HepeHHCbIBaHHe

0 1 nekabps Ha 4 nape, MecTo byaeT YTOUYHEHO MO3Xe



3aAaYM HA AUCTKE
. 4944 e



3aAaYU HA AUCTOYKE

0 Twun (.)

Sin . Cos =
\Xx -> sin (cos Xx)

( >)>(C->)->(C->)
\,_’/

(b->c) -> (a->b) -> (a->c)
1 (a->a)->a->a

func f x = f (f x)
func f x = f (f (f x))






allD1ffl ists

0 BapwuaHT 1:
allDiffLists n k = filter checkDifferent (allLists n k)
s OueHb Hea(pPeKTUBHO (=

0 BapwuaHT 2: =
allLlists n 0 = [[]]
/ allLists n k = [x:xs | x<-[1..n], xs<-allLists n (k-1)]
allDiffLists n 0 = [[]]

allDiffLists n k = [Xx:xs | x<-[1..n], xs<-allDiffLists n (k-1),
not elem x Xs]

= elem - ctaHpgapTHasa GyHKUKUS
= TOYHO TaK Xe HeadPPEeKTUBHO (X

o Bce paBHO nony4dntcd, 4to nepebupaemM Bce Habopbl
= Hago 6bl Kak-TO NpPOBEPKY A0 PEKYPCMBHOMO Bbl30Ba



allDittLists - mpoaoakenne

0 BapwuaHT 3:
allDiffLists n k = allDiffLists' n k []

o0 allDiffLists' n k s
m S — T€ 3/1EMEHTbI, KOTOPbIE Mbl Y>XX€& BKIYUIN

allDiffLists' n 0 _ = [[]]
allDiffLists' n k s = [x:xs | x<-[1..n], not (elem x s),
allDiffLists' n k (x:s)]
= Tenepb 3 PeKTUBHO!

0 (EcTb n gpyrmne xopowuve peweHus)



allN ondivisible

0 npueM "npeactaBneHne MHOXeCTBA C NMOMOLLbIO TOrM4YeCcKomn
dyHKLMN"

= YTO TYyT BCe-Taku TpeboBanocnh?
BmecTo crincka, B KOTopbin 406aB/ISIEM 3J71EMEHTbLI —
Jlorm4deckasi QyHKUns, B KOTopyto 40b6aB/isieM HOBbIE yC/10BUS

o [6,10,8,25,3]

1. CHayvana npoBepseM, 4YTo He genuTcda ang 6
[ToTOM npoBepseMm, 4To He genutca gnd 6 n 10
[ToTOM npoBepseMm, UTo He agenutca gna 6, 10 n 8
[ToTOM npoBepseM, 4To He genuntca ana 6, 10, 8 n 25
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allNondivisible - koA

alINondivisible xs = allNondivisible' xs (\t -> False)
alINondivisible' [] _ = True

alINondivisible' (x:xs) cond =
if cond X
then False
else allNondivisible' xs
(\t->condt|| modxt==0 || modtx == 0)

0 WIN MOXXHO KOpo4e

... = not cond x && allNondivisible' xs
(\t->condt|| modxt==0|| modtx == 0)



trianglel, triangle2

triangle 3 [
[1, 1,4, 1,4,9]
i1 2 3
trianglel n =
[1..n] >>=\i-> -- Ana kaxxporo i ot 1 o n
[1..i] >>=\] -> -- [nsa kaxaoro jot 1 oo i
return (3*j) -- nob6aBuTb B pe3ynbTaT j*j

triangle2 n = do
i <-[1..n]
j <-1[1..i]
return (3*j)



Shape — TUIINYHBIEC OIITNOKHA

contains (Circle r x y) a b = if (sqgrt ((x-a)™2+(y-b)"2)) <=1r)
then True

else False
0 sqrt O A
(x-a)"2+(y-b)"N2) <= N2

0 if ...ycnoBue... then True else False
[ ...ycnosue...
0 JINWHME CKOBKMU
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Shape

data Circle = Circle Double Double Double
data Rect = Rect Double Double Double Double

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

instance Shape Circle where
contains (Circle r x0 y0) x y = (x-x0)"2+(y-y0)"2) <= r"N2

instance Shape Rect where
contains (Rect w h x0 y0) x y = abs(x-x0)<=w/2 && abs(y-y0)<=h/2

... W onpegeneHnsa area n perim ...
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ApoOn

data Ration = Rat Integer Integer

instance Ord Ration where

Rat n1 d1 < Rat n2 d2 = ni*d2—enr* et
--- BcnoMHuTe 6 knacc! ---

Rat n1 d1 < Ratn2 d2 = if di*d2 > 0 then n1*d2 < n2*d1 else n1*d2 > n2*d1

instance Eq Ration where
Rat n1 d1 == Rat n2 d2 = n1*d2 == n2*d1

instance Num Ration where
Rat n1 d1 + Rat n2 d2 = (n1*d2 + n2*d1) / (d1*d2)

instance Show Ration where
show (Rat nd) = show n ++ "/" ++ show d
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Erre mpo kAacco




deriving

data Abc = ... deriving Show

1 Onpepenutb show aBToMaTnUyeckun (Kak-To)

0 MOXHO NncaTb HECKOJIbKO K/1aCCOB
data Abc = ... deriving (Show, Ord, EqQ)

0 CM. Takxke Datatype-generic programming
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Kak coo0Ormate 0 Heyaaue?




1.

findSame — BapmanTer perreHn

Yncno gna coobweHmns ob owmnbke
[1,2,3,2] O 2
[1,2,3] O -1

= [lpobnema: -1 MoxeT 6bITb U "XOopowunM" oTBETOM

= Ha camom pene, Ha NpakTUKe 3TO BNOJIHE XOPOLUUM noaxona,

TO/IbKO BO3BpallaTb Ayduwe He -1, a yTo-To 60n1ee cTpaHHoeE:

notFound = 26743865826782957
[1,2,3] O notFound
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findSame- errre BapmauTel

2. Bo3BpallaeM CTpoKy
[1,2,3] -> "Not found"
[1,2,3,2] O "2"

= Baw vHTepdenc He 6yaeT Nob30BaTbCHA YCNEeXOM, OH He OYeHb
yOOOHbIN (=X

0 HaBepHsika BeAb Nosb30BaTeflb 3aX04YeT C OTBETOM elle YTo-
TO caenaTb (BO3BECTU B KBagpaT, Hanpumep)

= [lpnaeTca napcupoBaTb, HEYA06HO..
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findSame — errte BapmaHTHI

BepHyTb napy (3Ha4veHue, Koa)

&

[1,2,3,2] O (True, 2)

[1,2,3] O (False,

= [lpobnema: B cnucke MoryT 6bITb U He Yyncna, Toraa 0 npuBeneT K
owmnbke

o T.e. pelweHne nony4vyaercsa He generic
o Kak ncnpasuTb, HEe O4Y€Hb MOHATHO...
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findSame- errre BapmauTel

>

[] nnn [x]

[1121312] -> [2]
[1,2,3] -> []

5. Cnuncok Bcex MOBTOPALLNXCA

[112131213] -> [213]
[1,2,3] -> []

= Bonpoc HayanbHWKa: Pa3Be Mbl He byaem genatb JIMWHIOW
paboTy? A e npocun o4gnH OTBET.

0 Mbl: Hnkakon nuwHen pabotol!
= (JleHuBble BbIYNCIEHUS...)
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Maybe

.. CneywnanbHbIN TUN
= HanpumMmep: data Result a = Found a | NotFound

7. ECTb CTaHAAPTHbLIA TUM, AyYlle UCMOSIb30BaThb €ro:

@ybe a = Just a | Nothin

[1,2,3,2] -> Just 2
[1,2,3] -> Nothing

findSame [] = Nothing
findSame (x:xs) = if elem x xs
then Just x
else findSame xs
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Failure continuations

(TPOAOAKEHUS TIPU OITTHOKE)
——

OyepegHou
PYHKLUMNOHaNbHbIN POKYC...
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find

0 find ycnosue cnmcok
= BepHyTb 3neMeHT, YA0BNEeTBOPSAOLWMNN YCIOBUIO
= TOXe npobnema, Kak coobwntb 06 ownbke

0 Waoesa - B kadvecTBe napameTtpa byaemM nepenasaTb 3HAYEHME,
KOTOpO€E HaAo BO3BpaLlatb rpuv owmnbke

0 [Mpumepsbl
find (>0) xs (-1)
find odd xs O

0 OnpepeneHune

find f [] err = err

find f (x:xs) err = if f x then X
else find f xs err
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find ¢ failure continuation

0 A MOXHO cuuTaTb, YTO €rr — 3TO TO, YTO HaA4o cAenatk rnpu onbke

0 [Mpumep:
= Hantm B Xs uncno > 0 a ecnum ero HeT, To HanWTM uncno >0 B ys, a
ecnun n ero Het, BepHyThb 0.

find (>0) xs
(find (>0) ys 0)
= TaK MOXHO, MOTOMY YTO JSIEHMBbIE BblYNCNEHUS

= [lony4aeTtcs, yuto find He coBceM pyHKUUSA, @ UTO-TO Bpoae
onepaTopa:

find ycnoBue crincok
KOA4-KOTOPbIN-HEA40-BbIMNOJIHUTb-EC/IN-HE-HALLJ/IN

0 HasbiBaeTtcs failure continuation (npoaoskeHne npu ownbke)
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findSame c failure continuation

findsame [] err = err Mbl 661 MO HAaNUcaTb TakK:
findsame (x:xs) err = findsame (x:_xs) err = let
find (==x) xs res = find (==X) xs err
in if res 1= err

_ then res
findsame xs err els€ findsame xs err

else yacTb A4nNg noucka
BCTpoeHa npsamo B find

0 Hanwucanu findSame 6e3 if
= MoTomy yTo find — 3TO TOXe uTo-TO Bpoae if 72
= WNHorga yaobHo, HO 0coboro cMbicna HeT, NPOCTO POKYyC 3

0 KcTaTu, B BbIUMCAUTENbHBIX NakeTax Bceraa bb1o UTo-TO noxoxee -
HanpuMmep, NP peLleHnn CUCTEMbI YPaBHEHN nepegaeM dbyHKLUMIO,
KOTOPYIO HaAO BbI3BaTb, €C/IN Y CUCTEMbI HET peLleHW 2



Erre npumep

01 Hawntn nepsoe 4yucno, 6onbliee 1000, a ecnm ero HeT, TO NepBoe
ymncno 6onbwee 500, a ecnu 1 ero HeT, To NepBoe 4Yncno bonbliee
100 (a ecnn n ero Het, BepHyTb 0):

find (>1000) xs
(find (>500) xs
(find (>100) xs 0)
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K caeAyroImemy A.3.:
KomOnHuIpyem (pyHKIIHIH




Kak BepHYTb IIO3UITUIO B CITHCKE?

0 Korpa Mbl MLWEM YTO-TO B CNMUCKE, XOTEN0Chb 6bl BEPHYTb HE MPOCTO
3Ha4YeHMe, a elle Kak-To U TO MEeCTO, Ha KOTOPOM Mbl €ro Halluu.

Hanpumep, xotenocb 66l Hanuncatb find, 4To6bl ero MoOXXHO 6b1/10 BbI3BaTb TPU
pa3a 1 HAaWTU TPETUIN SNIEMEHT B CNUCKE, YAOBMETBOPSIOWMA AAHHOMY
YC/10BU1IO

0 Kakon gonxeH 6bITb MHTEpdenc y Takoro find?

0 PacnocTpaHeHHbIM BapMaHT: BO3BpalWaTb napy
(3Ha4veHune, eLlje He rNpoCMOTPEHHbIN XBOCT CIINCKA)
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find, KOTOPBIN BO3BpAITIAeT TTAPY

0 B aTOM TeMe gaBanTe AN NMPOCTOTbl BPEMEHHO CUYMUTATb, YTO Mbl
BCerAa TOYHO HAaNAEM 3N1EMEHT, YAOBIETBOPSOLWMNIA YCNOBUIO.

Toraa find MOXXHO HanuMcaTb Tak:

find cond (x:xs) =
if cond x
then (X, Xxs)
else find cond xs

[lpyMep Bbl3OBa:
find (>3) [1, 3, 5, 2, 20, 25, 2]
O (5, [2, 20, 25, 2])
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Mos MedTa — KOMITO3UIIUA AAS TAKUX
dpyHKITIT

0 TlycTb 9 Xo4y Kak-TO codeTaTtb QPYHKLUN, KOTOpble 6epyT CNNCOK U
BO3BpaLLaloT napy (3HavyeHue, Cricok)

= [IpMMepHO TaK Xe, KaK 3TO AenlaeT KoMno3nuum4
sin . COS

= 10 ecTb g 6bl X0TE€EN NUCcaTb Tak:
f =find (>3) . find (>5)
yTo6bl NONyuYMnacb PyHKUUS, KOTOpas cHavasna ULWET YNCcno
6onblwe 3 a NOTOM, C TOr0 MecTa rae OCTaHOBUJICA NePBbIN MOUCK
- yucno 6onblie 5

Ho Tonbko (.) TYyT, KOHEYHO He noaxoauT :(
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3aAaHUE HA AOM: >>>

[laBanTe HanuweM 4YTO-TO MNOXOoXee Ha KOMMO3nLUMIo, HO AN pyHKUMn
BMAa

CMUCOK -> (pe3ynibTaT, CNMNCOK)

oT.e. 3agada (ans 4.3.):
OnpenenuTb Takon onepaTop, HAa30BEM ero >>>, YTobbl MOXHO 6Obl/10
nmMcaTb TakK:

f = find (>3) >>> find (>5)
-- f - PyHKUMNA, KOTOpas ULLET B CNUCKE 3n1eMeHT, 6onblinin 3,
-- a NOTOM, C 3TOro MecTa, 3neMeHT 6onblunit 5.

f[ll 31 51 21 20! 25’ 2]
-- [lomxkHo nonyuutses (20, [25, 2])>
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K caeayrommemy A.3.:
CHIMBOABHBIE BEIYUCACHU S
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Kak mpeACTaBAATE BEIPAKEHUSA, ITOOBI
MOKHO OOpaOATHIBATE B IIPOTPAMME

0 [Moka 6yanem paccMaTpuBaTb BblpaXXeHUS, KOTOPble COCTOAT U3 LesbIX
ynucen, NepeMeHHom X n onepaunm CoXeHNS U YMHOXEHUS

data Expr = Num Integer | X | Add Expr Expr | Mult Expr Expr
deriving Show
= unnn M.6. deriving (Show, EQ)

0 [Mpumepsbl:

Add X (Num 1)
s |aK Mbl 3anuncbiBaemMm x+1

0 Kak 3anucatb x*(1+x*x) ?
Mult X (Add (Num 1) (Mult X X))
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| Ipo HEKOTOPEIE AOTT.
3aAAYH
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Lst367 ma C#H

static IEnumberable<int> Lst367()

{

yield return 3;

yield return 6;

yield return 7;

foreach (variin Lst367()) {
yield return 10*i + 3;
yield return 10*i + 6;
yield return 10*i + 7;

¥
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countDifferentVars

1. ToHATb, Kakune nepeMeHHbIE HAa CaMOM AeJi€ pa3Hbl€, a KaKne
OANHAKOBbIE

2. MocuuTaTb pa3Hble MeEpeMEHHbIe BO BTOPOM NapaMeTpe

0 [lpeacraBneHne AaHHbIX?
= Cnucok cnuckos
= Cnuncok nap
o Disjoint Set Structure?
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ham

0 Richard Hamming: 270 * 3/j * 52k
1, 3,9, 10, 27, 30, 81, 90, 100, 243, ...
map (*3) ham [
3,9, 27, 30, 81, 90, 243, ...
= He xBataet ToNbKO 1, 10, 100, 1000, ...
= Kak nobaButb?
o merge!
ham = merge (map (*3) ham) ([10~n | i<-[0..]])

0 Wnwn, Ta Xe naed, HoO 4pyrov BapuaHT:

ham = 1 : merge (map (*3) ham) (map (*10) ham)
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