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B npeabiayien cepum

® O[1: yuncrtoTa, AeknapaTMBHOCTb, HAbOP naei

® \-ncuucneHme — ®l1, BozseaéHHoe B aOCOMIOT

® Hymepanbl Yépua, koMOMHATOpPDI H.T.: HAPKO3 yKe He TOT
e Haskell: sHakomcTBO



Anrebpaunueckue TUTMbl JaHHbIX

data — onpeneneHne HOBOro TMNa AaHHbIX

data Number = One | Two | Many Integer

Number — KOHCTpyKTOp Tuna
One, Two, Many — KOHCTPYKTOpPbI AaHHbIX

X :: Number
X = One

y :: Number
y = Many 256

HeKOTOpre N3 HUX — HyJibapHbl€, HO 3TO HNYEro He MEHSAET. Bce 3HaueHUsa MOXXHO MOHUMaTb Kak HynbapHble (bYHKLll/II/I.

AHanoruga ¢ C++:

struct One {};
struct Two {};
struct Many { int x; };

typedef std::variant<One, Two, Many> Number;



Anrebpaunueckue TUTMbl JaHHbIX

N-apHble KOHCTPYKTOPbI TUMOB:

data Number a = One | Two | Many a -- a - Tum—-napamerep

Number — He Tun 3HaueHus, Number <4yTo-TO> — TMN 3HAYEeHUS:
X :: Number Int

X = One

y :: Number Double

y = Many 256

AHanorus c C++:

struct One {};
struct Two {};
typedef <typename a> struct Many { a x; };

template <typename a>
using Number = std::variant<One, Two, Many<a>>;



CYMM& TUTIOB U npomsseneHVle TUTIOB
data Sum = First | Second | Third

data Prod = Ctor T1 T2 T3
—— MOXHO 3ameHuTb TumomM (I1l, T2, T3)

MoxHo KOHCTPYNPOBATb CKOJIb YITOAHO CJIO2KHbIE€ TUTIbl N 3HAYEHUA:

—— MHOI'O API'YMEHTOB, BAPUAHTOB, 3JIEMEHTOB NpPOU3BEJEHUS:
data TypeCtor a b = BinaryDataCtor a b | UnaryDataCtorl b
| UnaryDataCtor2 Int | NullaryDataCtor

—— 60/1blIAA BJIOXE€HHOCTb THIIOB:
value :: TypeCtor Char (TypeCtor [()] (Int, Char))
value = BinaryDataCtor 'a' (UnaryDataCtorl (1, '!"))

—— KOHCTPYKTOp Tuna Kak aHaior PBII:
data TypeApply f x = Wrap (f x)

xs :: TypeApply [] Int
xs = Wrap [1, 2, 3]



[laTTepH MaTumHr (cpaBHeHUe c 0O6pa3LLOM)

dyHKUMA — HAOOP YpaBHEHUIA:

fac 0
fac n

1 —— 0 — KAaK KOHCTPYKTOpD JQHHbIX
n * fac (n-1) -- n - kak nepeMeHHas

O6pasubl NPoOBeEpPsIIOTCS CBEPXY BHU3:

badFac n
badFac 0

n * fac (n-1) —-- mogomaér Bcerzga
1 —— HHMKOrZJa He mnojonaéT

Ecnu 06pa3yoB He10CTaTOUHO, OWMOKA MCMOJTHEHUS:

dullFac 0 = 1
dullFac 1 = 1
dullFac 2 = 2
dullFac 3 = 6
dullFac 4 -- oumbka



[laTTepH maTumnHr

Mo>xHo YKa3blBaTb CKOHCTPYNPOBAHHbIE 3HAUEHNA

data Number = One | Many Integer

negate :: Number -> Number
negate One Many (-1)

negate (Many (-1)) = One

negate (Many 1) = error "Bad number: Many 1"
negate (Many n) = Many (-n)

small :: Number -> Bool

small One = True

small _ = True -- nobody cares

hasZero :: (Int, Int) —> Bool

hasZero (0, _) = True
hasZero (_, 0) = True
hasZero (_, _) = False -- hasZero _ = False



[laTTepH MATUMHT — 0OCOOEHHOCTMU

C maneHbKol OyKBbl — NepemMeHHas!, C 60/bLLOIN — 3HAUYEHMe:

data Number = One | Many Integer

a = 10

number One = il

number (Many a) = 2 —- He cpaboraer kak ''10"
number (Many _) = 3 —-- cwaga He JOUAET

PyHKUMA HE NPONAET, TOJIbKO KOHCTPYKTOP AAHHbIX:

eq5 = (== 5) —-- ceueHme omeparopa ''=="
isFive (eg5 x) = True -- ownbka KOMIWIALINU
1sFive _ = False

1sFive x | eg5 x = True —— TAaK MOXHO

| otherwise = False



Pon (kind) — BBepx no abcTpakumm

data Number a = One | Many a
data Point = Point Int Int —— OJJHO MMS — MOXHO

3HaueHue nmeet Tnn (type):

Point 2 3 :: Point
One :: Number a

Many 'x' :: Number Char

KoHcTpykTop Tunos nmeet pogp (kind):

Point :: =*
Number :: * —> =%

Number Char :: =*

Tun nwob6oro ckoHcTpyupoBaHHoro 3HadeHust umeet kind *. B GHCI :t smth — y3natb Tun , :k smth — yanate pog.



Knaccbl TMNoB — MOTUBaL NS

Mopenb U3 XnU3Hu:

® Ynicna MOXHO CKaabiBaTb, BBIUMTATb, YyMHOXATb, ...

e CpaBHHUBaeMble 0OBEKTbI MOXXHO MPOBEPSATb HA PABEHCTBO
® YnopsgouvBaemble 00bE€KTbl MOXXHO CPaBHUBATD

XoTenochb Gbl 0OBABMTH ONEPATOPbI AN YUKUCE, HO:

1 2 3 € Z—-uucna

e 1.0, 2.0, 3.0 € R - Toxe uucna

e \f A r.x, A\f dx.fx, Af dx.f (f x), ... — cTpaHHble, HO uncna

N BCE MPOABASAIOTCSA UYyTb MO-pPa3HOMY.
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Knaccbl TMNoB — MOTUBaL NS

B Al ¢ OOl Hanucanu 661 HTepdelichbl, OT KOTOPbIX HYXKHble TUMbI
Obl yHaC1e10BaJIUCh:

interface Num {
Num sum(Num rhs); // lhs = this
Num sub(Num rhs);
Num prod(Num rhs);

}

interface Eq {
bool equals(Eq rhs);

}
enum Ordering { LT, EQ, GT }

interface Ord {
Ordering compare(Ord rhs);
bool less(Ord rhs);

¥
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Kjiaccbl TUTMOB

B Haskell cnenanu knaccel Tmnos:

class Num a where —— K.T. 4YUCIIO
(+) a —>a->a
(=) - a->a > a
*) 1 a->a—> a
negate a —> a
abs :: a —> a
signum :: a —> a
fromInteger :: Integer —> a

Mo>HO unTaTh Kak HEKOTOPbIK THI @ OygeT OTHOCHTHCS K K1accy
TunoB Num, eciu Hag HuUm onpemeauts pyHkyuu (+), (=), (#)...

Kctatm, (+) a b=a + buewée f a b=a f b.

Knacc TMnoB MoXHO yka3aTb Kak KOHTEKCT B (DYHKLUSX:

f :: Num a => a —> a —- g ymwboro Tuma a, kotopsit Num
f x=x+x
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Knaccbl TUNOB — eLwé npumepbl U3 CTA.
OnonnoTeKNn

—— CpaBHMBaAeMoe
class Eq a where
(==) :: a —> a —> Bool
(/=) :: a —> a —> Bool

data Ordering = LT | EQ | GT

—— ynopsgo4ynBaeMoe
class Eq a => Ord a where -- TpebyeTrca cpaBHMBAEMOCTb

compare :: a —> a —> Ordering

(<) :: a -> a —> Bool

(<=) :: a —> a —> Bool

(>) :: a —> a —> Bool

(>=) :: a —> a —> Bool

max :: a ->a —-> a

min :: a ->a —> a

—-— npeobpa3zyemoe B CTpOKY

class Show a where
showsPrec :: Int -> a -> ShowS
show :: a —> String
showList :: [a] -> ShowS
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JK3eMNasapbl/BOMIOLWEHNS KI1aCCOB TUMOB

data Number = One | Many Integer

instance Eq Number where —-- Number BmecTo a
One == (One = True
One == (Number 1) = True
(Number 1) == One = True
(Number a) == (Number b) = a ==
_ == = False

—— /= 6yger BbiBegeH cam!
® EcTb MMHMManbHOe nonHoe onpeaeneruve (ang Eq — (==) nnu
(/=)), He HY>KHO pacnucbiBaTb TO, YTO BbIPAXKAETCS CAMO

® JK3eMMNJispbl KJ1aCCOB TUMOB B KOJle OTAeNeHbl OT TUNoB (Kak
extension methods B C#)

® MoXxHo YKa3aTb HY)KHbIIZ KOHTEKCT:

instance Num a => Eq a where -- gna uucen
instance Eq a => Eq (List a) where —- gn1g cnc. cpBH-bIX
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Knaccbl Tnos — “obwuin cnyyain”

—— Tuple3 :: # —=> % => % => &
—— deriving - korja peain3auus TPUBUAWIbHA
data Tuple3 a b ¢ = T3 a b ¢ deriving (Eq, Show)

—— mul Tpebyer t :: * —> *
class Multipliable t where
mul :: Numn=>tn->n->tn
—— gemnaem * -> * 3 Tuple3 yacTuyHbiM NpUMEeHEHUEM

—— Eq a, Eq b - gemMoHCTpaumusa CJIOXHOIO KOHTEKCTa
instance (Eq a, Eq b) => Multipliable (Tuple3 a b) where
(T3 xvz) mul n=T3 xvy (z * n)
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Cnuckun

® CnuncoK — 37O rosioBa nJitocC XBOCT.
e KoHel cnucka — nycroTa.
® KOHCTpPYKTOp cnucka coegunHseT roloBy U XBOCT.

template <typename Data>
struct List {
List(Data* head, List* tail):
head(head), tail(tail) {}
Data* head;
List* tail;
s

int 1=3, Jj=2, k=1;

List<int> xs1(&1i, nullptr);

List<int> xs2(&j, &xsl);

List<int> xs(&k, &xs2); // xs = {1, 2, 3}



® Cnuncok — 3TO rosioBa MnJjcC XBOCT.
e KoHeu cnucka ([ ]) — nycToToM cnucok.
® KoHcTpykTOp cnucka (:) coequHsIeT ro0BYy U XBOCT.

xs :: [Int]

xs =1 :2 :3 :[]

xs' :: [Int]

xs' = [1, 2, 3] —— cuHTGKkCmyeckmyu caxap

Cnuckun
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Linkne? Pekypcus.

function (xs) {
var ys = (xs. I
for(var i=0; 1i<xs. s ++1)
ys[1] = xs[xs. -1 - 1];
return vys;
}
Linknos B ®I1 HeT, N0O3TOMY MCMONb3YyeTCa pEKYpPCUS:
const reverse = (Xs) => Xs. ?
(xs. (1)). ([xs[0]]1)
[1;
Haskell:

[]

reverse xs ++ [Xx]

reverse []
reverse (x:xS)

++ — KOHKaTeHauun4d
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PaboTa co cnuckamu

[TaTTepH MaTumHr (KOHCTpyKTOpbl [] 1 : B 0Opa3zyax):

null :: [a] —> Bool
null [] True
null (_:_) False

PyuHoi1 06xona;:

listMul2 :: Num a => [a] —> [a]
listMul2 [] [ ]
listMul?2 (x:xs) X % 2 : listMul2 xs

dyHkynm u3 Prelude (cta.6mbnunoteka) nnum Data.List: head, tail,
last, init, null, map, (++) (koHkaTeHauus), filter, length, (!!)
(kB.cKOOKM), reverse, take, drop, splitAt, zip, intersperse, ...
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CBEPTKM M OTOOpaKeHMS — 3aMeHa LiuKIam

foldl/foldr - nesasi/npaBas cBépTka
foldll, foldrl - kpaiiHuii 31eMeHT — HauallbHOe 3HaueHune
map — oTobpaxkeHue cnucka

foldr :: (a->b -—>b) >b —>[a] > b
foldl :: (b -=>a ->b) > b —>[a] —> b
foldrl :: (a -—> a —> a) —> [a] —> a
foldll :: (a —> a —> a) —> [a] —> a
map :: (a —> b)) —> [a] —> [Db]
sum :: [a] —> a

sum xs = foldll (+) xs
—— wm sum xs = foldrl (+) xs

Array.prototype.reduce B ECMAScript — ananor foldl, foldll; Array.prototype.map — aHanor map.

Ha camom pene, fold* yxe B knacce Tunos Foldable, n npuMeHsTb UX MOXXHO He TOJIbKO K CITUCKY.
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becToueuHbIN CTUND

Ae.fx = f

B BbIpaKE€EHUMU )\.’L‘f L €CTb TOUKa, B BblpaKEHNN f — HET.

OTcropa nowén 6ectoueuHbiii ctunb B Haskell.

sum :: [a] —> a
—— sum xs = foldr (+) xs
sum = foldr (+) —— b6ecToYeyHblif CTWIb

listMul2 :: Num a => [a] -> [a]
—— listMul2 xs = map (#2) XS
listMul2 = map (*2) —— b6ecTo4yeyHblif CTWIb

BbecToueuHOMY CTUIO NOTBOPCTBYIOT KappupoBaHue, ceueHus (Hanp. (+2)), MHOXeCTBO BCOMOraTenbHbIX PYHKLUI 1

onepaTopoB AJIS pa3HOro poaa KoMno3uumii GyHKUMiA.
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CBEpPTKM — 3TO cua

CBépTKa MO2KET NOCUYNTATb KaKOE-TO NHTEIrpasibHOE 3HAUYEHNE:

product :: [a] —> a
product = foldrl (*)

CBépTKa MOXeT 1 OCTaBUTb CMUCOK NocJsie ceods:

copy :: [a] —> [a]
copy = foldr (:) []

flip f x v = f v x —— obMeH apryMeHTOB MmecTamu

reverse :: [a] —> [a]
reverse = foldl (flip (:)) []
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CBEpPTKM — 3TO cua

fold mouwHee map:
map f = foldr ((:) . f) []

[TosscHeHUd:

f . g=\x—>f (g x) —— komMnozuyusa

((x) . D) x=(C:) . ) x=(:) (fx) = x 1)
((:) . £) xxs=((fx:)xs=1Ffx : xs

XS — 00paboTaHHas npaBasi UacTb, X — UyTb OOJlee NIeBblI INIEMEHT.

CooTBeTCTBEHHO,

listMul2 :: Num a => [a] —> [a]
listMul2 = foldr ((:) . (*2)) []
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JleHBble BblUMCIeHUS

JHepruyHble/CTporne BbluNCIeHnsa — CHavasa apryMeHTbl:

int second(int x, int y) {
return v;

}

int main () {
// Topmo3ur, Bbrunciaga fac(lel)
printf("%d", second(fac(lel0), fac(5)));
}

JleHuBbIe BbluncneHna — Korga noHagobuTcd — Toraa M CYMTaAEM:

second X y =V

—— cuntaer fac 5 nmoroMy, 4YTO ero nmpOCW/IM BbIBECTHU
main = print (second (fac (10210)) (fac 5))
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JleHBble BblUMCIeHUS

® Bce BbIHNCIIAETCA, KOI'la HY?KHO

® Hy>xHO — 3HAUUT Koraa 3HaueHue BbIXOAUT M3 MaTeMaTMUeCcKOro
Mupa B pusnueckuin (Hanp. neyatb)

® OOblUHOE 3HaUeHUe U HyJlb-apHag PyHKLUMS CTAHOBUTCS
3KBMBAIEHTHbIMMU

® Llﬂﬂ BbIUNCJIEHUA B NMNaMATU MOTYT KOINNTbCA HGBaBepLLléHHble
BblUNCJIEHUA

e Kctatu, ecTb elé u neHMBoOe conoctapiieHne c 06pa3LomM Kpome
0ObIUHOTO

f ~(x:xs) = x:xs=f ys = head ys : tail ys
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beckoHeuHble CTPYKTYpbl JaHHbIX

JleHMBOro KOHCTPYKTOpaA CNMUCKOB OCTATOUYHO /1 CO3AaHUS
OeCKOHEeYHOro cnucka.

beckoHeUHbIN CMUCOK eAUHNLL:
ones = 1 : ones
3auukinBaHme cnucka:

cycle x = x : cycle x

ones = cycle 1

B Haskell moxHo 3anaBaTh cnucku uepe3 auana3oHbi: [1..3]
=[1,2,3],[1,3..5] =[1,3,5].

BcTpoeHHbI 6eCKOHEUHbI CNUCOK:
nats = [1..]
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beckoHeuHble CTPYKTYpbl JaHHbIX

O6bluHOEe bMHapHOe aepeBo:

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

MoxeT cTaTb OeCKOHEUHbIM:

e 1
e 1 1
S 1111
ones = Node ones 1 ones
== 0 —— yycia Ha [0; 1] B TpomdyHOU
S 0.1 0.2 —— IOYTH KOHTUHYYM
-— 0.11 0. 12 0.21 0.22
nums = nums' 0 1 where
nums' X k = Node 1l x r where
L = nums' (x + k") k'
r = nums' (x + 2*k') k'



MaTtemaTnka

[lonyngpHoe onpeneneHuve cnucka uyncen PndéoHauuu:
fibs = 0 : 1 : zipWith (+) fibs (tail fibs)

[lpocTo pekypcuBHag Hynb-apHas dyHkUus pyHKUNS,
noaciiallleHHas JIeHMBbIMU BbIUNCTIEHUSIMU.

B ¢pnsnuecknii mup otnpasnsioT, pazymeecsi, NOACMUCOK:

fibSquares = map (~2) fibs
fibSquaresPlusOne = zipWith (+) ones fibSquares

main = print . take 10 $ fibSquaresPlusOne
- [1,2,2,5,10,26,65,170,442,1157]
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beckoHeuHble CMNCKU N CBEPTKMU

fOldl<f7a7$> — f(f(f(a,Q?l),iCQ),il?g) — f(alamlast>
foldl - 310 foldl: ypaBHeHune Bnaa foldl = foldl _ _ _

foldr(f,a,z) = f(x1, f(x2, f(x3,a))) = f(x1,0’)

foldr f - o710 f: ypaBHeHue Bupa foldr £ _ _ = f

Ecnu B £ He ncnonb3oBaTb aprymeHT, KOTOPbI TpebyeT 6eCKOHEUHO

peKkypcum, MoxHO 06paboTaTb 6ECKOHEUHbI CMMCOK C MOMOLLLbIO
foldr:

takeWhile f xs :: (a -> Bool) —-> [a] —> [a]
takeWhile f foldr func [] where
func x xs if f x then x:xs else []

takeWhile (<10) [1..] -- [1,2,3,4,5,6,7,8,9]
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[lononHuTtenbHaa abcTpakums:

const ones = {
head: () => 1,
tail: () => ones

};

[eHepaTopbl:

function* O 1
while(1l) yield 1;

}

var 1 = 0;

for(var x of O) {
if(++1 > 10) break;
console. (x);

}

Jlenusoctb, BCl 1 mup
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Jlenusoctb, BCl 1 mup

Ccblnku, caMOCCbINKN:

var ones = {head: 1};

ones. = ones;
[eTTepbi:
const ones = {
get (){ return 1; },
get (){ return ones; }
}s
[lponepTu:

var ones = {};
Object. (ones, 'head', {get: () => 1});
Object. (ones, 'tail', {get: () => ones});



3agauu

3HaHWI AOCTATOYHO A/ peanu3aunmn cieayowmnx 3aaau:

® 3anauva 1 0 peanmzayun

e filter, map, foldl
® 1 fac uepes cBEpTKY OECKOHEUYHOTO CrucKa

® 3anayua 2 0 6eCKOHEeYHOM crucke Ha JS
BHumaHue, nekynu, 3agaHnsg n CHUMMETbl 0OHOBAAIOTCA.
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