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10 IEEIFEND - HC Haskell DB R THRABRWIENZBALZDESF FTHS
D, HOBENEMER BT 202 —H— 0 EF R2EETE2 LT
BETH2, TFFERAVIH AR HE OERNIEDL-> TH, T FOIFEEY
R return ¥ (>>=) ODAHEERAVWTWVWEEAYIE. TETIZ3LEN RV ST
H 5,

UT TR, BELZGLETOTISIVIEE (DI VMR FHSSHE) 2 &
ZL. TFFERALTZOEL%R% Haskell T5 A %52 X I2F %, Haskell '(“,’é'
RESZA5E VW) 2. FRICLBHROTEICR B LWL THS, B
AIICEHLB IO TSI > T EEN S Haskell N\D a2 /4 S —%EKT %,

5.1 Util 2 >/%14 55—

DETIE, T/AS—DEZELZLBMNL TV, ZEEOFHMIIILIBELARLT
V=270 75L 99—y rTadSLrternIE, BERAXES T O
SIVIEENCDL)ICEBRINGHNRENIEOSITTH S,

Q,,d*m

MELEEN SR LO THRRALEREL DTELTERL TV, BRI VL
FMELDHT. 2N 6 nepLBFEE % Ut (Utl: Tiny Imperative Language) (\M W
% BIRHISAFEE (recursive acronym) T#H %, PHP, GNU 2 ¥ OBRZENHKX L SR
T52r, )L, $SEIZLY, UtilErr, UtIST, UtilCont, ... ¥ & 5 12/8—
VariERTHEZEE ORI LIIT S, WALRREHEREALTWIID
N, TOHE'ERTES FOERIEDLSZ I IR B,

EBHaA /(5= 7ar bR, 2FY L HY
BETHD, ZORBTCEXETORIEIL Haskell TH CEERLOGLRZE
THRRBRT BT rEDLY LV, BIRTREXETE (H 5\ E LR BT
) BEDHEERAT S, (L. BRTERETEXBAR LR T S =

12, BROLHITEFFEFRAT R TES, )

LHLl. 22T ZINE 7Y b2 FOEY AIZBERmNEL Y LT, #EXK
NTEERENLEZIILHEZXIZT S,

5.1.1 #>T3R R

Util DX KD T — 945y LT, RO L % Haskell T — 9 BIZERAT 3,

7 7 A ILRecType.hs

type Decl = (String, Expr)

data Expr = Const Target -- EBH (Target [F&ER)
| Var String — TH
| If Expr Expr Expr -- if X



While Expr Expr -- while X

|

| Begin [Expr] -- 7AavYy

| Let [Decl] Expr -- let X (BA#HE)
| Val Decl Expr -- val X (E#HE=
| Lambda String Expr -- LA

| Delay Expr -- delay ® (%)

| App Expr Expr -- BEHER
deriving Show

2% Y., X Expr)id. E (Const) FIE. T (Var) FHIE. if R
(1f). let R (Let). 7L 9N (Lambda). BEGEA @pp)k &N bR 5, (Hr
DESBBISKL THEXERTEMT S22 XICT 5, )

Util D BB REBXE LTRDE IR BNF TERINTWVWB YRET 5,
CEEFOEXEA R YPBUNIEEINTVELT S, )

Expr — Const | Var| ( Expr)
if Expr then Expr else Expr | while Expr do Expr

begin Exprs end

\ Vars -> Expr | Expr Expr
Expr + Expr | Expr * Expr| - (D P EEHTF) -
Exprs — Expr | Expr ; Exprs

|
|
| let Decls in Expr | val Binds in Expr
|
|

Decl — Vars = Expr

Decls — Decl | Decl ; Decls
Bind — Var <- Expr

Binds — Bind | Bind ; Binds
Vars — Var| Var Vars

ZTUTRINTWR WD, EE Const L EE Var DFH D E % IT Haskell B L
¥t$%, L. _ (Y9 —n"=) H688F2ERELIED /A 5 —REBTHE
AT 5-0ICFHEALT S, Haskell L 2% Y. while ~ do R X° begin ~
end A" H B LI HNWR/BEEL LWL IS THS,

5.1.2 F RN - HESURNTBIEK
ROEDGEABDBEICERINTVBLDERET 5,
myParse :: String -> Expr -— FHEN - EXETORH

e "val x <- 2 * 2 inval y <- x * x in y * y" ¥WIHIV—X 7
0754 Expr DT —F L L TRDL I ICHEXBITINS,
Val ("x", (App (App times (Const (TLit (Int 2))))
(Const (TLit (Int 2)))))

(Val ("y", (App (App times (Var "x")) (Var "x")))
(App (App times (Var "y")) (Var "y")))

=72 L. times E * ISR T % Expr DR TH %,



e "\ f >\ x -> f x" LWIHIRI,
Lambda "f" (Lambda "x" (App (Var "f") (Var "x")))
EWH T — IS NS,
o Tsey, My & ZNZN,

bl && b2 if bl then b2 else False
bl || b2 if bl then True else b2

CWHIBBKBIX THLL BB INSGLHIITLTEL,
513 9—4'v hEE

AZRAS5—DI—4y bEETHS Haskell DTy FOEXAREERIAT S
B Target EERL THEL,

7 7 A )LTarget.hs

type TDecl = (String, Target)
data Target = TLit Literal -- EH
| TVar String -—- ¥
| TIf Target Target Target -- if X
| TLet [TDecl] Target -— let X
| TLambdal String Target - SLFRK
| TAppl Target Target -- BEBGER
| TReturn Target -- return [ZHHH
| TBind Target Target -—— (>>=) IZHEH
deriving (Show,Eq)

data Literal = Str String | Int Integer | Frac Rational
| Char Char deriving (Show,Eq)

Ut a /4 S5—riknL S HBE2ESEARTH S,

comp :: Expr -> Target —— AN F—
5.1.4 ¥R ¥ AR
¥ 25T, Lo Util ofECERANIE (ambiguous) TH%3, 2FY 1 + 2

* BRELBEYHUIEOCE S 2RICRITT 50, RETERV, BEIIFK
TERITSDIT,

Expr - Expr + Term | Term
Term — Term * Factor | Factor

Factor — Const | ( Expr )

DL ICHERI ZRITZDITEIRRBNETRT 5, CHRENL D ITHEEIC
BXBITICAWS-ONE % (concrete syntax) ¥\ 3,



ZHITH LT, W AN T LTLE AL, BRI TBITS2H0
BN BT IR B R Y REWLRBENLERAEL V. TR,
MEDL A BREIRANTHLTH 3, TOLHIHEREZNAENLBEZR TR
RUEEEXHDZE: (abstract syntax) &\,

COETHEXLFATVENIE, COMEBXNZ L THS, T — 9% Expr,
Target NEHKIE. MEBXERBWT IR L TERLAEZLDTH S,

515 2 /34 S—DEH

B comp DERIIRNDEL D124 2, HOBIXERIINT 2 ERITLLENE
BTH5,
7 7 4 JLRecCompiler.hs

comp :: Expr -> Target
comp (Const c)
comp (Var x)

TReturn c
TReturn (TVar Xx)

comp (Val (x, m) n) = comp m TBind  TLambdal x
(comp n)
comp (Let decls n) = TLet (map (\ (x, m) ->
let TReturn ¢ = comp m
in (PVar x, c)) decls)
(comp n)
comp (App f x) = comp f "TBind  TLambdal " £f"
(comp x "TBind® TLambdal " x"
(TAppl (TVar " £") (TVar " x")))
comp (Lambda x m) = TReturn (TLambdal x (comp m))
comp (Delay m) = TReturn (comp m)
comp (If el e2 e3) = comp el "TBind TLambdal " Db"

(TIf (TVvar " _b")
(comp e2) (comp e3))
comp (While el e2) = TLet [(PVar " while", body)]
(TVar " while")
where body = comp el "TBind ' TLambdal " b"
(TIf (TVar " b")
(comp e2 "TBind® TLambdal
(TVar " while"))
(TReturn (TVar "()")))
comp (Begin [e]) = comp e
comp (Begin (e:es)) = comp e "TBind ' TLambdal (TVar " "}
(comp (Begin es))

FATELNTNS £, x, b, while REDHEFIE, Util v—27T073
LPIELN TV REBFEERELLRVL D IGEA TV S,

B comp *EMBT 20, TR ERE*RENT— 9B TIIRL, %
MNEZFH Uil ¥ Haskell DSGETERRLEDHIVROETH S, (GHElEyY —X 7o
T5L%8RBTH2Y, )



CHDEDHHT Y —RXBT ltalic 74> P THRINTNVS mn R EIEED
Ut dRXRT, 9=y bR Tmn DL MV TWBERIE. D comp 1L
L2EHZ D Haskell DX E£T, BH. delay IOV TIABWICFERINS
DT, ERICIG U oY —RTa 75 LICHANS Z LI,

v =2 (Util) g —%"v b (Haskell)
c (=L cl3EE return c
x (L x IREH return x

val x <- m in n

o

m >>= \ x -> 1

let £ =\ x ->mg=\y —>
nin k

let £ =\ x —>m
x=\vy ->n
in K

f>=\ g ->

fa d >>=\ x ->

g X
\ X -> m return (\ x -> m)
delay m return m

if ¢ then ¢ else ¢

¢ >=\ Db -> if Db then ¢
else é

while ¢ do ¢

let while = ¢ >>= \ b ->
if Db then £ >>= \ ->
_while
else return ()
in while

begin
S7
t;
u
end

ST N
VvV Vv
VvV Vv
([l
~

|

ERld. RBERXREBOERL CBMERA D EE LG VWY 2 51T1d return AME<
S, BBERIE o>=) EE-ARNICERINSE 2, RETH S,

g, Ut a7 54600+, -, * REDZIBREFIE, MOBES return (\

X => ..

) EWHRICEBRING 2, RYBRT 7V arvefFriwl ey

5. RLZD Haskell RO ARL—9—%2BWT. FNFN

return (\ x -> return (\ y -> return (x + y)))
return (\ x -> return (\ y -> return (x - y)))
return (\ x -> return (\ y -> return (x * y)))

¥\ 9 Haskell DRICBRT 2L LTHEL., T5Y. comp BEEIZL 51t

BrnEBLEELET 3,
v —2 (Util) g —4"v b (Haskell)
® return (\ x ->
(L ® 1& return (\ y ->

—IEEET)

return (x © y)))

2D comp FAWT, BlIAIERD Util 70756 %F# (7L, TDfact @
HIZEMEAZEATWRVWOT, COEBERICEHE Y BERITL WV, )T BL

fact = \' n -> if n == 0 then 1 else n * fact (n - 1)



RO L S 7% Haskell D 7’ 7S LB L5N5,

fact \'n ->
((return (\ x -> return (\ y —-> return (x == y))) >>=
\ f -> returnn >>=\ x -> f x)
>>= \ _f -> return 0 >>=\ x -> f x)
>>=
\ b —>

if b then return 1 else
(return (\ x ->

return (\ y -> return (x * y))) >>=
\ f -> returnn >>=\ x -> f x)
>>= N -
N f >
(return fact >>=
N\ f >
((return (\ x ->
return (\ y -> return (x - y)))

>>= \ f -> return n
>>=\ x -> f x)

>>= \ f -> return 1
>>=\ x -> f x)
>>= \ x -> f x)
>>=\ x -> f x

CHNIEELLDORERE2ZEATVSD T, RO monad law 2 Y2 FAL T
BT B, <D return ¥ (>>=) 3SEA T, JRD L 9 % Haskell d R D"
BoNns,

fact = \ n -> if n == 0 then return 1 else
fact (n - 1) >>= \ x ->
return (n * x)

5.2 Rman/N—Y a > — Utill

BMN/NN—T a2 Ul Tld, EF RIZ MY ET7ILLRHE (I LR WEE)
rLTH<, 2FY. Ut IZBMER2E#ERVWEETH S,

7 74 L |ld.hs

newtype I a = 1 a

instance Monad I where
return a = I a
(I m) >= k =k m

zT. I&. Haskell D L WERNDEEZOHERAND—2>TH 5, data B
EMTWBD, 74— LR —DDBEFe—2LHF 22 LN TERL,

T data BEEDHERFLER Y. newtype EE TEANINSIEBRTFIIREH
DEKRLHIFFLT. BITEOHELFELLRWV, T BORNLEEET S type

9



HEroEWLE, HOTB|HIBRFICL > THRNICREZETHE, (RIS
ZNA 2RI AL, type EETEANINARORNLIZEBETER WV, flA
WY RMIBEONHENEF L ER SIEF (Ord DA > RIVREE) 254
FeW¥ ¥1d newtype ¥ B> THBEAEL, BBIHL TSV RIVRESTT
LHENHS)

L3 D newtype EECIHBBRF LBRTICRALC I L WHIBREFE->TW 3
B, XARTEL S0¥MFT 52 ¥ TE S0 THBER .,

HE. HHRERTE Monad DA > RIVALEET 5L =, BEEFIC Monad

NDA—/N—TJ S RATH 5 Functor ¥ Applicative IR LTHA PRI VRE
TETEIRENDH D, SHRBANTEEF FICHLTLIRTA—RDT 1K

TEARIVRAEELEITERFZ L LTBNMLTEL,

7 74l Id.hs

instance Functor I where
fmap f m = m >>= \ x -> return (f x)

instance Applicative I where
pure = return
g <*>m=g >>=\f ->m >>= \ x -> return (f x)

ORI

fact n = if n == 0 then 1 else n * fact (n - 1)

rwH Ut 787 546%a>/84 L LTEITTS (unI (fact 9)) Y. EL
7075 4% Haskell t LTEITLEYEre2<EL 362880 ¥ \W\HEIZR B,

EL. unT I RODELD ITEZRINALRETBBERTH %,

7 74l Id.hs
unl :: I a -> a
unl (I a) = a

5.3 UtilST — RREDE A

Util ICE % (BIERRN) TTHELRENERZ2ENT S, 22 TRNT 50T

lE. 2 DE P EHTEER "SR " xP ¥ yP ¥EANTSH2XIZT 5, 2 ) EL

AIAENR LD TIE R, WKDIXTE2 L TETH S, 28RIE = BETF
TEEARANL, get THEERYET I LA TES,

B 71
begin xP := 1; xP := get xP + 3; get xP end

W) ULIST 7’075 4% @d % L. EWHRERMF SN S,




B2E:0E, UtIHI2RBRE2HETEREZINUSOERERANT S LORES
(Bl Z 1L Kotlin @ var ¥ val) BANTHIL. get DBALTEHRL T

N

begin p := 1; p := u + 3; p end

DEIITELZUDTESLDICEE MR EZEETSHILHARETHS, 29
FHUE, CEEBICLYREVEETTO IS5 RT B L TRETH S, K
TTl g, vOLIIF) I TXEEFE->LERIZ. 3REETEHRLLT
FEEINTVWBYRET 5,
REEENTE012, Y "HEOR'*ERT 24BN H S, £T RO st
TEET 5,

7 74 )L ST.hs

newtype ST s a = ST (s -> (a,s))

unST :: ST s a -> s —-> (a,s)
unST (ST s) = s
instance Monad (ST s) where
return a = ST ( )
(ST m) >>= k = ST (\ sO -> let { (a,sl) = m sO0 }

in unST (k a) sl)
-- ST, unST AHIFNIE, ROKSI12HED
-——m >>= k =\ s0 -> let { (a,sl) = m sO0 } in k a sl

Z OEF RIZ State Transformer £+ R ¥ IEMN S return a l3RE (s) DE
FriTRbd. a2XT0FIRTHETHS, 2OEFT FOm >>= kld. n T
EEINIRE (s1) 2ZF0FF, K ITTETHETH 3,

B 5.3.1sT X LT, JRD monad law 7 Y IL> 2 ¥ 2 HER L L,

(return a) >>=k = k a
m >>= (\ a -> return a) m
(m1 >>= k1) >> k2 = ml >>= (\ a > (k1 a >>= k2))

SRITRDEHICERT %,
7 7 4 JLMyState.hs

type Pos s a = s -> (a, a -> s)

xP :: Pos (x,y) X
xP =\ (x,¥) —> (x, \ x1 > (x1,y))

yP :: Pos
yP (

Il
_

TITxP X yP B ANTNRTOE L E2RAITILRT 5LHNER
TH2, BRICHT2HAEL - EXSAHDAY Y i, BTHNEF FTE



FATEZNT. IS5 XA MyState DAY Y FY LTEHELTHLLZIZT 5,
7 7 4 L MyState.hs

class MyState m where
get :: Pos s a -—>m s a
set :: Pos s a -> a ->m s ()

ZLTST %20 MyState 759RANDA VRAI AL LTEET %,
7 74 JLST.hs

instance MyState ST where
get p = ST (\ s -> (fst (p s), s))
set p v =S8T (\ s -> ((), snd (p s) Vv))

= BIZIE get xP = ST (\ (x,y) —> (%, (x,¥)))
—— FIZIE set xP x1 = ST (\ (x,y) -> (), (x1,y)))

22 Tset I3REEFEZTNL S, T/ get IIRENVEN—H2ERT 2EHT
H%,

UtIIST @ := BB F ¥ get BA%IL. Haskell ® set, get ITZNZTNI /A
LEINSELHITLTEL,

V=2 (Uti) | —%"v I (Haskell)
p>=\ p >

p = m m >>=\ x ->
set p 75
p>=\ p ->
get p

get p

Z0 ULIST 7’07546 (AREKT 2 CTar54)

. int fact(int y) {
fact n = begin int x = 1:
XP,:: 1; yP = n; ) while (y > 0) {
while get yP > 0 do begin x = x *y
xP := get xP * get yP; v =y - 1,
yP := get yP - 1 } ’
end; return x;
get xP }
end

-

BHRIZT 51 get 2 ABTZEEHO Ul 7O 75 LThHS,

fact n = begin

n o= 1; v = n;
while v > 0 do begin
Boi= otV
v :=v -1
end;
ol
end




L J

a2/ LT B LRDE S % Haskell DEAEK (=38, BB < T HDICKEE
NEERLELTVD) Ik 5,

fact n = set xP 1 >>= \  ->
set yP n >>=\  ->
(let while = get yP >>= \ y —>
if y > 0 then

get xP >>= \ x ->
get yP >>= \ y ->
set xP (x * y) >>=\ _ ->
get yP >>= \ y ->
set yP (y - 1) >>= \ >
_while
else return ()
in while) >>= \ >

get xP

22T
evalST st s = fst (unST st s)

YEHT BHY. fact 9 #E1TT % (evalST (fact 9) (0,0)) ¥. TNkt
213 362880 2% 5,

MEENIZE., LRICEBNREZDIIINEELHS, /XS5 A =9 —DEHI SV
BEREIE, TOLILGLSNREETHINERIIRIBELELLONS,

CHOSTOERTIE, TS5 -NBEEEELTWEY, TT5-—RBETRILHIC
i, 2o sT X (BT %) Maybe DEELXERT 24BN H S, 2EFT
I ROEHI%REF FITR B,

7 74 )L EST.hs

newtype EST s a = EST (s —-> Maybe (a,s))

ungEST :: EST s a -> s —-> Maybe (a,s)
unkEST (EST m) = m

instance Monad (EST s) where
return a = EST (\ s -> return (a,s))
(EST m) >>= k = EST (\ s0 —->
case m sO0 of
Just (a,sl) -> unkEST (k a) sl
Nothing -> Nothing)

f532 %0 C OB IZIFREEAR ULIST %, F/-1E. sTEF FEAV
7= Haskell n i * & L.

1. int foo(int n) {

- 10



int 1 =1, 3 = 1;
while (i < n) {
i=1+ 3j;
j=i- 3

}
return 1i;
}

2 int bar (int n) {
int 1 = 0;
while (n > 1) {

i=1i+4+1;
n=n/2;

return i;

}

X BHEOEY B Haskell T “div: HETF Ik 5,

54 (%) UtIIIO— ANdHEHDEAN

ANEAIR, NEAR MY —L2RED—FBrEZNIE, B8O ULIST tBLA
FETIRYBRD 2 e TE S,

HENETFT FOERIIFIESEEARNICRA CEDS, REICAALEHADR MY —
L%%FT String BB %ML THEL,
7 7 4 )L MyStream.hs

type WithIO s = (s,String,String)

7 74 L MylO.hs

newtype MyIO s a = MyIO (WithIO s -> (a, WithIO s))

unMyIO :: MyIO s a -> WithIO s -> (a, WithIO s)
unMyIO (MyIO m) = m
BROT)ITATOERIIRNL IR B,
7 7 4 )L MylO.hs

instance MyState MyIO
get p = MyIO (\ (s,i,0) -> (fst (p s),(s,i,0)))
set p v = MyIO (\ (s,i,0) => ((),(snd (p s) v,i,0)))

ANEAIKEAT 2T I 7470 THOESF FTERT 0T, I3
MyStream DA Vv R LTE&ZLTHEL,
7 7 4 )L MyStream.hs

class MyStream m where

readChar :: m Char
eof :: m Bool
writeStr :: String -> m ()

- 11



7 7 4 )L MylO.hs

instance MyStream (MyIO s) where
readChar = MyIO (\ (s,c:cs,o0) -> (c,(s,cs,0)))
eof = MyIO (\ (s,i,0) -> (null i, (s,i,0)))
writeStr v = MyIO (\ (s,i,0) -> ((), (s,i,0 ++ v)))

22T readChar IAAR MY =L S5 1XFEERET., £/ writeStr str
BEAR M) =L ol str €3BT B (2L T++) DHEERIEARSCF
@E?K&M?%mf\\mmimxoti%ﬂ®1%t%LVX%ﬂ%£m
(++) LT, HAXFINN RS L BITLED > THENFLBELL RS, 2N
%ﬁu1%$m§wi%%$i%:tbﬂ%f%%ﬁ\““Tu%ﬁm#mu
T4y 2> EREHRAT S, )o TL Twrite EWIHIBEARLTZROLHIZE
H#LTBL,

7 7 A JLMyStream.hs

write :: (Show v, MyStream m) => v -> m ()
write v = writeStr (show v)

T2r, ROULNO a7 54 (L. T//) BEBORE*ERTEEFL
—g—éo )

foo n = begin
xP := n;
while get xP > 0 do begin
write (get xP % 10);
xP := get xP // 10
end

end

a2 /NAIL LRI

foo n = set xP n >>=\  ->
let while
= get xP >>= \ x ->
if x > 0 then

get xP >>= \ x ->
write ( x ‘mod’ 10) >>= \ _ ->
get xP >>= \ x ->
set xP (_x ‘div® 10) >>= \ _ ->
while

else return ()
in while

el MBI EMRTOLIICERLAYL S

evalMyIO e s =
let (,(, ,0)) = unMyIO e (s,"","") in o

- 12



A% foo % evalMyIO (foo 12345) (0,0) DELHICETT v, HAHWK
"54321" X% B,

R 5.4.1 %0 C 0B L IZIZRAZE A U0 o %k, F/z1d, MyIo ®F FEAW
7= Haskell DBz &L L,

1. int baz (int n) {
int 1, j;
for (1 = 0; 1 < n; i++) {
for (3 = 0; J <= 1i; J++) {
printf ("*");

}

printf ("\n");
}
return i;

}

2. int qux(int n) {
int 1, j;
for (1 = 0; 1 < n; 1i++) {
printf("*");
if (1 % 3 == 0) {
printf("!");

}
printf ("\n");
}

return i;

}

5.5 UtilErr — =5 —EnHE N

RICULINCZS —IBEEANT S, UtilErr 13, £E@BIC () TS5 — 0B % 1T
O, MARNICZ S —0"HNERR2RD ISR BLHICT 5, ZDIFE.
UtilErr 1&  (Haskell ® & 5 7%) SBIEFM T2 < T, BB KL ST EICET
9 % (eager evaluation) #*#E{T 22 L ISEFET 24BN H S,

IS—CYEERIREVERNTEEHIZ, ROLILIEBES A TS —ICHE
INTVWSET— 98 Maybe AT %,

-- PreludellEHEFEH
data Maybe a = \ deriving (Show,EqQ)

EERIKREVIL Just LWIHIBKFTET, =57 —DIFEIE Nothing ¥\ I
BMFERAVS, 2ORISHL TROLI LA DRI VRAEENINT WS,
-- PreludelZEEFEH
instance Monad Maybe where
return a = Just a
(Just a) >>= k =
Nothing >>= k =

- 13



CHOEFRFDOm >>= kld, FT m2#HEL., TOHELNEERTITHNIL. D
fEE k EWOHOBEAKITET, LAL, WolkAnmTIS—2H2 %Y, k IZFTE
TN, LT i LTWS,

8 5.5.1 Maybe 12X L T, JRM monad law A& Y 11> 2 ¥ ¥ FER L L.

(return a) >>=k = k a
m>= (\ a -> return a) = m
(m1 >>= k1) >> k2 = ml1 >>= (\ a —> (k1 a >>= k2))

¥ 512, MonadPlus YW 7S RIZBTBHWVWL29NDAY Y RERAET S, 2
2 Tmzero 1 KREDCYET EEICAWS,

-—- EYa—)J)l Control.Monad [ZEEFH

class Monad m => MonadPlus m where

mzero :: m a
mplus :: ma ->ma ->ma

-- Y a—JL Control.Monad IZEEFH
instance MonadPlus Maybe where

mzero = Nothing
-- mplus DEHEILEIE

TYVITFTATEE LIS NEEANATELIICESBRILZZLNTES, A
ZIE, BYE (/) RDL S % Haskell DR ICERIN S L H 12T 5,

\ x => return (\ y -> if y == 0 then mzero
else return (x / y))

INTOTESS L LEBAICIRIS - REINS,
B 7L

(\ x => 0) (1 / 0)

N &S %AIE Haskell TIE 1 / 0 OFHRIL IR ERDEERA 0 ¥
%2545 ULIIErr TIORD &£ 9 7% Haskell 7’8 75 A CERR S 41,

(1if 0 == 0 then mzero
else return (1 / 0)) >>= \ x ->
return 0
ETT%L (T2 %%T) YWHERRICR S,
5.6 Bl OB DN

BIShDEF K Maybe #FIFA L T, Java D try ~ catch DL D IZHISM & IR T
ZEXEENTE2rLHETH S,

Util @ BNF ICIZU T OEX &MY 5,
Expr — ... | try Expr catch Expr

- 14



"try m catch B I mZFFEL. T TP RHh->LFEEE. TORYER
try RORYVEYT S, L L m OFERICTS 0" CBER. h &
T 5%, Util ® "try m catch A" & "m' “mplus’ h'"E W) R L THEXEN
INBLHITLTHL,

F . fail ¥\ 9 Util oBA%kIL. Haskell ? mzero 23R EAFIZ /81
NELEHTLTHL, ZoEKIL. Java D throw XIHRKT %,

V=2 (Util) 9 —4"y b (Haskell)

try m catch n | M "mplus’ #

fail () mzero

Maybe I2X3F % mplus I$5E 1 518 = 3F{H L. E258%
T SEKTH 5,

instance MonadPlus Maybe where
. -- mzero [FENF
Just a ‘mplus® = Just a
Nothing "mplus™ m m

Bl 721

bar n = try 1 / n catch 99999

YW ULIErr 7’ 7542 a> /81 LT, EHS#3 Haskell 77075 4
(=

bar n = (if n == 0 then mzero else return (1 / n))
‘mplus’ (return 99999)

THY. bar 0 DHERIL Just 99999.0 TH 5,

5.7 UtiINonDet — JEsREMDEN

TI2H5IE HEEE ULIHICIEREM2EANT %, JEREM (nondeterminism)

Yix7ass LngEic NEETZILEEDH. H5ERK
EFRALER, SHEVRKT 2358055, TDHEIIRTORBIRBICE > T

HEXYET (NXv 7 b53v7) , ERERIBEREDO/AL - F'— LXEX

BT 7O S LR ETHRATES, NI 597257 ) I54 T kEr L

THRETZETE LT, HREBZED D"ELTH S,

EREMEDHE ODEF FIZTBENDY X F2ERT 5,

-- Prelude CEERXFH

instance Monad [] where
return a = [a]
[] >>= k = []

(x:xs) >>= k k x ++ (xs >>= k)

-—- EYa1—)J)lL Control.Monad CEEFH
instance MonadPlus [] where
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mzero = []
mplus = (++)

CHEFRIIEHOBIRBE*HICY AP LTERRALTWVS,
B5.7.1 [] (12X LT, JRD monad law 2 Y IL> 2 ¥ 2R L,

(return a) >>=k = k a
m >>= (\ a -> return a) = m
(m1 >>= k1) >> k2 = ml1 >>= (\ a > (k1 a >>= k2))

EIZY X MIWT S return ¥ (>>=) &, YR MORBREEHBPT 28 ICE
> unit :: a -> [a] ¥bind :: [a] -> (a -> [b]) -> [b] &K<
B—OBE8TH 5,

HEOEAKRIEIE) X FTERINS,
UtilNonDet &, #X I UtilEr tALTH 2, 2F Y. KTOBXEH,
Expr — ... | try Expr catch Expr

UtiINonDet @ try m catch hld. mZs#@EL. hIZ"NV I +FS v I"9EE2
SR EICTHEINS,

UtilNonDet 7B 7°5 &
test0 = (try 2 catch 3) * (try 5 catch 7)
322 /81 LT B ¥, JRD Haskell 7’0 75 LhdB 55,

test0 = (return 2 ‘mplus’ return 3) >>= \ x ->
(return 5 "mplus’ return 7) >>= \ y ->
return (x * vy)

SO, testO [ x *y | x <= [2,3], vy <= [5,7]] EVWI YR IAE
FILYRLCEKIIN S, LT test0 I, [10,14,15,21] &% 5,

F 7=, JROUtINonDet 7T 75 4

testl n = (try 1 catch 2) / (try n catch 4)

a2 /4 LT B Y, JRD Haskell 7’0 7’5 9B 515,

testl n = (return 1 "mplus’ return 2) >>= \ x ->
(return n ‘mplus® return 4) >>= \ y ->
if y == 0 then mzero else return (x / y)

Z L 7Ttestl 2%, [0.5,0.25,1.0,0.5],testl 0L [0.25,0.5] &%
%, XL TVWAHEIIODWTIRFZERICEN TVWARWI X ICEET 3, ALY
O7546% UtIIErr T3> /R4 LT 5, UtIEr TIRANY Z bS5y F>79% 2
5 \NDT, testl 0 IE2MEHKE (Nothing) I8P 5,
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H. RO head TAWVWTY A MOBEEZFIREZ ICL Y., R LAERWMDE
BEIF2RTIrLT8ETH S,

-- Prelude IZEHEFH
head :: [a] -> a
head (x: ) = x

ZDYX E head (testl 0) OfEIE 0.25 ¥4 5%, ZDIFE. Haskell 5°
EHRAL TV S, thOBREOHEIIITEOIE VN, 201 HRRKL
EREDHS LI RIBETIRMDBIRBOAERLR*EATE2 N TES,

874 —OMBLIFREEETAWVTRRT SN TE S,

safel xs nm = null xs ||
val y <- head xs;
ys <- tail xs in
y /=ns&& y /=n+ms&&y /=n-m
&& safel ys n (m + 1);

safe xs n = safel xs n 1;

if 1 > j then fail ()
else try i catch range (i + 1) j;

range i j

queen n = if n == 0 then []
else val p <- queen (n - 1);
n <- range 1 8 in
if safe p n then (n:p) else fail ()

%Z LT queen 813, [4,2,7,3,6,8,5,1] " 5¥EF 2 R ENEEIRT,
f5.72 FREMH CREOEHNFHEF >FHENR L L T,

STL (s -> ([al,s))
LST (s -> [(a,s)])

newtype STL s a
newtype LST s a

D2ODONYIT—=a hEZENSE, 2OFTNTNIIFLT, 2>/84 5 —
NEHZETHRIE, 2 ONEFEVEHALL,

5.8 Prolog ¥ :®EZE ¥

WERZED Prolog I IEREMDMIC, WD S, RIE

R, BMIENFEZ->TELST. BE—Lo#HlfgIcL YR~ ITEIERIL

LTWKEHETHS, FAELRNTEZRLUITENETRE L. —EWHALT

NIEZELRANGTELVEBEZENER L L ER S, Haskell TIXREEE
BiRIE. BB N 2R T % 72 1 E - 7= State Transformer £+ R X RE#k D
FETEIBT 22 e TE 5,

B 2L, Prolog TlE. ') R b+ %3&## (append) ¥ 5707 F LI RDL S ICE
mENs,
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myAppend ([H[X], Y [H]|Z]) :- myAppend(X, Y, Z).
] Y

] ’
myAppend ([], Y, Y).

I, 1BEBDIR 2FBBNI K EELALERNIFZTBENIIEIIR S,
YOWHMEGRERLTWS,

2D myAppend XL T, [1,4,3] ¥ [5,3] DEHEETRDHBITIE, RDLD
wEeEd (FHEL) 7 5,

- myAppend([1,4,3], [Z2,5], R).
R = 1[1,4,3,2,5] ;

No

T 512 Prolog PEH LB WVWEZ SIE nyRppend DB ENHELTEZ LD
2eThH5,

?- myAppend (A, B, [1,2,3]).

A =[]

B = [112131 ’
A = [1]

B = [2,3] ;
A= [1,2]

B = [3];

A 1,2,3]
B 17

No

COHOERITHTITEELT [1,2,3] 128 522O00) R b, TXRTHIFEEEE K
HTWBZIXYIIHRE, 2—H—=HT; ) 2AXHATEELITNNY T FSyHo TN
BIYJBEEETT S,

MicroKanren.hs (https://github.com/rntz/ukanren) |&, pKanren ¥ \>9
WETOTI I ITDHNIBHIAAEEE (embedded language) * R T 5 1=
OD Haskell DS54 75 —TH b, 205475 —TIE, IEREM LHREL
BICTIR7IL 7 7OMEBEEMAIES FHRAERINTW S, 22 THMLH
BAICIZIL BN 54 W AS, 2D EF RIS State Transformer L EREMR R A EE
EFLOTHB, 2OFA475) —%{FEZ1IE. LD Prolog ® myAppend 7’07 S5
LY T S50 75 4% Haskell TRO L H IR TE 5,

myAppend a b ab =
do { h <= fresh; t <- fresh; res <- fresh;
ht <- cons h t; ht === a;
hres <- cons h res; hres === ab;
myAppend t b res }
‘mplus’

- 18



do { n <- nil; n === a; b === ab }
22T, fresh ldFHLWHREEZRTAEKRT HEHTHY . ===, [I@MTHE
—EINBZIrERTEEFCH S,
LR A, Ut OCETIRDELHITEL 2N TE S,

myAppend a b ab =
try val h = fresh() in val t = fresh() ;

res = fresh() in
begin
cons h === a; cons h res === ab;
myAppend t b res
end
catch begin nil() === a; b === ab end

2 ® myAppend XX L RO L IR0 7S5 L5 ERITT 5, L.
toLVList FBEN ) X bORH SH/BEKEEL ) R bORADEH,
fromLVList EZDHETH %, 77~ L fromLvList c xs & xs DRHDEKE
DMBEREZ cICESH|ALABENY A FEIRT,

exampleAppend a =
val xs = fresh();
ys = fresh();
zs = toLVList [1,2,3] in begin
myAppend Xs ys zs;
(fromLVList 0 xs,fromLVList 0 ys)
end

ZTOMRIE [(11,11,2,31), (111,12,31), (11,21,131), ([1,2,3]1,11)]
1272 %,

59 X5ICELL Y I=VWADEHIC...

Parsec (Leijen & Meijer 2001) €+ FEFALALBELE/—H—5147T )

—TH%, (Wadler1992a) EF FERWTA 9T 9 -2 BET 5%
EEEH LTS, (Wadler 1992b) 126, £+ FERWT/S—H—%2HEET 3
BoEDRS0 H 5, (Hinze 1998) &, Prolog DAY M EDNARL -9 —DE
BkEEIE LT3, (Kiselyov etal. 2005) |&. MiniKanrenT TfEHN TV 5 E
T ROBHRTH S,

(Leijen & Meijer 2001) Daan Leijen and Erik Meijer, “Parsec: Direct
Style Monadic Parser Combinators for the Real World”
Technical Report UU-CS-2001-35, Dept. of Comp. Sci, Universiteit Utrecht,
2001 &, http://www.cs.uu.nl/people/daan/parsec.html
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(Wadler 1992a) Philip Wadler, “The essence of functional
programming”
19th Annual Symposium on Principles of Programming Languages (invited
talk), 1992 £ 1 A

(Wadler 1992b) Philip Wadler, “Monads for functional programming”
Program Design Calculi, Proceedings of the Marktoberdorf Summer
School, 1992 & 7-8 A
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Third Fuji International Symposium on Functional and Logic Programming,
1998 &

(Kiselyov et al. 2005) Oleg Kiselyov, Chung-chieh Shan, Daniel P.
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monad transformers (functional pearl)”
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