XHa Kakasi-TO «O4YEBULHO
nonesHasy yHkyna. Haiigércs scé.
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https://www.haskell.org/hoogle/

© Anrebpavnueckne Tunbl ganHbIx
@ Otkygpa bepércs Tun-cymma
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VnpakHeHue

@ [ycTb y nHTepHeT-marasnHa ectb Tpu cnocoba onsatel:

© bBaHKOBCKOI KapTOli, HY>KHO 3HATb €€ JaHHbIE.
@ HanuyHbIMn Npu NOAYYEHNIN, HNYErO AOMOJMHUTENBHO 3HATL HE HYXKHO.
© BboicTtaenenne cuéra Ha QIWI-kowenék, Hy>KHO 3HaTb HOMep TenedoHa.

@ TpebyeTcs co3gaTh TUN JaHHbIX «CNOCOD ONNAThI», KOTOPbIN MOXHO
XpaHuTbL 1 obpabaTtbiBaTs.

@ MHorpa TpebyeTcs npeobpasosbiBaTh cnocob oniaTel B CTPOKY.

@ WNHorpa TpebyeTcs noHnmaTh, HajoO M YTO-TO AenaTh C CEPBEpE A4S
nposefeHns onnatbl (eCM Aa — NONOXKUTL B OYEPESb).
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Ynpaxretnne (C-nogxoga)

enum PaymentMethodType { CARD, CASH, QIWI_BILL };
struct PaymentMethod {

PaymentMethodType type;

CardInfo card_info;

char phone[20];

¥

@ Hapo Besge siBHO cMOTpeTb Ha noJie type n ropoanTs if bl

@ [1ns obpaboTku nuwwem dyHkun Bpoae to_string, KoTopble
pasbupatoT cnyvan.

@ Moxem cnyyvaiiHo obpatuTbcs K card_info, ecnn He npoeepum
cnocob onnaTbl.

o XpaHum bonbuie 6aiit, yem peansHo Hago (MOXHO union, HO Tam
ecTb cBon npobremst).
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N O7va2 Gepéros Tun-cyuina
VYnpaxtetnne (OOlM-noaxon)

e Beogum untepdeiic PaymentMethod, a camn mMeToabl Aenaem
nogkjaccamm.

o Obwme dpyHkunn Bpoae to_string BHOCUM B MHTEpeNic.

o Cneumndununbie dynkummn nnbo pykamm pasbupatoT caydam, ambo
ncnonesytoT Visitor.

@ Tak 0bbluHO 1 genatoT.

o MO)KHO 'EI,O6aBJ'|9|Tb KaK HOBbl€ KJ/1aCCbl, TAK N HOBbIE onepau,vu/l C
obbekTamu.
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_ ) D VIEGTIE)

Twn-cymma

@ Mo>XXHO BBECTU TUM-CYMMYy: MHOXXECTBO €ro JOMYCTUMbIX 3HAaYEH WA
PaBHO AU3BIOHKTHOMY o67;e,/.wu-/em/uo1 JONYCTUMBIX 3HaYeHWi
COCTaBHbIX YacCTei.

@ YTobbl 0606WNTL A0 CYMMBI NPON3BOJIbHBLIX TUMOB, MOXHO Ka)KAOMY
3HAYEHUIO COCTABHOI YacTn fobaBuTL «TIr>.

@ [lpumep: Tnn «cnocob onnatel»:
data PaymentMethod = BankCard String | Cash | Qiwi String

a = BankCard "1234 5678 9012 3456"
b = Cash
c = Qiwi "+7 812 000 00 OO"

@ Ob6bluHO BCTpeyaeTcs B hYHKLUOHANBHBIX SI3bIKaX.

@ lmeHHO ero Hannuune obbIYHO Noapa3yMeBatoT NOL «HaJANYMEM
anrebpanyeckux TUNOB AAHHBIXY.

1O61>('3ﬁl,VlHeHI/Ie noONapHO HENEPECEKAWNXCA MHOXKECTB
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_ ) D VIEGTIE)

Twun-cymma: noapobHocTy

data PaymentMethod = BankCard String | Cash | Qiwi String

@ PaymentMethod Ha3blBaeTCA KOHCTPYKTOPOM TUMa.

@ BankCard, Cash, Qiwi Ha3bIBAOTCSH KKOHCTPYKTOpPaMu AAHHbLIXY,
SABNAOTCA TEMU CaMbIMUN K T3raMmm>.

@ He nytate ¢ koHcTpykTopamu 8 QO[M!

@ M KOHCTPYKTOp TNMNa, N KOHCTPYKTOP AaHHbIX LOJIHXbI HA4YUHATLCS C
bonbLuoli Byksbl.

o PaboTtaer c pattern matching:

to_string (BankCard num) = "BankCard " ++ num
to_string Cash = "Cash"
to_string (Qiwi phone) = "Qiwi " ++ phone

@ MoxxHo gonncaTb B KOHel, cTpokn ¢ data cnoea deriving Show,
4T0bbl GHCI mor BbiBOANTL 3HaYeHns Tuna PaymentMethod.
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© Anrebpanueckne TMnbI AaHHbIX

@ [Mpumepbl TMNOB-CyMM
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N ' <pe Tunos-cyu
CharOrNotFound

MNonck anemeHTa nNo Homepy:
data CharOrNotFound = NotFound | Found Char deriving Show

getItem :: [Char] -> Int -> CharOrNotFound

getItem (x:_ ) O = Found x
getItem (x:xs) n | n > 0 = getItem xs (n - 1)
getltem _ - = NotFound

@ He tpebytoTcs «marnuyeckme 3HadeHUs» AN CUTYaLUN KINEMEHT He
HalpeH».

o Komnunstop nposepsitoT, 4To Mbl BCerga obpabateizaem oba cnydas
(ghci -W file.hs).

@ [Mo Tuny cbyHKLUM Cpa3y MOHATHO, YTO OHA MOXKET BEPHYTb.

@ Het uckntouennii; dyHkumm YnucTole.
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R " <P+ T4nos-cy
Maybe

MoxxHo 0606WnUTb A0 MapaMeTpu30BaHHOro TUNA:

data GetResult a = NotFound | Found a deriving Show

getItem :: [a] -> Int -> GetResult a

getItem (x:_ ) O = Found x

getItem (x:xs) n | n > 0 = getItem xs (n - 1)
getltem _ _ = NotFound

@ GetResult —23T0 He TWUN, 3TO KOHCTPYKTOP TUMA.

@ a— eINHCTBEHHbLI/i NapaMeTp 3TOro KOHCTPYKTOpa.

@ A BoT GetResult Char — y»e KOHKPETHbIW TUM:
data GetResult Char = NotFound | Found Char

@ B Haskell Takoii Tun HasbiBaetcsa Maybe.

e A B Java ectb generic-tun (Optional<>).

@ Ha camom gene [Int] —at0 caxap gns [1 Int.
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VnpakHeHue

e Hanuwnte Tun ans dpyrkuyun getItem, ecan bbl oHa ncnonb3osana

Maybe:
-- Ve obsissen 8 Assike, nucame He HalO.
data Maybe a = Nothing | Just a

getItem :: [a] -> Int -> 777
e Hanuwnte pynkuuo getItem.

e VpannTe siBHOe yKasaHne TUNa, NPOBEPLTE, KAKOW TUM BbIBENCS
agTomatuyeckn (:t getItem 8 GHCI).
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VnpakHeHue

e Hanuwnte Tun ans dpyrkuyun getItem, ecan bbl oHa ncnonb3osana

Maybe:

-- Yxe obzasaen 6 Asbike, nucame Ke Hado.
data Maybe a = Nothing | Just a

getItem :: [a] -> Int

-> 777

e Hanuwnte pynkuuo getItem.

e VpannTe siBHOe yKasaHne TUNa, NPOBEPLTE, KAKOW TUM BbIBENCS
agTomatuyeckn (:t getItem 8 GHCI).

getItem :: [a] -> Int ->
getItem (x:_) O

getItem (x:xs) n | n > 0
getItem

Erop Cysopos (Cl6 AY)

Maybe a

= Just x

getItem xs (n - 1)
Nothing

Tune B Haskell 27.11.2017
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[Bon4Has kyya

data Heap = Nil | Node Int Heap Heap deriving Show
Node 1 (Node 2 (Node 5 (Node 6 Nil Nil) Nil)

(Node 4 Nil Nil))
(Node 3 Nil Nil)
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OpHOCBA3HbIE CMUCKY

data List a = Empty | Cons a (List a) deriving Show

head’ (Cons x _ )
tail’ (Cons _ xs)

X

XS

@ Bbilwe HanncaHo noyTu onpefeneHne BCTPOEHHOrO CMICKA.
@ []1 —>T0 caxap gnsl KOHCTpykTOpa Empty.
@ : —23TO caxap ANs KOHCTpykTopa Cons.

o KonkpeTHo B Haskell nobbie cTpykTypsl bbiBatoT HeckOHEYHBIMU M3-3a
NEHNBOCTU, HE TOJIbKO CMUCKN.

@ Hanpumep, beckoHeuHoe fBOMYHOE LEPEBO NMEET MPABO HA >XKU3Hb.
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[TpomexxyToUHble NTOrw

o [og «anrebpanyeckumu TUNamMmM JaHHbIX» ODBIYHO MOAPa3yMeEBatOT
NoAAEPXKKY TUMNOB-CYMM BMECTE C TUMAMU-MPON3BEAEHUSIMN HA
ypoBHe s3bika. Takas nogaepxka Aaér:

© bonee HarnsgHble Tunbl.

© HeBO3MOXHOCTL 0OPaTUTLCS K BAHHBIM U3 LPYroro < CiyHasi».

© Pattern matching u cunbHoe ynpolyeHne koga.

Q MMpepynpexxaeHns KOMNUASTOPA O HEPACCMOTPEHHbIX CAyHasx (KoY

-W gns GHC/GHCI).

@ [lobaBnsiTb ciayHam B TUN-CyMMy OBbI4HO Mocie ODbABNEHUS HENb3S.
@ B s3bikax 6e3 Tunoe-cymm, Ho ¢ OOII, 0bbiuHO ncnonbsyercs:

o Hacneposanue ot 0buwiero npefka BEMECTO TUNOB-CyMM.

e Visitor BmecTo pattern mactching.
@ Tunbi-CyMMbI O4EHb HacTO BO3HMKAOT npu pabote ¢ AST.

@ B Haskell noboii nonssoeaTtenbckuii Tun siBaAseTca TUNOM-CyMMOl
(BO3MOXHO, U3 OAHOrO CNaraemoro).

@ B Haskell moxxHo napameTpnzosaTe nosib30BaTENbCKUE TUMBI.
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_ U0SIEEEEEENTO SERECETTY

© Anrebpanueckne TMnbI AaHHbIX

@ llcnonb3oBaHne TUNOB-CYMM
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) "o -=0>2"ue Tunos-cyiu
XpaHerne URL

URL-agpeca 6biatoT:
o OTHocuTenbHble: . ./images/facepalm. jpg.

@ AbcontoTHble, bbiBatoT:

e Ha Tom e pomeHe: sewiki/index.php.

e Ha gpyrom gomene, npuuém:
o Ta xe cxema (npoTokon): google.com/humans. txt
e [lpyras cxema: ftp://mirror.yandex.ru/

Mo>XHO 3aKoAMPOBaTH Tak>:

data URL = URL (Maybe (Maybe (Maybe String, String))) String
URL Nothing "../images/facepalm. jpg"

URL (Just Nothing) "sewiki/index.php"

URL (Just (Just (Nothing , "google.com"))) "humans.txt"
URL (Just (Just (Just "ftp", "mirror.yandex.ru"))) ""

V>kacHo, He npagga An?

2True story: pasgen «Thinking in Sum Types» no cceinke
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) "o -=0>2"ue Tunos-cyiu
XpaHerne URL

URL-agpeca 6biatoT:
o OTHocuTenbHble: . ./images/facepalm. jpg.

@ AbcontoTHble, bbiBatoT:

e Ha Tom e pomeHe: sewiki/index.php.
o Ha apyrom gomene, npnyém:

o Ta xe cxema (npoTokon): google.com/humans. txt
e [lpyras cxema: ftp://mirror.yandex.ru/
A MOXHO Tak:

data URL = Relative String
| Absolute String
| OtherDomain { domain :: String, path :: String }
| FullUrl { schema :: String,
domain :: String, path :: String }

Mopasib: MHOrga MOXET MOMOYb «PaCKpbITh MO ANCTPUOYTUBHOCTM Y.

2True story: pasgen «Thinking in Sum Types» no cceinke
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_ LlTO f sauem

© Knaccel Tunos
@ YTo un 3auem
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Pattern Matching n ==

data IntList = Empty | Cons Int IntList deriving Show

a = Cons 1 (Cons 2 Empty)
b = Cons 1 (Cons 2 Empty)
c = Cons 1 (Cons 3 Empty)

isA :: IntList -> Bool

isA (Cons 1 (Cons 2 Empty)) = True
isA _ = False
isA a -- True

isA b -- True

isA ¢ -- False

a==>b -- owubka KomMAUAAUUUZ

== c -- owubka KOMNUAAYUU?
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Eq

Pattern Matching — koHCTpPyKLMsi Ha ypOBHE A3bIKa.
== — IPOCTO HEKOTOPasi PYHKLUSI C TaKUM Ha3BAHUEM.

B C++ wmbl bbl Hanucanu neperpysky dyHkuumu/onepaTopa.

B Haskell nuwem Tak:
instance Eq IntList where

Empty == Empty = True
(Cons x xs8) == (Cons y ys) = (x == y) && (xs == ys)
- == - = False

a=b -- True

a===c¢ -- False

b ==c¢ -- False

Empty == Empty -- True

Empty /= (Cons 1 Empty) -- True, /= moxe pabomaem
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_ LlTo  sauem

class Eq

@ Eq—3T0 Kkn1acc Tunos, KOTOPbI ONUCBIBAET, YTO K TUNaM MOXHO
NPUMEHATL ONpeaenéHHble PyHKLNN:
class Eq a where
(==) :: a -> a -> Bool
(/=) :: a -> a -> Bool
o [oBOpUM, 4TO TWUN a NEXUT B knacce Eq Torga v TonAbko Torga, Koraa
Aans Hero ectb doyHkuun (==) n (/=)
o Knacc tTunos — 310 Takoii «uHTepdpeiicy ans TUnoe.

@ HekoTtopsbie dyHkunmn TpebytoT, 4yTobbl napameTpbl bbinn B
onpeaenéHHbIX Knaccax:

lookup :: Eq a => a -> [(a, b)] -> Maybe b

o Cnoeo instance Ha npeabigywiem cnaiige gobaensno Intlist B
knacc Eq.

@ He nytats ¢ knaccamu obwektos us QOIM!
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_ (E) GO LEREINNCES CILED

Knacc Eq gnsa cnuckos

@ [lycTb ecTb CcBOIi kNacc ANs CNUCKOB:
data List a = Empty | Cons a (List a)
@ PasymHO cumTaTh, 4TO CMNCKM PaBHbI, €CAN PaBHbI JIEMEHTHI:

instance Eq (List a) where

Empty == Empty = True
(Cons x xs) == (Cons y ys) = (x == y) && (xs == ys)
== = False

@ He CKOMNUNNPYETCA, NOTOMY 4YTO 2JIEMEHTbI NPON3BOJIBHOIO TUNAa a
HENbL3A CPpaHNBATDb.

L Ha,u,o ,D|O6aBVITb KOHTEKCT — CKa3aTb, YTO CNUCKU MOXXHO CpaBHWBATb
TOJNIbKO €CNN MOXXHO CPaHUBATb 2J1IEMEHTbI:

instance Eq a => Eq (List a) where
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_ TR0 (X

CTaHaapTHble Kiacchbl

Show — TO, 4TO MOXXHO BbLIBECTU Ha 3KpaH.

Eq —onepaTopbl == n /=.

Ord — onepaTtopsbl <, <= 1 npo4ue.
Functor — cTpykTypa JaHHbIX, Ha KOTOPOI €CTb map.

Foldable —cTpyKTypa AaHHbIX, Ha kOoTOpoli ecTb foldr (no cyTu,
YyMeeT pa3BoOpaqYnBaTbLCS B CMUCOK).
Ona nepebix Tpéx Haskell ymeer cam renepuposath agekeaTHbie
peasn3auumn, ecau nonpocuTh:
data List a = Empty | Cons a (List a)

deriving (Show, Eq, Ord)
Mopsigok «nekcukorpadmyeckmniiy (bonee paHHUA KOHCTPYKTOP
MeHbLUE).
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_ TR0 (X

ABTOBbIBOJ, KOHTEKCTA

--0Ord a => a -> a -> a

max’ a b = if a > b then a else b
-- Eq, kcmamu, moxe 6ydem:

-- class Eq a => Ord a where

-- (Functor f, Eq a) => a -> f a -> f (Maybe a)

removeByValue x ys = fmap f ys

where
fylx==y
| otherwise

Nothing
Just y

Ecnu B dpaiine He BugHO pasHbix PyHKUNA C OOMHAKOBLIM HAa3BaHUEM N3
pa3HbIX KJacCOB, TO KOMNUASTOP MOXET aBTOMATUYEeCKN BbIBECTU

OrpaHMYeHNst Ha TUMbl (KOHTEKCT).

Erop Cysopos (Cl6 AY)
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_ TR0 (X

Pestome

@ AnbTepHaTuea knaccam Tunoe — untepdelicel nz OOl unn
neperpyskn yHKLUWii.

@ [Neperpyskn dyHKLMii HE OTpaXkatoT CBSA3M MEXAY pasHbIMU
dyHkunsmu (Bpoge == un /=).

o WNutepdpeiicer nz OOl 0bsi4Ho Hapo onpenensite B MOMEHT CO34aHUs
kaxgoro Tuna (He fobaBuTb HTEpPElic K yXKe CyLLECTBYOLWEMY).

o WNutepdeiicel nz OO 0bb14H0 HE NO3BOASAIOT fenaTh peanusauum no
YMONYaHNIO — Hajo NMCaTb pyKamu.

@ Knacchl Tnoe BCE 3TO NO3BOASIOT.
] KOMI'IVIﬂﬂTOp YMEET aBTOMATNYHECKN BbIBOANTDL Hy)KHbIﬁ KOHTEKCT.

@ B Haskell knaccos Tunoe ncnonwayercs sesge, rae ectb xoTs 6b1 fons
obobuaemocTn.
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@ bBonyc

@ OTnapgka

Erop Cysopos (Cl6 AY) Tuner B Haskell 27.11.2017 39 / 46



Kak oTna>kmueaTb

o Baw ny4wmmii gpyr — 4TeHue kogda, BbINUCbIBaHWE TUMOB,
TECTUPOBAHNE.

@ Haskell 0bbI4HO BbILAET TOYHBIA CUMBOJ, B KOTOPOM MPOM30LLAA
ownbka. Tam 1 Hago CMOTpETb.

@ Hauwmnats nyuywe ¢ camoli BepxHeii owmnbku.

@ Mo)KHO 3aKOMMEHTNPOBATL KYCOK KOAA, A Y OCTABLUEroCs SIBHO
HanWcaTb HY>XHbIA TWA:

map’ :: (a -> b) -> [a]l -> [b]
map’ £f a b =1£f a -- Owuubka komnusayuu

e [lposepsiite kog npu nomowyn hlint.
@ OH 3304HO NpoBEPsIET COOTBETCTBUE HEKOTOPOMY CTUJIHO.

@ He Bce pekomengauun hlint >xu3HeHHo HeobxoANMO BLINOAHATL, TakK
KaK €QUHOro CTUASA HeT.
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Trace

import Debug.Trace
-- traceShow :: Show a => a -> b -> b

sum’ xs = sum’’ O xs

where
sum’’ a [] = traceShow (a, []1::[Int]) a

sum’’ a (x:xs) = traceShow (a, x:xs)
(sum’’ (a + x) x8)

@ llcnonb3oBaTb TONBKO OAs OTNAAKM

@ V traceShow fBa napameTpa — OfWH OHa nevaTaeT, BTOPOLl
BO3BpaLLaeT

@ traceShow HapyllaeT 4UCTOTY
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N O™~
HSpec

MOXHO U HYXKHO NUCaTb TeCTbl AN PyHKLWIA:

import Test.Hspec -- cabal 2nstall hspec

-- apt-get install haskell-hspec
main = hspec $ do

describe "length function" $ do
it "works on empty list" $ do
(length [1) ‘shouldBe‘ 0
it "works on single-item list" $ do
(length [10]) ‘shouldBe‘ 1
(length ["foo0"]) ‘shouldBe‘ 1

Erop Cysopos (Cl6 AY) Tune 8 Haskell 27.11.2017

42 / 46



_ Pes'oMe

@ bBonyc

@ Pesiome
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_ Pes'oMe

OcobeHHOCTU PYHKLMOHANBHOMO CTUAS

HeobszaTenbHo, HO 0BBIYHO:

@ AnropnTtm pa3bueaeTcs He Ha «Warm», a Ha Menkue pyHKLUM €
YETKNMUN KOHTPaKTamm

@ BmecTo unkioB — pekypcus unu BCTPOEHHbIE OyHKLNM (KONX MHOrO)

@ OueHb MoOLHasA cucTEMA TUMOB:

o DyHkuun obowaroTCs nosy4Le

o Anrebpamyeckume TUNbl AaHHbIX, NO3BOAAIOT NUCaTb BE3je
onpesenérHeie pyHKUNMN

o Bwmecto if — pattern matching

@ OuyeHb KOMNaKTHbI KoOg,

@ HeT HMKaKMX N3MEHSIEMBIX MEPEMEHHBIX, 3aXOTENN N3MEHNTH
obbekT — cozpanu konuto (MmMmMyTabenbHOCT)

@ YactnuHoe npumenenue dyHKuniA (Mam KappupoBaHne, U3 OAHOrO
OPYroe B KakOM-TO CMbIC/IE CNeayeT)
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_ Pes'ome

Mowu HabntogeHus-1

@ Ha beHKLI,I/IOHa.HbeIX A3bIKaxX OBbIYHO O4EHb KOMMNAKTHbIE nporpamMmmbl
N MHOFO CUHTAKCUYECKOro Caxapa.

@ ObbI4HO pyHKUMOHaNBHBIE S3bikn (B ToM uncne Haskell) ymetor
OY€Hb CUJILHO PACLUNPSITH CBOIA CMHTAKCUC 4O HEY3HABAEMOCTN.

@ VHorpa BCE 3TO NpeBpaLLaeTCs B CaxapHy BaTy.

@ JnemenTbl Pl B pazHOli CTEeNneHN NOAAEPKMBAIOTCSA B Pa3HbIX A3bIKAX,
B TOM 4ucie B «umnepaTtushbixy: C++, Python, Java.

@ EcTtb MogHble cmecn nMnepaTUBHOrO 1 (DYHKLMOHANBHOTO
nporpaMmmuposaHus epoge Scala unn OCaml.

@ HekoTopble yHKLNOHANbHbIE SI3bIKM UCMONL3YIOTCS B PEANbHOI
xwusHu: Erlang.

@ Yucto dyHkUMOHANBHBIE NPOrpaMMbl MOXET bBbITh ClOXHEe
OT/NIaXKNBaTb, TaK KaK HET KCOCTOSIHWS NMPOrpaMmbl>».
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_ Pes'oMe

Mowu HabnopeHns-2

@ MHorune ngen n3 Al nonesHbl 1 B NOBCELHEBHON XU3HU:

o Hemsmensemoe coctositme.
o DyHkyuyn BbiCLIErO NOpsigKa (rae eCTb NOAAEPXKKA B A3bIKE).
e Yucrbie yHkynmn 6e3 nobouHbIX 3hheKTOoB.

o Ecnn a3bik nogpepxuneator xots Obl map, nsmbga-dyHkuuu nnu list
comprehension, Ha HEM yXKe HAMHOrO NpUATHEE NUCATh.

o OyYHKUMOHANBHBIE 3IEMEHTBI MOTYT CUBHO YNPOCTUTE KOA
MMnepaTUBHONW nporpammel 6e3 noTepu ckopocTu.

] ﬂ'OI'IOJ'IHVITeJ'IbeIX I'IpO6J1€M 3TN SNEMEHTbI HE BHOCAT.

*] Hap,o 6bITb dKKYPATHbBIMN N HE MEWaTb UX C UBMEHAEMbIM
COCTOSAHNEM.
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