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Parser

o

data Parser a = Parser (String -> [(a,String)])

= Parser 4 A9 5B
pwap :: a -> Parser a
pwap v = Parser $ \inp -> [(v,inp)]
= Parser Z 59 5 R
pbind :: Parser a -> (a -> Parser b) -> Parser
pbind pf = ...
= F] A
string :: String -> Parser String
string [] = pwap []
string (x:xs) = char x ‘pbind" \v ->
string xs ‘pbind’ \vs ->

pwap (Vv:vs)

b
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10

" T ER
data |Oa =10 (Wrld -> (a, Wrld))

X 10 B TRBLBMEE, §B8hb5ATI I N

"0 =AY HEK
Q.

iwap :: > 10 a
lwap v =10% \world -> (v, world)
"0 ZEHY SBEH
ibind :: 10a->(a->10b) ->100b
ibind i f = :
= F] A
echoChar :: 10 ()
echoChar = getChar ‘ibind° \c -> putChar c
=55\

echoChar = getChar ‘i bind° putChar




Parser & 10 Dfr—

= Parser & 10 [ClFHBRIFHEWLAN?
" F—ER
data Parser a = Parser (String -> [(a,String)])
data 10O a =10 (Wrld -> (a, Wrld))
= AT SR

pwap :: a -> Parser a
iwap :: a->10a

" 5T SR
ibind :: 10 a -> (a -> 10 b) -> 10Db
pbind :: Parser a -> (a -> Parser b) -> Parser b

" EE5RBERLTVSD |
- RS2 THRE
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NN
REER

nRRBZERIT I TX
class Stateful m where
swap :: a->ma
sbind :: ma->(a->mb) ->mb

n VATV R
| nst ance St ateful Parser where
SWap = pwap

sbi nd pbi nd

| nstance Stateful 10O where
swap = iwap
sbind = i bi nd
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RERTH—L TRHNEL WD ?

=" fEXER do ZEAT B
sl ‘sbind" \vl -> do vl <- sl
s2 ‘sbind* \v2 -> V2 <- S2
éh.‘sbind‘ \vn -> Qh.<- sn
swap (f vi v2 .. vn) swap (f vl v2 ..

"do CEZTET
string []
string (X:Xxs)

swap []

do v <- char x
VS <- string Xs
swap (v:vs)

echoChar = do ¢ <- getChar
put Char c
N EHROERRETZBHBALE» o !




EHE 5!
JREERDH F (X sbind TER S /=B
)XY =Ny FTEBZERODEHL T,
S5 ¥(FEAE) Z 5 22 W EFE SR

® runParser

runParser :: Parser a -> String -> (a, String)
runParser (Parser p) Xs = p Xs

= data & getter = [AEFICER

data Parser a = Parser {

runParser :: String -> (a, String)
}
= runlO
runfO:: 10a ->Wrld -> (a, Wrld)
runlO (1O0io) world =10 world

"0 IFHRT— YR TEBAFIOIEIARHINTEWL
B )Y =Xy FTELRVWDOTREKEZED B0
"5V LD runl O mai n ZE1{T
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Maybe

" T ER
data Maybe a = Nothing | Just a

= Nothing (&8
= Just a (T

= EELiStDIRER
| ookup :: EQ a =>a ->[(a, b)]
| ookup O [(1, a")]
— Not hi ng

| ookup 1 [(1,’a")]
— Just ' a’

-> Maybe b
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BIEHE v AZHTRE

= ¥DB
FitEE—E L TRET 2 EFENETL ZDB

s RBEHErAZERI I—R

case | ookup ne db of
Not hi ng -> Not hi ng
Just nmom -> case | ookup nom db of
Not hi ng -> Not hi ng
Just gnom -> Just gnom

" EDIEDRSTRND ?

19




Maybe & Bool

= Bool @ True ICfEZF =B T=DH* Maybe

dat a Bool = Fal se | True
data Maybe a = Nothing | Just a

= Bool 0D EH
X >0 && x < 100

= Maybe HEHIC TEEWLHA?

| ookup ... ??? |l ookup ...

20




Maybe DEEF

= Maybe Z 49 % B
mmrap :: a -> Maybe a
mwap v = Just v

= Maybe Z &9 % BE#L
nmbind :: Maybe a -> (a -> Maybe b)
nmbi nd Nothing Not hi ng
nmbind (Just x) f =1 X

-> Maybe b

21




BIEHE v A ZREEFHD)

= case hR (F§18)

case | ookup ne db of
Not hi ng -> Not hi ng
Just nmom -> case | ookup nom db of
Not hi ng -> Not hi ng
Just gnom -> Just gnom

= 5 RhR
| ookup ne db ‘nbind° \nom->
| ookup nom db * nbi nd* \gnom ->
mar ap gmam

22




BIEHE v A ZBRE(ZE)

= SRhR(FB18)
| ookup ne db ‘nbind° \nom->
| ookup nom db * nbi nd* \gnom ->
mw ap gham

= 355 WIEEICT
| ookup ne db ‘nbind* \nom->
| ookup nom db

555 & - EFEIC
| ookup’ :: Eq a => [(a, b)] -> a -> Maybe b
| ookup’ = flip | ookup

| ookup’ db nme ‘ nbi nd’ | ookup’ db

" HERDEERDIEWNT E
mwap nme ‘nbind' | ookup’ db ‘ nbind* | ookup’ db
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List

" P ER
data [] a =[] | a: [a]

= AR Dfi—
data [] a =[] | a: [] a
= BAFZHIIC
data [] a =[] | (:) a ([] &)
" EEZHEIC
data List a = Nil | Cons a (List a)
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Maybe & List

" F—5EH
data Maybe a
data List a

Not hi ng | Just a
Ni | | Cons a (List a)

"Nl HbEREERIHU TWB EEZSNBRLWHN?
= Maybe (&, KB &E—DDEIN
mlist (X, KEEEKDEI

Ho EHRILLT
= Maybe (. &FZ D0 @D 1 &
mList  (F. FZAN0EULE

= Maybe WS TE 55,
List bERTE DD TIE?
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Maybe D& & (FRIZZD H ?

0N 1IDONMFEEEZEZSND
Not hi ng >>= \x -> Nothing >>= \y -> return (Xx,YV)
— Not hi ng

Not hi ng >>= \x -> Just 2 >>=\y -> return (x,Y)
— Not hi ng

Just 1 >>=\x -> Nothing >>=\y -> return (x,VY)
— Not hi ng

Just 1 >>= \x -> Just 2 >>=\y -> return (X,V)
— Just (1, 2)

26




List DERKIEE S HBDNEH?

= ERNOEHLER S Maybe EREIU 9

[] >>=\x ->[] >>=\y ->return (Xx,Y)

=[]

[] >>=\x ->[2] >>=\y ->return (X,Y)

— [

[1] >>= \x ->[] >>=\y ->return (X,Y)

— [1]
[1] >>=\x ->[2] >>=\y ->return (Xx,VY)
- [(1,2)]

" ERDNERDGZEE? — RODMEE

[1,2] >>= \Xx > [3,4,5] >>=\y ->return (X,Y)
— 2?7

sMNFEEDNSHAGDEICT S
= [(1,3),(1,4),(1,5),(2,3),(2,4),(2,95)]
n KR zip 2D MED H D

27




BREDNBENDIEZEZRI VT X

cl ass Fail able m where
fwap :: a ->ma
fbind :: ma->(a->mb) ->mb

" VRAT VR
i nstance Fail abl e Maybe where

fwrap mm ap
f bi nd mbi nd

| nst ance Fail abl e Li st where
fwrap | wr ap
f bi nd | bi nd

=74 X)Ilwrap & Ibind DEEZEZZTHELD

28




ABCRTHm— U TEDELVD 7

P RKDORREZEAD

data Tree a = Leaf | Node (Tree a) a (Tree a)

IRRARTIE AR LY
R HEEDEESICEZIND DN DD SR
" X2 FEHBZIHE ULk

m Haskell 5 £FERIT DL DICEL

search :: EqQ a => a -> Tree a -> [4a]
search _ Leaf =[]
search x (Node | v r)
| X == v search x | ++ [v] ++ search x r

| otherw se search x | ++ search x r
=ETULTHD
search 1 $ Node (Node Leaf 1 Leaf)

2
(Node Leaf 1 Leaf)

— 111 29




AR TRZANEZS

" RBCRTHIRIET S

search :: (Eq a, Failable m Alternative m =>
a ->Tree a -> ma
search _ Leaf = enpty
search x (Node | v r)
| X == v = search x | <|> fwap v
<|> search x r
| otherwise = search x | <|> search x r

"FHHNHL THD
search 1 BIZEDAK :: [Int]
- [1, 1]
search 1 BIZEDAK :: Maybe Int
— Just 1
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AV 77

s EN—DDAVTF
data Ma = ...
VT F AR

wap :: a->ma
wap a = ...

AT FZEE
bind :: ma ->(a -> mb)
bind mf = ...

->mb
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JO7 2 AR[gEAVTF

s O SAR[BER IV TFDI SR

cl ass Programmabl e m where

wap :: a->ma
bind :: ma->(a->mb) ->mb
" VRAT VR

| nstance Programmabl e Parser where
Wrap = pw ap
bi nd = pbi nd

| nstance Programmabl e | O where
wap = iwap
bind = i bind

| nst ance Programmabl e Maybe where
wap = mwap
bi nd = nbi nd

| nstance Programmabl e List where
wap = lwap
bi nd = | bi nd

35




JAT S LRIV T FIEANEL VD ?

LR TH do hBMEZ B

do x <- [1..5]
y <- [2..5]
return (Xx,y)

makePerson :: Int -> Maybe Person
makePer son idnt = do
nanme <- | ookup idnt naneDB
age <- |ookup idnt ageDB
return $ Person nanme age

=3¥) makePer son [$#RD Applicative X% 1 JLDAHYEL LY

" DR R IR
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SEARNDSLELTOOYTF

= DSL (Domain Specific Language)
Wik HbEDLND

® Parser
m){—H—

=[O
= BIfERH DRI

= Maybe
= KT BHHEUNBVWETE

m | st
n ZZD0EULEDETE
" D9 B R = IERE M
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=EfEREE & BIRD T DEE

5B L\

950\

A7

oSN

il

Bt S FEREE

(BRI B
REARR

foldr
foldl

map
filter
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AT+ DD
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3R L\

7075 LBk
=9E =

BRIVT T

Ny JOIRE

>>=

<*>
return

<$>
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£9 map £ DR K

"ENTHDH S map
map (+1) [1, 2, 3, 4]
- [2,3,4,5]

s TIEEEFICLTHD

(+1) ‘map‘’ [1, 2, 3, 4]
— [2, 3,4, 5]

smap z—MILLIE <$> EWSBEBEFEZEZ S
(+1) <$> [1, 2, 3, 4]
— [2, 3,4, 5]
(+1) <$> Just 1
— Just 2

42




Ny AR AV TS

<> ERFOAVTFDI TR
cl ass Mappabl e m where

(<$>) :: (a->Db) ->ma->mb
" VRIVRA
cl ass Mappabl e List where
(<$>) = map

cl ass Mappabl e Maybe where
(<$>) = mmap

" 74 X)mmap DEEZEZZX THELD
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N v JREED =R

m<$> DHEY

(<$>) :: (a->Db) ->ma ->mb
= f A\aEH

f :: a->Db

(f <$>) :: ma->mb

= <$> [FE%Z DSL (XARAICEZTWS |
= DSL NS5 EIF3(if)y g5 WD

"m & WS DSL Z/E3




LR EE# %z DSL [C A5

" T HOEKEEZ S
f :ma->b->c¢

->_aﬁ_7Eff

f -> (b -> ¢)

"<$> CTDSL IcEL EIF5E

(f <$>) :: ma->m(b -> ¢)

»" DSL [CEAEDMA B
(+) <$> [1, 2, 3, 4]
= [(1+),(2+),(3+),(44)]

"DSL OFTHEFEB L =L |
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DSL DT D RHGE

="DSL O CTHEEERT ER
m(a->Db) ->ma->mb
"> THD

(+) <$> Just 1 <*> Just 2
— Just 3

(+) <$>[1,2] <*> [3,4]
—'[4,5,5, 6]

0RT <$> & <> HHE
" HRSREBEHICREZS !
(+) (Just 1) (Just 2)
(+) [1,2] [3,4]

F <> ORI ?
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KRAVTF

S ZRFOAVT DI TR

cl ass Mappable m => Sequential m where

return :: a -> ma
(<*>) :: m(a->Db) ->ma->mb
" return

" SETDwrap D &

=return [FAYEE 7O ZARBEIAYTFDXY v R
" EKRIAVTFDORIBAD XY v RIZ pure

= LML pure & return ZE—fR U THBEZL

= ZZIC return KA SDERIFIRDRAZA RTHOHNS

47




<*>DE THUEKRIGED ?

= ZKRD do
string :: String -> Parser String
string [] = wap []
string (x:xs) = do v <- char x
VS <- string Xs
wap (v:vs) -- (:) Vv Vs

<> & <> TEL

string :: String -> Parser String
string [] return []
string (X:Xxs) (:) <$> char x <*> string xs

REEERNTESDIFHASH !
= %5 il !

48




JO7 2 AR[gEAVTF

s VT FOFEZRETHIKRLIZW ]

B FNEEHITBIZIOH >>=
B INEFTDbindDZ &

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

>SS ZERODIAVTFTFDIT TR

cl ass Sequential m => Progranmmabl e m where
(>>=) :: ma->(a->mb) ->mb

49




DI DA

= 7 74 ILHBNIFEIBR

| nport System Directory

removeFilel fExist file = do
exi st <- doesFileExist file
| f exi st
t hen renoveFile file
el se return ()

LI A

| nport Control. Mnad
| nport System Directory

renoveFilelfExist file = do
exi st <- doesFileExist file
when exist $ renoveFile file

50




e/ € N & Fr ?

9B L\

g9L)\

70705 L0]RE
" B o

ZERIVTF

>>

<*>
return

<$>

Monad
BOEREFE, i

Applicative
ER. RiE

Functor
DSLOEZ=

X © Control.Applicative Z import 95 & |

51




TS EIEDSL 7 L—LT—7

"EFREFa UV TES
" IFXIEXRBRDSL =fi— N/ API TEIRARE

® Parser
m )\ —H—
=[O

= iy m R
= Maybe
= KT BHHEUNBVWETE

m | st
w JERTE M
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EFRDELZDEEY

= do k¢
= DSL (3ZAR) DA

= Maybe & List D3

s EEEDEULEZ
mParser DEEFEFRODA VAT VATH DI ENZWVND T,
EEDEUEBZIIHEDODEFEHLEW

= {5l : binary % attoparsec NZE

"EFRERT
"EF RARZEMTES

= JREED R\ attoparsec NJRREEZ BT
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T KDOMHEE

n B ROETIEFZHEHT S
—EWZFT
> m>=f T, fZAEITBICITER LG MELEETSHDT
EE;\L/_EJ”E\ L: 7Ld~ %) 71_ (lj— _C g_
— e ZIE x>08&8& x <100 EE(FIX.
CORIIEERIBICFHEE NS DERU I ETT

"0 EF RIEFEIWERZ L 7T S
- BIERMNOND FEA
— "A History of Haskell" TH Z OFRREIMELNTWE LTz orz

"0 &S I\#,,’?‘*Hﬂ@%—r%
— SBRERICKDDIE NOFHSE WS 71747 TY
=IO EFRTHDIEEF, FEAEBERRDHDIFEA

= BEEO DD S 50 EHaskell D EF RIEEZ AL
— EIBmZEHLU TLWEXEA
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Monad & [FERBE T T AD—D

& HEAR do DTFFENY Monad %

0

BEFRICLTWDS
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Real World Monad

n [EERE T RARTE T

cl ass Functor f where
f map . (a->b) ->f a->f b
class Functor f => Applicative f where
pur e . a->f a

(<*>) :: f (a->b) ->f a->fb
cl ass Monad m where

return :: a ->ma

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

= %< D Monad D1V AY > A&,

Functor & Applicative D1 VXY Y AICHTE>TWD
= ] 4\) Parsec 2 I& Monad D1 > R %5 > RTEhY,
Applicative D1 > X5 > A TIE7EW

m XD CERHLIE, EEBEND D ER > THERWL
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Real World do

= SSERDFEIHEI do
m >>= \vl -> do vl <- il
e >>= \v2 -> v2 <- nP
m >>= \vn -> vn <- mm
return (f vl v2 .. vn) return (f vl v2 .. vn)

EET >>
m >>n2 =l >=\_ ->nP

57




& {fEHLNBREC

= Parser
= Applicative A7 1)L 0 f <$> ml <*> n2 <*> nB
"= Monad £ DFBFVDTLHZE

=0
= do X:iC

= Maybe
H>>=
" EDEHBZD TEEFOANL-><DHLS
| ookup me db >= flip | ookup db

= Applicative X% -1 )L
Person <$> | ookup idnt nanmeDB <*> | ookup idnt ageDB
= List )
= List NI FREC

58




=5 Functor [WDES DM ?

" AEQHRRRZERLT

checkArgs :: [String] -> [String]
checkArgs [] = ["/dev/stdin"]
checkArgs xs = xs

do args <- getArgs
| et args’ = checkArgs args

J
do args <- checkArgs <$> get Args

" CDHRANERA S I EN—FKE
= BIROERZFHRE L TLIL
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ZEIZEDDH

"<$> DNBNIERERDHD
“frap. liftM

<> B NIEARELRDHD
.ap

<> & <S> BHBNIEARELREHD
mliftMe. liftMB. ...
mliftA2. liftA3. ..

60




NEx

il

C
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List NE2Z&iC & do

= List NE5REC
pairs n = (X,Y)
| x <- [1..n]
, Yy <- [1..n]
, X +y ==n

]
= List @ do ZRiC

pairs n = do
X <- [1..n]
y <- [1..n]
guard (x +y == n)
return (Xx,Yy)

" NE XL do DFIFKIE
w IF7E (S List ICBR S

= Scala O for [ZEF RNEARELED—F&E
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T RERNBRELCDESE

® 1990: Haskell 1.0
= Miranda D @ List N&3REC

® 1996: Haskel 1.3
" T RHVELE

m1997: Haskell 1.4
" List NERENTF RAERENE—RIEE /e
= do DO

® 1999: Haskell 98
" EF RRERED List HERIENEBURES L
BT XY E—IBNEREZEWNCEDE DT
BN -

= 2011
"List NE@RiceBUEF RNERENRIEHHERL
SIS AV E-—YVEIBXERZESOD DZERR

= SE 3 "A History of Haskell"
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ZTNEFRICLIEWVD ?
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=% Sk

= Typeclassopedia ® HAZE:S

=5 ENTIRWEE
= Applicative D A A X
= QAT ,3Monad
= X NIEREMEDES R
=" Monad& U THIR(IET D EADEL WD ?
= Applicative & D £ Monad DA M AN R WEE
= FIECTLLER T DIRERDEF R
LB & >>=(CBH T &R
= HaskelllC (ZBITERADIZWVD 7
= Maybe E7F K D#Z

=g L) Haskell @ UK ZIE S

® Real World Haskell
= 18%FE | TS RZTHAF
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