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MO EBEBNEMEREERT A DI AT F REERETE2 LT
1%% EFREAVSAIRIE. SHE OERIZEDL->TH, TF FOZEN
QF;?]&S( return ¥ (>>=) D& ERAWVWTWVWLHRNIE, TETLHHEN LWL AT
H5,

UTTIE, BELHLR TSI 7E8E (DI VEMERE2ESEE) 28
HZL. TFFREHALTZNEKRE Haskell TEZ 52 X IZF %, Haskell TE
KE5Z25r0W) 2 ld. FRICLBHERmOTEEICR B LWHI T THS, B
AOIIZIEHLRTO TSI > TZEN S Haskell N\D 2> /14 S —% KT %,

51 Util 2>/N14 55—

ZOEHTIE, 3NN S—DEEETBNL TV, BENFMIILEL LT
L, V27O TS5Lr - vy rTassstternt, BlEREE> SO
TS5IVIEBENOEDLICEBRINEHARENIEDZETTH 3,

BELZENSII LD THALBEHELODEELERL TV, LRV Y

TMELZDOT. TIN5 nHLRZEE % Ut (Utl: Tiny Imperative Language) (\* 47D
% BIRHIBEFEE (recursive acronym) T#H %, PHP, GNU 7% L DEEEENDHR L B8R
T52r, ) U, SEICLY . UtilErr, UtIIST, UtilCont, ... e ¥ L 5 1N

—VarERTHBRERELT OS2 LIIT S, WARWLWERLREHEEREANL TV
o, TDHE'EERTEFT R OERNEDLBILIIR S,

EBoa> /4 Z—ll37a>r bR %Y X B
BETH D, FARTCHEXENTORIEIL Haskell TH CEERECNGLREE
TRRT B L TLEDY FR\V, BRTEREXETE (H 5\ 3 LR BN
E) WEDHECHAT S, (L, BRTRETEBXBITNM 2R 5 &

IS, BRI IITEF FERRATZZ2UHNTES, )

L L, 22TRERINST7aY by FofFEY ARBERODLDO L LT, XK
DTELRENSEZILHBZXIIT B,

5.1.1 XA
Util DSXAD 7 — 9 #iE L LT, RO L I % Haskell F— 9 B EERT 5.

7 7 1 JLRecType.hs

type Pecl = (String, Expr)
data Expr = Const Target -- E# (Target |FEMR)
i Var String -- B
| If Expr Expr Expr -- if X
| While Expr Expr -- while X
| Begin [Expr] -- JOvy



| Let [Pecl] Expr - let & (BA¥ERE)
! Val Pecl Expr -- val = (BHEH)
| Lambda String Expr -- LA

| Pelay Expr -- delay I (%)

! App Expr Expr -- BEER

d

eriving Show

2F Y, X Expr)id. EE (Const) T /=ld. TE (Var) £ /=12, if K (If).
let R (Let). 749 (Lambda). BAEGER (App)2 L0 6% 5%, (Hrh b0 E
ICIRCTHEXBERYEMT S IIT 5, )

Util D BRI LTIRDE IR BNF TERZINTWVWS YIRET 5,
CEEFOEXIBEMZ YLBMICEEINTWVWSE YT 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 |-+ (fbDPEEEF) -
Exprs — Expr | Expr ; Exprs
Decl — Vars = Expr
Decls — Decl | Decl ; Decls
Bind - Var <- Expr
Binds — Bind | Bind ; Binds

Vars — Var | Var Vars

ZZITRINTOWR WA, EE Const ¥ ¥ Var DEE) N E %3 Haskell B L
4%, L. _ (TrF—n=) 0 588F 5EHLE /15 —REPTE
AT 52:-0ICFHEALT %, Haskell L E% '), while ~ do A ¥° begin ~
end ANHB LI HEHNHFLUETELSLVWELIETHS,

5.1.2 F R i - B CERTREE
ROL ) BREABIEICERINTVWEELEDLRET 5,
myParse :: String -> Expr -- FAMRHF - BEXEFTOBEHK

e "val x <- 2 * 2 inwval y <- x * x iny * y" ¥t W)V -7
O7 5L Expr BT —F v L TROL S ITHEUBRITINS,

val ("x", (App (App times (Const (TLit (Int 2))))
(Const (TLit (Int 2)))))
(val ("y", (App (App times (var "x")) (vVar "x")))
(App (App times (Var "y")) (var "y")))

= L. times l& * IZXIST % Expr DR TH %,
e "\ f -> \ x -> f x" IR,

Lambda "f" (Lambda "x" (App (Var "f") (var "x")))



YW T — I IEXEITINS,

o Tgay, Ty I3, ZNLZMN,

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

CWCIBEREXTH 2L I IND LS IS LTHEL,
5139 —4v +EiE

ARAS5—DI =4y FEETHS Haskell DH Ty FOEXAREERIRT 5
B Target 2 EHR L TH <,

7 7 4 )LTarget.hs

type Thecl = (String, Target)
data Target = TLit Literal - T
TVar String -- B
TIf Target Target Target -- ifX
le

]

I

|

| TLet [TPecl] Target -- letml (B - BHEE
| TLambdal String Target -- T LA

| TApp1 Target Target -- BEER

| TReturn Target -- return (CHHY

| TBind Target Target -— (>>=) ICHEH

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

Uil a>/ 4 S—rit kDL SR 2E-5EETH S,

comp :: Expr -> Target -- J2 /815 —
514 IR EX L BERHEX
¥ 23T, o Util o#>URANE (ambiguous) TH 3, 2FY 1 + 2 *

SHBELEYHUTENOCY LS 2RICKRITT S0, RETER, BEIIFKRI %
BT 5701,

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

DESICHEERI ZBITSDITEXRRETKRT 5, CHEENL D ITEREIC
XTSRS -ODEX % (concrete syntax) £\ 9,

ZHUIHH LT, WoRABXBITNET L TLEAIL. BRI TEIT S0
B R A BNT IR BR KR Y, RENLBENAERAITL V. TDLH.
MEDNL I BRBXHRUNTHLTH 2, COLIIHEBREENARENLEFREZER
RUEBXDZ L% (abstract syntax) ¥\,

ZHOETHEEFATHNENDIR, ZOMEBINZ L THS, T— 9 Expr,
Target DEHKII. MEBXERENT — IR L LTERLEDLDTH S,



515 2> /34 S —DEHK

B comp DEHRIRDL AR B, BROEBXERISTT 2 EHITLLENEE

Th5,

7 7 4 JLRecCompiler.hs

comp :: Expr -> Target

comp (Const c¢) = TReturn c¢

comp (Var x) = TReturn (TVar x)

comp (val (x, m) n) = comp m ‘TBind‘ TLambdal x

(comp n)

comp (Let decls n)

= TLet (map (\ (x, m) ->

comp

comp
comp
comp

comp

let TReturn ¢ = comp m
in (Pvar x, c)) decls)
(comp n)

(App f x) = comp f ‘TBind‘ TLambdal "_f"
(comp x ‘TBind‘ TLambdal "_x"
(TApp1 (Tvar "_f") (Tvar "_x")))

(Lambda x m) = TReturn (TLambdal x (comp m))

(Pelay m) = TReturn (comp m)

(If el e2 e3) = comp el ‘TBind‘ TLambdal "_b"

(T1f (Tvar "_b") (comp e2) (comp e3))

(While el e2) = TLet [(PVar "_while”, body)]

(Tvar "_while")
where body = comp el ‘TBind‘' TLambdal "_b"
(TIf (Tvar "_b")

(comp e2 ‘TBind‘ TLambdal

(TReturn (Tvar "(0")))
comp (Begin [el) = comp e
comp (Begin (e:es))
(comp (Begin es))

BATEDLN TS _f, _x, _b, _while & ¥ OFKFIFIx, Ut
IEHLN TV BB FEEELLRVWLDIRATVWS,

B comp 2 IBERT S/, THRIT ERGE *REET —
Z# Util ¥ Haskell D3GETRAR L ZDHINRNDETH 5,
SLEBRIT LY, )

(Tvar "_while"))

= comp e ‘TBind' TLambdal (TVar "_")

|V —27075Ld

IRTIIHL., TN
(Y —2 707

CHERORHDT VY —RB T liglic 74> FTRINTVWS mn R CIIMEED
Ut DRT, =Y bR Tumin DL 32 " HAFVTWBRIE. FD comp 12 &

5 EH#1% D Haskell DX E %R T, @B, delay T2V TIEA
T, ERICIE Ut OV —X7a 7S5 LICBNEZ vidh v,

BOIERAINZD

v —2Z (Util) 9 =4y k (Haskell)
c (= LcldEE) return c
x (F=FULx3ZH) return x

val x <- m in n m>>=\x —>n
let f =\ x ->mg=\vy ->n letf=\x->r:1
. x=\y->n
in £ in K

f>=\ _g >
fa d>>=\ _x ->

_g X

\ x -> m

return (\ x -> ni)

delay m

return m

if ¢ then ¢ else ¢

éE>>=\ _b -> if _b then ¢




else €

let _while = ¢ >=\ _b —>

if _b then € >>=\ _ ->
while ¢ do ¢

_while
else return
in _while

begin

Si §>>=\ _ —>

t E>=\ _ >

“ d
end

Bhld, ZEECEROER L CEMER" DEE LR \VWYE Z 512IE return 2T <K
2r, BBGERIE O>=) ¥ FE-ARICERINSG 2, RETH S,

Frz. Ut 7’07 54690 +, -, * REOZIEEEFIE. BOBEES return (\
X > .) L WIARIZERINSGZ Y, RYBIIT7I7VarieFriwZeh
5, BED Haskell O ARL—9—%2AVT, TNTN

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

¥\ 9 Haskell DR ICBE#BLT 5L LTHEL, T5HY. comp BEEIZL 1
BonE#Rr8ET 5,

v —2Z (Util) 9 —#4" v k (Haskell)

® (fz72L ® B=ImEH | return (\ x -> return (\ y -> return (x ®
F) y)))

ZDcomp EAWT, BIAIERD Ut 707562 ZH# (L. 2 Dfact ¥
REMERAZEATWRVWOT, ZOEBAKRIZIIHF Y BokITR\WV, )T BL

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

R 5% Haskell D 7 75 g osns,

fact =\ n >
((return (\ x -> return (\ y -> return (x == y))) >>=
\ _f -> return n >>=\ _x -> _f _x)
>>= \ _f -> return @ >>=\ _x > _f _x)
>>=
\ _b ->
if _b then return 1 else
(return (\ x -> return (\ y -> return (x * y))) >>=
\ _f > return n >=\ _x -> _f _x)
>>=
\ _f >
(return fact >>=
\ _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




CHNIEEZLKODAEREY)EEATVWSED T, BRD monad law B2 ¥ EFIA L T
BT B, %< D return X (O>=) AHZ T, RO L I % Haskell D X915
5N %,

fact = \ n -> if n == 0 then return 1 else

fact (n - 1) >>=\ _x ->
return (n * _x)

5.2 N /N— a3 > — Utill

BMo/A—va> Uil T, S FIZ MY E7LLREE (L LVatHE)
t L—(i’3< o ’)i U\ Utlll LiE'JT’FFﬁ %ﬁf:fd}\’\—gg%—(“i)%o

7 74l Id.hs

newtype I a =1 a

instance Monad I where
return a =1 a
(Im)>=k=km

zz7T. I&. Haskell D LWBHOEZNHAN—D2>TH %, data EE
EATNBH, 74 =L R —DDBRFE—D2ULOF TN TELY, &
7=data EZENHERKF L EXR Y. newtype EE TEANINSEXFIIREBRNE
R LT, RITHOHELEDLR WV, . BONELEEET 5 type ES
Y OEWIE, BMOZEIEBRFICL-> THTWIIREIEATHSE, (BBI5RD
A RFURITIE, type EETEANINALROBNZIIIBETE LW, ALY
ZMIBEOHENEFLERZIER (Ord DA Y RIVREE) ¥ 54wt
%13 newtype 2> THILZHAEL., BBIIHLTA Y RIVREET HLE
% 5)

LZD newtype EE TR BEBHF LB FICRAIL I L WILAT2E> TV 5
A, XHRTE L LA HBIT 52 A TE 5N TRIBERL,

BE. HLEEXFE Monad DA > RI > RALEET SLE, RIS Monad O
A—=/8=27 5 ZTH3 Functor ¥ Applicative I LTELEA 2RIV REE %R
TERENDH D, SBBNTEIEFT RICHFLTHIRTEA—RDTIIIRHT S
AVRIVAEEETERK L L THENMNLTEL,

7 74l Id.hs

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

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

ZThHkE,

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



Wi ULl 7a7 5462232 /84ILLTEITTS (unl (fact 9)) ¥, ALT
O754L% Haskell ¥ LTETLEZY T r2<EL 362880 ¥ WV EIZHR S,

=20, unl lRDE D ICERINAREZRBARTH 5,
7 74 L Id.hs

unl :: I a ->a
unl (I a) = a

5.3 UtiIST —IREENZE AN

UtillCE#H (RN) TEELZREDBREENT 5, 22 THBNT 3HTIE, 2
DEEHTRER "SR xp ¥ yP TEANT B2 XITT 5, 2 ¥ W) EIZFIITK
BN TR, WSDIXT B2 L TRETH S, 2RIE set THEEZRAN
L. get TIEZIRY EHT 2 A TE 5,

Bl 7 1S,

begin set xP 1; set xP (get xP+3); get xP end

t\W) ULIST 7075 4% T 5. YWHIRENIELNS,

RELTENTE0I1C, Y HEORE2ERTILENH S, £F RO ST
TEERT 5,

7 74 L SThs

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 ( )
(STm) >=k = ST (\ s -> let { (a,s1) = m s@ }
in unST (k a) s1)
-- ST, unST AT NIE. XDKSIZA B
- m>=k =\ 550 -> let { (a,s1) = ms0@ } in k a s

Z MEF R State Transformer £+ F YL 3 return a ITKE (s) NEE
FITHHT. a2 XD T IRTHAETHS, ZOEF RO m>>=kld. n TEE
INREE (s1) 2Z20F F.KICRETHETH S,

RS9 5.3.1 ST IS L T, JR® monad law XY LD 2 ¥ 2 MR L,

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

ZRITRDLIIERT 5,
7 7 A JLMyState.hs



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

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

yP :: Pos (x,y) y
yP =\ (x,y) —> (y, \ y1 -=> (x,y1))

22TxP (WP) BRTDE1 (B2) MR TIELRT2LHNBRTHS, &
BICHT 25AEL - EFALOAY Y NI, BTHOEF FTHLERAT 2D
T, IS5 XA MyState DAYV Yy FY LTEHRLTHLLZLIZT S, 7714L
MysState.hs

class MyState m where
get :: Possa->ms a
set :: Possa->a->ms

ZLTST%®2Z MyState 7 95RANDA Y RIVRAY LTEET 5,
7 74 ILST.hs
instance MyState ST where

getp =ST (\'s > (fst (p s), s))
set pv=ST (\s-> (0, snd (p s) v))

-- FIZIE get xP = ST (\ (x,y) —> (x,(x,y)))
A1 set xP x1 = ST (\ (x,y) -> (O, 1,y)))

T2 Tset l3RETEEML S, T/ get ITREDEN—HEERT KT
H5,

UtiIST @ set, get, .. &\ I E%IE. Haskell ? set, get, - 123 >/31 L
INBLHITLTEL,

v—2 (Uti) | 9—#4v b (Haskell)
p>=\ _p >

set p m m >>=\ _x —>
set _p _x
p>=\ _p >

get p get p

UtIIST 7a 754 (BEKT 5 C7arsa)

fact n = begin int fact(int y) {
int x = 1;
set xP 1; set yP n; int ;
while get yP > 0 do begin while (y > @) {

set xP (get xP * get yP); X:Xf%':

set yP (get yP - 1) }y—y ’
end; .
get xP return x;

end

22/ ILT B ERDE D% Haskell DEIE (—ER. BB LK T 5L0ICEHKEL
NDEERYELTWVS) IR 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 ()
n _while) >>=\ _ -
get xP

(]
(
~,

evalST st s = fst (unST st s)

YEZT BHYL. fact 9 ¥EITT 5 (evalST (fact 9) (0,0)) ¥, ZTOFERIL
362880 |27 %,

FEERNIGE. TRICEABNGERDII)HNBRLS., RS A - -0, E W
BER, TOLI LGN REIHANRREIILBBEELHY ) B,

COSTOEETE, TS5 REEERELTWRW, TS5 -REBETRILHIC
. 2o ST (18R T %) Maybe DEREEKT X ENH S, £2FF I,
ROES%EF RIZR B,

7 74 JL EST.hs

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

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

instance Monad (EST s) where
return a = EST (\ s -> return (a,s))
(EST m) >>= k = EST (\ s@ -> case m s@ of
Just (a,s1) -> unEST (k a) s
Nothing -> Nothing)

R 5.3.2

RO C OB IZITRZE % ULIST %, F7/1d. ST EF F% A7 Haskell
NEBEERL L,

1. int foo(int n) {
inti=1, j=1;
while (i < n) {

i=1+7j;
j=1-173;

return i;

3

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



i
n
return i;

}

i+ 1
n/ 2,

X BENE| Y B Haskell TIE ‘div: SEEF 127 5,
54 (%) UtIIO — ANEHDEN

ANEAEE NEAR MY —L2REND—FErEZNL, 58D ULIST XA LA
FETRYRI Z e TE 3,

HHEOEF FOERIHIH E EARNICA L, REICAALEADR MY —
LEET String MEH %:EML THEL,
7 7 4 L MyStream.hs

type WithIO s = (s,String,String)

7 74 )L MylO.hs

newtype MyIO s a = MyI0 (WithI0O s -> (a, WithIO s))

unMyIO :: MyIO s a -> WithI0O s -> (a, WithIO s)
unMyIO (MyIO m) = m

BROT)ITATOERIIRDL S IR B,
7 74 )L MylO.hs

instance MyState MyIO
get p = MyIo (\ (s,i,o) —> (fst (p s),(s,i,0)))
set p v =MyI0 (\ (s,i,0) -> (O, (snd (p s) v,i,0)))

ANEAIKET ST IT74 7B THOESF FTEARTZNT, RIS
MyStream DA Vv FY LTEHZL THL,
7 7 A )L MyStream.hs

class MyStream m where

readChar :: m Char
eof :: m Bool
writeStr :: String ->m Q

7 74 )L MylO.hs

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

22 TreadChar @ANAR MY — LD 5 1XFEERE T, F 7~ writeStr str ld&E
HARY) —Lollstr 23T 3 (=L T++) DHEBRIEARS Y FOKEY
BT 20T, ZHOEBEBNLHITXEINNEZSIZHFH LWXFES %M (++)



LTWw< ., HAXFINNRL G BICSLIED > THENELS RS, INEEHT
THERORVEREEASILLARETH S, I TIREAREDLDIT Ty
EES-RERERAT %, )o T L Turite LWHIBERKEZRDLIICERLTSE
<o

7 7 1 JLMyStream.hs

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

T3¥, ROULINO 70754 (L. T//) 3BEOBEL2RITEETF v
T5, )

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

a2/ 1L L=SER L

foon= set xPn>>=\ _ ->
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

Yigl), #HBEREUTOLIICERLZL 5,

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

%X foo % evalMyIO (foo 12345) (0,0) DL HIIIEITT B L., HAIT "54321"
122 %,
R 5.4.1 R0 C nEE ¥ IZIFEZEL U0 o, /=1, MyIo £+ FEAWV
7= Haskell nE#z E& L L,
1. int baz(int n) {
int i, 3j;
for (i = 0; i <n; i++) {
for (j =0; j <=1i; j++) {
printf("*");
printf("\n");

return 1i;

2. int qux(int n) {
int i, j;



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

return i,

}

5.5 UtilErr — =5 —NEDEN

RICULINIZZS —REBEEANT S, UtilErr I3, 4E@BIC Q) TS5 —NE% T
B, BRI —HNERERDL I TR ELIIIT 5, ZDIFE.
UtilErr 1&  (Haskell ® & 5 %) BIEFFE TIE % < T, BARDII 8% LT EICEE
By % (eager evaluation) %#MHT 52 L ITEFET 2 XENH 5,

IS—YrEERIREVERNT S0, ROLIREBES A TS5 ) —ICHAE
INTWVWET—F R Maybe 2ERT 3,

-- Preludel

CEERAH
data Maybe a =

i deriving (Show,Eq)

EERIREVNIT Just LWIBKTTET . T5—DIFEL Nothing &\ 5K
FErAWS, ZORIHLTROLIBRA VRAIVABEENTINT W B,
-- PreludelCEE B H
instance Monad Maybe where
return a = Just a
(Just a) >>=k =
Nothing >>= k =

COEF RO W o= kid. 2F 0 EFHEL. TOHENERK TTHE, 20
E%E K EVHBEBISET, LAL, Vok AnTIS—2H2 2L, k 2iHE
RECER LTW<Zrs&l T3,

R 5.5.1 Maybe (Zxf L T, JR®D monad law Bk Y IL > 2 ¥ # BERE &,

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

X 52, MonadPlus EWH 7S5 RIZBT HWLK 20D AY Y RERET S, 22
T mzero 12 RRAEDCYHTEFITAWS,

-- EYa -l Control.Monad |Z/E & A H
class Monad m => MonadPlus m where
mzero :: m a
mplus :: ma->ma->ma

-- EYa—JL Control.Monad ICE S AH
instance MonadPlus Maybe where

mzero = Nothing

#eoot -- mplus DEHE(I%18



T ITFTATER LIS —NEBERATELELIICEESRISLZZ N TES, A
ZIE, BYE (/) RO LS % Haskell DR ICBBRINSZ L H 12T 5,

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

INTOTESES L LAEBEICEI S - REINS,
Bz 1L
x>0 /709

D& 3K IE. Haskell TIE1 /7 0 D& RIE IZ&HRDEERI 0 &
% %55 ULIIEr TIORD & 5 7% Haskell 7’0 75 AISERR S 1,

(if @ == @ then mzero
else return (1 / @)) >>=\ _x ->
return 0
EITT2 (Z5—HRBZ-L2rEERT) YWHBRIIR B,
5.6 I SMLIR D E N

BI5h D EF K Maybe 2FIF L T, Java ® try ~ catch DL 5 1B %2 IR T 5
BMXEENTEZLHIARETH S,

Util @ BNF ICIIA T OEX £EMmT 5,
Expr — ... | try Expr catch Expr

“try m catch A" I mEZFH@EL. T7 2R h-LFBEE. TORYEE
try AORYVIBEY T 5, LA L m OFERICT S —0ELCEBER. h €50
¥ %, Util ® "try m catch A" & "m' ‘mplus' A'"Y VIR ¥ L THEXBEFTE
NaLH512LTHL,

F . fail ¥\ Util oB8%IE. Haskell ® mzero #3R T EAEKICI > /81 L
NELHITLTHEL, ZoEEIZ. Java D throw XIIHKT 5,

v —2Z (Util) g =4 ~ (Haskell)

try m catch n | mi ‘mplus* n

fail () mzero

Maybe (X9 % mplus (&5 1 51502 3748 L. E 25|85t
By 2EA8TH 5,

instance MonadPlus Maybe where
#e -- mzero |FRBNFE
Just a  ‘mplus*® = Just a

Nothing ‘mplus"® m=m

Bl 72 1L

bar n = try 1 / n catch 99999



W) UtilErr 7B 756k a>/84 LT L, A TIN5 Haskell 7075 4
(=N

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

TH'Y. bar 0 NEERIL Just 99999.0 TH 5,
5.7 UtiINonDet — JESR EM D EXN

CH5IE WEREE ULIHHCIEREMZENT 5, FEREM (hondeterminism)
tu7u77Amﬁﬁu PEAETEHILEEI). HHRIREK
FBALKER, HEIVKRBT 21560°H 5. TDIFEIIRTORIRBICE > (&t
HEXYET (XY 7 b53v7) , ERERIIBERED/ XL - F'— LXEX
B 7O 7S LR ETHRATES, NV I 59 7% 7)) 354 TheEr L
TR 22EL LTI, HREREZED "ELZTH S,

EREENHE OEF RIZBAEN) X 2ERAT %,

-- Prelude TE &AM
instance Monad [] where
return a = [a]
[]

L[] >>= k
(x:xs) >>=k = k x ++ (xs >>= k)
TEEAHS

-- Y a—JL Control.Monad T
instance MonadPlus [] where
mzero = []
mplus = (++)

CHES FIIBEBOBRREHIC) AP LTERBRELTWS
1 5.7.1 [11Ix LT, JRD monad law A Y L2 2 ¥ HER L L,

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

EIZY) R FIHT B return ¥ G>=) 1d, YR MOREBRIEZHAT SEICES
7= unit :: a -> [al ¥ bind :: [a] -> (a -> [b]) -> [b] ¥t &< BA— DK
Th 5,

FEOKBIIZEY A P TEINS,

UtilNonDet &, #XI% UtIIEr *RICTH 3, 2FY. UTOEXEHF-,

Expr — ... | try Expr catch Expr

UtiINonDet @ try m catch hlZ, mZ3HEL. hIE"/SY 7 bS5 v 7"H% 22 -
Y FICEHEINS,

UtilNonDet 70 7' 5 4



test@ = (try 2 catch 3) * (try 5 catch 7)

222/ ILTF B ¥, JRD Haskell 7O 7S5 L0854 5,

test® = (return 2 ‘mplus‘' return 3) >>= \ x —>
(return 5 ‘mplus‘ return 7) >>= \y ->
return (x * y)

CO, testold [ x xy | x <-[2,3], y < [5,711] W) )R +ABKRELRE
CE%ICH %, T LT testo 3. [10,14,15,21] £ %2 5,

F 7=, JROUtiINonDet 7’02 7' 5 A4

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

23 /41T B, JRD Haskell 7’02 75 LB SN 5,

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 T test1 214, [0.5,0.25,1.0,0.5], test1 0 | [0.25,0.5]1 ¥ %0 %, kBXL
TVWBHEIODVWTEFERICEN TWRWI LISEET %, AL 7RS4 %
UtilErr Ta /R4 LT 5, ULIEr TIRARAYZ F Sy X2 7082 550D
T. testl 0 &R HKEL (Nothing) I8 5,

BEH, RDhead TFAVTY R FNDEEEERS Z vIZL Y, R LEBWOEE
T 2RI HEAEETH 5,

-- Prelude ICEFEABH
head :: [a]l -> a
head (x:_) = x

DY E head (testl @) DfEIE 0.25 ¥ % %, Z DIH4E. Haskell H°
FHALTWS6, hOBIRBOFEIITLbNRV, TOEORIRFIE
FREHSZLILIBETLRMNDBIRBODAERR2EAHAT H I TE S,

874 —ORMBLIFRERERAVTRZARTEIUHNTES,

safel xs n m = null xs ||

val y <- head xs;
ys <- tail xs in
y/=ng8&&y/=n+m& y /=n-m
&& safel ys n (m + 1);

safe xs n = safel xs n 1;

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

.
1

range i

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



% L T queen 8 1. [4,2,7,3,6,8,5,110°54%F % R ENELRT,
M 5.7.2 FREM CREOBADFEEF 2>EFENR L L T,

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

newtype STL s a
newtype LST s a

N2O2DNYIT—va hELLNE, TOZTNTNIHLT, T/ 5—
NDEHEETRIE, 2 ONEVEHBL L,

5.8 Prolog Y :HIEZ #K

RIEAZEED Prolog | IEIEREME DML, EWHHEFBOH S, wiE

EHLIE, BRMIEIEE > TELT, BE—LoHHICL Y R7 1@ BRI

LTWKERTHS, AELRANTESZH4RIENEK LY., —EWHLT

NIEZE RN TERVERBEZENER L L ER S, Haskell TIXHRELE
ARz, 4R EELEMT 520 I121E - 7= State Transformer £+ R ¥ R4 D
HETHEIRT 22 e TE 5,

B Z £, Prolog TlE, Y R h%iE# (append) T5707FLIRDEL I ICER
RIN5,

myAppend([HiX1, Y, [HIZ1) :- myAppend(X, Y, Z).
myAppend([], Y, Y).

ZHE, 1 BEDSI K 2 BN K ETEELABRENIFZBBNIIIIR S,
rowoHEEEERLTWS,

2 @ myAppend |Zx¢ L T, [1,4,3] ¥ [5,3] Di#EHEERDHBIE, RDOLH %R
& (PHL) 23 %,

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

No

T 512 PrologDEH LBV YEZ 5L myAppend DHEBE T NFELTE S L\ )
2 ThH5,

?- myAppend(A, B, [1,2,31).

A =11

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

B =1[2,3];

A =1[1,2]

B = [3];

A =1[1,2,3]
B=101,;

No



COERTHATITEELT1,2,3]1 18 522D R b, IRTHOTRER %K
OTWBEZYIIRE, A== T FXATELEUPITNY T FSIvFTH
eZYRNBREERT 5,

MicroKanren.hs (https://github.com/rntz/ukanren) ¥ \» 9 Haskell DS54 75
) =TI, IEREREBEERICTSIRATILT 7 OMEEEMALEF FOVES
INTWVWS, ZTITHMRHPIWEILIEANSRVWY, ZDEF RIS State
Transformer ¥ JERER*HBAEE DN TH S, TDSA4 TS5 —%5{F 11T,
Lo Prolog @ myAppend 7°0 75 LICH BT %7075 L% Haskell TRD & S
IZEERTE 3,

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===2a; b ===ab }

22T, fresh 3 LWHREER*EXRT 2B THY . T===, d@DAHEBE—
EENBZ s~ TEEFTHS,
LA A, Ut OCETIIRD L HITEL Z e TE B,

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

Z 0 myAppend 2L TRDE IR Ta 7S5 6%2ETT S, =7~ L. tolLVList
IRED A LORD LRBERHEEL ) R FOBRADOEH,  fromLVList &%
DHETHD, =L fromLVList ¢ xs |& xs DRI DKRENRELEE c ICE =
WABEDY XA FERT,

exampleAppend a =
val xs = fresh();
ys = fresh(Q);
zs = tolLVList [1,2,3] in begin
myAppend Xxs ys zs;
(fromLVList @ xs,fromLVList @ ys)
end

T ORI 0(01,01,2,3D),(011,02,31),([1,21,03D),([1,2,31,[D] <% B,

59 TS5 IZELKRMY WADEDIC...



Parsec [1] I EF RE2FIALEFLR/R—H—514T5)—Th3, [3]cD.
EFRFEAVTIA—H—2BETIRENEIVH S, RIGEF FETAVNTA
TN I —RBETLIHEEEHL TS, [4]1d. Prolog DAH Y FEDAR
L—9—nE%RETEELT\W\5, [5]ld. MiniKanrenT TEHNTWVWSEF FD
BRHTH %,
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