$F55 T FLHpL4REENEL

ZHETIL, %Aiga XEXFIRBMERAICELT, EFRERALTZD
Bk % Haskell TEA S ZYIZT %, Haskell TE%EZ 52502 ld. &
ﬁki%ﬁmﬂﬂakﬁ%&“?»KT%%o

BMETRENLE 10 IXRED 2812 Haskell DR R THBIR NI NS HEINAD
TS RFTHEH, OSEDNEMFR BT 2012 — 2 ADES N
PERTHILHLAETH S, TFREAVEH AL SHE OERIEH-T
H, TF FOBENREE return ¥ (>>=) DA EFRVTWEEYIE. TET 3
BN ZE5TH S,

51 S=—H4SREE Util

COETHBNT 2EMER IR THEAFH >GLREZBEIREICIBELELRZVD
T HBEDNLEONBAND I —HARTO TSIV IEETENT S, BELE
BOLIILOTHAREMERAZFE>EELTERL TV, KRITKLTC Java
QZLMAT\‘mioﬁ\—@ M5 7EEZNTOT S LDOEK%

% Haskell TEtEAY %,

BRI VETEL DT, TIN50 I =B EFEZULI| (Util: Tiny Imperative
Language) (WD % BIFEIEET S8 (recursive acronym) Tdh %, PHP, GNU 7 ¥
EOBHKLERT 22 L, )LV, SFITLY UtilErr, UtiIST, UtilCont,
;tm;okn—ya/éﬁtﬁfm%ﬁwé:tuiéow%v%@@ﬁ
AEEANLTWLIION, ZOHE'EXRTES FOERNEDLSZ I LIRS,

UtHZ2W Tk, TOETIZ. SEREMOFAALITICLEDH T, HMENE U

ECEE (Ut 55 Haskell " a>/314 5=) nEtmEs@BNT 3, 7=7-L. =
HEOBMILELRLSTH, VRO 75L9—4 vy b0 S5L%HR

L, BMER2HE DT OIS IV I EEN DL ) ITEBRINSHRENIZIE

HBETTH 5,

5.1.1 #30RA1

Util DBAHHLREXY LTIRIRDEL IR BNF TEEINTWVWSBEIRET 5,
CEEFOEBEIBEML CLBEMICEEINTVE LT S, )

Expr — Const | Var| ( Expr )
| if Expr then Expr else Expr | while Expr do Expr
| begin Exprs end
| let Decls in Expr|val Binds in Expr
| \ Vars -> Expr | Expr Expr
| Expr + Expr | Expr * Expr| -+ (D PEEETF) -
Exprs — Expr | Expr ; Exprs
Decl — Vars = Expr



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

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

ZZITRIN TV WA, EE Const Y ¥ Var DEH D E I Haskell LB L
r¥3%,

Haskell ¥ 272 Y) while ~ do A X° begin ~ end A0'H 5% L 2 29 LB EEE
5LWeZ235ThH53,

5.1.2 #iRML L AR

¥ 237, Lo Util oAl (ambiguous) TH %, 2FY 1 + 2 *
BIFRLELHEHITENDLCE L 2 KRICKRITT 50, RETER\, AEILEKRI %
BTS00,

Expr — Expr + Term | Term
Term — Term * Factor | Factor
Factor — Const | ( Expr)

DEHICERITBTZ-DIEBXHAEIRT 5, CHOEEDOL D ITERIC
BXBEITICAVWSHDNEXE (concrete syntax) ¥\ 9,

ZHUISH LT, W FABXEIAORT L TLEAR, BRI TEITS-0H0
MBI N R R ER R Y RENLRBENLERATLV, ZTDED,
MBEDL ) BESGRAITHR TH S, TOLIITEBREBEROAENBFRE R
HRLUEBXNDZ % (abstract syntax) ¥ \\ 9,

COETHNLFATVEDE., ZOHMEBXNZLTHS,

5.1.3 Util > &5 Haskell ~NOEIR

WAREETH S Util 55 Haskell NOEIRE £ Z 220 Tx 5%, #HEHE U
BECIE, X512 LK Ut 95 Haskell N2/ S —DEZELLBNT B0
Z2TCIIHRENETEAT 5,

RDEDY —ZPT Italic 74> FTRINT WS m,n R EIEED Util R
T 9=y bR Tm, [n] DL [] VTV BRIE, TOEHRED
Haskell DX % £ 7,

V=2 (Util) 9 =4 b (Haskell)
c (L cldES return c
x (F=77L x 3EH) return x

val x <- m in n [m] >>= \ x -> [n]
let £ =\ x ->m |let £ =\ x -> [m]
g=\y ->mn g=\y > [n]

in &k in [k
fa /] >>=\ g ->
l[a] >>= \ x —>




g X
\ x -> m return (\ x -> [m])
[ >>=\ b —>
if b then [t] else [€]
let while = [c] >>= \ b ->
if b then [t] >>=\ ->
while ¢ do ¢ _while
else return ()
in while

if ¢ then f else ¢

begin
‘;’ Is] >>=\ _ —>
’ [ >>=\ _ —>
u _
end [[u]]

COBBEROEAIZ, TERCEROERL CEMERDRELR VWL Z AL
return B’ DPWAERICERINS 2 v, BEBEAX begin ~ end (L 3&IR
EITIE o>=) 2FE->ARIERINSG 2L, B#ETH S,

T Uil O350+, -, R0 EMERHFRLGEW) Y IT4T7%
ZIEEEFIL, OB return (\ x -> ...) EWIHIFRIIEBRINS Z v,
BRYVEII 77V a>eEFlinwlehs, REND Haskell INARL -9 —% A
WwWiT, TNz

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

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

Y3 Haskell DRICBRT 2L HICL THEL YOOy DT BEHT 5,

V=2 (Util) 9 =4y b (Haskell)
® return (\ x ->
(=L ® & return (\ y ->
BlERD L W_IBEEF) return (x @® y)))

CoRREEFRAVT, FIARDO Ut 7O 7565 E# (L. TDfact
FBIIBMERZEATWRVAOT, ZOEBMEKICIIHEYEREL V., ) T5
¥

fact n = if n == 0 then 1 else n * fact (n - 1)
RD LS % Haskell o 70 7S LB sz,

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

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

return (\ y -> return (x * y))) >>=
\ f -> return n >>=\ x -> f x)
>>=

\ £ ->



(return fact >>=

N>
((return (\ x —>
return (\ y -> return (x - y)))
>>= \ f -> return n
>>= x —> f x)

>>= Y _f -> rgturn 1
=\ x -> f x)

>>= x —> f x
CTHNIEEZLLODAERED)EEATVSEDT, B3RO monad law % 2 FIA L T

BT DY, <D return ¥ (>>=) 3SHA T. RO L 5 % Haskell DAY
Bons,

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

52 ) ETILR/N=Ta s —Utill

BMONN—=Ta > Uil T EFRIE M) ETILRHE (D LA WEE)
rLTHh<, 2F Y, Utill II8MER2EFHLLVWEEZETH S,

7 74 Id.hs

newtype I a = I a

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

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

instance Monad I where
(I m) >= %k =k m

HEREKRF* Monad DA VRAIVALYEET S E, ERFIC Monad D X —
IN—=7T 5 2T%H % Functor ¥ Applicative L TELA PRI REEE®T
L%BENH L, TIHTBEARIRAEELITIE fmap ¥ (<*>) DEHRDL T
LTEL,

(J

<. 3. Haskell D#FH LWEHDNEENHRAN—2TH %, data &
EMTWNEBY, T4 —ILRD—DDBRTFE—2 L2 LA TERL,
=data BEEDHERFLER Y. newtype BEE CEAINSIERFIIRLH
DEKRLIFHLT., RITEOHEEHEDLLE VW, /. BOJELEEET 5 type
ETrnEWE, BOTBEIERFICL-> TATRHICRSZETHE, (RIS
Z2NA DRI DRI, type BEETEANINARONZIIIEETET W, Fli
)R MIBEOHEANEF LER ZIEF (Ord DA > RIVREE) ¥ 5%
=¥ EFld newtype 2> THBETAEL., ABZICHLTA VY RIVREET
L0ENHS)

W v


http://localhost:8080/Programs/UtilCompiler/Id.hs

L2 D newtype EE T RBRF LB FICAL T tWHLETR2E-> TS
A, XPRTEL SHHBTT Z 2 LT 5D TRBER W,

DRI

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

¥WH Utill 7’975 4% Haskell 1I2EAZR L TEITT 5 (unI (fact 9) ).
AL 7075 4% Haskell L LTETLEZL T 2<RAL 362880 LWV HEICH
%, TNIFADBEHRLEL VLS ICB A %45 BIEAS %R 4L, Util ¥ Haskell
RSN ED LRV W I EERICIE R B,

£ L. unl WROL S ILERINEBEHRBEYTH 5,

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

5.3 UtilST—iREEDEAN

Util ICE# (BEERN) TEELIREOBREZENT 5, 2 TRNTSHT
ld. 2 D IFRANTEER BB (reference) xP ¥ yP ¥ EANT 52X IZT 5, 2 ¢
WIHOBIRICAEN R LN TR, WKDIKT B2 a8ETH S, B2RIT
= RBEFTHEERAL, get TEERY EIT Z e TE S,

B Z 1L
begin xP := 1; xP := get xP + 3; get xP end

WS UtiIST 7a 75 4% HET % L. EWHRERVELNS,

BE. 5, UtHTRANTRELERE TN ERERBT 2L IRES
(Bl Z1E Kotlin ® var ¥ val) ¥BEANLEY. BERLZOATT) —%K3
BlIZIE, BEDNXFELY bS48 F 2EHLERNTRELETRICEH Y ST
%) LY g4I, get DBALTEBEL T,

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

DEHIELC D TESL)ICTEBMHREEET LI LHARETHS, 29
FTHIE, CEEICLYIRVEETTO I 7L %X8 T2 LLTHTH %,
UTTE g, vOLIIIF) I TXFEFE->EHIE. RANTEELR SR EE
TERELTEEINTVWBURET %, LH L get 2EIETHICL, B
TEREFEEL TV 2B AEICR 2 L R A H %,

KRETENTZ0I12, REY HEOR'EERT 24BN H B, T RO ST
EWHRBRTFEERT %,
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7 74 JL ST.hs

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

instance Applicative (ST s) where
pure a = ST ( )
(<*>) = ap

instance Monad (ST s) where
(ST m) >>= k = ST (\ s0 -> let { (a,sl) = m sO }

in unST (k a) sl)
-- ST, unST AHITIIEX, RDKSI1Z4 B
-—m >>= k =\ s0 -> let (a,sl)

m sO in k a sl

COBBERFIE(ST s) EWIHTs tWIHINRSIA—9—FEDNES FIZh 3,
2 O EF K State Transformer €+ K Y IEN S, return a lBRE (s) D
ZEETRHT. a2 ZNEFRTABETH S, THOEFFDOm >>= ki m
TEEINLRE (s1) 2xnFF, K IIRETHETH S,

R 5.3.1 ST 12X LT, JR9 monad law kY IL > 2 ¥ 2 AL L,

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

ZRITRDEIICERT 5,
7 7 1 JLMyState.hs

type Pos s a = s -> (a, a —> s)

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

yP :: Pos
(

yP = \ Yr \ y:L -> (lel))

Pos s alds ¥ W) REDORKENHRNPT, a tWHBERL TV S8BT
ThHb, ZTZTTxPYyPlE, TNZTNRTDE1, E2RDITILRAT 51
ONDBRTH3, BRICHTEHmAEL - EFAZDAY Y FIE, £ THOE
FTRTHLERAT DT, IS5 A MyState DAY Y FELTERLTEL 2L
9 %,

7 7 A L MyState.hs

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

ZLTST%#2ZM MyState Z79ANA Y RI VR LTEET %,
7 74 )L ST.hs
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get p

= ST (\ s -—>
= ST (\ s ->
-— Bl IE

instance MyState ST where
set p v

(fst
(v, snd
get xP = ST (\ (x,y) —->
set xP x1 = ST (\
BTH5,

(x,Y)

:: ST s
evalST st s

T, BRI STHALEEZRY BT DI
evalST

a ->s -> a
fst

(unST st s)

Q532 RDLHIZ ST 21E > =% foo, bar 2EET 5.
import ST

import MyState
foo b y

EWHEBEERL TEL, FB2518D s IMBAKETH 5,

do set xP 1

set yP y
let repeat

do yl <- get yP

if yl1 > 0 then do
xl <- get xP
set xP

set yP
bar n

repeat
in repeat
get xP

(x1 * b)
do set xP 1

(vl - 1)
else return ()
set yP 1

let repeat

do x1 <- get xP
if x1 < n then do
yl <- get yP
y2 <- set yP
set xP (x1 * y2)
repeat
else return
in repeat
get yP
Ins oL T,

(vl + 1)
()

1.evalST (foo 3 4) (0,0)
2.evalST (bar 50) (0,0)
UtilIST o :

DEE. TTRTTHENMFAL. RICKRBRICRITL THERL L.
WINSL3ITLTHEL,

SREF ¥ get BAEIL. Haskell ® set, get IZZNZEMNIT /A

(p s),

s))
(p s) v))

22T set REMENDKEEEEIMA S, T/ get ITRENEEZERT HH



V=2 (Util) | 9=4"v b (Haskell)
[p] >>=\ p —>

p :=m [m] >>=\ x ->
set p X
[p] >=\ p —>
get p get p

ZoUtiIST7a 754 (BldddTaCc7rasss)

fact n = begin int fact(int y) {
xP :=1; yP := n; int x = 1;
while (y > 0) {
while get yP > 0 do X = x * y;
begin y =y - 1;
xP := get xP * get yP;
yP := get yP - 1 }
end; return x;
get xP }
end
B RIE get TEMTZEXTHICL T, T 512 CISIHEMF 7 ULIST o s
SLTH 5,
fact n = begin
no:=1; v := n;
while v > 0 do begin
M Borovy
v :=v - 1
end;
u
end

2R T % L IRD L ) % Haskell oEEI<% 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

COFERL 2 fact IS LT fact 9 €EITY % (evalST (fact 9) (0,0))
Y. ZTOERIE 362880 1% 5,

BEnIGE., ERICEHBNLERNII)VEELY. EBROBHNSVIHER Y
. SOLIRBLHREIHANERIILBIGELELLND,

CHOSTOERETIR, TT-REBEERL TR, T7-RIEEITRILOHIC
X, 2N sT Y (3BT %) Maybe DEHZEEHRT 2 XENH S, £2EFT




12, RDEHTETF+ Ptk 5,
7 74 )L EST.hs

newtype EST s a

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

instance Applicative (EST s) where
pure a = EST (\ s -> Just (a, s))
(<*>) = ap

instance Monad (EST s) where
(EST m) >>= k EST (\ s0O ->
case m s0 of
Just (a,sl) -> unEST (k a) sl
Nothing -> Nothing)

R 5.3.3 R0 CoEE X IZIFEZEA UtiIST Bk, F 7213,

7= Haskell 0B s 2 & L.

1. int foo(int n
int i 1,
while (i <

i=1+ 3;
j=1-73;
}

I

return i;

}

X BENE|Y HIT Haskell TlE "div: JEETF 2% 5,

54 (B#) UtillI0— ANHEAHDEAN

STEF FERAW

ANEAR AEAR MY —LEeRED—FBLFINI, FEHO ULIISTER LA

ETERYEI ZeHTE B,

HENETF ROERIIRIG L ERXNICE LA REBICAHEHANDR MY —

LEET string I EEML TEL,
7 7 4 L MyStream.hs

type WithIO s

(s,String, String)

B2BEOANAR N —L, EIBENEAR N —LERTHBYTH 3,


http://localhost:8080/Programs/UtilCompiler/EST.hs
http://localhost:8080/Programs/UtilCompiler/MyStream.hs

7 7 4 )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

BROTY)ITATHERITRNDL 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,1i,0)))

ANEAICET 27 I 74 73BTHOES FTERATZNT, RIS
MyStream DAYV v R LTERL THL,
7 7 A )L MyStream.hs

class MyStream m where

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

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,o) -> (null i, (s,1,0)))
writeStr v = MyIO (\ (s,i,0) -> ((), (s,i,0 ++ Vv)))

22T readChar EAAR M) =L 51XFEFRE T, F/z writeStr str
FHEARXM) =L ol str 23BMT 5 (720 T++) DHEEREART DK
DRIICEAFTE20T, TOEENLIIIXFINNDESIH LWXFF % 3B
(+4+) LT, BAXFANNRLS L BIZLED > THEILEL RS, N
PRTTHERORVERESASZLHTRETH S T2 TIREENLDIC
Tty 2F-FAEREHRAT %, )o T L Twrite LWHIBEAREZRODLSIZE
Z2LTHL,

7 7 4 JLMyStream.hs

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

T2Y, ROULIIIO a7 54 (L. T//) REBROKRELETRETF
T%O )

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


http://localhost:8080/Programs/UtilCompiler/MyIO.hs
http://localhost:8080/Programs/UtilCompiler/MyIO.hs
http://localhost:8080/Programs/UtilCompiler/MyStream.hs
http://localhost:8080/Programs/UtilCompiler/MyIO.hs
http://localhost:8080/Programs/UtilCompiler/MyStream.hs

% Haskell IZEHER L &R (.

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

i) #BEA evalMyIO U THL I ICER LY =,

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

B%X foo % (evalMyIO (foo 12345) (0,0) )OLIICETTRL, EAHK
"54321" 127 B,

R 5.4.1 RO C DB Y 1TITREZA Uti 110 oA, #7413, MyTo £+ FE M
W 7= Haskell 0B & L.

1. int baz (int n) {

int i, 37

for (1 = 0; 1 < n; i++) {
for (3 = 0; J <= 1; j++) {

printf ("*");

}
printf ("\n");

}

return i;

}

2. int qux(int n) {

int i, 37

for (1 = 0; 1 < n; i++) {
printf ("*");
if (1 % 3 == 0) {

printf("!");

}
printf ("\n");

}

return i;

}

55UtilErr — S5-I

RICUHTTICZS —RBEEANT 5, Err L WHERZEEZ 23T Ui lErr LR
JXITT 5, UtilErrid, AE@BIC Q) T 5 —AEB TRV, BRI —
DHNERBERL LI IR BL51CT 5, oL S UtilErrid (Haskell ®
£H7%) BIEFMTIEL < T RO RE LT EITHMET 3 (eager
evaluation) . 2% Y EBDEENFMIE L EIKT 5,



IS—YEERIREVERNTEEHDII. ROLILEES A TS —ICHRE
INTVWET— 98 Maybe %R T 5,

-- PreludelZEHEFH
data Maybe a = | deriving (Show,Eq)

EERKRENL Just EWVWIHIBRFTET. T7—NHFEIE Nothing ¥ W IHIHE
RFERAVS, 2ORIIHL TROLIBRA DRI AEENINT WS,

-- PreludelEEEH

instance Applicative Maybe where
pure a = Just a
(<*>) = ap

instance Monad Maybe where
(Just a) >>= k =
Nothing >>= k =

CHOEF RO >>= klE, FT niHEL, TOHENEERT TN 20
BE K CVABBITET, LHl, WofkAn TIS—A2H2 3L, k IGFHE
RN LTWwZrsELTWA,

R 5.5.1 Maybe (2% L T, JR® monad law 4% Y 3L 2 ¥ ¥ #AE L,

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

¥ 51, MonadPlus EWVWI 7 ZRIZBT BV 29 DAY Y FERAET S, 2

2 T mzero 12 RKREz>2KYHETEFITAWS,
Maybe (2349 % mplus I35 1 518 %M@ L. E25|8%
THET AR TH S,

-- EYa1—JL Control.Monad IZEZEEFH
class Monad m => MonadPlus m where
mzero :: m a
mplus :: ma ->ma ->m a

-- EYa1—JL Control.Monad ICEEEH
instance MonadPlus Maybe where
mzero = Nothing
Just a "mplus® = Just a
Nothing "mplus’™ m

m

Q5.5.2 RN &L 512 Maybe % 1F > 2B foo, bar 2 EHKT %,

import Control.Monad

mydiv :: Double -> Double -> Maybe Double
x ‘mydiv' y if y == 0 then mzero else return (x / y)
foo :: Double -> Maybe Double

foo n

do x <= 6 ‘mydiv' n
return (x * 2)



bar :: Double -> Double -> Maybe Double
bar m n = do x <- (4 "mydiv' m) ‘mplus’ (return 3)
x ‘mydiv' n

INSOEEBIIXE LT, (1) foo 2 (2) foo 0 (3)bar 0 4 4)
bar 1 0 DEE, FTETTHENICFAL, RICERICEITL THERY
J:O

WhWETYYITATEBL IS NEBERATELIICESBRILZZHNT
5%, BlalE, UtIEr B & (/) IZ, 0 TEIS TS5 —%RNDT. mzero %84
TREYIE > T, RO L I % Haskell DR ICBBRINS L H 12T 5,

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

INTOTEISS L LGRS — 0 REINS,
B 7L
(\ x => 999) (1 / 0)

HdHHRIE, Haskell DR LTH Util DR Y L THEEIRTE 59, Haskell
FYBRy s, 1/ 0D IR NEERH 99 i %
A%, UtilErr ZYBBIRT B L. RO L S 7% Haskell 77O 75 LIZEREZR X .

(if 0 == 0 then mzero
else return (1 / 0)) >>=\ x ->
return 999

EITT3r (Z5—H#IZI-E-2E%HT) YrWHHKRIZR S, 0F
Y. EITEEEY IaL— L TWVWSEZKICR B,

5.6 FI5MA3E BN

BISrDEF K Maybe #F|A L T, Java ?d try ~ catch D& I I1ZFIS IR
LEXEENTBZILLHRETH S,

Util o BNF ISIZX T OBEX €iEmT %,
Expr — ...| try Expr catch Expr

“try m catch n" lEd mEFMEL. T 0RO -ALBEIE. TORYER
try RORYVBEY TS, LU m DFEPICT S —HECIBEIE. n €3HE
T35, Util @ "try m catch n" & “[m] "mplus” [n]"¥ VIR ¥ L THEXE
HINBLHIITLTEL,

T/, fail ¥\ Util o B%id. Haskell ® mzero 3 RTEKICO > /N1 L
INSELHIITLTEL, ZoEEKIE, Java D throw XUIIHKRT %,

| V=2 Util) | =4 I (Haskell) |

_70D7\~

NI
/111
\/
A\
i
B
£
H
Ul
o
ES)

®



try m catch n | [m] ‘mplus’ [n]

fail () mzero

Bl Z (L
bar n = try 1 / n catch 99999

W) UtilErr 770756 % 2> /34 LT 1L, HAINS Haskell 7’0075 4
3.

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

THY. bar 0 DFERIL Just 99999.0 TH 5,

R 5.6.1 XM Java D 4 Vv R Y IZITE % Haskell DB Z2 T+ FERAWVTHE
DR

public static void hoge(int n) {
int i;
for (1 = -n; 1 <= n; i++) {
try {
System.out.printf ("%d ", 360 / 1);
} catch (Exception e) {
System.out.printf (" (/ by 0) ");
}
}
System.out.println();

}

5.7 UtiINonDet — JESREMDEN

TIHSIEHEEEUIICIBREMEENT B, JEREM (nondeterminism)
Y2707 LoEEIC DEETHILEED. HHBIRE
FRALBER, SHEVRKT 2560°H 5. TDIBESIIRTORBIRBICE > T
BERYVEYT Ny 7 +b53v7) . ERERIIERED/ AL - 5= LXHEX
B Ta7SLRETHATES, "I S5v 7% 7Y 3574 TMeEr L
TERMT 2T LT, HRERZED D"ELETH 5,

EREED"HE OEF FILBENY X FE2ERT 5,

-- Prelude TEERXH

instance Applicative [] where
pure a = [a]
(<*>) = ap

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

(x:x8) >>= k k x ++ (xs >>= k)

-- Y a1—)J)l Control.Monad TEEXH

instance MonadPlus [] where
mzero = []
mplus = (++)



COEST FIIEBOBIRBEZHEIC) AP LTERRLTVWS, BF 312, kK
=Y R b [] ¥RL, 3O OBRMIE, YTy (BEE1DYRL)
TELTWS, ®YBELE T++; TELTWS, 2F Y, Maybe DY FLiE>
T, GRITA >R EDRBIREKEL TV S,

Q5.7.1 RN &L H 2 Maybe ¥ ) A b %15 7<% foo, bar 2 EEKT 5,
(foo,bar XEHIIR—T. BETHIER S, )

import Control.Monad

-- mydiv [FEZBHARLEGL

x ‘mydiv' y = if y == 0 then mzero else return (x / y)
foo :: Double -> Maybe Double

foom = do x <- (12 "mydiv' m) ‘mplus’ (12 "mydiv’' (m
+ 1))

12 "mydiv: (4 - x)

bar :: Double -> [Double]
bar m do x <= (12 "mydiv’ m) ‘mplus’ (12 ‘mydiv’ (m
+ 1))

12 "mydiv: (4 - x)

INSNEEIIH LT, O foo 4@bar 4@ foo 3@ bar 3NEE, £
EITTHRMCFEAL, RICERBIZETL THERL L,

R35.7.2 [] 12X LT, JRM monad law XY ILD 2 ¥ 2 R L,

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

FIZY R MR T S return ¥ (>>=) &, YR MOARBERIEEHAT S L =12
{7z unit :: a -> [a] ¥ bind :: [a] -> (a -> [b]) -> [b] &&
KEB—NEETH 5,

HEOLBIIEY R FTERINS,
UtilNonDet &, #&XIE UtilErr *RAILTH 3, 2F Y. UTOEXEHE D,

Expr — ...| try Expr catch Expr

UtiINonDet ® try m catch hld. mZsH@EL. hIZ"/ NV 7 5y 7"D
SR EISTHEIMN S,

UtilNonDet 7@ 75 4

test0 = (try 2 catch 3) * (try 5 catch 7)
/84T B L, JRD Haskell 7075 LB o515,

test0 = (return 2 “mplus’ return 3) >>= \ x ->

(return 5 "mplus’ return 7) >>= \ y ->

TR IV T EERBESE, p. 15



return (x * vy)

20, testOlX [ x * v | x <= [2,3], v <= [5,7]] kW5 YR+AE
LR YBELE®%RICHR S, LT test0 &, [10,14,15,21] ¥ & 5,

F 7=, JROUtiINonDet 7’01 7S5 L
testl n = (try 1 catch 2) / (try n catch 4)

ZEZRT 5 ¥, JRD Haskell 7a 75 0B 655,

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

Z LT testl 21&, [0.5,0.25,1.0,0.5],testl 01X [0.25,0.5] &7

3, KBLTVWABEHEIIODWTIRERICENTVWARWIXIEET S, ALY

07 54% UtilErr TEIERT 2 L. UtilErr TRAAY Z Sy X2 7982 5%
WODT, testl 0 IIEHH LR (Nothing) X S,

HE. RN head FAVTY R MDEEEREERSZ vicL Y, R LERWMDET
BRI %RT I rHAETH S,

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

ZNOY E head (testl 0) DEIZ 0.25 % 5%, ZNIFE. Haskell #°

EHEALTWSO, hOBIRBROGTEIIITobONG W\, T D7 HIBIRERH
BEREHZ LI WIHE (BROIKERTSLHY D %) TLEMOEBIRKROE
BRE*EAHATE2LH0TES,

8 74— > ORMBELIEREMLE AV TRAT 52 LA TE 5,

safel xs n m = 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;

range 1 j = if 1 > j then fail ()
else try 1 catch range (i + 1) 3;

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 L T queen 8. [4,2,7,3,6,8,5,1]1 B"54%3F % R ENELRT,

1 5.73 FREMECRENDAEH DR ER >HENR L LT,



newtype STL s a
newtype LST s a

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

N2O2DNY)T—2ahEZLNSE, 2HOZTNZTNIIHLT, a>/314 55—
NDEZETRIE, 2 ONEVEHAL L,

5.8 Prolog Y :RIBZ 3K

IR ZED Prolog IS IEREM DM, WIS H B, R
Z ¥ (logical variable) ¥ |3, Z#MIIENEET>THELT. B—(bHIFIcLY
ﬁﬂk@#E%mLTv<*&T%éoﬁEBﬁAT*%%%@am L

 EMBAETNMIECE RN TELRVEAKREZENERLLER 5,
HaskeII TIIREERAMRIT. BIBNRNEEBT 520 I21E > /2 State
Transformer €+ R RN HFETHEMBT 2 2 L9 TE 5,

Bz X, Prolog TlE. ') R b %3#E# (append) T 57075 LIRD L S ICzERR
TN,

myappend ( [H|X [HIZ]) :- myappend(X, Y, Z).
]

;Y
myappend ( [ Y

] ’
Y, Y).

|
N, 1 HFBEDIIRE 2 BB DI B ERE LRERN I BB NG B,
YWHBEBRERLTWS

2 ® myappend XL T, [1,4,3] ¥ [5,3] DEEEZFRDSICIE. RDLH
wREed (FHL) 29 5,

- myappend([1,4,3], [2,5], R).
R=11,4,3,2,5] ;

No

T 5ICProlog MELH LAWY T SIS myappend DA ENFELTE S5
2eThs,

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

A = []

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

B = 12,31 ;
A= [1,2]
B = [3];

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

No

COETHTIEEELT [1,2,3]1 185220 R b, TRTHTREMEE K
HTWBZYIIRE, 2—H=2 T, EAXNATEEULIINNY I LSy xoTH

TSIV ERMESE, p. 17



BZYNBRERTT 5,

MkroKmWenhs(httpS'//github com/rntz/ukanren) &, uKanren ¥ \*9

WETOT S I TDHNIEDHIAAEEE (embedded language) % % T 57
&)0) Haskell D54 75 ') —T#h %, pKanren & miniKanren ¥ \\ ) 538D I =
VILREETHD, TODFTATF)—TIE, EREMLREERICTIRATIL
T 7OMEBEE A LTS RANERZINT VS, 22 THMARHBICIEIIBEAND
WA, ZDEF RIS State Transformer L IEREM 2 MAEELLDTH S,
D54 75 —%EZIE. LD Prolog ® myappend 7075 LICHEET 5T
075 4% Haskell CROEL S ITRABTE 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’
do { n <- nil; n === a; b === ab }

22T, fresh 3 LVWHREEZHEAEXKT AR THY . ===, [I@LHIE
—bINBEZERTEEFTH 5,

B A, Util OXCETIRRDEHIIZEL Z e TE S,

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

’

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

20 myAppend XX L TRDEL IR T TS5 L5 EITT 5, L,

toLVList ZBEN ) I bPOBH SHBEHEZEL ) R bOBADOEH,

fromLVList X DHETH %, 7L fromLVvList c xs & xs DRHDKRE
BERE cITESHALBEDN) X MERT,

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

ZORERIE [ (11,01,2,31), ([11,12,31), ([1,2]1,131), ([1,2,31,11)]
127 %,

5.9 XLSICEHELL Y =EVWADEDIC...

pA=A

QI
\/
N,
i
3
ﬂ|$

5%, p.18



Parsec (Leijen & Meijer 2001) IEEF+ F2FIALABRZ R/ X\—H—514T 5 —
TH5b, (Wadler1992a) IZEF REZRAWTA > I T I —%1BET L5 E:8R
FHLTW5B, (Wadler1992b) 12t, EF F2RAWVWT/R—H—%2#ET 285D
BRI H 5, (Hinze 1998) IZ. Prolog DAY bHEDARL — 9 —DER T EIE
L Tw%, (Kiselyov et al. 2005) I&. miniKanren % Haskell TE# ¥ 576D
T ROBRTH 5,

(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

(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

(Hinze 1998) Ralf Hinze, “Prological Features in a Functional Setting
Axioms and Implementations”

Third Fuji International Symposium on Functional and Logic Programming,
1998 #F

(Kiselyov et al. 2005) Oleg Kiselyov, Chung-chieh Shan, Daniel P.
Friedman and Amr Sabry, “Backtracking, interleaving, and terminating
monad transformers (functional pearl)”

ACM SIGPLAN Notices (Vol. 40, No. 9, pp. 192-203), ACM, 2005 & 9 A
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