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Parser

" F—ER
data Parser a = Parser (String -> [(a,String)])

= Parser =49 2B
pwap :: a -> Parser a
pwap v = Parser $ \inp -> [(v,inp)]
= Parser Z 59 B
pbind :: Parser a -> (a -> Parser b) -> Parser b
pbind pf = ...
= ] FRHBI
string :: String -> Parser String
string [] = pwrap []
string (x:xs) = char x ‘pbind \v ->
string Xs ‘pbind* \vs ->

pwrap (Vv:vVs)




10

" Py EE
data |Oa =10 (Wrld -> (a, Wrld))

a
X 10 IR TG BEE, §B8hb5ATI N

" |0 Z4RT SR

iwap :: a->10a
| wrap v =10% \wrld -> (v, world)
" |0 ZERT DEE
ibind :: 10a->(a->10b) ->100D
ibind i f = ...
= I A4
echoChar :: 10 ()
echoChar = getChar ‘ibind" \c -> putChar c
=550

echoChar = get Char ‘i bind" putChar

10




Parser & 10 Dfr—

= Parser & 10 (CiFEBEAIEAWLHA?

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

data 10 a =10 (Wrld -> (a, Wrld))

=Y R
pwap :: a -> Parser a
iwap :: a->10a

" 5T 2R
ibind :: 10 a -> (a -> 10 b) -> 10Db
pbind :: Parser a -> (a -> Parser b) -> Parser Db

s CES5HRREERLTWVWS |
— B S 2 TR

11




N =)
N A

DRREZERT T TR
cl ass Stateful m where
swap :: a->ma
sbind :: ma->(a->mb) ->mb
VATV R

| nst ance Stateful Parser where
SWap = pwap

sbi nd pbi nd
| nstance Stateful 10O where
SW ap | wr ap

sbind = ibind

12




RERTHE—L TRDEL VWD ?

" B EXR do ZEBE AT S
sl ‘sbind" \vl -> do vl <- sl
s2 ‘sbhind* \v2 -> V2 <- S2
éﬁ.‘sbind‘ \vn -> Vh.<- 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
" TREBEOERRETZBHAHALE v o !

\

vn)

13




ELES |

= REERDH F Z shind TER S /B
)N —UN Y FTHEBEZERDH LT,

5 B(FEIE) Z 5 2 1B WEES L
® runParser

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

= data & getter % [AFFIC E&
data Parser a = Parser {

runParser :: String -> (a, String)
}
= runlO
runfO:: 10a ->Wrld -> (a, Wrld)
runlO (10io) world =io0o world

"0 IIHHRT—YETEAFIOEARINTEZL
)XY —X Y FTERWVWDOTEHEZED HEH W
"S54 LD runl O mai n =E{T

14
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Maybe

" Py EE
data Maybe a = Nothing | Just a

= Nothing (&8
= Just a (T

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

| ookup 1 [(1, a )]
— Just ' a’

-> Maybe b

16




BIEHE v AZRE

= #DB
FitEE—& LTRET 2 ERFENHETL 3DB

s BEHEvATERI I—F
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 ?

17




Maybe & Bool

= Bool D True [CfBZ FFIcE DD Maybe

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

= Bool M ESH
Xx >0 & X < 100

= Maybe HEHIC TEERWLHA?

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

18




Maybe DEE F

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

= Maybe Z 59 % BE%#L
nmbind :: Maybe a -> (a -> Maybe b)
nmbi nd Nothing _ = Not hing
nmbind (Just x) f =1 X

-> Maybe b

19




BEHE v AZRE(EHD)

= case hR (F518)

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 HChR
| ookup nme db ‘nbind° \nom->
| ookup nom db * nbi nd* \gnom ->
mw ap gham

20




BEHE v A ZRE(ZE)

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

= HDWFE(C

| ookup ne db ‘nbind® \nom->
| ookup nom db

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

| ookup’ db ne ‘ nbind’ | ookup’ db

= HEDBEERDGWIT &
mwap ne ‘nbind | ookup’ db ‘nbind |ookup’ db

21




List

" Py EE
data [] a =[] | a: [a]

= AR D —

data [] a =[] | a: [] a
= BT ZRIIC

data [] a =[] | (:) a ([] &)
"L EZ B

data List a = Nil | Cons a (List a)

22




Maybe & List

" F—
data Maybe a = Nothing | Just a
data List a = Nl | Cons a (List a)

BNl HbERERIELU TWB EEZSNBRLWHN?
= Maybe (&, KB &—DDEIN
mlist (X, KEEEKDEIN

HoLHRILLT
= Maybe (&, XN 0@ 1 &
=List (& BFEAHOELLE

=" Maybe MEMTE 5785,
List bERKTEDDTIE?

23




Maybe D&/ E (SRR DH 7

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

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

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

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

24




List DERIFZE S HBDRNEMN?

" ERNOEHLER S Maybe EEU E9

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

=[]

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

=[]

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

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

s BRNEROBEIE? > RODERE
[1,2] >>=\x ->[3,4,5] >>=\y ->return (X,Y)
— 77?7

sNFEEDNSHEHAGDEICT S
= [(1,3),(1,4),(1,5),(2,3),(2,4),(2,95)]
= X zip 2D MED H D

25




B REDNBENDIEZEZRI VTR

class Fail abl e m where
fwap :: a->ma
fbind :: ma->(a->mb) ->mb
" VRI VR
| nstance Fail abl e Maybe where
fwap = mmap
fbind = nbi nd
| nstance Fail abl e List where

f wap | wr ap
f bi nd | bi nd

m A4 X)Iwrap & lbind DEZEZZEZZTHLD

26




ABRTHm—UTEDELVD 7

S RNDERZZEZAD

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

IERARTIEAR L
R EEEDESSICEZINGH DN SIEN
s EZIFEHEDEZHIE LN

= Haskell @5 E£ERIT B2 LD ICEL

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

" EZTLTHD
search 1 $ Node (Node Leaf 1 Leaf)
2
(Node Leaf 1 Leaf)
- [1,1]




ARRTRZANEZS

" LR THRILT 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

BEMNLTHD
search 1 JGIFEDAR 1 [Int]
—> [1,1]
search 1 JBIZEDAK :: Maybe Int
— Just 1

28
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n Y ara

s EN—DDOV TS
data ma = ...
s VT FZER

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

VT =B
bind :: ma->(a -> mb)
bind mf = ...

->

m b

32




JO7 S ARGV TF

s JOJVSARERIVTTFDI TR

cl ass Programmabl e m where

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

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

i nstance Programmable | O where
wap = iwap
bind = i bind

| nst ance Programmbl e Maybe where
wap = mmap
bi nd = nbi nd

| nstance Programmabl e Li st where
wap = lwap
bi nd = | bi nd

33




O ZARREDAY T HIFEIHEL LD ?

" KEBCRTH do HMEZ B
= HEDEOBRVINE, o o

do nom <- | ookup ne db
| ookup nom db

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

" DR R LR

34




YikEL<coavys+

® Parser
m){—H—

=0
= BIfERH DRI

= Maybe
= RMTBHhHUNBVWETE

m|jst
" ZZD0E EDEE
= g BHR = IERE M

s VIRHAGES 540V &EHVKE |
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590\

=R

AP

il

Bt S FEREE

(BRI B
RER)R

foldr
foldl

map
filter
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AT F+DHDE

Il

RL\

7055 LTk
=gt

>>=

<*>
return

<$>
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£9 map & DB K

" ENTHIH D map
map (+1) [1,2,3, 4]
— [2,3,4,5]

s TIEEEFICLTHD

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

"map Z— ML LTz <> E WS BEETFZEZ S
(+1) <$> [1, 2,3, 4]
—~ [2,3, 4, 5]

(+1) <$> Just 1
— Just 2

40




Ny JRgIVT T

2 <$> EFOAVTFDI SR
cl ass Mappabl e m where

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

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

=714 A)mmap DEEZEZZX THKD

41




N T ARED ZRR

" <$> DH

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

f :: a->b>b

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

" <S> (FEMZXARAICEZTWS |
= ARICHK S EIF5(if)y T 5 WD

42




A% 73 B # e AR IC AT 5

" 5| MO EZE RS

f - a->b ->c¢

"> (FEEE
f::a->(b->c¢)

" <$> TNIRICES EITFS &

(f <$>) :: ma ->m(b -> ¢)

= SARICBEZDIA B
(+) <$> [1, 2,3, 4]
= [(1+),(2+),(3+), (4+)]

" XARDOFTHEBEAL 2L !

43




NXARDHTDEE

#UE

" RO AR TREIHER T %EE
m(a ->Db) ->ma->mb
= > THD

(+4) <$> Just 1 <*> Just 2
— Just 3

(+) <$>[1,2] <*> [3,4]
—'[4,5,5, 6]

R T <$> & <> HHE
" B 5REPCERICREZ S |
(+) (Just 1) (Just 2)
(+) [1,2] [3,4]

- <> DRYF?




ERAVTF

S ZREDODOAVTIDI TR

cl ass Mappable m => Sequential m where

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

=S ETDwrap D &

mreturn (EARYE 7OV SAREIYTFDAXY v R
B EXRIAVTFORIAD XY v KIF pure

= UM U pure & return ZE—&E L THBEZRL

= Z 2T return NABEHIFIRDODAZA RTHOH S

45




<*> D E CHHUEKRIED ?

= X RD 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

B REEERNTZEDFASH !
= %S E il |

46




JO7 S ARGV TF

s VT FOFEERETHIKLIZW ]

" FNZEIHT DD >>=
" ZNETD bind DT &

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

>>= A DOV T DU TR

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

47




DI DA

= 7 71 ILHBNIFEIBR

| nport System Directory

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

" HBWE

| nport Control. Mnad
i nport System Directory

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

48




HEREF R EFA?
98\
7037;5_#1_51% S5 Monad
<*>

ZERIVTFE | oturn | Applicative

<$> Functor

g50)\

> © Control.Applicative Z import 95 & |

49




XZIRSGT A LELTDEFR

BEFREF2-YVITRER
= ERIIBNTY A LR EHE—S Nfc API TRITFIEE

" EF REFIAXYINTHT A L
= 2011 (C) @tanakh
= Parser
= )\—H—
=0
= ip i
= Maybe
" KT 5D UNBWEE

m | st
= JERTE

50




TEFRDELZDEED

= do XEC
B RMRTIEHEDFEDLBEWT E, 6 o

" AR DA A

= Maybe & List DA
nEEDEULEX

mParser DEEFEFRODA VAT VATH DI ENZWVD T,

REDEUVBARHEDHF LEL

= {5l : binary % attoparsec NZE

=TS REH]T
"EFNEBRZEERTED

= JREED 7R\ attoparsec NREEE BT

51




T KDMEE

" EF RONETIEFZHET 5
—EWZET
—>m>>=f T, fZFAITDICITERLEMELEETDIDT
RIBICRBIEITFTY
— fcE ZIEx>088& x<100 EE(F I,
CORIFEERIBICTHEESNDDERUL I ETT

=10 EF NFEHWERZ D 7EILET S
- BRI MDD FRA
— "A History of Haskell' TH ZDRIEMNMEDLNTWE U orz

=" |0 EF RS ERERMEZTS
— ZBRERICEDDIFE NOFmRE] WS 74T« 7 TY
— IONEFRTHBIEEFE. FEAEEFRIPDEFEA

m BEEH DD 5 40 EHaskell DEF RIEEZ AL
— F#HIFBHmZERLU TWEHA
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Monad & IFELZBE T ZAD—D

0

B X I do DFEED Monad Z
BRI LTW3

53




Real World Monad

"fEEEESE RIRTE TERW

cl ass Functor f where
f map . (a->b) ->f a->f b
class Functor f => Applicative f where
pur e . a->f1 a

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

return :: a ->ma

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

=% < M Monad D1 > A5 > A&,

Functor & Applicative D1 YV XY 2V RICH7E>TWD
= 514\) Parsec 2 I& Monad D1 > X5 > RTZHN,
Applicative D1 > A% > A TlE7EWL

BN TEALIE. BEBEND D ERE > THEBRL
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Real World do

" SSERDFEIHEI do
m >>= \vl -> do vl <- nml
n >>=\v2 -> v2 <- np
ﬁﬁ.>>: \vn -> Vh.<- m
return (f vl v2 .. vn) return (f vl v2 .. vn)

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

55




N3k

il

C

56




List NE2ZEC & do

= List NEI3REC
pairs n =[ (x,Y)
| x <- [1..n]
, Yy <- [1..n]
,X+y::n

]
= List @ do 3RiC

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

" NEXRECIE do DRIFIR
= IRTE (& List ICFR 5

= Scala @ for [ZEF RNERELED—&E
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TF R ENTRETDEE

® 1990: Haskell 1.0
= Miranda £ D @ List NEe3KEC

®1996: Haskel 1.3
" TS RHVELE

m1997: Haskell 1.4
" List NERIEMNEF RAERENE—RI{ES Tz
= do DX

® 1999: Haskell 98
m £+ RNEXREED List NERENEBUOREE N
TS —XytE—IBXERZBWN DL DT
BRI - I

= 2011
"List NERELZBUTS FNERELNRE I EEIDVERAL
ETT—XYE—YRBXEREEFDD DZRR

= ZZ 3 HA © "A History of Haskell" 58




& {fEDLNBREC

® Parser
= Applicative A ¥ 1)L f <$> ml <*> nR <*> nB
" Monad K DFLWDTKDHZEE

=0
= do XRiC

= Maybe
H>>=
BEQEHQZOTEREFOANL>< DD

m | st
= List NE2ZRED

" FTRE) do RELAE Lo o o
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BHTESTITWVWET

EFRKo>T—{&@?

SR B2 % 220

——

&3 LT
ZTNEFRICLIEWVD ?
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%2 Xk

= Typeclassopedia D HAEES

= % ETIRWGER
= Applicative D A A X
= QAT ,3Monad
= X NIIEREMEDES R
=" Monad& U THIR(ET D &ADEL WD ?
= Applicative & D £ Monad DA M AN R WEH
= FIECTLLER T DIRERDEF R
w ELZBER & >>= (i T B ERM
= HaskelllC (ZEITERADIZWVD N ?
= Maybe E7F K D#WZ

® Real World Haskell
= 18%E | TS RZTHAF
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