Kypc: @yHKIIMOHAJILHOE ITPOrpaMMUPOBAHUE
IIpakTuka 10. CtangapTHbIe MOHAAbI

Pazmunuka

» YCTHO BBIYMC/IUTE 3HAUEHUS BbIparkeHnit u mposepbre pedyiabrar B GHCI:

sequence [Just 1,Just 2,Just 3]
sequence [Just 1,Just 2,Nothing,Just 4]
sequence [[1,2,3],[10,20]]

mapM (\x -> [x+1,x*2]) [10,20]
sequence_ [[1,2,3],[10,20]]

mapM_ (\x -> [x+1,x*2]) [10,20]

» YCTHO BBIYHC/IUTE 3HAYEHUS BHIPAXKEHUI U OIpeie/inTe ux mobodnsie spder-
Te1. [IpoBepsre pesyasrar 8 GHCi:

let x = print "first" in print "second"
let x = print "first" in x >> print "second"
(\x -> print "first") (print "second")

print "first" ‘seq‘ print "second"

Monama Writer

» Cuteyromnuii THI TaHHBIX
data Logged a = Logged String a deriving (Eq,Show)

VI0OHO MCIIOIB30BATh JJIs 3aIMCH B CTPOKOBOIl JIOI' B IIPOIIECCE BBIYUCJIEHUI.
((DaKTI/IquKI/I 9TO yHIPOIIeHHasA BEPCUs MOHAIbI Writer.) Cnenaiite Tum Logged
[IpeJICTaBUTENIEM KJacca THIIOB Monad. Peasnu3syiite Takke OyHKIUIO

write2log :: String -> Logged ()
write2log = undefined



IIO3BOJISAIONLYIO II0JIb30BATEJIO0 OCYIIECTBIATL 3AIIUCh B JIOI' B IIPOIECCE BBIYMC-
JIeHusI B MOHaJie Logged.
1t TpoBepKU HCOJIB3YHTE CIIEYIONNNT KOJT

logIt v = do
write2log $ "var = " ++ show v ++ "; "
return v

test = do
x <- loglt 3
y <- logIt 5
let res =x +y
write2log $ "sum = " ++ show res ++ ";
return res

KOTOPBIIl IIPU 3allycKe JOJIZKEH JIaTh

GHCi> test
Logged "sum = 8; var = 5; var = 3; " 8

Monaja State
» Hamummwmre OyHKIHIO, BHIYUCISIONIYIO (haKTOPHAJ C UCIOJb30BAHIMEM MOHA-

Jbl State.

fac n = fst $§ execState (replicateM n facStep) (1,0)

facStep :: State (Integer,Integer) ()
facStep = do undefined

MozkHO 3a/1aTh BHEIIHEE YIIPABJIECHUE «II€PEMEHHON ITUKJIIAs

fac’ n = execState (forM_ [1..n] facStep’) 1

facStep’ :: Integer -> State Integer ()
facStep’ i = do undefined

Twun I0Ref

Turr I0Ref TO3BOJISIET ONIPEJIEIATH MyTa0EIbHBIE CCHIJIKA BHYTPU MOHAIBI 10.
WNurepdeiic paboThI ¢ STUMH CCHIIKAMHI TAKOB:

-- cosgaHue
newIORef :: a -> I0 (IORef a)

-- 4YTeHHe
readIORef :: IORef a -> I0 a



-- 3ammuch
writeIORef :: IORef a -> a -> I0 ()

-- U3MeHeHHe

modifyIORef :: IORef a -> (a -> a) -> I0 ()
-- strict

modifyIORef’> :: IORef a -> (a -> a) -> I0 ()

HpI/II\Jep HCIIOJIb30OBaHUA

testIORef = do
X <- newIORef 1
vall <- readIORef x
writeIORef x 41
val2 <- readIORef x
modifyIORef’ x succ
val3 <- readIORef x
return [vall,val2,val3]

> testIORef
[1,41,42]

» Hamumunre dyHKINO, BBIYUCIIIONYIO (HhaKTOPUAJI C UCIIOIb30BaHneM I0Ref.

fac’’ :: Integer -> I0 Integer
fac’’ n = do undefined

Cuay4uaiinble uncia (System.Random)

Jpa criocoba IOy uTb TeHEPATOP IICEBIO-CILY TaARHBIX TUCEIT:
1. nCHOJIB30BATH II0BAIBHDIN, MHALUAIN3UPOBAHHDIN CHCTEMHBIM BpeMeHeM (11pu
KasKJIOM 3aIlyCKe IPOTPaMMBbl — HOBasl YHUKAJbHAsSI [ICEBIO-CIIyIaitHasl mocie-
JIOBATEJILHOCTh )

> :t getStdGen
getStdGen :: I0 StdGen
> getStdGen

701460132 1

2. ecau ecTh TpeOOBaHUE BOCIIPOU3BOINMOCTU — CO3/IATh CBOIA

> :t mkStdGen

mkStdGen :: Int -> StdGen
> let myGen = mkStdGen 42
> myGen

43 1

ﬂ.}'{?{ IIOJIYy9IeHU A CJIy‘{&fIHbIX quceJ UCIOJIb3YIT COOTBETCTBEHHO



randomIO :: I0 a
random :: RandomGen g => g -> (a, g)
randoms :: RandomGen g => g -> [al

> randomIO :: I0 Int
-1347547884

> randomIO :: IO Double
0.14185627922415733

> randomIO :: IO Double
0.26660025701858103

> (replicateM 5 randomIO0) :: IO [Int]
[76719735,-514201760,-1452869230, 1224644498, -853026828]

> take 5 $ randoms myGen :: [Int]
[-1673289139,1483475230,-825569446,1208552612,104188140]

YacTo ym06HBI BEPCUU C OIPAHUYICHHDBIM JIHATIA30HOM

randomRIO :: (a, a) -> I0 a

randomR :: RandomGen g => (a, a) -> g -> (a, g)
randomRs :: RandomGen g => (a, a) -> g -> [al

> (replicateM 5 $ randomRIO (1,6)) :: IO [Int]
(3,5,3,6,1]

> (replicateM 5 $ randomRIO (1,6)) :: IO [Int]
[1,2,5,6,5]

> take 5 $ randomRs (1,6) myGen :: [Int]
[6,4,2,5,3]

> take 5 $ randomRs (1,6) myGen :: [Int]
[(6,4,2,5,3]

» Uuorma HeymoOHO MOIB30BATHCS OTHUM OECKOHEYUHBIM CIIMCKOM, BO3BpAIla-
eMbIM randoms Wi randomRs. B 9THX ciiydasix IPUXOJMTCS sIBHO I€peaBaTh
PEHEPATOP MEXKJy BBIUMCJeHUsiMU. PeasusyiiTe GpyHKIUIO, MPIIYILYIO 3Ty TIe-
pesady B MOHaJle State:

randomRState :: (Random a, RandomGen g) => (a, a) -> State g a
randomRState (x,y) = do undefined

Hcnonb3yiiTe 1151 TpOBEPKH
testWork :: ([Int], [Int])
testWork = evalState doWork (mkStdGen 42)

doWork :: State StdGen ([Int],[Int])
doWork = do
xs <- replicateM 5 $ randomRState (1,6)



ys <- replicateM 5 $ randomRState (1,6)
return (xs, ys)

B pesysbrare (¢ BBICOKOi CTENEHBIO BEPOSITHOCTH) JIOJIZKHBI [IOJIYYUThCS Pa3-
HBbI€ CIIUCKU:

GHCi> testWork
([6,4,2,5,3]1,[2,1,6,1,4])

P aitsIoBBIT BBOJI-BBIBO/

Tunsr st paborst ¢ daitiamu (aKcnopTI/IpyIOTCH u3 System. IO):

data IOMode = ReadMode | WriteMode | AppendMode | ReadWriteMode
deriving (Eq, Ord, Ix, Enum, Read, Show)

type FilePath = String

data Handle =

OcuoBuble dyHKINA j1s pabOTHI ¢ daitaamm:

openFile :: FilePath -> I0OMode -> IO Handle

hPutChar :: Handle -> Char -> I0 ()
hPutStr :: Handle -> String -> I0 ()
hPutStrLn :: Handle -> String -> I0 ()
hPrint :: Show a => Handle -> a -> I0 ()

hGetContents :: Handle -> IO String
hClose :: Handle -> IO ()

withFile :: FilePath -> IOMode -> (Handle -> I0 r) -> I0 r
IIpumep daitioBoro BBOIa-BBHIBO/IA:

main = do
let txt = "Some text"
handle <- openFile "Text.txt" WriteMode
hPutStrLn handle txt
hClose handle

putStrLn "Hit any key to continue..."
ignore <- getChar

withFile "Text.txt" ReadMode $
\h -> hGetContents h
>>= putStrLn



putStrLn "Hit any key to continue..."
ignore <- getChar
return ()

domariHee 3a/1aHue

» (1 6asur) Ucnonbsyss MoHasy Writer, Hanumure (QDyHKIUIO IIPABON CBEPTKU
BBIYUTAHUEM

minusLoggedR :: (Show a, Num a) => a -> [a] -> Writer String a
minusLoggedR = do undefined

B KOTOPO PEKYPCUBHBIE BBI3OBBI COIIPOBOXK TAJIUCEH ObI 3AIMCHIO B JIOT, TAK YTO-
OBbI B pe3yJIbTaTe I0JIyYaIoCh TAKOE ITOBEJIEHNE:

GHCi> runWriter $ minusLoggedR O [1..3]
(2,"(1-(2-(3-000)")

> (2 Gama) Vcnonb3ys MoHaty Writer, HamumuTe (GYHKIUIO JIEBOM CBEPTKU
BBIYUTAHAEM

minusLoggedL :: (Show a, Num a) => a -> [a] -> Writer String a
minusLoggedl. = do undefined

B KOTOPO#1 PEKYPCUBHBIE BBI30BBI COITPOBOXKIAJNCH OBl 3aIMCHIO B JIOT, TAK ITO-
OBbI B pe3yJIbTaTe MOJIYyJaJIOCh TAKOE ITOBEJ[EHNUE:

GHCi> runWriter $ minusLoggedL 0 [1..3]
(-6,"(((0-1)-2)-3)")

» (1 6asur) Hanumure GyHKIMIO, BEIMUCIAIONLYO Yucia OuboHATIN ¢ UCIIOJIb-
30BaHUEM MOHAJIBI State.

fib :: Int -> Integer
fib n = fst $ execState (replicateM n fibStep) (0,1)

fibStep :: State (Integer,Integer) ()
fibStep = do undefined

» (2 6asuia) Hammmure dyHnknmo



while :: IORef a -> (a -> Bool) -> I0 OO -> I0 O
while ref p action = do undefined

IIO3BOJIAIONIYIO KOAUPOBATH «MUMIICPATUBHBIC ITUKJIBI» CJICAYIOIIEro BUa:

factorial :: Integer -> IO Integer
factorial n = do
r <- newIORef 1
i <- newIORef 1
while i (<= n) ( do
ival <- readIORef i
modifyIORef’ r (* ival)
modifyIORef’ i (+ 1)
)
readIORef r

> (4 Gamia cymMapHo) 3ajada — IMYJISIUs CJIyIaiHOTO SKCHEPUMEHTa C HC-
MMOJTb30BAHUEM T'e€HepaTopa CIIyJaifiHbIX YHCes. DKCIEPUMEHT: HalJIoaTes K
cepuii mo0pachIBaHuilt MOHETKY (KazKJasl Ceprsi COCTOUT U3 Tl HOAOPACHIBAHMIA).

» (2 6asta) Berauciure ycpeHEHHBIN 10 CEePUAM MOJLYJIb OTKJIOHEHUS KO-
JITYECTBA OPJIOB OT CBOEI'O TEOPETUYECKOI'O CPEJHEro 3HaUeHUst B cepuu (Ipeli-
[0JIAraeTcs, 9TO 3Ta BEJIMYUHA U3BECTHA W PABHA II0JIOBUHE JJIMHBI CEPUU TL).
UcnonwayiiTe 1y100a/IbHBII CHCTEMHBIN T€HEPATOP CIyYalHbBIX 9UCET.

avgdev :: Int -> Int -> I0 Double
avgdev k n = undefined

» (1 6asu1) Borauciure ycpe HEHHDIN 110 CEPUAM MOJLYJIb OTKJIOHEHUS KOJIU-
YEeCTBA OPJIOB OT CBOEI'0 TEOPETUYECKOIrO CPEJIHEro 3HAYeHHs B cepuu (IIpejno-
JIAraeTCsl, YTO Ta BEJIMYMHA U3BECTHA U PABHA [OJIOBHHE JJIMHBI cepur N). [e-
HepaTop CIyYalHbIX 9HUCell HOAPa3yMeBaeTCsa CO3JaHHBIM C IIOMOIILIO mkStdGen
U [IEPEJIAeTCsl B MPOIECCe BBIYMCIIEHUT uepe3 MOHaLy State (HCIOJIB3yiiTe pea-
ﬂHsoBaHHyK)Ha,HpaKTHKe(byHKuHK)randomRState)

randomRState :: (Random a, RandomGen g) => (a, a) -> State g a
randomRState (x,y) = do undefined

avgdev’ :: Int -> Int -> State StdGen Double
avgdev’ k n = undefined

» (1 Gayn) Boruuciure ycpeqHEHHDIN 10 CePUAM MOJYJb OTKJIOHEHUS KO-
JITUECTBA OPJIOB OT CBOEIO TEOPETUYECKOIO CPEJIHEro 3HAUEHUsI B cepuu (Ipel-
[IOJIATAETCs, YTO ITA BEJUYUHA M3BECTHA M PABHA HOJIOBUHE JJIMHBI CEPUH T).
lemepaTop ciaydafiHbIX dnces co3maiiTe ¢ MOMOIBIO mkStdGen. Pemmre 3amary,
HE HCIIOJIb3ysl MOHAJ: $IBHO II€PeJlaBasl I'€HePaTOP MeKIy BBIYHCJIEHUSIMU WU
UCIIOJIB3Ysl KaK MCTOYHUK CJIydaifiHOCTH OECKOHEUHBIN CIIMCOK, BO3BPAIaeMbIil
randomRs.



avgdev’’ :: Int -> Int -> Double
avgdev’’ k n = undefined

» (0 6asuioB) dyss n = 1000 u k = 1000 samumure B dailyi B Buje rucro-
rpammebl (ascii-art):

-5 XXXXXXXXXXXXXXXX
-4 XXXXXXXXXXXXXXXXXXXX
-3 XXXXXXXXXXXXXXXXXXXXXXX

—2 XXXXXXXXXXXXXXXXXXXXXX
- XXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXX

XXXXXXXXXXXXX

N~ O

XXXXXXXXX

a0COJIIOTHBIE 9aCTOTHI OKPYTJVIEHHBIX JI0 IEJIbIX OTKJIOHEHWH KOJIMYIECTBA OPJIOB
oT cpejanero 3HadveHus. [locrapaiiTech He BKJIIOYATDH IIyCThIE «XBOCTBI» PacIpe-
JleJIeHUsI U He JIOIYCKAaTh HEPOBHOCTEN OCHOBAHMS I'MCTOTPAMMBI U3-3a M3MEHe-
HUS 3HAKA /WM PA3PIHOCTH IHUCE/I.



