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uboooboboobooobbooooooobobboooboobooboboboon
U000 OHaskelOOODOOODOODOOODOOOOOODODOODOODOOOO
ugboooooo
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oOooofbobO0ooooooOooDbo0o0obO0o00b0bOooomuooon
O0OO000O0ODOO00O00O000OO0OO0O00O0bD0OO0O0oOobOOoOoooobooooOo
ooboooooboon O referential transparency 10 OO OO O
o000 “0or0bhO00O0O0OO0U0OobO0ObOODOO0o0O0DmOoOoDbOond
0000d00o0O0ob0obO00obOO00gdooOo0ooo oobobdoooooooo
OU00D00O0O0OHaskelDOODOOOODOD

gooo
ciogooooobboobooobobbbobobbboobbbobg
gooogoogcon

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

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

U00OgetcharQ O O0O000O0O0ODOO0OOOOOODOOOODODOOM OO
gooooob1boooooooooob 200b0oboooOobooO

gooobooboobobboobobbobooooboooooooon
U0 OHaskelODODOOOOOOOOD

gbhboboobobooooooooboboobo“ooboorbobdd
gobooooobooboobooboboobbob coooooog
O0000 HaskellDOOODOOOOOOOODODOOOOOOOO
gbhbooooobboboobmoobooooog “brboboooon
gobooooobmoo“cboboor>0oo0ooobooooDog
gooboboooobobobobooboobooboboboboooboong
googobooboboobboobogo
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OO0 OHaskell 0 getchar,putchar0 0000000 0O0DOO0OO0OO0O0OO
gooooon

getChar ::

putChar ::

00 loO0O000OO0ODDOOOO0ODOOOODOODODODDOObODDODOOOCOoOn
putchar(getchar ()) OO OO0 OO OO putChar getChar O O OO Haskell
0000000000000 oOoboIoooooonoooOoDoOonO>»=00000
0o0o0o0oooooooboOooon

getChar >>= (\ c¢ -> putChar c)

bdO0O>»>=0001I0a ->( ->I0b) > I0bU00OO0MOOOOOOOO
obooooboboooobobooobbobObgetchard 0 ooogn
U0odoodog har 000 D0OcO0ODODODODDOOOO putChar c
gudoouobuobobuobooooooooobobboooooooooban
U00>>=00000000000000000c =getCcharJooooon
gobooobob0oboobibOod cb getCchar OO0 oonooooonOoOg
goooon

Q4.1.1 C-code ®O C-code@Od OO 00O HaskellO OO OO0 OOO OO getChar,
putChar,>>=0000000

gobooboboooobobooogbobboobooobooboobooobDo
gboboboodoobooouooooobobobobooboobooooooon
gogooobooobooobobbobooooobobooooooboooon
gboooboooobobobooob
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goboobooggbabobobobboobobbbouoboouoobobbon
boobbobooobooooboooboooooooooooooboboon
gooboooobobooobbuooouobbooooooooooooobobo
gboobobooboogooboooooougbgan (monad) DO O 0OODOODO
ubooouobooboooooooobog robooboooooboooboobooog
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000000000 0ooDOoO00ooDoDODOo0oOooOoDOoooDOoooooooOoo
O “007 (computation) O 0O OO OO0
oo0oooooooon

return . a—> Ma

G>=) @ Ma—(a—>Mb) > Mb

gobooooooboobodoboMMObDOoOoDLOOobOODODO Qreturn, (>>=)
U

(returna) >>=k = ka
m>>=(da — returna) = m
(my >>=k))>>=ky = m >>=(da - (k1 a >>=k»))

O300000monad lawd D ODOODOOOOODODODODOOOODDODOODO
reeurnl] (>=)0 “0007000000CG>)000000D000D0O0DDOOO0
bbb ooobbobobobbbbbooobobonoo

O+x = x
x+0 = x
x+y)+z = x+0O+2
00000 MaOODODOO 0000000000 returnd (>>=)

goboobooboboooobooobon

e returna--- 0 a0 000000000000 00O0O0OODOOO0OOODO
oooo

em>=k---000m:MaOUO0DOOO0DO0O000O0O0 kza—-MbU
gbooboboooobooboobobood

43 OO0 OOOOO

oo MOOOOOoooOoODOooOOoDoOOooOoDOobooooooon return, (>>=)
UoooboooooboobbDOOrewrn, >0 MOOOOOOOODOO
gboogouaooooboboboooooboobbobooooooboobobobo
gooooo

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

b0 0OMenadD UDOOOOOOOOODOODOOOOOOOOOO
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44 10000001

Io0 HaskellO Prelude] DO DO OOO00OODOODOO0OO0ODOOOODDODOD
UoboboboboddMenadD OO 0000000 OOODOOOOODOOO
goooboboobboobooooooooooobo bboooooboooon
ooooooboboboooboo

-- type I0 a =

-- instance Monad IO where

-- --0: 0000 type 000000000 dnstance 0O OO00O0OO
-- return a = \ w -> (a,w)

- m>=k =\w->1et (a,wl) =m w in k a wl

000 RealworldO DOODODOODOODOOODODODOODOODOOOOOOO
0000 RealworldODO OO OOOOOODOODOODLODODODODOODO
U0o0oo0bo0oobo0ooboobbOoOobbOgd RealworldD OO OO OOO
gbooopoooooobooooon

Io0 HaskelUOOOOOUOODOOODOOOOOOODOOOOOOOD
U0 OputChar,getCharJ 000 00000000000 DOOOOO0O0OOOO
ERERN

putStr :: String -> I0 (O -- 000000003

putStrLn :: String -> I0 () --00000O0OO0OOOOO0O
getLine :: I0 String --goooooao
getContents :: IO String -- Eorogonoooao

goobooooboooboboooooooooobooobooboboooooon

getContents U U0 D00 DOO000O0O0O0OOOO0OODODOOOOOOODODO
gooboboobobbboboboobobooooobobooboobo 100D bo
oo

main :: I0 O
main = getContents >>=
(\ all -> let 1s = lines all
in putStrLn (head 1s))

000 Olines :: String -> [String] 0000000 0OOOOOOOOO
ooono

O000OData.IORef 000000000 import 1 OO0 DO DOODOOODOOO
000000 IoRefO000ODOOODODOOODODO

-- import Data.IORef 0O 00O

newIORef :: a -> I0 (IORef a) --goooooon
readIORef :: IORef a -> I0 a --0oooon
writeIORef :: IORef a -> a -> I0 O -- O00O000OO0OO

OOO0OIoref0 0000000 OOO0OO0ODOOO0
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import Data.IORef

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

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

U0 ouooobogboO IcrefU00UobobooOOIORef OO OOOODODOD
ggboodgouboooboooboboogad

{- fooOODOODODOOOOOOO -}

-- foo i1 = if i<=0 then return ()

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

-- main = foo 10

OO00O0OOHaskel OO OO ODODOOGHGUODDDODOOODODOODOOghcO
gbogoboooobooboobOoooobbboobooooocbubobobd main
gooobooobboooooobooobooobobUdU0Omain0DO00O0OI0 ¢
gogoboob«tobbo0oboobuoboboobboobooobooo

gobobooobogbbooooooooooobooooooooooboog
gboooooobobooobooboboooboboooooboooobobooon

import Data.Char -- Data.CharO00 0000 importO O

-- tolLower, toUpper :: Char -> CharOUO QOO0 QOOOO0OOOOO
main :: I0 O
main = getContents >>= (\ s -> putStr (map toLower s)

>>= (\ _ -> putStr (map toUpper s)))

gobooooN...—»>...0oobobooboboooobooobooooo oo
uboobbodooboogbbobooboboobboboboobobooboobon

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

ubooboboooobobooooooooobooo
OO0 COHaskellOO Monad OO OO OO OOdoOOO00OOOODODODOOOO
goboooboooooobbooboboon

main = do { s <- getContents;
putStr (map toLower s);
putStr (map toUpper s) }
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doUO0D0O ADODOOOOOODODODOODOODOODOOOOODOOOOO
gbooboboooboobooobooboboooboon

main = do s <- getContents

putStr (map toLower s)
putStr (map toUpper s)

doUUODO0ODOO0OOOOOOMmMDOOOO0DDLODOOODLDOUOODDbLOOOLOOOT

do {e}

do {e; stmts}

e
e >=\ _ -> do {stmts}

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

LU

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

Q441 DD DOODOOOODOOOOOO TIOOOOOOOOOUODOOODO

1

2.

gogoooobobooooobbooboooooooooon

obbooooooobooob2b00obobDobobooooo

goooobbobbobo30000booooogo

ggbooooobooooboooobooboboo*obobbobooon
oooo

ObOO0Ofor0000D0OO0D0O0OO0ODOOOOODOOODOOOOODLDOODO
oooog

0442 IO0000DOO0ODOODDODDOOOODODODOMOODDOD
goooobboobooooonod

1.

4.5

gooobooboboooboboobobooooooboobbm O

oagad
"Hello,¥n World¥n" O "hello,¥nHELLO,¥nworld¥nWORLD¥n"(I O O

g
N

oboboboobobe’0’’boooooobboboboobbboooon
obobobb’ebbO0b0bOob0 o0bboobogooon

Jooooobogogaad

gbooobooboboboboobobobbboboboobobboooon
goooooooobooooobooooobbbobooboobobobd Prelude
ooboobooooooooboboibd sert 00 M

-- lines 00000000 0O0OOODO0OOOOOOOOODOOODOOOO
-- 00000000 o0oooooooon
lines :: String -> [String]

--words UU0D00O0OD0ODOO0O0OOOOODOODOODODOOOOOOO
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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
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

words :: String -> [String]

-- unlines 00 lines OOOOOODO0O
-- 0000000 O0ODOO000000O0O0ooOoooooon
unlines :: [String] -> String

-- unwords 0 words OO OQOOOO0O
--d00OO00oDoOD0O0oOODoooOOoO
unwords :: [String] -> String

--takenxs xsUOOO nO0O00O0O0OO0O0O0O
--n>length xs 0000 xsOOOOOO
take :: Int -> [a] -> [a]

--dropnxs 0 xs OO0 nO0O0OO0OOOOO0OOOOOOO0O
--n>length xs OO0O0O []JOOO
drop :: Int -> [a] -> [a]

uoogon

-- takeWhile 000 p 0000 xs OO0 , p U
oobooboogo

0
-- 000000 xsOOOOOOOOOOOO
-- > takelWhile (< 3) [1,2,3,4,1,2,3,4] == [1,2]
-- > takelWhile (< 9) [1,2,3] == [1,2,3]
-- > takelhile (< 0) [1,2,3] == []
takelWhile :: (a -> Bool) -> [a] -> [al]

O
O

-- dropWhile p xs O O takelWhile p xs DU O OOOOOOOOO

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

-- > droplWhile (< ®) [1,2,3] == [1,2,3]

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

-—any 0000000 OO0OOOOOOOO0OOOOOOCOOCOOOOO
--Q0Qoo0ooo0ooooboo
any :: (a -> Bool) -> [a] -> Bool

--all 00O0O0O0OO0OO0OO0OOOOOOOO0OOOO0OO0OOCOO0OOOO
--O0o00ooocooooobooo
all :: (a -> Bool) -> [a] -> Bool

-- 0000000000000 oO0oo0ooooooo
head :: [a] > a

--00o0o0bo0o0obooboo0oooooooooon
last :: [a] > a

-- 0000 oocoboooooooooonooooooo
tail :: [a] -> [al

--doogooboaobobobbboobobobbbood
-- 00 x ‘elem* xs 0O UOO0DOO0OOOODOOO
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64
65
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67
68
69

elem :: (Eq a) == a -> [a] -> Bool

-- import Data.List 000

--sort OO0 0OO0OO0O0O00O0OO00OO0OO0DOOOOOO
--gubobobobbbOf0 sortBy UOOOO

sort :: (Ord a)

=> [a] -> [a]

-- sequence OO 0O0OD0O0O0OOOOODODOOODOOOO

sequence :: Monad m
mapM :: Monad m
mapM f as = sequence

=> [m a] -> m [a]

=> (a ->mb) -> [a] -> m [b]
(map f as)

Q451 00O0O0OOOa?
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]

46 U0D0UOOO0O0OOoOooOooOoOOO

gonoooooboobbbbioobooooooboooogooon

ooobogd
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ACM Conference on Lisp and Functional Programming, Nice (France), 1990 [J 6

0

IvV-8



