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£+ F (monad) l&. Haskell (%2 W 3B EE) THRIZEHRN (T
NERECIRELZEET L) PAEANL SR, HOEETIE"EIER" (side
effect) ¥ LTRIRINSGFEERIZHDFETH 5,

brivldBFEoHATIT) B (BR) TELNTVWEIEEZHERALAEZLD
TH5H, Haskell TIEAT B FICIE, ERERBZAHTTYY —BHZNDZI L ® 5
STWBHEIIR W,

4.1 2REAM L BIFA

ML EABMEEICE,. RIMEEZETEHDETNLOTHY.,. "EEOLERIZ
ZNER (ZEH = X) 0ELOXNTESHATHLL2ANDBRIIEH S5\
EWHMRENHSB, LI ILMEEE (referential transparency)
YRY, TS LN"BER'EFEFEZEL TV LT THLEELRHEETH S, (B
BZEBEEOENT T, BELR CICL BHEBEIER IR S, ) —H. BEA
X, XHYZn NZeTH3, ANEMERAEHLI S
rWHZrld, TOEETIIBRIBIAMIRY LAV, LWIHIZ e TH5,
Haskell DX IZBIER 2 F: > TV,

CHLIBRFTETIZ. NEACHIEHRNERI BB TIE. BIFRTE->TWV3
HSRBIAMEIIKY L2\, FIZIE C T,

1 ¢ = getchar(); putchar(c); putchar(c); // C-code @

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

¥Id. getchar () »BIMEA:*H > TWEEOICER S T0I5LTHS, (L
DTATSLTRIXFE. TOTOT7S5LTEF—FR— K95 2XFOANAD
HEIMNS, )

—R. Z2RZAE Y NEACHIZHRNIIHEEN L VWEENLIIZEAL S, L
H L. Haskell TIZRD &L HIZEZ S,

ANEAXR, BEHRCOREOEEIL, S0 7I72a"Thb, &E
A%H>CEER COBEKICKIST % Haskell DEEIZ, 277> 3>
SO TRYMEY L TRIEAKY LTHELSE, (DEYT7Iva>
2EI'ERATIER L, —ARTOEEY LT/, ) 2" 7Ivar'oi
3, BRAEYIIELRZREEH S TWT, 77V a gl TwsxX
FRTLOMERT A TERY, - T, 77¥ 3> LBEEREIY
., SRBAMEIRENS,

5l 2 I£, Haskell T getchar, putchar IZXRT 2L, TNZTILRD LI %
BEF->TWVW5S,
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1 getChar ::
2
3 putChar ::

2O I0 LWIHIBRBRFOUONEAICEATZ 77V a>oBEERT, F-0 (O W&
2=y b RIYHEAE BROSHLEERFLALVWERETHSE, TZH. CEED
putchar (getchar ()) £\ RIIHIET % putChar getChar A& H 7%
Haskell @& ld, BITS5—IiHh->TL T ), IORIZAEINTVWLEETF
T>s>=) (WA 2R, ¥&D) 2AVT, ROLIHIZELRIFAIEN TR,

1 getChar >>= (\ ¢ -> putChar c)

22T (>>=) OBIE 10 a -> (a -> I0 b) -> 10 bTH3, (#ERT
&5, BRRICIIL Y LB E2HEHE->TWE, ) TORTIE, getChar &
WAT 72 a>nfERBSMNS Char BIOMES, ¢ tWHBRKICREIN, %
WT putChar c ¥WHI T 7 arhEITINS, 7733 >DB (10 Char)
EFOXD S Char BOER T EHET 2101E. o=y OLIYREETFEN
T28%ENH S, Char MOZEE c 1T LT, ¢ = getChar L ET S hIFTIE
WOT, Boms5d cdgetChar LEFRASNBE W LHBHBATH S,

Q4.1.1 C-code ® ¥ C-code @ IZx&T % Haskell 7’075 4 (DBTRE) %*
getChar, putChar, >>=,>> 2> TEF, 7L >> XRDLIIZEEREIN

5RETTH 5.

1 m>> n = m >>= (\ _ -> n)

BMEREH T O S LRETTZIBEFICLY BE%RNEDLSZDOT, EFIIEFT
INETOTILTIIMELREZ2 L9 H S, SREPUERELILT IV
aVERASBZLIIEFIOETLTELEERIE DL SR VOTEBNICERATH
LT, B> Ea—FT4 >/ RYERABTIVELR>TETW
%,

42 EF Pl

CHEH e, TEIERTETEMEFARAL L TERAINSEHR (NEAH - BIEN
KRN - BISMGIE - JEREMRY) ISHT BT 7Y a> i), RiFHBOBE
FRF-OTWT, ALBELTH DEEF TRYRAS I b > TWB, 20
HBAOEEEH OB (EEICIIRERT) O vz (monad)¥ \\ 3,
Y. EFPRFRET7I7Ya3>0BTH3, LD I10LESF RTHB, L. E
FTROPIZET 7 a2 VI EENIIOLLAEVEDLEHZDT, UTT
IR Y IZ"3HE" (computation) L W) BEEE I,

BEARICIEES P

return :a—-Ma
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(>>=) :Ma-(a—-Mb)—-Mb

YWHRDBEBOGEET 2RERF MO THS, LYEZITIE, return,
(>>=)H°

(return a) >>=k =ka
m>>=(Aa—returna) = m

(m>>=kq)>>=k> =mi>>=Aa - (kya >>=ky))

D 32N%RA (monad law) %FBLTRENIH S, ITNLDERIL, BREYIC

I return 9 (>>=) O "BAIT " THB 2 L. (>>=) BEEAE®ET I, %
TLTW3, 2% Y, BIIHT 5, E (+) L IEDHENMTT 0 DRDEXITHEY
T3,

0+x =X
x+0 =X

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

BENIZIE Mg VBRI, fFrldan7I7var'oREERT
%, F1=. return ¥ (>>=) ODEBHNLERITRNEY TH 5,

o returna--Ba*ZNFIFRIMELABWY (FI7¥a > hiEER W) &
B %7,

e m>>=k-EF. m:MaErHEL, TORENT IV a3 ERVEE
DB k:a-MbICELT, T THETZ v 2ET, F 1=
TI2varidmknT I arEKITTEITTSET7 I a > ICHEYT
%,

43T F®RISR

EFFMOERIIEMLUAVEBIERICEY BR S L. AT 2 EE return,
(>>=) DEZLLEIARR S, LHvL., return, (>>=) M E/IRSA -5 —
Y LT, RE-SABERFODOT, BISREFAVWTT RRy 7 %ME28%Ke L
TEZETH2eHTES,

1 class Monad m where
2 return :: a -> m a
3 (>>=) s ma -> (a->mb) > mb

ERRIL, Monad BRI TIE#R <, BEBRFIIHT SR IS (BRERFI S R)
I > TW 5,
4410 %7+ F

10 I& Haskell @ Prelude (RMHN 53HARINT WSS T 5 ) —) IZA>TW
Z3EFPRFTHD, IS5 A Monad DA Y RIVATH 5B, TNDEHEIT—MRDT
0759 —H5IRARVHEALZNB > TS, L, BENIZITRD
LAREREEOBELELLZZ NI TES,
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-- type 10 a =

-- instance Monad IO where

-— —— F: ERICIE type TEZEIN-E L% instance [ZIEFEZR AU,
-— return a = \ w -> (a,w)

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

272U RealWorldd, A>E2—9—2FKD T 7ML ECOREETRTRT
H5, 10 ZEABOELH. FIHD RealWorld BT —FIIERINTWT, #
DEFETHELONL W ENRIETE SO, BIENICESTHRZ T BRYED
RealWorld O T—FDEDHIFE->TERW, EWIZETH5S,

10 |3 Haskell TAEACREEZIROITIR D DI, REBRATHENLRHRVEZ
3%, £47Y 3547 LT, putChar, getChar DfEIZH, UTHLH %
A H %,

1 putStr :: String -> I0 () -- XFiEHAT S

2 putStrLn :: String -> IO () -- XFIZHALTHITT S
3

4 getLine :: I0 String -- —{TZE®mA AT

5 getContents :: IO String -- EOF ETHmHAAD

6

7 print :: Show a => a -> IO ()

8 -—- XFHICEBLTHAL, HITT D
9 readLn :: Read a => I0 a

10 —— —fTEHRAIAATIN—RT DB

$F1Z getContents IFBETFETIZENNOAR R RAAL., TNS5DOMICZT
F7ANMH L TANEAT5-O0EARELECLAEINTVS

¥ 23T, Haskell d 70754 %, GHCI D& 5 Rz BIETIE% <. ghc 3
YU RTEFTAET FANMCTIRNAILLTEITT RS CYRALELIIC
main ¥\ BRIDBEEH 5 ETHOHABINEHERICE>TWS, L Tmain
B, 10 t Y WIATOE (¢t IEENR) HEFLLFNIEV TRV vtk
> T\W5,

DEYRDESIHTOITFTLTIE, BEANADTRTEFEAAL Z L3k <,
BN 11T0HEHAT 5,

1 main :: IO ()

2 main = getContents >>=

3 (\ all -> let 1ls = lines all

4 in putStrLn (head 1s))

7z7Z L. lines :: String -> [String] WXZFEH *BITXZTHEIT 5
. head :: [a] > aldYVRIMDEBEEZEZLZRTEAKRTH 5,

Y z2lE, BENADLFEARAALEXFZIDAXNFER2/NINXFIZEBLEDIOY
INFZEARXFICEBRLEDLDEEATE2 70 TSLEUTOL I TR S,

1 import Data.Char -- Data.CharEYa1—JL% importd B
2
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3 -- toLower, toUpper :: Char -> CharldXXF - INXFDLE#
B %

4 main :: IO ()

5 main = getContents >>=

6 (\ s -> putStr (map toLower s

7 ++ map toUpper s)))

LtROFERIIFFEIMZEABL., IS5ILAT7IMEEZ T ROLHIZELCZ
A AR

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

MO 7Ta754TIE. 2OLHICFHEREABT 5,

%3, Haskell TlE Monad 7 7 2I<xd L T, EErWHEBREXEEELT
WT, COBBIIRDLIICESCZ L TES,

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

CHAdoRVEAZETRBNLELATIML—ILOXETHY ., #YILAT
URTHMNIETL 2RI a0 EERTEI LN TE S,

1 main = do s <- getContents
2 putStr (map tolower s ++ map toUpper s)

ZLTdo RITRDIL—ILTEIERIN S, (THEEICERARA = BIRAIER 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 }

(Fix, ZOBRMBAUIZY R FORABERZNEERBAIZILACBALTH

%O )

Q441 -oFnL 5% TO0 sS4t 10 AT A EKZAVTERT L,
1. —1TEFIT25ARAAT, TNEADLRLT S T0 TS5 4

2. —TEUITEHARAAT, TNE2EAVLRLT Z T 0T T4
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BEH, for W Y DBRLDEHDEIIR VDT, BYVRULAIABER L EIIHE
IFEREEET 2RENH S, BlAE. NAXFIDRFDEENEEL T %
AXFIZT SO 7S LBRDEIICERTEHI e TES,

import Data.Char

capitalizeFirst []

1

2

3 []
4 capitalizeFirst (xs:xss)

5

6

7

8

(map toUpper xs) : Xss

capitalizelLine line
= unwords (capitalizeFirst (words line))

9 main = do all <- getContents
10 let xs = lines all
11 ys = map capitalizeline xs
12 putStr (unlines ys)

Ml442 10+ FE2FMALTRDE IR TOTSLEEREL, CRETEN
LTVWSEAKEERT 20D Lk, )

1. ANAOXFINEITEBICAXFZ NN FICEBRLTEAT S, (B4
"Hello,«World<; %% Thello,¢HELLO,¢world¢WORLD, 2% %, =72
L., "¢ I3RITXEEET LT 5, )

2 ANAXFINFNEF (0" ~'9') OHBEEBKEAT L TEAT
60

3AAXFIGD 10 SERT BEMO 10 FE T EEAT 5,
4.5 2R r IX L EHB

512, Data.IORef ¥\WJ)EYVa—IL% import §%2 T, BIEHRAIT
£ 288 (reference) B (IORef) % #{XHIBELEHEBEINS,

rx

anp

1 -- import Data.IORef MIKHE

2

3 newIORef :: a -> IO (IORef a) -- %ﬁbb‘?}ﬁﬁ@«ﬁﬁf
4 readIORef :: IORef a -> IO a -- SEBOFEHEL

5 writeIORef :: IORef a -> a -> I0 () -- SEBADOEAH

RIC, TORef 23FALETO TS L0H % HIT 5,

import Data.IORef

foo r = do i <- readIORef r
if i <= 0 then return ()
else do
putStrLn (show i)
writeIORef r (i - 1)
foo r

main = do r <- newIORef 10
foo r

P O WwWwOowJo Ul W -

=
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£ L. THIAEEKRIE [0Ret £{E-AHITHY . IoRet :EHTICE CEIME
Y4 2ROLIBLTOTSLDIFINARTH S,

1
2
3
4
5
6

- foo MEBARBERITILUTOEY -)

{
foo 1 = if 1 <= 0 then return ()

else do putStrLn (show i)
foo (i - 1)
main = foo 10

% 7z Data.Array.I0 ¥ W) EYVa— /L% import §% 2 ¥ T, BIERANDT
REGESIZHROBABLARING, BIENRANEZEHLL VERIIOBREIIED T
RN DT, BEIIIIBIZENRNEITTIRTH S, (BIEHNRANEEHL

Wwr.

H O WwWwOo Jo Ul WP

[

R,

a s w N

O ~J o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

B EETMASZLVICHLWEINETABET S LIIR S, )
-- import Data.Array.IO0 A HE
newArray cr Ix 1 => (14, i) -> e -> I0 (IOArray i e)
- RFORN - EROBEEROMBEEZZITR-T
-— FLWLESIZED
getBounds :: Ix i => IOArray i e -> IO (i, 1)
-~ BIDHKFORNERKRERT
readArray :: Ix 1 => IOArray i e -> i -> I0 e
- BIEARFERITMLOT, TDERZHT
writeArray :: Ix i1 => IOArray i e -> 1 -> e -> I0 ()
- BIEARFLEEZZITRMSOT, ERICEZTAT
Data.Array.I0 2#ALETO 7S5 LnB % HIF 5,
{-# LANGUAGE FlexibleContexts #-}
import Data.Array.IO
import System.Random
randomArray :: Int -> Int -> Int -> Int -> IO (IOArray
Int Int)
randomArray il 12 mn mx = do
arr <- newArray (il,i2) mn -- RIZ mn THHIET B
loop il i2 mn mx arr
return arr
where
loop i 12 mn mx a
[ 1> 12 = return ()
| otherwise = do r <- randomRIO (mn, mx)
writeArray a i r
loop (i + 1) i2 mn mx a
printArray :: Show a => IOArray Int a -> IO ()
printArray arr = do

(i1,12) <- getBounds arr
loop il i2 arr
where
loop il i2 arr | 1l > i2
| otherwise

a <- readArray arr il
putStr (show a)
putstr ", "

return ()
do
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27 loop (il + 1) 12 arr

28

29 accumArray arr = do

30 (i1, i2) <- getBounds arr

31 loop il i2 0 arr

32 where

33 loop il 12 v arr | il > i2 = return ()
34 | otherwise = do
35 a <- readArray arr il

36 let w = a + v

37 writeArray arr il w

38 loop (il + 1) 12 w arr

39

40 main = do arr <- randomArray 1 5 0 100
41 printArray arr

42 putStrLn ""

43 accumArray arr

44 printArray arr

45 putStrLn ""

BEAM {-# LANGUAGE FlexibleContexts #-} @757~ \wHa>/3A
S—I25 25447, T2 TEHMICIIILEANSR WA, Data.Array.I0 ¥
FHIFEIMTTELL I LEEEDT 5,

2 27T randomArray \(SELETHIHAIL L < ECS = BT 5% printArray
ISEFNEE*E AT ZE. accumArray |$EF ZHHEMICESHL TEL

B35 THS, 2Ol S5L5ETT5L, BlAIERDOL ) Rt hd

Bons,

56, 36, 716, 44, 10,
56, 92, 168, 212, 222,

4.6 % - AALY X FREEEK

T I\“Z 'ri@_%ﬁ'ﬁ%f;\,\ﬁ\“\ Lxﬁﬁ%ﬁbf:bxyl\l:x_?yua&fi7ou 7°5L\’(‘?ﬁﬁﬁ
LBbHNEY R MREEAKE. AT TWLO0BNT %, TN 5D sort
RV T Prelude (BES1 75 —) ILERELTH 5,

1 -- lines @IXFHNERITXFNEIATHEILT, XFIDY R+

29 %,

2 - FHROXFIIZERITXFIEEENTGL,

3 lines :: String -> [String]

4

5 -- words EXFIHEEAXFTHIILT, XFIDJ XY
%)O

6 words :: String -> [String]

5

8 -- unlines |& lines DFIRETH S,

9 - EXFIORRICHAXTEEML., —DITHAT 3,

10 unlines :: [String] -> String

11

12 -- unwords |& words DHEIRETH S,
13 - BEXFIHFZATRY>THET %,
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14
15
16
17
18
19
20

21
22
23
24

25

unwords :: [String] -> String

-- take n xs [& xs ORE n OEEIPH ERT,
-- n > length xs M&ETIE xsBEZERT,

take :: Int -> [a] -> [a]
-— drop n xs I xs ORAD n EOERZRV-RESD TR

T
-- n > length xs MEETIE [] FiRT

]
drop :: Int -> [a] -> [a]
-- takeWhile (g p EUR b xs ZFZHWY, p ZHEETE

ES
- EA5HE% xs ORLRVWEES (E0HEE1H5H) R
ER

26 —-

217
28
29
30
31
32

-— > takeWhile (< 3
-—- > takeWhile (< 9
-- > takeWhile (< 0
takeWhile HE

-- dropWhile p xs [X. takeWhile p xs DEYDKEHH %R
e

33 —--

34

35
36
37
38
39

40
41
42
43

44
45
46
47
48
49
50
51
52
53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

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

-— > dropWhile (< 9) [1,2,3] == []

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

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

- any FRBFBEEVRAFERZTRY., VA MDEIDENIDERD

U

—— FmlIhESIMHET B,

any :: (a -> Bool) -> [a] —-> Bool

-— all FRBEBELUVRMEZITRY., URMDEIDITRTOESRS
ik EE

-~ EEEITHAEINHET D,

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

-— head [FURF (EBTIEHWTEL) OXBEBERFRYHET,
head :: [a]l -> a

-- last & GEZEMDOERLE) VA FOREDERZRMY LT,
last :: [a]l -> a

-— tail [EURF (EBTEHWTFEL) OEBEBERZRV-RKERS
FRYHET,

tail :: [al -> [a]

- elem FURMDEZRELTEENTLEINELZHET S,
- BE x "elem’ xs DESITHERETHWSZ EAZLY,
elem :: (Eg a) => a -> [a] -> Bool

-- import Data.List AWMHE

-- sort FIREHBY—FZILITNVXLDEETH S,

-- BB ESIFIZE D sortRy BE#EELH D

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

-- sequence (i'JZ cEDOT7O a3 FIBIZCETT S,
sequence Monad m => [m a] -> m [a]

return []

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

sequence []
sequence (m:ms)
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71
72 -- mapM [E7 VY3 VERIEHEZ IR NFOLTOERICERAT

60

73 -- ex.) mapM putStrLn ["ab", "xyzw", "12345"]

74 mapM :: Monad m => (a -> m b) -> [a] -> m
[b]

75 mapM f as = sequence (map f as)

Q4.6.1 ROADEL A ?
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]

4.7 TS5ICE LY FVWADEBIC..

Xk (Wadler 1990) &, £+ Ry )2 roREGEZOBFEICOVWTESEL TV
%0

[11 (Wadler 1990) Philip Wadler, “Comprehending Monads” ACM
Conference on Lisp and Functional Programming, Nice (France), 1990 £ 6
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