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£+ F (monad) &, Haskell (H 2 Wb SE) THIEHARAN (XK
NEREYREEZZEETS2r) PAEHDL SR, tHEETIEIER" (side
effect) L LTERINSGEFHRER I LDOFETH 5,

LrbrEBFEoATI) —Eiwm (B TELNTVWEEEZMERALALZLD
TH 55, Haskell TIERT 2 =I2ld, BB dAH573) —BHHNZ L x40
S TWEHEITRW,

4.1 2 RZEAM L B1EH

ML TEICE. RIELZRTADETOLOTHY ., "EHOHRIL
ZNEE (ZH = X) 0EBLORTEIHA TILLERNERIIE L S5\,
EWHMRENH B, COLIRMHEEE (referential transparency)
YR, OIS LD"BR ELEBL IV ETELTHEELRRETH S, (B
RFBAMUEDOENF T, BWMELR CICL ZEAIBT RIS, ) —H., BIEA
X, Xo¥zn NDZrThs, AEMERALFL 3
tWHZrld, TDERBRBTIISBRBAMLSKY L2\, LI ETHS,
Haskell DX IZBMER £ H > T\ 2Ly,

CHLIRFTETIE, AEACBIBORNEROIT2 TR, BIMFRAZE-TWV 3
EOSRBAMIIRY LW, FIZE C T,

¢ = getchar(); putchar(c); putchar(c); // C-code (

putchar (getchar ()); putchar (getchar()); // C-code (

¥ 3. getchar() »EIEA2EF-> TV EEOICERLR S 054 ThHS, (£
ND7ATSLTEIXFE, TOTA7I5LTIRF—KR— FH5 2 XFDODANAD
HEBINS, )

—58. 2RZPAM L NEHCHBENRNIIHEEN L VWVEENSL I IZRAL S, L
# L. Haskell TIZRD L HI2#EZ 5,

ANEARX, BEREGECORENEEIL, @5H00" 77 a>"Thsb, &ME
Bx*HE> CEEL COBEBIIHIRT % Haskell EEIZ. 277 a>
FEOTRYELY L GRYBEKRLLTELSE, (DFY7Iva>
FEI"ERATIdRL, —ABDMBEYLTHRI. ) 20" 7I7¥a>' o
I, BRIEYIZER I 2EH -STVWT, 7727y avIiidilLTwsx
IRTULAMERT B2 TERY, 5T, 77V a3 EIIRFX

N, 2RBIAMENS KRN S,

5z 1£, Haskell T getchar, putchar IR T 2EEIE. TNZTILRD L H %
BEF->TW5,



getChar ::

putChar ::

CHOI0OLWHBRBRFONEAICET 277 a ol e kT, . () &
2=y bMYHEH BEROHLEEHALALVETHS, TLZH, CEED
putchar (getchar ()) £WIRIIHIET % putChar getChar DL H %
Haskell DR i3, TS5 —I#>TLE ), IOBICABRINTWVWSEET
o= (AR, L3HED) EAVT, ROLHITELRIFHITV TRV,

getChar >>= (\ ¢ -> putChar c)

22T o>=) OBIE 10 2 -> (a -> 10 b) -> 10 b THB, (BRT
L9510, BRBRICITL Y — MR EE->TW5, ) 2TORATIE, getChar &
WHAT I3 a> R/ OMNS Char BOED, ¢ L WHERICEREIN, it
WT putChar c EWHIT7 7 a HEFTINSG, 773 >NE (I0 Char)
THOAD S Char BOER T EHET 5ICE. o=, LI REEFEN
T 2588 H S, Char BOEE c I LT, ¢ = getChar £ EFT5hIFTIE
BRVWDT, Bo@EmH»5E c HlgetChar Y ESHA SNBWZ EHEATH %,

Q4.1.1 C-code O ¥ C-code @ xRS T % Haskell 7T 75 4 (DMrE) %
getChar, putChar, >>= ¥{#-> (&},

BEREH 2T O S LREITTRIEEICLY BRI EDL S0 T, HFIIET
INETOTSLTIIBBEL RS2 0D D, SRIEBAUERELN ST IV
avERASBILIRERBYICEATHLEITTHRL, ¥ a>Ea—FT4>7
REEABTHLIRBYLR>TETWS,

42 TS Frld

2L, TFXIALTETEMERL L TERINIEHH (NEH - BIE
KRN - BISMLIE - JEREMRY) IIRT BT 73 a>olly, REHBOEE
RS> TWT, ACBELTH DREF TRYRASZ I OO > TS, 20D
HBOEEFHF OB (EEICIIERERT) 2% (monad) ¥ \\ 5,
Y, EFRIRIT77Va>nBTHSE, LD 10 EFRFTHS, =1L, &
FTROPIZETIVa> e WITENIIDHLLLEVDLDLHENDT, UTT
R Y 12" E" (computation) L WD EEEE S,

BARBIZIEES PR

return a—-Ma
(>>=) :Ma-(a—-Mb)-»-Mb



YWHARDEBOEET2REBRF MO TH3, LYBEITIE, return,
(>>=)H%

(return a) >>=k =ka

m >>=(Aa — returna) = m

(mq>>=kq)>>=ky mq>>=(Aa — (k1 a >>=kp))

D 3-5N%X (monadlaw) %2F~-TREIH D, TNLDOHERIT, BRI

L return 4% (>>=) O "BAUT"TH B ¥, (>>=) pEEBEE~-T 2., %
ALTW3S, 2F Y, BT S, mE+) tmEDEAT 0 D ROEXITHEY
_a-%o

0+x =X
x+0 =X

X+y)+z=x+(y+2)

BEEWICIET Ma ¥\ R, NEEBRT S, F/=, return &
(>>=) DEBWRERIIRNDAEY TH 5,

o returnag - Baz D FFRTMAL LAWY (P77 arhiEERW) HE
&7,

e m>>=k-FFT. m:MaxHEL. TORRENT IV a ERVEE
DED B k:a-MbITELT, BT THET L2 %2%7., F 1.
TI2aviEmknT7Iva EFEIFTEITTS7I7Ya VIHBET
%,

43 EF PR IS5

EFFPMoOERIZEHLAZVEMERICEY EAR S L, [T 5B return,
(>>=) DEBLILBLARN S, LH L. return, (>>=) I M E/IRXSA—49—
¥ LT, RESABEHFHD>OT, BISIEAVWTT KRy 7% EKr L
TERTHIHTE S,

class Monad m where
return :: a -> m a
(>>=) ::ma-> (a->mb) -> mb

ERRIL, Monad IR Tl <, BERFICHT 2RISR (EMEICIIRERF
75 2) Il >TW5,
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10 It Haskell @ Prelude (RN 53HARINTVEF4 T 5 —) ITA->TW
Z3EFRTH2, WIS5ZA Monad DAV RAI VA TH5, TDEHEIE—RDT
07579 —"5IRRARVAALZOBY 5TV, L. BENIZIIRD
SIAREEEEOBLLEZIZZ LN TE S,

-- type IO a =



-—- instance Monad IO where

-— - F: EBIZIE type TEHEINT=E L% instance ITIEFZ LY
-— return a = \ w -> (a,w)

—— m>= %k =\ w -> let (a,wl) = mw in k a wl

7= L RealWorld |, A>Ea2a—9—42EKD T 7A IR EDRETEZTRT
H5, 10 TBEENERLH, 51D RealWorld BT —FIEIBINT VT, fh

DHETELNG VI EHNMRIETE S /280, BIBWICESTRA T, BRYED
RealWorld MOT—9NEHIE->TILRW, LWIHIZETH5S,

10 | Haskell TANHEACIREZHRYICIR S DI, RERATHENRHRVER
1+%, £% 7Y 3547 LT, putChar, getChar DMBIZH, UTHL I %
B H 5,

putStr :: String -> I0 () -- XFIEHEAT S
putStrLn :: String -> 10 () -- XFIZEHAL T, &IT
getLine :: IO String -— —TEZRHAD
getContents :: IO String -- EOF EFTHARAD
print :: Show a => a -> I0 () -- XFF|IEHBLLTHAL
readln :: Read a => I0 a -— —fTEHRMARAATIN—R

INLEDMIZT FANISHF L TANEAT 2-DOEB L CLREEINTWS

¥ getContents IFBETFMTIEENIOABR  HARAD, 2F Y RDLD
TR IS LTI BEANADTRTERAALZ L Id R, RO 1170
THAHT 5,

main :: IO ()
main = getContents >>=
(\ all -> let 1ls = lines all
in putStrln (head 1s))

7z L. lines :: String -> [String] WXFI*XITXETHEIT 5H
. head :: [a] -> ald YR IMOABEEZZRITEAKTH %,

¥ 512, Data.IORef ¥ W EYa— /L% import §52 T, BIEHRAHT
RE%e S BAE (Toref) *HMHIEBLABINS,

-- import Data.IORef MNIHE

newIORef :: a -> IO (IORef a) -— FLLWSEOER
readIORef :: IORef a -> IO a -- BHEOFEHL
writeIORef :: IORef a -> a -> I0 () ——- SEADEALH

JRIC, TORef 3FBALAETO TS L0B % HIT S,

import Data.IORef

foo r = readIORef r >>= \ 1 ->
if 1 <= 0 then return ()



else putStrLn (show 1) >>=\ >
writeIORef r (i - 1) >>=\  ->
foo r

main = newIORef 10 >>= \ r ->
foo r

L. THNISEEKLIE TORef 21> 7B THY. IoRef 2EHTIZE CENME
ETHROEILTOTSLDEIHARTH 5.

(- foo DEALEEIILUTOREY -}

-— foo 1 = if 1 <= 0 then return ()

- else putStrLn (show i) >>= \ _ ->
- foo (1 - 1)

--— main = foo 10

¥ 23T, Haskell 72754 %, GHCI D& 5 R xdsZBBETIE% <. ghc 2
T RTETITET 7 AT RAILLTEITTSE, CYRLLIIC
main £\ BRI L ZITHVHBINSIHERIZK>TWS, £ L Tmain
B, 10 t tWAHAFEOE (¢t IEENR) &L THIEV TRV vith
> T\W5,

e 2, BENADLHZAIRAALEXNFINDAXNFER/NXFIZEBLELDY
INXFZERXFICEBRLEZDDEEATE TS LEUTOL I IR S,

import Data.Char -- Data.CharE®Ya—IJ)L% importd %
-- toLower, toUpper :: Char -> CharldRXX=F - IZNXFDEH
main :: IO ()

main = getContents >>=
(\ s -> putStr (map tolLower s ++ map toUpper

FROZREIEMELRL., TSISLATYREEIT, ROLHITBELC Y
BY% N,

main = getContents >>= \ s ->
putStr (map tolower s ++ map toUpper s)

UBOTa7S5LTIE. 2oL IENREART 3,

(4. Haskell Tl& Monad 7 5 Xzt L T, HELWVWOBKEBXEHAEBLT
WT, 2OEBITRDELIIZELZ L TES,

main = do { s <- getContents;
putStr (map toLower s ++ map toUpper s) }

ZOdo RLEBAETHENLIELATIML—ILOEETHY, #EUIILA T
FEMNIETL—Z20EIa0 28T 22T 3,

main = do s <- getContents



putStr (map tolLower s ++ map toUpper s)

Z L Tdo R RDIL—ILTEIRIN S, (THEIPICERAA 2 HIFAIHEA L
W<, )

do { e } = e
do { e; stmts } = e >>= |\ _ —> do { stmts }
do { x <- e; stmts } = e >= \ x -> do { stmts }

do { let decls; stmts } = let decls in do { stmts }

Q441 2FNL I TO TS5 tRD 10 AT IEABTAVTERE L,
1. —1TEITEHARAAT. TNEXVLRLTETOTS A4
2. —fTEWITEHARAAT, TNE2EAVLRLT SOOI 54

RE. for LR DR L DE=HDEXIET R VDT, BYRULIAVERY ZIXH
IZEREEET IRENH S,

44210 T F FEFAL TRDEL IR TO IS L2 ERE L, CRETRHEN
LTWSEAKEERT 203 LNk, )

1LAAXFINETBICARIXFUNIFICEBRLTEAT S, (BIAE

"Hello,World<; #* Thello,<HELLO,<world¢WORLD, 2% %, 7=72
L. "¢ IIHAAXFEELET LT 5, )

L ANAXFHRDEF (0 ~'9") OEREKEATV L TEHAT
%,

BAAXFIHD e HHBET SRMN 10T T EHAT 5,

45 % - AR X bARERK

EF R dEBEBER VD, UATRN LM ZEFINE T 0 7S5 L THA
YBpoNnsg') 2 MOEEAKEZ. UTTWL 208N T 5%, 2TN5 0B sort
2R\ T Prelude (#5475 =) ICEZRFATH 5,

-- lines EXFHNEZHRITXFEDEZATHEILT., XFFDY R

-- BROXFIIZEHITXFEFEENLL,
lines :: String -> [String]

-- words EXFIE#EAXFTHELT. XFHIDYRKMZT B
words :: String -> [String]
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-— unlines & lines OWEETH 5,
- BXFIOREIZHITXFZEML., —DIHEET S,

unlines :: [String] -> String

—— unwords [ words DWIEETH D,
- BXFHNELEATRY > THET 5,

unwords :: [String] -> String

-- take n xs X xs DRSS n OELEBEHR»ZFERT .,
-— n > length xs MDEEFE xsBEHZEZRT,
take :: Int -> [a] -> [a]

-- drop n xs [ xs ORFD n EOEZRFHRUVW-RERD ZiR

-— n > length xs MEEIE [] FRT
drop :: Int -> [a] -> [a]

-- takeWhile [XiiZE p EUR b xs E2ITWY, p ZEi#FEi9!
- EhBHES xs ODRLBREVEERS (EDHELHDH) iR

-- > takeWhile (< 3) [1,2,3,4,1,2,3,4] == [1,2]
-— > takeWhile (< 9) [1,2,3] == [1,2,3]

-— > takeWhile (< 0) [1,2,3] == []

takeWhile : (a -> Bool) -> [a] -> [a]

-- dropWhile p xs I, takeWhile p xs DEYDKEEH ZB

-- > dropWhile (< 3) [1,2,3,4,5,1,2,3] == [3,4,5,1,2,!
-- > dropWhile (< 9) [1,2,3] == []

-- > dropWhile (< 0) [1,2,3] == [1,2,3]

dropWhile :: (a -> Bool) -> [a] -> [a]

-— any [RFFEEVAMERITRY., YA MDGHDENIDERL
-—— TmINEINHET D,

any :: (a -> Bool) -> [a] -> Bool

- all [FRFBEVRFEZITRMY., YA FOEADTNTHOERL
- EREEITMNESIMHET S,

all :: (a -> Bool) -> [a] -> Bool

-— head XU R I (EBETIEWTFEL) OEBEBEZRFWRYHT,

head :: [a]l] -> a

-- last & GEEMNDOHERLG) VA LORBDERZMYHT,

last :: [a]l] -> a

-— tail EUR K (EBETIEWTFEL) OEBEERZBRV-XEHRH
tail :: [al > [a]

-—— elem FVRFDERELELTEENTWLEINELIZTHTET 5,
- BE x ‘elem’ xs DEIICTHEBEREETHWDZ EANZLY,
elem :: (Eg a) => a -> [a] —-> Bool

-- import Data.List AWMHE
-- sort IREHXY—+LFZILIVRXRLODEETHS,
—— BB AESISIZE D sortBy AL HD

sort :: (Ord a) => [a] -> [a]

-- sequence IR MRDTU L3 rZFIBIZETT %,

sequence :: Monad m => [m a] -> m [a]

sequence [] return []

sequence (m:ms) m >>= \ a ->
sequence ms >>= \ as ->
return (a:as)



--mapM [E7 Va3 ERIEHEZVAMPOLETOERICERT
mapM :: Monad m => (a -> m b) -> [a] -> m [}
mapM f as = sequence (map f as)

Q4.5.1 ROKXDEILfTH?
1.drop 2 [1,4,5]
2. takeWhile (< 0) [-1,-3,2,-2,7]
3.any (> 0) [-1,-3,-5]

4.3 “elem” [2,5,3,1]
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[11 (Wadler 1990) Philip Wadler, “Comprehending Monads” ACM
Conference on Lisp and Functional Programming, Nice (France), 1990 & 6
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