Ha Amcrke




OAHA U3BECTHAA
IIOCAECAOBATEABHOCTD

PeweTo DpaTtocdeHa

2 3 4 5 6 7 8 9 10 Prime numbers
0 PewerTo: 11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
filter (\t ->t mod x /= 0) 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 4T 48 49 50
OnwucaTb sieve: 51 52 53 54 55 56 57 58 59 60
cnucok [ cnumcok 61 62 63 64 65 66 67 68 69 70
O I'IepBoe YnNCJ10 I'IepeHOCVIT B 71 72 73 74 75 76 77 78 79 80
NbTaT

pe3y d 81 82 83 84 85 86 87 88 89 90

0 npoceuBaeT Mo nepsomy
91 92 93 94 95 96 97 98 99 100

uncny

101 102 103 104 105 106 107 108 109 110
0 W peKkypcus

. . 111 112 113 114 115 116 117 118 119 120
primes = sieve [2..]



Pemmrenne

sieve (X:Xs) =
X:
sieve

(filtker (\t -> t mod™ x /= 0) xs)

primes = sieve [2..]

—t mod 5/=0

t "'mod 3 /=0

t mod 2 /=0

Mpunayman Douglas Mcllroy, 1968
http://www.cs.dartmouth.edu/~doug/sieve







Twum foldr

foldr f e (x:xs) = f x (foldr f e xs)
foldrfe[] = e

X1l ->x2->x3->x4

0 2OTan 1: BbIACHAEM, YTO HEKOTOpbIe
X Ha CaMOM fefie — C/I0XHble TUnbl

X1 = (X5->x6->x7)
= [lotomy ytoy f TMn x1 n f - 3T0

dbyHkumna (emaHo n3 f x
(foldr...))

x3 = [x8]
= [loToMy 4yTO Yy (X:XS) TKUnN X3

0 T.e. nonyyunwu.
(x5->x6->x7) -> x2 -> [x8] -> x4

0 2Tan 2: BblACHAeM, YTO HEeKOTOpble
X, Ha CaMOM pgene, cosnagatoT

X2 == x4
= [loTOMY yTO Y @ Tnn x4 (Tak
Kak 3To aprymeHT B foldr) un

T™UN X5 (Tak Kak 3To pe3ynbTaT
foldr)
X7 == x4
= [lotomy uto y f x (foldr...) Tnn
X7 (Tak Kak 3710 pe3ynbTtaT f) n

T™MN X5 (Tak Kak 3To pe3ynbTaT
foldr)
X6 == x4
= [loTomy yTo Yy (foldr f e xs)
T™™MN X4 (Tak Kak 3To pe3ybTaT
fodlr) u TMn x7 (Tak Kak 3710
napamep f x (foldr...))



Twum foldr - mpoaoakenne

x5 == x8
= [loTOMy yTO Y X TMn X5 (Tak
KakK 3TO aprymeHT B f X ...) 1
T™MN X8 (TaK KakK Bblpa)eHue
(x:xs) nmeet TMN X8

NAToro nonyyaewm:.
(X5->x4->x4)->x4->[x5]->x4

Nnun, c 6onee obbIYHBIMU UMEHAMMU ;
(a->b->b)->b->[a]->b



Erre nmpo >>=.
do HOTATIA




doubleOdd

doubleOdd xs = xs >>= \x -> -- A719 BCEX 3JIEMEHTOB X U3 XS ...
if x mod” 2 ==
then [x,X]
else [x]



Ist367

/. 33: 36: 37:63:66:67:

k\\ >=\i -> [10*i+3, 10*i+6, 10*i+7]

33:36:37:63:66:67:

npunucatb 3:6:7:
3:6:7: 33 36:37:63:66:67

Ist367 = 3:6:7: (Ist367 >>=\i -> [10*i+3, 10*i+6, 10*i+7])
7%

Ist367 = 0 : Ist367 >>= \i -> [10*i+3, 10*i+6, 10*i+7]

7%

Ist367 = 3:6:7:[10*i+j | i <- Ist367, j <-[3,6,7]]



Aexapt

Cogito ergo sum

KpncTtnHa, Kkoponesa LBeunn
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cartesian

cartesian[l 2] [30, 40] O

[, 30> (1, % \(? 30), (2, 40)]

caretsian xs ys = xs >>= \x ->
rnpunncaTb X KO BCEM 3/1IEMEHTAM yS
100 [(1,30),(1,40)]
2->[(2,30),(2,40)]
0 Kak npunucaTtb X KO BCEM 3/1EMEHTaM YyS?
= MOXHO map
= KpacuBee eule pas >>=
ys >>= \y->
[(X; ¥)]

0  WToro

cartesian xs ys = xs >>= \x -> ys >>=\y -> [(X, y)]
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return

0 EcTb cTaHoapTHas dyHKuUus return
return x= [X]

cartesian Xxs ys = xs >>= \x -> ys >>=\y -> return (X, y)

0 3ayem?
= lorga MOXHoO onpenenntb >>= U return n gna 4pyrux TUNoB.
M MUCaTb B TaKOM CTWUJ1IE HE TOJIbKO AN CMNUCKOB
= W 3T0 6ypeT HasbiBaTbCA «monadic style»
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do HOTAIIM

cartesian Xs ys = 0 ECTb cokpauwleHHas 3anuckb:
XS >>= \x ->
ys >>=\y -> do x <- xs
return (X, y) y <-Yys

return (x,y)
0 XS >>= \X =-> MOXHO

MOHNMATb Kak 0 To eCTb aBTOMAaTU4YeCKU
"ONna Kaxaoro X n3 crnmcka npeobpasyeTcs:
xs ..." X <- XS

]

XS >>= \x ->

0 [ByMepHbIM CMHTaKCUC, Kak B let

13



Kaaccel




Kakon tumn y sort?

0 sort[3,1,2,4] Osort[1,2,3,4]
s [Int] -> [Int] ?
1 Ho M.6. sort "apple" [ "aaelpp"
x» [a] ->[a]?
0 Ho cnucku pyHKUMA, HAaNnpuMep, Mbl COPTUPOBATb HE MOXEM
= [a] -> [a] ecnn Mbl yMeeM CcpaBHMBATb @ — KaK 3TO CKa3aTb?

o sum [1,2,3] 06
0 sum [2.71, 3.14, 1.41] O [7.26]
= [a] -> a, ecnn Mbl yMeeM cKknagbiBaTh a

0 Kak coyeTtaTb generic n Tunol
s B 06bl4yHbIX 93bIKax Nno pa3HoMy (M.6. noToM obcyamm)

= Hanpumep, B C++ generic (templates) Tunel, B 0bweM To He

NCMOJ1Ib3YIOTCA s



AN

Gurypor

0 TMN "MpAMOYrofbHUK" o Tvn "Kpyr"

data Rect = Rect Double Double data Circle = Circle Double
area (Rect x y) = x*y area (Circle r) = 3.14*r*r

perim (Rect x y) = 2*(x+y) perim(Circle r) = 2*3.14%*r

0 Owwmbka koMmnunaymnm!
= Kakoum tun area?
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KaAaccor

0 OnucelBaeMm To, YTO AOJIXKHbI
yMeTb BCe purypsbl

class Shape a where
area:: a -> Double
perim:: a -> Double

0  OnucbiBaeMm Rect, kak
peanusauuno Shape

instance Shape Rect where
area (Rect x y) = x*y
perim (Rect x y) = 2*(x+y)

O

O

N To xe Circle

instance Shape Circle where
area (Circle r) = 3.14%*r*r
perim (Circle r) = 2*3.14*r

Tenepb BCe kKoMnunupyetcs!
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Kaaccer — IIPOAOAKEHUE 1

0 Knacc ykasbliBaeTcsl B TUne @yHKUnn:
Y area TuUn
Shape a => a -> Double

0 MOXXHO onpenensatb QYyHKUMKM Ang Bcex puryp

f x = area x / perim X
= [lonnMopdunsm

0 Pa3yMHble cooblieHns 06 owmbkax
area "abc"

= CooblweHune Bpoae
"String He NnpuHaanexuT knaccy Shape”

1 He Toyto B C++ (X
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KaAaccor - IIPOAOAKEHUE

0 3DTO, KOHEYHO, NOX0oXe Ha instance Shape Circle where
KNacCbl 06bIYHbIX A3bIKOB
= Ho He coBceM createSample x = Circle x
0 Knacc He o6a3aTesibHO B 0 Jltobble dYHKLUUK
napaMeTpe inflate:: a -> Double -> a
class Shape a where areDisjoint:: [a] -> Bool
. N T.A. ..

createSample:: Double -> a
instance Shape Rect where

createSample x =
Rect x (1.6*x)

19



CTaHAQpPTHBIE KAACCHI




KoMIAekcupre ymcaAa

data Complex = C Double Double

(Creliml) + (Cre2im2) =
C (rel+re2) (iml+im2)
0 Tak He CKOMNUINpYyeTCcs

0 CraHgapTHbIM kKnacc Num

instance Num Complex where
(Creliml) + (Cre2im2) =
C (rel+re2) (iml+im2)

0 W cpasy nonyyaem
BO3MOXHOCTb MCNOJIb30BaTb
BCe, YTO HanncaHo anga Num!

sum[C36,C10,C22] 0
C68

0 Twun sum
sum :: Numa => [a] -> a
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Eirte CTAHAAPTHBIE KAACCHI

0 Ord instance Show Complex where
n <, <=, >, >= show (C re im) =

1 Eq show re ++ "+" ++
n =, /= show im ++ "*j"

0 Show
= Show

instance Eq Complex where
Creliml ==Cre2im2=
rel == re2 &&
iml == im2
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HpHeM <<HP€A,CT21BA€HI/I€
MHOKECTBA C IIOMOIIBIO

AOTITYECKON (DYHKITUI»
] -]

A
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CuoBa checkDifferent

checkDiffferent xs = checkDifferent' xs@

0 checkDifferent' xs s
= S — DJ/IEMEHTbI, KOTOpble yXe 6bl

checkDiffenent' (x:xs) s = if
else checkDifferg
0 S — Kak 6bl MHOXeCTBO

m [.€.S CMUCOK, HO OHMCNOJ
MHO>eCTBa

= Onepauuu:
o [lpoBepsaeM Hanunudune 3ne
o0 JJobaBnaeM anemMeHT
o [lycToe MHOXeCTBO

) hen False

¢s (X:s) O

eaActaB/iEHNE
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Kak errre MOXXHO IIPEACTABATD

MHOKECTBO?

0 MoXHOo nepepenatb ANg ApYroro npeactaBieHna AaHHbIX:
m lree
s Data.Set

= (QYHKUMA, KOTOpas npoBepseT, Obl/10 NN yXe 3HaYeHne, Uin H
XapakTepucrtmyeckass @yHKuUmns)

{1,2,3} - npeacrasfnisieM, KakK

\t->t==1||t==2 || t==
{1..1000} - npeacraeBnsieM, Kak

\t->t>=1&&t <=1000
NyCcTOE€ MHOXEeCTBO — NpeAcTaB/seM, Kak

\t -> False

0 WUu
const False
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Perrrenre ¢ moMoImbro
XAPAKTEPUCTAYIECCKOU CDYHKL[I/II/I

checkDifferent xs = checkDifferent' xs -
T~ MycToe MHOXecTBO

0 checkDifferent' xs cond

= cond — MHOXEeCTBO YyXe NMPOCMOTPEHHbLIX Ynucen, npeactaBieHHoe,
KakK pyHKUMSA

_— MpoBepka, 661710 N YNUCNO

checkDifferent' (x:xs) cond = ifthen False
else checkDifferent xs
(\t->condt||t== x< >

/

[Jo6aBnTb B ycnoBue eule
OAHY NMPOBEPKY
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[Tpumep paOOTHI

checkDifferent [2,3,5,3,8] U
checkDifferent’ [2,3,5,3,8] (\t -> False) [
checkDifferent’ [3,5,3,8] (\t -> t == 2) [
checkDifferent’ [5,3,8] (\t->t==2 || t==3) O
checkDifferent’ [3,8] (\t ->t==2||t==3||t==5) O
False
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| Ipo HEKOTOPEIE AOTT.
3aAAYH
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cantor

0 [lo gnaroHansm

[(X, Y) | sum <-[2..], X <-[1..sum-1], lety = sum - X]
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generalizedCantor

0 MHe kaxeTtcs, KaHTopy 6bl OHO NOHPAaBU/IOCb BOT 3TO:
0 Ona npoctotbl 6yaeM paccMaTtpuBaTtb nNapbl ¢ 0 Toxe

cantorList = [[X, Y] | s <-[2..], X <-[1..s-1], lety = s - X]
cantorFunction k = cantorList !! (k-1)
= 4dncno L1 napa yucen

= UM Mornm 6bl NPAMO TYT BbINMMUCATb PYHKUMIO, KOTOPYIO Hallesn
KaHTop

generalizedCantor 2 = cantorList
generalizedCantor n = [x1:x2:xs | (x:xs) <- generalizedCantor (n-1),
let [x1, x2] = cantorFunction x]
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zeroDigits

0 zeroDigits(a, 2)
563, 5643, 76796 1 500, 5600, 76700

static IEnumerable<int> ZeroDigits(IEnumerable<int>a, int n)

{
_return a.Select(x => x = x S%-fnt)-Math-Pow(10m));

0 JinwHaga pa6éora!
= Bbluncngerca ang Kakgoro anieMeHtTa Mmaccusal

int m = Math.Pow(10, n);
return a.Select(x => x - X % m);

}

. HEDEMGHHbIe 3adMblKaHUA Ny4dlle BbIYHUNCNIATb 3apaHee!
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pascal

pascal = [[1],
[1,1],
[1,2,1],
[1,3,3,1], ...

pascal = [1] : map getNext pascal

getNext
[1] +

XS =
+

zipWith (+) xs (tail xs)
++ [1]

0 Wnn,
pascal =

[1]

6e3 BcnomoraTteNbHON QYHKLUUN:

: map (\xs -> [1] ++zipWith (+) xs (tail xs)++ [1]) pascal
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3aAa9U HA AUCTKAX

3TK 3a4a4m TOIbKO ANA TeX, KTo 6bl1 Ha 3aHATUU. Ho, MoxeT
OCTa/IbHbIM MHTEPECHO NPOCTO NOYNTATb.

1.Kakon Tun y onepatopa (.) (koMmnosuummn)?

2.0nnuwnTe pyHKUMo, umetowyro Tun (a->a)->a->a
(ecnu Nony4ynuTbCs, oNULINTE, NOXaNynucra, ABa npmMepa Takmnx

dyHKUNR).

Te, KTO 6bI/1 HA 3aHATUN, HO HE peLwwnn 3aaa4y 2, MOryT NpuUcnaTb ee
pelieHne no noyte, U Noay4uTb ewe 1 6ann.
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