FAaE S F

£+ F (monad) |&. Haskell ($ 5\ 3h0BEEEEEE) THIBEHRN (THD
B YREEZZEEFTE2Y) PCAEHDL IR, BOEETIZ"EMER" (side
effect) ¥ L TERINSGBFHERIZDDFETH 5,

brividBFEoATI) —Em (BHR) TEPNTWEIEZE*ERALEZDD
TH5BH. Haskell TIEAT S XICld, BErR3AHTTY) —EBHHOZ L %4
STWBREIIRW,

4.1 2REAM L al1E A

MRLEARREEEICE. ARELZXRTADETOLOTHY. "EBOHBFER
Z0EH (EH = X)) 0ELOXTESHATHLLR2ARDERIIED 57\
EWHEENHSB, LI LMEEE (referential transparency) ¥ "
U, 7O75L0"BR"EFZELTWKLETETHLERERHETH S, (BRE
BN ENIF T, IFER CICL A0 E S ISR 5, ) —H., BUEAIX. R
1 Z D NDZETH5, ANEMEREFLI B LW )
CXld, ZOETETRISRBAMHAKY L\, YWI X THS, Haskell
DRIFEMERAEHR > TR\,

CHLIBRFTETIZ, NEACHIBHRANEZRIBL TR, BIEAZE-TWS
S RBAMIERY L2, FlAIE C T,

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

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

¥ 3, getchar() »EMEA:2#H-> TV 5LOICER S T0754TH5, (L
DTS LT IXFE. TOTOTSLTIEF—HK— K95 2XFEDANAD
HEINS, )

—H. S2RFEAME Y N\EHACHEBEARNIHAENLVVEENL IR A S, L
H L. Haskell TR &L HIZEZ B,

ANEAR, BB CORENDEEIR, ASH»D'7I723>"Ths, BlME
AxH>CEE&E R COBEKITHIKT % Haskell DEEKIZ, 277> 3>
FEHOTRYEY LU CGRTEKR LTEALSE, (DFYT7IVa>
2EMERTIIR . —ARTDMBEY L TR, ) ZH"7Iva> "ol
T, BRZEYIIRAR AR 2F->TVWT, 772¥ariigilTwWsaX
BRCUAMERT Z2Z L TERW, -7, 773> LEITREIY
., BRBIAMENRENS,

Bz 1L, CEEND getchar, putchar IIXFIST % Haskell DEEIL.
getChar, putChar ¥ WIH BB T, TNZILROD LD BB EH-> T\ 5,



getChar ::

putChar ::

CHOT0LWHRBRFONEAICET 27 7va>oRekd, . ()&
2=y N RYFEL BROHLIEZEHLZLVERTHE, (CEEN voidB D
LRI THS, ) TH%H. CEEEND putchar (getchar () ¥\ I R I
%I 9 % putChar getChar D& 9 7% Haskell DX, BT 5—1%->TLZE
Yo TORICABINTUVWEEETF o= (N 2P, ¥Y5mD) 2AVWT R
DEHITEIRIFHUL N TR,

getChar >>= (\ ¢ -> putChar c)

. (>>=) OBIETO a -> (a -> T0 b) -> 10 b ThH b, (AT
Iy BRI EY —ROLBERE-TWS, ) Moo= 130 EARS VR
I0 a?DaNBREHMEL T, EARSI Y FOBEEKa -> 10 b II5IKE LTE
T EWIHREY, EARTURDTIVa e EARSI YD T IV ar%
MITTERITT S, tWwWHRkElr, 2 o0%E%R~ET, 2TORXTIE, getChar
YEWHATI73a R/ LNS Char BOED, ¢ LW ) BRITREIN,
T putChar c EWHI T I3 arhi RTINS, 773 a >R (10
Char) 22X 5 Char ROEA T 2HET 5I121E. o= OLIRERETF
AENT ERENH D, Char BOEE c I LT, ¢ = getChar ¥ ET S5 hIT
TWERVOT, Bo\EH» 53 cd getChar LEIHWA SMNABLWVWZ LHHATH
%,

Q4.1.1C-code O ¥ C-code @ |2 T % Haskell 7775 4 (k) %
getChar, putChar, >>=;, T>>) 23> TEF, =L Ty I RDLD
ILEBINDIEFEFTH 5,

(>>) :: I0a -> I0 b -> I0 b
m >> n = m >>= (\ _ -> n)

BIER%*EH > 705 L ETTRIERZBICLYERIZEDLSZNDT, HIITEIT
INETOTSLTIIBBL RS2 HD, 2REBEAKEEFRLELRNLT IV
AVERABZLEHFNEITLTCLEERIZE DS RVOTHEBIICERTH S
EFUTh<, HFa>Ea—F 4> CRRBTHRLEL G >TET N5,

42+ Frid

LS, XFXELREETCEMER Y LTERINSGEFR (NEAH - BEIEDN
RN - BISMUIE - JEREMRY) ISHT 27733 >0l RigHiBEE
EFH-oTWT, ALEEEH IREF TRYRAS I L/ > TS, 2D
HBOEE OB (EICIIREBRTF) O % (monad) ¥ W95,
I, EFFRRT7I7Va>oBTHE, LZDIT0OLEFFTHS, L. ®



FROBICIETIVa> b VWIEENIILLLAEVINDLEHEZDT. UTT
TR Y I E” (computation) L WD BEEFE S,

BAERMICIEESF Fr i

return :a—-Ma
(>>=) :Ma—-(@a—-Mb)—-Mb

YWHORDEAKOEET S2BERFMOZ L THS, LYEFEIZIE, return,
(>>=)H%

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

(Mmy>>=kq)>>=ky mqi>>=Aa - (k; a >>=ky))

D 320D%N (monad law) £ TREN,H S, TNLNERIE. BERAICIE
return 5% (>>=) O "BATL" THB 2 k. (>>=) 2 EEBN%EE-T 2, 25
LTW3, 2FY, BT 5, M (+) L BEDOEMT 0 DROFEXICHE T
%O

0+x =X
x+0 =X

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

BENIZIEMa v BRI, FrlE'an7I7va ' oBEERYT
%, F1=. return ¥ (>>=) ODEEBWNLER)RIZRNEY TH 3,

o returna a2 ZNFTFRIME LAV (773 HEERW)
CRE XN

1l

e m >>= k- FF. m:Ma%iHEL, TORERDT IV a > ERVEE
DD 5B ka-MbITELT, T THET S 2%T, 7=,
TI72varidmknT I arEFEITTETTS7I a2 IBYT
%O

43+ Fr®RISR

EFFMOERIIEMRLAZVEMERICLY BR S L, AR 2% return,
(>>=) NEHLHLLEIARMRS, LA L. return, (>>=) 3 ME/RSA—5—
¥ LT RESEBEED>OT, BISIAEFHAWT7Z Ry 7%82E%Ke L
TEZETHZ U TE 3B,

class Functor m where
fmap :: (a -=> b) -=>ma ->mb

class Fuctor m => Applicative m where
pure :: a ->m a
(<*>) ::m (a -=> b)) =>ma ->mb

class Monad m where
return :: a -> m a



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

EFEIE, Monad RB TR, BMEBRFIHT SR ISR (BEKFI T X,
type constructor class) (2% > T\ %, %, Functor ¥ Applicative |Ixt
TE5M42RIVREZIIDOVTU, Monad DA Y X9 Y ATHNIE, EICTO
EREEAT 20T, UKBEILEKRT 5,

fmap £ x = x >>= (\ z -> return (f a))

pure = return
f<*> x=f>>= (\y ->x >= (\ z -> return (y
z)))

4410 €+ F

10 |$ Haskell @ Prelude (R#MH 53HARAINTWESA T35 =) ITA->TW
L2+ RTHB, MISZA Monad PAVRIVRATH D, TDERIET—BNT
075353 RARVHEALZDOB Y5> TWS, L. BEENIZIZRD
LI ERERFORALUEZZIUDTE B,

-- type I0 a =

-— instance Monad IO where

-— —- F: ERICIE type TEEINEHEL % instance [TIEHEZLLUL,
-= return a N\ w —> (a,w)

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

7L Reallorld id, A>Ea2a—9—2@FEN T 7 AL Y OREFRTRC
H5, 10 IEAEDOREH, D RealWorld DT —FIIEBIN TV T, fh
DHETHELNL VI EARIETE S0, BIBHICESHA T BRYED
RealWorld OF—9DE=DIfE->THREW, WA TH 3,

10 & Haskell TAHE A CIREERIRITIRD 12, REBRTHLRVWER
3%, £ 35472 L T, putChar, getChar DMBIZH, UTHL S %
A H %,

putStr :: String -> I0 () -- XFAE#HAT S
putStrLn :: String -> IO () -- XFIZHALTHITT S
getLine :: I0 String -— —fTEHEARAD
getContents :: IO String -- EOF E£FTHEHAAD
print :: Show a => a -> IO ()

-— XFHIEBLTHEHAL, RITTH
readln :: Read a => IO a

-— —fTEHZAIAATIN—RT S

¥¥12 getContents SBEFBTIEENAOABRERARAD, VAN,
BEBIZESRIFNIEANAERDE VY, TNLDMIC, BENEATIREL 77
AN L TANEATE2EHOEERLRECLAREINTVS

¥ 2 AT, Haskell 7’075 4%, GHC & S5 R BIETIEA <. ghc 3
T RTETHAREZ 74N /AL LTEITTSLE, CYRLLIIC
main £\ BETOBEEY 5 RITHIHBINSNRICE > TS, £ L Tnain



BEIE. 10 t L WHAFEOE (¢ IEENR) 2HEALLIFNITVITARV YTk
S>TW5,

DEYRODLSILTOITSLTIE, BENADTRTEFEAAL Z Id% <,
BN 11T0OHEEEHNT S,

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

=2 L. lines :: String -> [String] EXZFI 2 RITXETHET 58
. head :: [a] > ald ) A PMDOEBEEER*RTEAKRTH S, FlAIL.
lines "ab\ncdef\nxyz" I ["ab", "cdef", "xyz"] T&H %,

Yzl BEANADOLHEAANALEXFINDAXF R/ INXFICERLELDY
INCFZEARXFICERLEDLNDEEATE2 7O SLIBUTOL I 2R 5,

import Data.Char -- Data.Char®Ya1—I)L% importd

-- toLower, toUpper :: Char -> Char
-- FRXF - INXFOEIREH
main :: IO ()
main = getContents >>=
(\ s -> putStr (map toLower s
++ map toUpper s))

FENERIFEMEERL, ISICLATIMEELIT, RDLIITEC 2L
H% N,

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

Mo 7ar756TIlE, 2oL ICFELE BT 5,

%3, Haskell Tld Monad 7 7 X3t L T, EEY VOB REXEEELT
WT, ZOBBIIRDLHITECZ LI TES,

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

CHOdoRILEAETRNLELATOMIL—ILOFETHY ., #EYILAT
TRFTHULTL 2L I a0 EEBT LN TE S,

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

%LU Tdo RRROL—LTEHRI NS, (THRIICHIRMA & AR IHA L
TWL, ) 22 TeldX. decls TEENLEUTH %,

do { e } = e
do { e; stmts } e >>=\ ->do { stmts }
do { x <- e; stmts } = e >= \ x -> do { stmts } GE)

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



Eid, ZOEERENEI) A FOABERITOERBALIZLACRALTH S, &
= B pxorzzicid, BREREFTEAEL, SI9—2LHETH
%, ZTDBEOEFRANIEREIZITRD LS 128 B,

do { p <- e; stmts } = let ok p = do { stmts }
ok = fail ".."

in e >>= ok
Q441 OFNLHIRTO IS5 LR 10 AT IEBEAVTERE L,
B> b: AAIZIE getContents TlE% <. getLine #fERAE L,
1. —1TEFIT 3%ARAT, TNELVLERLT S TO TS5 A
2.~ ITERARAAT, TNE2EAVLERLT E 70754
L.EBEHEZRAAAT, TO3EEEATE T OIS 4

4 EDNEEFZAAAT, TORXTWHRIL LT, » TZAFREETRT
527075 L

BE, for X LOBYRLDIHOBXIIR VDT, BYERLHIGER L =X
BREABE*ERT IXENDH S, HlAIE. NAXEINDOZITOREDEES T
EFAXZILTE707 5 LI map 51> TROLHIICERT B2 e TES,

import Data.Char

capitalizeFirst []
capitalizeFirst (xs:xss)

[]

(map toUpper xs) : xss

capitalizelLine line
= unwords (capitalizeFirst (words line))

main = do all <- getContents
let xs = lines all

ys = map capitalizeline xs

putStr (unlines ys)

442 10 EF F2FALTRODELIL T TS L52EREL. (Hrod®T
BALTWES1475) —BABEERT 20 LNARV, )

T AAXFEF 2T TLICANF LI FICEBRLTEAT 5, (BIAIL,
"Hello,«World<; #% Thello,¢HELLO,<worlddWORLD, 2% %, 7=72
L., "¢ I3RITXFEE2ET LT S, )

QLANAXFINFDOEF ("0 ~'9") DEBREBEATV P LTEAT B,



4.5

3AAXFIRD e ANHRT BRMWD 10T T EAT 5,

2R XL EST

¥ 512, Data.IORef ¥WHAEYa— /L% import ¥52¥T, BIBHARNYGT
#e7e B 88 (reference) B (I0Ref) 2RI BEHRLAEBEINS,

Z

-- import Data.IORef MIHE

3 newIORef :: a -> IO (IORef a) - FILWLWSEBOER
1 readIORef :: TORef a -> I0 a -- BEOZEHL
5 writeIORef :: IORef a -> a -> 10 () -- SEBADEAHA

JRIC, TORef 2FALAETO TS L0H%E HIT S,

1

import Data.IORef

3 foo r = do 1 <- readIORef r

10
\

=7

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

main = do r <- newIORef 10
foo r

L. THNIIEIBLRIE T0Ref 2F>7BITHY. IoRef 2EHTIZRE L ENME

2T 53RNDEHALTATSLDIEIVEARTH 5.

1

2

(- foo DEALTEZIFIUTOEY -

foo i = if 1 <= 0 then return ()
else do putStrLn (show 1)
foo (1 - 1)
6 main = foo 10

E

Data.Array.I0 ¥ WIEY a2 — /L% import §5% 2 ¥ T, BIEHRANDIT

BEEREINEROBBLARING, BIZHNRANEEbL WES DEEIL, BT
FVWHEWLEIE—FT 32Xl > TEBD TIEMRN L DT, BEHICIZHIENR
ANIZEWIIRTRTH S, BIEWRANEZELAR VWY, BIZESRI LV

e i1

1

10

LWEAZAET S XIIREDLTH S,

-- import Data.Array.IO NILE
3 newArray o Ix 1 => (i, i) -> e -> I0 (IOArray 1 e)
- AFORMN - BRROMELEROVPEZZTIR-T
- FLWENEESD
6 getBounds :: Ix i => IOArray i e -> IO (i, 1)
- BIDRFORNERKRERT
readArray :: Ix 1 => IOArray i e -> 1 -> I0 e
9 —- BRIIEARFEZITMOT, TDERZHD
writeArray :: Ix i1 => IOArray i e -> 1 -> e -> I0 ()
-- BIIEARFEBEZITMo>T, ERICEETLAD

11

JRIZ, Data.Array.I0 2#ALAETOT7SLnflEHIT5, 22T
randomArray $EE THHAML L 2 EBEI 2 ER T 2%, printArray I$EF



NEBEE*HEHT 2. accumArray SE 2 BEIEMICESRATELES T
ZEBTH 5,

{-# LANGUAGE FlexibleContexts #-}
import Data.Array.IO
import System.Random

randomArray
Int -> Int -> Int -> Int -> IO (IOArray Int Int)
randomArray il i2 mn mx = do
arr <- newArray (il,i2) mn -- {®IZ mn TH#EHELT S
loop il i2 mn mx arr
return arr
where
loop i 12 mn mx a
|1 > 1i2 = return ()
| otherwise = do r <- randomRIO (mn, mx)
writeArray a i r
16 loop (i + 1) i2 mn mx a

1oy U WIN

O WO

Y O W N

18 printArray :: Show a => IOArray Int a -> IO ()
printArray arr = do
(i1,12) <- getBounds arr
loop il i2 arr
where
loop il i2 arr | il > i2 = return ()
| otherwise = do
a <- readArray arr il
putStr (show a)
putStr ", "
loop (il + 1) i2 arr

N
o O

>N N

NN

N
o U b W

NN
]

30 accumArray arr = do
1 (i1, 12) <- getBounds arr
2 loop il i2 0 arr

33 where
4

5

3 loop il i2 v arr | il > i2 = return ()
3 | otherwise = do
3 a <- readArray arr il

37 let w =a + v
38 writeArray arr il w
loop (il + 1) 12 w arr

A0
ayV

main = do arr <- randomArray 1 5 0 100
printArray arr
putStrLn ""
accumArray arr
printArray arr
putStrin ""

IS

D

o U1 bW

[InS

M {-# LANGUAGE FlexibleContexts #-} X757 < \w) a>/84
Z—I252 %4 7T, T2 TIIFMIIILENLR\VA, Data.Array.I0 ¥
FH T THEL I L2 BEHT 5,

SNTUTILERTTEE, BIAIEROE I LEARLNS,

56, 36, 76, 44, 10,
56, 92, 168, 212, 222,

(1F1F) WRT B CEENTOTSLIIUTOL D IIh 5,

1 #include <stdio.h>



O J o U bW

N©)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

#include <stdlib.h>
#include <time.h>

int* randomArray(int n, int min, int max) {
srand ( (unsigned) time (NULL) ) ;

int* arr = (int*)malloc(n * sizeof (int));
for (int 1 = 0; 1 < n; i++) {
arr[i] = min + rand() % (max - min + 1);

}

return arr;

}

t n, int* arr) {
;1 < n; i+4+) |
, ",oarr[il);

for (int i

void printArray (i
printf ("%

n

0

d
}

}

void accumArray (int n, int* arr) {

int v = 0;

for (int 1 = 0; 1 < n; i++) {
v += arr([i];
arr[i] = v;

int n = 5

int* arr randomArray (n, 0, 100);
printArray (5, arr);

printf ("\n");

accumArray (5, arr);

printArray (5, arr);

printf ("\n");

int main(void) {

return 0;

46 %t - ARA% ' X M REREK

EF R ZEZBERR VD, UETRBRAN L EZMIMNIXEINE SO 7S5 LTHA
YEhNsY X FOEEAKEZ, UTTWLO20BNT 3, TNLDOEEIE sort
2R\ T Prelude (BS54 75 =) ICEEFATH 5,

O Jo O W N

e el e e
OO JoO U™ WN R O W

-- lines IXFINEZHRITXFDEATHEIL T, XFF (EFE

- DYRKZTS

-- BWROXFIIZEFBITXFEEEENLGL

-- > lines "ab\ncdef\nxyz" == ["ab","cdef","xyz"]
lines :: String -> [String]

-- words [EXFHEZZEAXFTHEILT,. XFIDODJYVR TS
-—- > words "ab cdef xyz" == ["ab","cdef","xyz"]
words :: String -> [String]

-- unlines & lines DHEEETH D

- EXFHOREIZHATXFEZEML, —2IHEET S

-- > unlines ["ab","cdef","xyz"] == "ab\ncdef\nxyz\n
unlines :: [String] -> String

-- unwords I& words DFEEETH D

- EXFHEEETRYI>THET D

-— > unwords ["ab","cdef","xyz"] == "ab cdef xyz"
unwords :: [String] -> String



20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
477
48
49
50
51
52
53
54
98
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

-- takeWhile [FhZE p EVUR b+ xs ZITHWY, p Zimi-9
- BEEGRSLD 1o ORLRLARNS (BB L HB) &
- R

-— > takeWhile (< 3) [1,2,3,4,-1,0,3,4] == [1,2]

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

-— > takeWhile (< 0) [1,2,3] == []

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

-- dropWhile p xs [¥ takeWhile p xs DHEYDKEIRS

-- TRY

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

i == [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 FMBEUR FERHRY. YR FOHELADERDDERA
- REEBETNESHHET S

-- > any (< 9) [1,2,3] == True

-- > any (< 2) [1,2,3] == True

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

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

-- all FRBEBELUVRMEZTRY., YA FDGELADTRTOESRM
-- RBEB=INESIMHET S

-- > all (< 9) [1,2,3] == True

-— > all (< 2) [1,2,3] == False

-— > all (< 0) [1,2,3] == False

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

-- head [FUR KM (ETIEWTFEL) OEBEBERZRYET

--— > head [1,2,3] ==1

head :: [a]l -> a

-- last & (FEZEMNADERL) VA MDORZEDERZRYHT
--— > last [1,2,3] == 3

last :: [a] -> a

-— tail [EUR K (ETIEWTFEWL) OEBEERZRV-XEHD
-— ETRYHT

-- > tail [1,2,3] == [2,3]

tail o [al -> [al

— elem [FYRFDEE (element) ELTEENTULEMEM
-- THET D

—— BE x elem xs D&IICHBRETAVSZZEAZL

--— > 1 “elem” [1,2,3] == True

--— >0 “elem” [1,2,3] == False

elem :: (Egqg a) => a -> [a] —-> Bool

-- import Data.List DNMHETHD

-- sort FRELY—FTFILTVALDRETHS

-- BB ESIBIZE D sortBRy BB H B

-- > sort [5,2,3,8] == [2,3,5,8]

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

-- sequence & 'J7\ FREDT7H a3 VZFIBIZCETT S,
sequence Monad m => [m a] -> m [a]

return []

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

sequence []
sequence (m:ms)

4 plo



-— mapM X7V aVERIEHZEZ)VAMRDOETOERIC

-- BWAYS

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

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

Q4.6.1 ROADIEIL A H?
1. takeWhile (< 0) [-1,-3,2,-2,7]
2.dropWhile odd [1,4,5]
3.any (> 0) [-1,-3,-5]

4.3 ‘elem’ [2,5,3,1]

47 TS5ICHE LS Y EVWADESHIC...

Xk (Wadler 1990) I, £+ R ) R bOABERIEZDEZII OV TESL TV
%O

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