F4E T+ R

£+ F (monad) (2. Haskell (% 2\ Zbn KR ZE) THIEMHRN (T
DEREYREZTLZET L) RAEHDL IR, OEETIE"EBIMER" (side
effect) ¥ LTRBAINSGBFHERDI LONDFETH %,

LrbrIBFEAHATI) -8B (B TELNTVWEEEZEALELELD
TH 55, Haskell TIERAT 2 =ICid, ERrAREAH7TTY) —HEHENHOZ i
> TWEBEITR W,

4.1 2 REAE CBIEA

MRLEABEZEICR. RIELRTAZDHETNLOTHY .. "EHROERIL
ZTODEBRNDELNRNTE T WMATLLRDERIIEDL SRV, LWVWHIRENH
5, TOLHMES (referential transparency) ™, 7o 7
FLN'BR'EFELTWKLETETHERLRETH S, (BREAUOED
FT, BIER CICL BN BH IR S, ) —H. BHERAIR. X49°ZD

DZLTH53, AEMEREZFLEIBLWHI 2 Lid. %
NEBTIESRBAMSKY L2\, L\WD 2T TH S, Haskell DX ILEIME
AxH-> Tk,

CHLIREETIE, NEACHIBRNEZRITE L TlE. BMERA EE > T\
OB RFERMIIKY L%\, BlAIE. C T,

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

putchar(getchar()); putchar(getchar()); // C-code 2

Y3, getchar) " BMER 2> TW3EBDICER S0 IS54LTHS, (Lo
Ta7S5LTIRIXFE,. TOTO7SLTE2XFZEOANAIEEINS, )

—8B. SRZAM L NEACHIEORNIIHEN L VWVEEN LI IR A5, L
H L. Haskell TIXRDELHIZEZ B,

ANEAR, BREGECOREBDNDEER, fAsHrD" 772 a>"Th
D, BRZEYIIRR AR EHE T3S, BIEFAEHE > CZER
OIS T % Haskell oI, CH77>a 2 E8H TR
i L CGRITBEKRY L TEZL S, (DFEY 773> %"BI"ER
Tld7% <, —ABDEYL LTHRI. ) 20" 77 a ' OBIL,
TI72a IlHRLTWAXARTUNMERT 22 A TER,
f->T. 77¥a>efEIIRFIIN, SRFPUEIFRAENS,

Bl Z 1£. Haskell T getchar, putchar IZXRT 2L, TNZTILRD L H &Y
- TW5,



getChar ::

putChar ::

SO0 LWHBBRFHNTIVa>olekd, /- Ol =y bRIYE
A BROHZEEFLLVWETHSZ, THZH. C ZED putchar(getchar
O) W RITHIET % putChar getChar D & 5 % Haskell R Iz, BT S5 —I(c
BoTLEI, IOBRICARINTWVWEREET >>=" (WA > K, t;&d) %
AWT, ROLHITEI R IFNIE N IF R,

getChar >>= (\ ¢ -> putChar c)

SIT C>a)nEIEI0a > (a->10b) >I0bTHB, (HEBRTELH
120 ERICIRL Y RO RZE->TWS, ) 2ORXTIE, getChar LW IH 7
733> OREREOMNS Char ROMED, c LWHBERUITEEIN, KW T
putChar c Y WA 773 UHERITINS, 773 a>oBREFHOANLES
TEMET 5. >=DLIREEFENT L ENH S, Char BOEH ¢
12X LT, ¢ = getChar £ E 2T TIIRVOT, B @551 ¢ dgetCha
YEEMAONL W LHBHATH 5,

Q4.1.1 C-code D ¥ C-code @ IZxtiST % Haskell 7075 4 (D¥E) %
getChar, putChar, >>= %{# > TZ ¥,

BMFRER ST RIS LRRITT BIEHFICL Y BRI LD EOT, EINEKAT
INZTOITSLTRABLLRE 0 H b, BRE|UEETRELIST IV
A ERABICREROICEATH LI TRL, I >Ea—F4>7
RERABTORELR>TETWVS,

42 €+ Frid

CnEHR, IFTIALTETEMERL L TERINIEY (NdEH - BEN
RN - BISMUIE - JEREMARY) ISHTET7 7Y a >y, Elidd@nigs
PH->TWT, ALBELH IRETF TRYRAS I LD >TWVS, 2D
HBOEEZF OB (EREICIIEERT) 2% (monad) ¥ \\ 5,
Y, ®EFFRT77va>oRTHSE, LZDI0BLEFFTHS, 7L, &
FROBIZET 733> e VWAEENIIbLLBEVWEDLHEZDT, UTT
IR Y 123 E" (computation) Y W) BEEE S,

BARMICEES P

return >:a— Ma
(>>=) :Ma-(@—-Mb)-Mb



YWHARDEAKOBEET A3EEBRF MO TH5S, LYEEEFIZIL, return,
(>>=)%"

(return a) >>=k =ka
m >>= (A a — return a)

m

(m>>=kq)>>=ko mq>>= (A a — (kqa >>=k_2))

D3 ON%X (monad law) %&7=TXE» H S, TNL5NHERIZ, BERAYIC

T return #° (>>=) O "BAIT"TH B2 L. OG>=) NESR%EL-T 2. 2
LTWwW3, 2%, BT 5, E (+) ¥ ImBEDHEAIT 0 DIRDENITHLE
60

0+x =X
X+ 0 =X

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

BRE9ICIE Ma LV 5 E, NEEERT 5, 7. return ¥ (>>=
D BB % EHRITROBY Th %o

o returna---fHax D FFRTEAL LRV (FI7¥a>rEERW) HE
2%&7,

e m>=k--FFT. m:Ma% 8L, TORRENVENHE L * Bk a -
MbIELT, BT (EHET 22 r%%kT, 3. 727¥a>idmkn
FI22arEFITTERITTSET7 73 ICBYET 5,

43 EF PR IS5

EFFMOERISEBLAZVEMERAICLY BER 5L, KT 2B return,
Co=) DERDVILEAAERNR S, LA L. return, G>=) I3 M 2 /RS A—F—¥
LT, RE-FAB2EBO>OT, BISIZ2AWVWTT7Z RHRY 7%BABEAHKEY LT
EFEHETHIUHNTES,

class Monad m where

return :: a ->m a
(>>=) ::ma->(->mb) > mb

ERRIL, Monad IZBRTld % <, BBRFICHT 2R IS5 (EHEICIIRERKF .
SR) Ik >TW5,

4410+ K

10 |E Haskell @ Prelude (B#MH 53 ARAEINTWVWES (4TS5 =) IZTA-> TV
2FFRFTH3, WIS XA Monad DA Y RI VA TH 5, TOEHEIET—MBDT
07595 IERARVHEALZNR YL >TWS, L, BEENIZIIRD L
IREREFORELLEZLZZ LN TES,

-- type I0 a =

-- instance Monad IO where _
-- - F: ERRICIE type TEEINTICE L %Z instance [CIEHER 7L,



-- return a
--  m>>=Kk

\w > (a,w)
\w > let (a,wl) =mw in k a wl

7z L RealWorld I, I E2—9—2HRDT7AILREDREEFEZTET

%, I0 AN BIZHY, 1ED RealWorld DT — Z IR IMN TV T, ‘rﬂzmgﬁr
BETELNBLWIENMRIETETS-0. BIENICESTHI T BRYED
RealWorld DT — I D-BHITE->TELERW, ¥ WHIZT ¥ TH5S,

10 |& Haskell TAHACIREEIRNICIR ) 012, REBRATHEHLBRVEZ
\¥%, £% 7 571472 LT, putChar, getChar DfhicH, UT DL ) 4 8%
"H5,

putStr i1 String > 10 () - XFHZH TS

putStrLn 11 String -> 10 O - XFFZHAHL T, KITT S
getlLine :: I0 String - —fTEHHAL

getContents :: IO String -- EOF X THmAHRAL

print :: Show a => a -> 10 O - XFHICEEL CTHAL. &7
readlLn :: Read a => I0 a -—- —fTEFHAATIS—RT B

INSEDMIZT 7A NI L TANEAT 520 0BEHCCLAEINTVS

4512 getContents |FIBEFTFMETEENDOABR 2 HAAD, 2F Y RDLH %
TS5 LT, FENADTRTERARAL 2L IERL. RN 11TDAH%E
HEAhHT B,

main :: 10 O
main = getContents >>=
(\ all -> let ls = lines all
in putStrLn (head 1s))

=72 L. lines :: String -> [String] XX FF| 2 RITXFTHEIT 5 HEK.
head :: [a]l > ald Y R FDEBEERZ*RIEHTH S,

T 512, Pata.IORef ¥ W) EY a2 — /L% import ¥ 5 2 T, BUEHNRADTE
22 BBE (I0Ref) *HRHIEKRLABINS,

-- import Data.IORef H'HE

newIORef 1t a -> I0 (IORef a) - FLWLWEBROIER
readIORef :: IORef a -> IO a - BREOFEEL
writeIORef :: IORef a -> a -> IO () -—- SEADEAA
RIS, IORef 2FA L7075 Lnpl%HiT 5,

import Pata.IORef
foo r = readIORef r >>= \ i ->

if i <= @ then return ()

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

writeIORef r (i - 1) >>=\ _ ->

foo r

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



L. THISEIBRIE IORef 272 TH'Y . I0Ref 2{EHTIHE UENME?
TERDELIRTOATSLDEINBEBRTH S,

{- foo ODEALBEERIIUTDED -3

-- foo i = if i <= @ then return ()

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

-- main = foo 10

¥ 25T, Haskell D77 546 %, GHC D& 5 RxdzsZRIBETIE% <. ghc 3
VY RTETTEZ 7ALICASRAILLTEITTSLE, CLRALELI I
main ¥ \N ) BRTOEEH 5 BITHBEBINSHRICE>TWVWS, £ L Tmain B
B, 10t tWHEOE (L IIFEENE) 2HALITFNIEVITRWZ XITR S
T35,

Y ZIE, BEANAD ORARAALEXFINDAXF S/ NLFIIEBLELDL
INFERXFIEBRLEZLDEEATZT7O TS5 LIERTOLS IR 5,
import Data.Char -- Pata.Char®> a1 — /L% importd 5

-- tolower, ;oUpper 11 Char -> Charld AXF - /\XFDEHBIH

main :: IO
main = getContents >>= (\ s -> putStr (map tolLower s ++ map tolj

SLTHME (\..->.) |13, YALG$EFEFLY LELEUHIMBEDOT, L3
NEZRIIFEIMZEBRL, TLICLATIREELIT, ROLHITELZ 2%
(VAN

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

WO 7a 7S5 LTIE. 2OLIIHEILEERT 5,

£(L, Haskell Tld Monad 7 7 R LT,  SEELWOIEREXERELT
WT. ZOBKIBRNL I B I HTE B,

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

CHOdo RVEAEZETHBNLELATOML—ILOXNETHY., @IIZLA T
FIET L -2 3I00 388 TE22 e TE3S,

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

Z L Tdo RIRDIL—ILTEIERIMNG, (THREICEERMRA*BIZFAICHEA 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 OFDLH R TOIS Lk LN I0ICEAT2EAKEAVTERE L,
1. —1TE 1T 25ARAAT. TNEAYLRLTEZTO TS5 4
2. — 1T T2HARAAL T, TNE2EAILERLTZ 7O TS5 4

H, for X Y DR L DEHDOHEXUIR VDT, YR ULIGBELR Y ZI3E
IZEREERT SHENDH S,

144210 T+ RE2FABAL TROEILTO ISttt L, CREETHNMN
LTV 3EHKEZERT -~ LNAE, )

1. ANAXZINEITBICAXFZ NN FIZEBRLTEAT 5, (BlAIL,
MHello,dWorld<d; #° Thello,<JHELLO,Jworld<JWORLD, 2% 5%, )

2 NAXFHNROEF (o' ~'9') ODEBREKEAT L L THAT 5,

BAAXFIRD e ANHBRT BRMD 10T T EHAT 5,

45 % - BRAK ) X bR

EF R ITEEREL VD, UEIRBN LEMMNIXZINE TS0 7S LTHRA
YRHN%) 2 NUERAKE, AT TWL 20BN T 5, 25 0B
Prelude (#5475 —) IEZFATHS (sort 2H<) ,

1 -- lines IXFHZHIXFDEATHELT. XFFD R IC
2 - BROXFINIIEHATIXFIEIE TR,

3 lines :: String  -> [String]

4

5 -- words [IXFIZEHAXFTHEILT. XFHDIJIXHIZT S,
6  words :: String  -> [String]

7

8 -- unlines |& lines OWIZIETH B,

9 - BXFINOREBICHITXFZEML. —DICHEET Do

10 unlines :: [String] -> String

11

12 -- unwords (& words DWIRETH B,

13 - BEXFHZZEATXY>THEET o

14 unwords :: [String]l -> String

15

16 -- take n xs |& xs DET n OEBEIHR O ZIRT,

17 --n > length xs DETIE xsBEEEZIRT,

18 take :: Int -> [a] -> [al

19

200 --drop n xs (& xs DERID n HOBEZRWVICRKBIDETIRT



21 ——n> length xs DEFIE [1 BT

22 drop it Int -> [a] —> [al

23

24 -- takeWhile (J3REE p &R b xs ZRITED, p Z&HkT
25 = EIFHH57ed xs ORDBEVEBRHD (BEOHEE6HHD) =
26 -=

27 -- > takeWhile (< 3) I[1,2,3,4,1,2,3,4] == [1,2]

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

29 -- > takeWhile (< @) [1,2,3] == []

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

31

32 -- dropWhile p xs . takeWhile p xs D& D DKREED & IR
33 -=

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

36 -- > dropwhile (< @) [1,2,3] == [1,2,3]

37 dropWhile ;1 (a -> Bool) -> [a] -> [a]

38

39 --any IFRBE VA MZEZITERD, UXMDBHADENDLDE
40 - TG ITHEDOIDHET B,

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

42

43 ——all [FARBEV X FZRITEROD. U SDBHADIXRTOE
44 - EHETHESHHET B,

45| all ;2 (a => Bool) -> [a] -> Bool

46

47 = UM (ZBTIEWTAW) OEBERZEROET,

48 head :: [al > a

49

50 -- (GEENMDERL) VAMDRBOERZERDET,

51 last :: [al > a

52

53 = Uk (EBETIEWTAV) OEBBERZRVICKREED ZE
54 tail i [al —> [a]

55

56 - UXFDERCLTCEENTVEIDNEDZHET D,

57 -- B% x ‘elem' xs DX DICHBELEATHWS ZEHZL,
58  elem :: (Eq a) => a -> [a] -> Bool

59

60  -- import bata.List DK E

61 -- sort EAHUISZERY — hTIdVXLDEETH B,

62 -- LEBEHZSIHICE D sortBy DL H B

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

64

65 -- sequence BAEIZU A DT U 3V EIBICETS B,
66 sequence :: Monad m => [m al -> m [a]

67  sequence [] = return []

68  sequence (m:ms) =m >>=\ a ->

69 sequence ms >>= \ as ->

70 return (a:as)

71

72 mapM :: Monad m => (a -> m b) -> [al -> m [b]
73 mapM f as = sequence (map f as)

74

Q4.5.1 ROXDE LI H?
1. drop 2 [1,4,5]
2. takeWwhile (< @) [-1,-3,2,-2,7]
3.any (> @) [-1,-3,-5]

4.3 ‘elem* [2,5,3,1]

2%
R

o

.

EHR

EAbUY

DHT.




4.6 T 5ICEHELL MY EWADEDIC...
XER[1]1E. EFT FEY R FORBERZDOEBFRICOVTESEL TW5S,

1. Philip Wadler, “Comprehending Monads” ACM Conference on Lisp and
Functional Programming, Nice (France), 1990 & 6 A



