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ABSTRACT

It has been a long standing problem in research of pure functional programming to program side-effect,
input/output, exception handling, nondeterminism, and etc, preserving declarative property and
lazy-evaluation of pure functional languages. Being introduced in 1989, Monadic approach has been
suggested as a solution to this problem. In this paper, we introduce the principle of functional monadic
programming and its various application techniques using the pure functional language Haskell.

LME AR A o]# g EAlol it Y-S A FHol

glon, mebx g Ay e g 48 7

Haskell, MirandaTM$} 28 ¢4 438 doj:= 2 &5 g5y Aol X o] &L FYs}]It o
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Haskell QB =€) HugsolA +3€ 5 ok
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“what W& 7|%3832 howe 7|€8A geti’n o
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f = (display "a’, display ‘b’)

o7]A display B9 228 3HY A4 A=}
UE R dojo] st et M sial o,
display ‘a’$} display ‘b’ 5 709 redex FolA A
|A AL "ab'2 EEE Foly, 45 WA
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1. RLE=S| Hoj

1. Haskell| Ete] S22

rd ol BYE A 9 eg] METE AR
g 9t dE B9, Tree B11% B3 gl
EY W4 a7t AMS-Erh

data Tree a = Leaf a

| Branch (Tree a) (Tree a)

Bty ¥4 a9l A#8 (instanciation)o] el Tree
9] gigjo] A (Tree Int)e A+E FAHHE
TreeE 2|v|3t™ (Tree Bool) Boolean #22 4
5 Tree® ov) @) o], Treet 319 Bl &
AFZ yhobA] €Sl A o2 AEIE F52
A B F Qe o]l @A B o Treet B9 T
X AHtype constructor) & && alu, B¢ 24 glo|
a9 TreeZA 7leHE A el first-class
citizenol H22 1#% €})(higher-order type)®] €
g7t HeEon T 5 Qg

Haskelll| M & class® 1AHERQ] wWajoz A3t
F 9tk A Eo, Functor class¥ th& 3 o] A
o€},

class Functor f where

fmap - {(@a->b)->fa->fb

©] Functor Ee20] )X {7} Treett [ ] Uist)
To2 Adgge uwel 9 instanceSe] FoH
+ sith

instance Functor Tree where

fmap f (Leaf x) = Leaf (f x)
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fmap f (Branch tI t2) = Branch (fmap f t1)
(fmap f t2)

instance Functor [ ] where
fmap £ { ] =[]
fmap f (x'xs) = fx . fmap f xs

9 class®} instanceE& ¢80 24 fmap
Tree®} YAEd] 25 o]§& 4 AXE overload ¥
F Ak

2. Monad Class

myx el (parameterized types)oll &
A 2Hcomputation) AL T Aoty RiuEg)
##H3te] Haskell® Monad® MonadPluse) &2
g A3z . o] FolA Monady: Preluded] A
ol=lo} 9lon, MonadPlus¥ Haskell g}ojH2jgl2
Al AFE 3 Yt Monad 28 v 22 )
el euj#olel7t o= Urh

class Monad m where

>>=) "“ma->(@->mb)->mb
return “Ta->ma

(>>) “ma->mb->mb

fail 2 String -> m a

g>>k =g>>=\_ >k

fail s = error s

ofd & uAtElYof did AN 1 azpERY ]
1% Monad S840 A2H2E HAFOoRH o
FolFth Monad F#H2eA faill#} >>& >>=8
o] &-3le] o|u] Helsle} glora Monadd] thih <l
2H2Z g o= retum® >>=F AHolstd ot
29 >> YA (\_ -> ke o]g0°] FAHA @
2 unary €58 uldtE ), \_ & dfd sty
olFE AedA gt AL JUsinz JF¥H #e
A8 o] &t ¢SE 9wl

22 B} mol g Ad2EA7t HAHUS o
(m a)9] #< a B9 gt AMNE UEe =220y
oy, (m a) TRZIAHE FAE W m A2E2
A o retum >>=0] A}E-E} return (unit
gk 8g) ojd QARfg wolx RS 43 g
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g9 ddo] hith ddS YAH 2 wHsa A
o 919 By Fgad Fojd >> euHolHE
gg T 43 g kg Y FAAA 1H
AHg A e >>=0 E4E ol

3. ¥&8 =208y

>>=8 ol&3le dE2Y ZzaYd dE nIz
8tAL getStr = 10 [Charle 1R EZEEH FolA)e
2EZ S v F8a 7H43AL writeFiled ©¢]
B 2EE (F HA A9 BAolE (B WA A,
[Char] €Sl &83tE $hapolct 18 F1R o
A Qg 2EYS ol o3& testFileol B 7
Yol 7]E38= §4 readAndStoretr ©H&3 ol A
o€t

readAndStore IO ()
readAndStore
= getStr >>=
\x -> writeFile "testFile” x

g A3 J¥E 2EHE x2 AEHo| writeFile
olA AHgET o] F AMTAAZL getStro] £HH F
F A Agde] o] FolA A "ot whep A A A
A3E F A AdARez dgsA g F¢e
| >> eHolEE AT & Ak

writeFile "testFile” "Hello File System” >>
putStr "Hello World”

819l 22 3% Hello File System °]gls 2E
Y& testFiled] £33 ¥ Hello World 2= ~Ed
& o &8t o)} Zo] RYE ouHoHE
ol g3t A BAHE EAHeR Aojst= Aol 7t
53ttt

Haskello| M+ dogte F&o] Helso] gl
=5 AA dor ¥R >>=F Alg3}7) Hygsx
E FEHo g 7hdstAl Y3 Ao} 9 F 22
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readAndStore
= do x <~ getStr
writeFile "testFile” x

do writcFile "testFile” "Hello File System”
putStr "Hello World”

olv] Haskell®] Preludec] 10 EU=7} &9 o
gooz e 9% 2ues A2 Josta) ¢
ok gt

4. 2LIEE 0|88 F3}
o3 28 Maybe EFIE nejd] ®ah

data Maybe a = Just a | Nothing

Maybe B} Just®} Nothing®l F constructor
2A FA4s0] ). o] Bl At HANA T4
& & e e 7HeAE st TR 293}
t A4 AMgEn oW 3 d48 AN 43 S
A o AUz Aitol @ AHfolH JustE EHA
Adstn, Aste]l d9igls 7 -9l Nothings g
3t} o] &4 A gs °1%5}" FlMe 47
grol Juste] FeiE Fojgl=A E2 Nothinge] ¥H
2 5o QlEXE B Aol AR o] FojH =X
9] 4R E Htd + Qv

o] E}Yj & o]§3te b3} T add $4E A9
3712 st} dutqog &3] Azbsie 7 N H5
#E BopA gEriste g4 7158 §489, add
AME F AFgte] EF (Maybe Int)d Elgjo g g
oflekar 7HASAL & add T YA R RES:
T AFgE LolA o] E& ydte otk

add :: Maybe Int -> Maybe Int

-> Maybe Int
add (Just x) (Just y) = Just (x + y)
add _ _ = Nothing

o add grolq: F
Ao ¥ HAn § ANS

o AF7t JustAA ofd
F3sta a73E o

Al Just} Nothing®l iz H@atn o 23y,
Maybe X U=& AHejstd o|d AL 7|&Fo] ol
o] FdARoz =zZza#stes Rl sbedth
Maybe EFSlol tid Zy== thga o] Aojsit)

instance Monad Maybe where

return a = Just a
x >>=f = case x of
Justa->fa

Nothing -> Nothing

Ad7]A >>= A WA AF }%‘ﬁﬂf?} A% (&
Nothing®] #% Z+t A$) &
Ao gtg 24 "ok o] d&
Monad & & 294 me] Maybe E}S
o2 >>=9 retum& oS3 7

= .. Maybe a->(a->Maybe b)->Maybe b
return :: a —-> Maybe a

9ol 4eld add el E Maybe BU=
WA addM& 53 o] Hodct

addM :: Maybe Int -> Maybe Int

-> Maybe Int
addM xy = x >>=\a ->
y >>=\p ->

return (a + b)

o] addM ¥4 Maybe EFQ9] AFES wobA
AAatR 2 Justth Nothing®l 293 HAESR &
2 vkA] A g AAshe AAF Hodcd o] H)
2E B4 vlg Aolg Maybe HUIE 2 #H ol
B 9sA HelEa e, addM #4E HYE
He o] AAE 7ed Hart gl oep o
low-level details® BUse] THFgozy vy
o] g3ty ZRIWL US FAFHA S FE
g F o
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IV, gue =239
1. 1d BLtE
datald a = ID a

deriving Show

instance Monad Id where
return x = 1D x
Dx>>=f =fx

addl = Id Int -> Id Int -> Id Int
addl x y = x >>=\a ->
y >>=\b >
return (a + b)

Id Zup=ojA HAZ2 s RS ofF AR glo
U, Id BUsg A gsto i At -"E"17P AHolg 5
At} ol & £, addl (ID (2+3)) (ID (3+4)) & AXt
e o o)A, F redex (2+3)3 (3+4) FellA o
A& WA AtsA gk

2. Label 2L}E=
o] o [Hud0OlolA ot o83 29| test’t &
=9t 7pA sl

test = let t = Branch (Leaf 'a’) (Leaf 'b’)
in label (Branch t t)

test ot 21@Q) A% 2 Treed 9] dich
o] Treed] Leaf®] #42 o}dls] Q2% 1943 9
Zolq ez ¢NH0R A4 gom waE
=Z=22 7% 18)stA}.

A A
AYANWATA

o Z2IYE AHY W, oW W Leaf 50| 4
F e 77 e B2 Ao A48 B4 e
B3 glojol Bk BYY zeadPlAE & Ug
8 BST 1 e OB ABAIE 19E o
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BFozZN olRE v HA Z2aHY & £ 9
= ?}Tfﬁ x g1yl A+ side-effect Z2 227
WA 5 E(Integer, Tree Integer) S o] &3lch HFZe
A ﬂ“ﬂ @ dA I8 Y gg oulsiy, F o

v AZAA A Treed] BES onigith o
tiolg] *2& o] 838t o83 22 label 8 A
g # 9l

label i Tree a-> Tree Integer
label t = snd (lab t 0)

lab : Tree a ~> Integer ->
(Integer, Tree Integer)
lab (Leaf a) n = (n + 1, Leaf n)
lab (Branch tl t2) n = let (nl, tI’) = lab tl n
(n2, t2') = lab t2 nl
in (n2, Branch t1’ t2)

99 ZzaddA Az ehde A4e labdAM
o] FojA =d], lablME @AY HFFu4E labd F
A AR AE AGAI T Ak B o]RE o
By z2aggoes XIJIHE FAHY side-
effect 7|H o2 o] 48 & AW, A58 Zz g
el e A F9 AH(state)E 2104 FAF
o2 Jlgdjofnt gt} o] RAL dxRFEx HAgE
+EAE £ gleng o] B A F Qe W
We BUs Z2adgess Fdsf HojE i
WA Labeldl 0¥ g91# ZU=g Ao,

newtype Label a = Label (Integer -> (Integer, a))

Label® @3 Tree W& Azlde o] ofel
genericdtAl el 5= AXE EY W aF o] §-3}
o AHHU) TreeZ 3] siAi= (Label
Tree)o] Yejz o] gdth

instance Monad Label where
return a = Label (\s -> (s, a))
Label 1t0 >>= flt] = Label $ \sO ->

let (sl, al) = 1t0 sO
Label it1 = flt1 al
in 1Itl sl
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24 bind LHASIE >>= F /M 2ol
1109} flit1 S £AHoz Heed 7l&stn Y,
olgf 1t0= oW FolZ Fel s0& ol &3t Atst
al, o] A} AEdE A gk ald AH s1 o] L8t
2 g gAe A 1S FY3EE sa ok

oAl A 9] 5l label® lab®) Label U EE o] -3
v WAL g33 o] Z+2 mlabel® miab2 2 9|
g # Utk

mlabel :: Tree a -> Tree Integer
miabel t = let Label It = miab t in snd (it 0)

mlab :: Tree a ->> Label (Tree Integer)
mlab (Leaf a) = do n <- getLabel

return (Leaf n)
mlab (Branch t1 2) = do tl’ <- mlab tl
t2’ <- mlab t2 return (Branch t1’ t2')

getlLabel :: Label Integer
getLabel = Label (\n -> (n+1, n))

el Z2aHdA mlabe labd gl & A9
AFerE 7HAY 49 4uHE JFEM Adshe
3ol 7leHA &S Frod) vl e A
& Label Byvi=dA Hese] glon, o] RyUYsE
oj gty FAAME A AG AFE VesA ¥n
Z v] FA4FQ FFAA ZzadUe & 5

o] L21%Y oM RUEZ ALgeE Ao B

=AM gt ARt 2988 o BL 3T
g Vlaste RAY Holxnk, R a9 R} #
AW RUEE ol g3tozd o 7HA%n B8 &
239 v g 74 + Uk

3. State 2LiE

olm| ¢td MHHUZ Label LUEQ] A& A
g H#&E AHeojsts Aolrh Label ZUY=E AR
State RU=9] & oo|t), State Byt F o
w2 g Fo| AFogH F Sk

data StateM s a = SM (s -> (s, a))

instance Monad (StateM s) where

return a = SM (\s -> (s, a))
SM sm0 >>= fsml = SM $ \s0 —>

let (s1, al) = sm0 sO

SM sml = fsml al

in sml sl
EREL oju) Yy Zaadwue Fio A
& 14 o8 B 47 oz 495

4. List 2L=

[ 1= d2E9 B9 FAAtolth, Z [Int]olets 7
2Ex AAE (] e 2eEs) 2383 Aoz
Inte [ 18] d+24 B 5 vt g2 7EA [ ]
g3 murs ooy o] pAHL

instance Monad [ ] where

>>= 2 [a] => (b -> [b]) -> [b]
return ta->lal

m >>=k = concat (map k m)

return X = [x]

fail x =[]

List comprehension® =7} $43 Qojd &
7] AEE AEE o ko Wadler’ Moggi®] &
ve ol2g Zzadd A& YA E Avie
list comprehension®] U =9} WA s BAE 71X
1 eSS WA A=E k(2]

List 2u=el glold >>= on#oHE list
comprehension® S4% A%E /M4 § ok EF
A AFFUR dod} >>= & 7L 9uE zE= ¢
HY ol Eg2A @A FEH ZEHEY g ¥olrt
getx] gAES Fe, oW 3 HAES AHHE
#}A4 & do, >>= 2 list comprehensiong} Al 712 &
g2 849 4 gk dE 29, 129 ex], ex2,
ex3e BT 2L 9uiE e

ex]l =dox <-[1, 2 3]

y <- {4, 5, 6}
return (X, y)
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ex2 = [(x, v) | x <- 11, 2, 3],
y <- [4, 5, 6]]

ex3 = [1, 2, 3] >>= \x ->

(4, 5, 6] >>=\y >

return (X, y)
Aty o g 7 FolHE o obg A FES
Z2& 9gnF 2

do x <- xs ; return (f x)
[f x| x <~ xs]
xs >>=\x —> return (f x)
5. Parsing 2Lt=
&3 22 Context-Free Grammarol] thgh 54
g ngs Hzp
Gi=aGblec

o] &9} uj= GES AAYE d (a G b)Y col
%

ate] & Fo shid diste sAJE-E ¢friEh
Z e F #4448 A9 5= USE 9v8t= choice

L9 olEle &y 3t} ojAE TR o
© WEHH 7)ol AHEHa Qi) o B9, (a
GblcoA ¥4 (a G bl dalx 5148 F3sty
olHo] AFeAoH GEY FAE ATHOR vlA
3, 3% ¥od = wA ot co A Y&
THIJEE ¥}

78 Z2afdA HEHFL ofd Yo
zzaddE £ JY? £ Parser LUHE M E o
ol %’83 Fol =3yl 3y, NEHAd g
ol AL fail® A Ao olof 3t} Haskell
A A= °\U] ojgl AHHE QW oHEE Monad &
olvelg] W9 MonadPlus EA2A Fs] ¥k
H{MonadPlusE °©]€37] &l Monad olB
HZE importdlolr Fc}). Fail® MonadPlusel A
mzeroZ Ao Ho] glonm QAruixyl wE A
e} M EA Ao 5B Zoverload €T}

class Monad m => MonadPlus m where
mzero ' m a
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mplus “ma->ma->ma

#9) g2 BoolA (Monad m => MonadPlus

)& " 3 B¢ moll ¥ MonadPlusE o] &34}
%} o mofl & Monadd WA AHosot & 2on|
g},
B4& M e 5 MY 942 P49 (a9 8
el F&e] o]&HI g} ax AFA4 F4d 2
YE s, st gto2 sAHolol & 2EY
> ool et gHdo] A AAE o ai= empty ([ ])
,] Ateolal s& BAlE Zgay drsott 34
ol Pyl wa} ax YA F/HE Aol sv HA
Fastd, diol JFHoz UH W A& ARE
o PO at BE ZEay GAES gu
AL st emptyolth. T} oA Dol HE o} By
T E B8 57t empty7t ofHW 1 w4Jo] 4
g ov et

BAL 4% B9 Parseres o3t Zo), @A 9
A9 QlEE o] e S vehle W4 s9) #
AE 802 ¥7E 2EY a2 FA4HY, 34
ol A& A& st o] E& Maybe gto2
7 o] gt}

r‘o 1m =

newtype Parser s a = P ({s]->Maybe (a[s]))

Parser WS+ Maybe €98 ndslo] oz}
Zo] Aot A ¥MA HAS Fso 1 At
AofstoH vijled 7 s E3 Afs Ao,
ghoF A WA @Aje] AFegod, 1 Ad ge vt
AR F WA B4de Pk o714 3 HHA A
3 A3 Fe I gg @AR Ad ddAE A
Fof 4ol Aufjsld s A9 H48 HEHAE 2
28t 7] el F, ofefl A WA HA9 AF}Z
foll Al A9HE s’ F backtrackingol dgH«e
A% A8d F ded, ' o] MonadPlus
mplus £H VA daso], R WA sfyo] 4
#He ¢ F Al AYE FE3E (b s)o] sBA o
451 Ao,

instance Monad (Parser s) where
return X = P (\s -> Just (x, s))
Pm>>=Pf



# BFY BUE Zeady

=P $\s -> case m s of
Just (x, 8") > fx s
Nothing ~> Nothing

CFG €9 lol #idste 7162 &2 mplusEA4
92 4 vk mpulse F 719 HA4E BolEd
A WA & AEd E2) o] ARt T FHod
A WA A A3E mplus FA 9 A3 gtogx A
gatn Frch v A WA mo] e
7% mplus®) Azt F HA A9 Hug A AA
"t}

instance MonadPlus (Parser s) where
mzero = P (\s ~> Nothing)
Pa'mplus' Pb
=P $\s -> case a s of
Just (%, s*) -> Just (x, s)
Nothing -> b s

shhel 228 HAE BN ARE Te 2ol
Bold & ek ABL v @A dois 21
7t wle gol A FAG FAF AAAE AP
$9% Rolekd F WA FEY A WA 238 3
WA BER o%AA,

symbol 1 s -> Parser s s
symbol s
=P % \xs >
case xs of
[ 1 > Nothing
(xxs') > if x == s
then Just (x, xs')
else Nothing
oj¢} o] AoE EYUE LHHHES o] 43}
o t}g9 CFG &
Gi=aGblc
FAsye Z23Y grame the3 o] HolE
Atk

4 o

gram = symbol "a” ‘cat' gram ‘cat' symbol "b”

R
C

‘mplus' symbol

o} 7] A ‘cat's F AE 29 concatenation & 97|
g} BUEE o] 43to 2 M backtrackingS ¥
BE 34 Bo| WS AdAUA ZragYer ¥
#ea d5E ¢+ Aok

6. ELIE composition

71&9 F & & g9 & F43= (ghHxl dj-d3
+ (g ‘composeM' fix Fdg9 =2ux A4
composeM< T3 o] Aejdrt

composeM i Monad M => (b ->m¢c¢) -> (a ->
mc)->{a->mec
(g ‘composeM' f) x =fx >>=g

V. BLE YA

ryss}t FEHo2 oY dgd YH2 YW
91 JHIE o|F BEE FEHeE w7
B3 (aw)e BEAA BT od7]e) Yol
Hse olgdez Rejd mijse WHozA
oEe T 2e A ANzA Fojun.

() Left unit

return a >>= k =ka
(2) Right unit

m >>= return =m

(3) Associativity
m >>= (\x -> k x >>=h)
=(m >>= k) >>=h

el HAe mys e W o)EE o] 43 Haskell
TEL2AN X Yoo do & FL& glrE B
o ds)A = list comprehension® 22X % T83
T Q). ole} o] Rursg F 79 I ¥ o]
E] (return, >>=)¢} A 7}9] YR o2 A FAH 9]
t} o] A& WMEA7IE FEOEE 24L& Fys
7} E & e Aotk

Zzaqge #delA B o, (DL & a2 74
¥ e unit 4AE - JH k2 Bl AL a
g adiz k2 Rie A% 2E5E 9rdh ()
A me ZHE unit JHO2ZA retumndtE A
unit FHOE returndtA] @ IuiZ BH me

e do rfr
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o2 A retumdts A3 ZEE vl (3)9
associative law= holl x7} A5 #¥ % (free variable) 2
vehdRl o A9 AEEch 39 5dd A9
sequence HHCIE (>>)d daiME g ge
WHo] Egt ml >> (m2 >> m3) = (ml >>
m2) >> m3

ol g ¥AE do FHLE ¥HEH U3 o)

do x <~ retum a; k x =ka

do x <- m; retun x =m

dox<-my<-kx hy

=doy<-(dox <-mkxihy
do ml; m2; m3 = do (do ml; m2); m3

VL B2LE #HH|Y|0lE]

g4y =2z A 784l o] &l (combinator)
groln g 7|Y& AME-stn ok Huldloje@ o
g 20y BE¥E (program fragments)S A3}
o J2& Z2IWPYEL TEaY RS FAsE
g4rolth, axl &4r(higher-order function)d] 71%
Hejog §43 Zaaddore Ta2ay ¢S
gz z2ad% 7iyd vt R o Y@ 7%
< et & el g2E A fHudelH2A
map® filer7b Atk BEUzoA Ho=HE returnd}
upol= e olg (O>=) B Huhvolgzg B 4+
Ack. HujdlolHE olggoen Zzade FA
#GojA FAZE ZZIYE 719 e He|AE
A5Hor A F gQlonz Taade FAS
¢ 43 BdEA & 5 Aok ZU= Hujdolg
t AuoHE o] &3t ZTzaye FAd F8
& 9%g stx Qv

F e =23y B2 A9 BJ} doha 71 skA)
o] B& AT AoiA o] E9 8 AHE HA
a3t g3 28 A 7 48E 288 5 ok A
A, Ast Be| 3o o} = F glo] AFFA A
. F, Avl BE J9= Mesd £33 g o
Y& FYPAY, o] B HEE FPe. EA,
A% BE ¢4 o 2 (sequencial) T83%r}l. = A-B
Y B-A9] &X 2 3%t AH, Agl BE A3
22 3. & 5o, A UA HH3o 3
szl Wk A9 FPAT} AAGOE APHA
% B3¢ BE Sy o)d Al kA Ao g
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A4 e 2k A WA Aee o]
g ol A WEso Jlora A =98
vt Aok 7 AAY A Ry vl 2
HHoHE AT 2N AT F Aok A HAY
ALE 2Uyse] mplus LHHEHE AodtozN
siAd 5 Uk

3% olv] ¢AM Maybe BUEE o] 43 addM
g7t dolel & Mste fA A Justt Nothing
9 445 msr G 48 Ytk A o] B4
& low-level details24 Maybe EitEof o= o]
Atk Low-level details”} Maybe BEi}=o] %3}
(encapsulation) @ HeEl2 x2j® dgoz addMel
M o] BAE 1A g FA4H Tz agye] 7t
58 ZAolr} Label 2uU=e] HSd % wtiilA 2,
Aelg Al 349 low-level details?} Label
e H&stEo] glolM Zzadwst o] B
& 71&8A] Yotk AsHoZ A gk

ZT2aY& gAse S & 9, 2u= 7y
yolge Zzayd REEY ADT(abstract data
type)oll tid TEslE AEjsHolxe] Heg slu 9l
t}. Haskell9] class E}YE ©]-4% overloading?] 7]
T3 gEe], 2oy AN HAEE -
#HolAZ uQl=9} retume] EFEHE HudloEl2
A Aggoza €& F4siEn Aejd Zaz e
B #AAE ATstn gtk

g TUZE genericdt ¥4 R £ JYEE
gt [7]e] Fese] e oo LftM2 348 28
3FA},

liftM2 : Monad m => (@ -> b ->¢) -> (m a)
-> (mb) -> (mc)
liftM2 op x ¥
=x >>=\a >
y >>=\b ->
return (x ‘op' y)

liftM2 ¥4+ binary 349 F A9 U=
Z AFHE AFE ol Axdse TS
et BEE RUys gy dolHE Ase
binary $4¥ LftM224 #2129 5= gtk 4§ £,
Maybe 2UE9) addM, Id 2U=9] addl= 27t



WY OHTY RuE Z2add

addl = liftM2 (+)
addM = liftM2 (+)

24 & ¢ 9lon, Parser BUE0)A AL EE
cat® A 2AEES concatenate A 71E 715S o g,
HftM2 (++)24] A eo|dt},

VI &% ¢iaxgt 3l 48

Haskell Z21#% loje 4 7|&g 743
T 47 549 zaady dojo|rh[8] B FL
N80 FEET 9o GHC(Glasgow Haskell
Compiler)®] 7+ b2y £& A%5E U Urh
&3, A $d 5¢ d4Ha gy Bvs ¥
class B}¢] & vl 23 z2 a4 7% Al
Fstn k. ZRaPS FAFOR AosHME,
F34Q FEAA Z2aPE FHE F =S 3
= FAudloly EelrddEs 4y dojute] e
ZEg 750t

22Uz F8448 ojn tfgg Fofe zZmay
Mg A4 JFHAc 23y, RUYsE 48
F s 2 JHA A RaElen, o8 s438
Rtz A Ry 7%E F4A7]E arrow’t
AXNFHYTHO] AA arrowE Haskelld] FH 024
Adste EA7F =<8 ok

#HAl2 =

°of =Ee 20009 % FEAFATe A og}
o} A5 A& (KRF-2000-003-F00248).
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