[ToTOoKN. «3aBsi3bIBAHUE Y3I10B»

YacTto 06paboTKy AaHHbIX B MporpaMme MOXHO NpeacTaBUTb B BUAEe B3aUMOAENCTBUS
«MNOTOKOB OOBEKTOBY, rAe anemMeHTamMu NOTOKOB MOTYT ObiTb COOBLLEHUSI, CUTHanbI,
aaxke vicna.

L o3 NOTOK — («B6eckoHe4YHas») nocreaoBaTenlbHOCTb OOBHLEKTOB

y3en — 3f1IeMEeHT NporpamMmmbl,
OCYyLLeCTBNAKOLWNIA 06paboTky
NOTOKOB
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O6paboTumKk oXXnaaeT, Korga eMy NOCTYNAT 3NIEMEHTbI U3 BCEX BXOAHbIX MOTOKOB,
ocyLlecTBnsieT nx o0b6paboTky, N BblAAET 3NIEMEHTLI B BbIXOAHOM MNOTOK (U NMOTOKN).

Takaa mogernb O4eHb XOPOLUO COrfiacyeTcs ¢ NpuHUMnamMm yHKUNMOHAaNbHOro
nporpammmnpoBaHusi. ObpaboTka HauMHaeTCsl TONbKO Toraa, Korga rotoBbl apryMeHThbl
(NeHuBbIE BbIMMCIIEHNS), NPUYEM NOPSLAOK BbIYUCIIEHUN HE BaXKEH («Y3Mbl» MOryT
paboTaTb napannesnibHo).

Ecnn ecTb cxema B3anMogencTeus NOTOKOB, TO NporpamMma, peanuayluias ee — 310
NpPOCTO Habop onMcaHnKn y3ros.
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3aBs3biBaHMe y3nos. Mpumep.

MocTpoum nporpammy Anist BbIMUCHEHUS NocneaoBaTensHOCTM Yncen GuboHayun.
[onycTum, 4YTo NocnegoBaTenbHOCTb Yncen PuboHayun yxxe NocTpoeHa.

fib: 1, 1, 2, 3, 5, 8,...
—

[lo6aBmMM B Ha4ano NOTOKA HOMb N CNOXUM MNOYNEHHO C MCXOOHOW NOCneaoBaTeribHOCTbIO
ynucen dnboHavyu.

fib

fib1: 1, 2, 3, 5, 8,...

Ecnu Tenepb B Ha4ano notoka fib1 no6aeutb 1, TO cHoBa nony4ynTcs
nocrenoBaTenbHOCTb Yncen drnboHavuu.
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I'Ionyqul/le nocnegoBaTtenbHOCTU Yncen PnboHa4vy4m 3aBa3biBaHNEM y3/10B

fib

fib1: 1, 2, 3, 5, 8,...

Bce y3nbl «3aBs3aHbly. [0TOBas nporpamma nosly4aeTcsi Kak COBOKYMHOCTb ONMUCaHWIA
BCEX Y310B.

fib0 = 0:f1ib
fib1 = zipWith (+) fib fibO0
fib = 1:f1ib1

HanomHum, 4yto
zipWith f (el1:t1) (e2:t2) = (f el e2) : (zipWith t1 t2)
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cDyHKLI,l/IOHaJ'IbHOG npegcraBieHne MHOXeCTB. OrMMcaHmne rpaMmMaTnkn A3blka

PaccmartpuBaeM s13bIKK, ONUCbIBAEMbIE PETYIISAPHBIMU BbIPaXXeHUSAMU, HanpuMmep:

vowel = 'a' | 'o’

consonant = 'c' | '1" | 'k' | 'b’

letter = vowel | consonant

open = consonant vowel | consonant vowel vowel
closed = open consonant

syllable

open | closed

Llenb: cosgaBaTb S13bIKM C MOMOLLIO onepaumi
type Language = String -> Bool

vowel = (symbol 'a') "alt’ (symbol 'o0'")
consonant = (symbol 'c') "alt’ (symbol '1') "alt’
(symbol 'k') "alt” (symbol 'b"')

vowel "alt’ consonant

(consonant ‘cat vowel) "alt’
((consonant ‘cat’ vowel) ‘cat  vowel)
closed = open "cat’ consonant

syllable open "alt  closed

letter
open

[MpoBepka NpMHaAANIEXHOCTU CrnoBa A3bIKY:
syllable "cool"
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[MporpammupoBaHue perynapHbiX BblpaXXeHumn

type Language = String -> Bool

symbol ;. Char -> Language
alt 1. Language -> Language -> Language
cat 1. Language -> Language -> Language
symbol ¢ word = [c] == word

(lang1 "alt” lang2) word = (langl word) || (lang2 word)

(lang1 "cat® lang2) — 43sblk, cogepxalimi CnoBa, KOTopble MOXHO pa3butb Ha ABa

noAcsioBa Tak, YTO nepsoe rNnpnHaanexmnT lang1, da BTOpoe — langz.

[MycToe cnoBo MOXHO pa3buTb TONMbKO Ha ABa NYCTbIX NOACNOBA, OTCOAa YpaBHEHUE:
(lang1 “cat’™ lang2) [] = (lang1 []) && (lang2 [1)

[lBa BapuaHTa pasbueku HenycToro crnosa: W = Awuw = a.af. Otcioaa ypasHeHue:
(lang1 "cat  lang2) word@(x:s) = (langl [] &% lang2 word) ||

(lang11 "cat’ lang2) s where langl1l w = langl (x:w)
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PacLumpeHne TexHukn paboTbl ¢ perynspHbIMn BblpaXXeHnamMm
(<+>) ;. Language -> String -> Language
(lang <+> word) w = (w == word) || (lang w)
(<->) :: Language -> String -> Language
(lang <-> word) w = (w /= word) && (lang w)

iter .. Language -> Language -- 1iter exp -~ exp*

True
(lang1 w) || ((langl "cat (iter langl)) w)
where langl = 1lang <-> []

iter lang []
iter lang w

poOSS .. Language -> Language -- poss exp ~ [exp]
poss lang = lang <+> []

digit = symbol '0' "alt’ symbol '1' “alt’ symbol '2' "alt’
symbol '3' "alt’ symbol '4' “alt® symbol '5' “alt’
symbol '6' “alt’ symbol '7' “alt’® symbol '8' “alt’ symbol '9°’

unsigned = digit ‘cat’ (iter digit)
integral = poss ((symbol '+') “alt’ (symbol '-')) ‘cat’ unsigned
number = integral ‘cat’ poss (symbol '.' ‘cat’ unsigned)

"cat’ poss (symbol 'e' ‘cat’ integral)

Kyb6eHckuti A.A. @yHKUUOHarIbHOE rpozpammupo8aHue.
naea 2. Cpedcmea ¢hyHKUUOHarIbHO20 rpo2pamMmMupOo8aHus. 6



Ewe ognH npumep pyHKUMOHANBHOW NpOorpaMmmubl

type FGraph
type LGraph

(Int, (Int->Int->Bool))
[(Int, [Int])]

myFGraph :: FGraph
myFGraph = (6, \x y -> case (x, y) of
(1,4) -> True
(1,5) -> True
(2,6) -> True
(3,1) -> True
(3,5) -> True
(5,4) -> True
(_,_ ) -> False

)

myLGraph :: LGraph
myLGraph = [(1, [4,51), (2, [61), (3, [1,51), (4, [1), (5, [41), (6, [1)]

-- OyHKUMM npeobpa3oBaHuA rpada M3 OAHOroO MpeacTaBieHWs B Apyroe

convertF2L :: FGraph -> LGraph
convertL2F :: LGraph -> FGraph

convertF2L (n, func) = [(i, [j | j <- [1..n], func 1 j]) | 1 <- [1..n]]
A Kak nepenTn obpaTHO M3 CMMCKOBOIO NpeacTaBneHns B pyHKUMOHaneHoe?
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[Monck No accoumaTtMBHOMY CMUCKY

MycTb 3agaH accounaTUBHbIN CNMCOK Nap:

Is = [(1, 'A"), (2, 'B"), (3, 'C"), (4, 'D")]
lookup Eq a => a -> [(a,b)] -> b -- lookup 2 1s =>
IBI
lookup key ((y, value):t) | y == key = value
otherwise = lookup key t

UTto 6y1:|,eT pe3ysfibraTtoM pa6OTbI, €CIn KIo4a B Crncke rnap HeT?

BBegem HOBbIM TUM AaHHbIX:

data Maybe a = Nothing | Just a

lookup :: Eq a => a -> [(a,b)] -> Maybe b
IBI
lookup _ [] = Nothing
lookup key ((y, value):t) | y == key
| otherwise

isJust, isNothing :: Maybe a -> Bool
fromJust :: Maybe a -> a
fromMaybe :: a -> Maybe a -> a
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-- lookup 2 1s => Just
-- lookup 5 1s => Nothing

Just value
lookup key t

-- BblgaeT ownbky, ecnnm npumeHseTca K Nothing
-- 3aflaHO 3HayeHume "no ymonyaHuw"



PaboTta ¢ dyHKUMOHaNbHbIM NpeacTasneHnemM rpada

-- QyHKUMA npeobpa3oBaHua rpada M3 CNNCKOBOro npeacTasneHns B ¢yHKUMOHANbHOEe

convertL2F :: LGraph -> FGraph
convertL2F s = (length s, \x y -> (let (Just z) = lookup x s in elemy z))

3anporpammupyem obxop rpada «B LUMPUHY»

type Graph = (Int, (Int->Int->Bool))
type Set = Int -> Bool

PaboTta ¢ MHOXecTBamMu B PyHKLIMOHANbLHOM NpeacTaBneHnn:

empty :: Set (+++), (-=-) :: Set -> Set -> Set
empty e = False (s1 +++ s2) e = s1 e || s2 e

(s1 -=- s2) e = s1 e && not (s2 e)
list :: Int -> Set -> [Int] isEmpty :: Int -> Set -> Bool
list n s = filter s [1..n] isEmpty n s = null (list n s)

MHOXeCTBO BepLUVH rpada, MHUUOEHTHbIX 3a4aHHOMN:

neib :: Int -> Graph -> Set neighbors :: Int -> Graph -> [Int]
neib i (n, f) = f i neighbors i (n, f) = list n (f i)

Kyb6eHckuti A.A. @yHKUUOHarIbHOE rpozpammupo8aHue.
naea 2. Cpedcmea ¢hyHKUUOHarIbHO20 rpo2pamMmMupOo8aHus. 9



[Mpumep obpaboTkm rpada

|_|OJ'Iy‘-II/ITb CMNCOK BepPLUNH, OOCTUXNMbIX N3 3aaHHOWN:

traverse :: Int -> Graph -> Set
traverse 1 (n, f) = trav empty (==1) where
trav passed front =
if isEmpty n front
then empty
else front +++
trav newPassed

((foldr (+++) empty (map f (list n front))) -=-

newPassed)
where newPassed = passed +++ front

list 6 (traverse 1 gr) => [1, 3, 4, 5]
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2.4. Knacchbl B Haskell.

Knacc onpenensiet Habop onepaunit (QyHKUMIA). TUn gaHHbIX NTPUHAANEXUT HEKOTOPOMY
Krnaccy, ecnv ans Hero onpeaeneHbl Bce YHKLUMK, 0ObABMNEHHbIE B Kriacce.

class Eq t where
(==), (/=) :: t -> t -> Bool

Mbl 06bSBNSIEM, YTO HEKOTOPbLIV TUMN AaHHbLIX NMPUHAANEXUT 3TOMY KIlaccy, C MOMOLLbIO
onpeneneHns «dK3emnnspa» krnacca.

instance Eq Bool where

True == True = True
False == False = True
_ == = False
X /=y = not (x ==Yy)
instance (Eq t)=> Eq [t] where
[] == [] = True
(X1:s81) == (x2:52) = (X1 == x2) && (s1 == s2)

False
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[Mpnumep: onpeaenexHne onepauun cpaBHEHUA HaO AepPEBbAMMU

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

instance (Eq t) => Eq (Tree t) where
Empty Empty
(Node tl1 n1 tr1) (Node tl2 n2 tr2)

= True
(n1 == n2) && (tl1 == t12) && (tr1 == tr2)

== _ = False
instance (Eq t) => Eq (Tree t) where
Empty == Empty =
(Node tl1l1 n1 tr1) == (Node tl2 n2 tr2) =
(n1 == n2) && (((tl1 == t12) && (tr1
((t11 == tr2) && (tr1

True

tr2)) ||
t12)))

== = False

t1 Node (Node Empty 2 Empty) 1
(Node (Node Empty 4 Empty) 3
(Node Empty 5 Empty))
Node (Node (Node Empty 5 Empty) 3
(Node Empty 4 Empty)) 1

(Node Empty 2 Empty)

t2

t1 == t2 ?
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BbiBOA 3Ha4YeHUN pa3iinvHbIX TUMNOB B BUAE CTPOKU

HemHoro ynpolieHHas Bepcus Kracca ans BbiBoga 3Ha4eHuin B BUO4E CTPOKM:
class Show t where

show i1t -> String
showsPrec :: 1Int -> t -> String -> String
show v = showsPrec 0 v []
showsPrec _ v s = show v ++ s

instance (Show t) => Show (Tree t) where
showsPrec _ Empty = 1id

showsPrec _ (Node tl n tr) =
('"(':) . (shows tl) . (shows n) . (shows tr) . (')':)

3aeck ucnonb3yeTcsa Takke cTaHaapTHasa MyHKUMA shows, KoTopas onpeaeneHa
cregyloLwmnm obpasom:

shows :: (Show a) => a -> String -> String

shows = showsPrec 0
' Hugs for Windows 32 Q@@ * Hugs for Windows 32 Q@@
File Edit Interpreter Browse Help File Edit Interpreter Browse Help
= Test> show t2 N = Test> t2 A
— 1" ((5)3(4))1(2))" :: [Char] - — 1 (((5)13(4))11(2)) :: Tree Integer :
i‘ﬂ Test> v ﬂ Test> v
w1 | > wl € | >
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PacLumpeHmne Knaccos

class (Eq t) => Ord t where
(<), (=), (»), (>=) :: t -> t -> Bool

a < b =not (a > b)
a <=b =not (a > b)
a > b =not (a <=Db)
a > b = not (a < b)

instance (Ord t) => Ord (Tree t) where
Empty <= _ = True
(Node tl1 n1 tr1) <= (Node tl2 n2 tr2) =
(tl1 <= t12) && (n1 <= n2) && (tr1 <= tr2)
_ <= _ = False
t1 < t2 = (t1 <= t2) && (t1 /= t2)

3710 «nNnoxoe» onpeaeneHne onepaunii CpaBHEHUS.

Tak onpeageneHHbie onepaumm He 0bnagatoT 0OblYHBIMU CBOMCTBAMW ASIS
ornepauunmn cpaBHEHUA.

3adaHue: onpeaenuTb onepaunn cpaBHEHUSA AepeBbEB Tak, YTOObI ANS HUX
BbIMOJTHAMNNCb 0ObIYHbIE CBOMCTBA NIMHEMHONO NOPSAKa.
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CtaHpapTHas peanusaums onepawuii Ansi BCTPOEHHbIX KNaccoB

data Tree a = Empty |
Node (Tree a) a (Tree a)
deriving (Eq, Ord, Show)

[ 06beKThI paBHbI, ECJTN paBHbI BCE COCTaBIIA0OLLINE UX HaCTH

[0 cpaBHEHME NpoMCXoanT B NeKcukorpadmyeckom nopsiike CoCcTaBnsolmx 0ObeKThI
kKOHCTpykTOpOoB: Empty < (Node t1 n t2) ana nobeix t1,nu t2

0 npeobpa3oBaHue B CTPOKY: BbIBOASATCS UMEHA KOHCTPYKTOPOB U UX apryMeHTbI

% Hugs for Windows 32 =13

File Edit Interpreter Browse Help

Test> tl € t2 »
True

Test> tl == t2

False

Test> tl

Node (Node Empty 2 Empty) 1 (Node (Node Empty 4 Empty) 3 (Node Empty 5 Enpty))

Test> v

< ?

B8 X 2%
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