F4E T+ R

£+ F (monad) (2. Haskell (% 2\ Zbn KR ZE) THIEMHRN (T
DEREYREZTLZET L) RAEHDL IR, OEETIE"EBIMER" (side
effect) ¥ LTRBAINSGBFHERDI LONDFETH %,

LrbrIBFEAHATI) -8B (B TELNTVWEEEZEALELELD
TH 55, Haskell TIERAT 2 =ICid, ERrAREAH7TTY) —HEHENHOZ i
> TWEBEITR W,

4.1 2 REAE CBIEA

MRLEABEZEICR. RIELRTAZDHETNLOTHY .. "EHROERIL
ZTODEBRNDELNRNTE T WMATLLRDERIIEDL SRV, LWVWHIRENH
5, TOLHMES (referential transparency) ™, 7o 7
FLN'BR'EFELTWKLETETHERLRETH S, (BREAUOED
FT, BIER CICL BN BH IR S, ) —H. BHERAIR. X49°ZD

DZLTH53, AEMEREZFLEIBLWHI 2 Lid. %
NEBTIESRBAMSKY L2\, L\WD 2T TH S, Haskell DX ILEIME
AxH-> Tk,

CHLIREETIE, NEACHIBRNEZRITE L TlE. BMERA EE > T\
OB RFERMIIKY L%\, BlAIE. C T,

¢ = getchar(); putchar(c); putchar(c); // C-code @

putchar(getchar()); putchar(getchar()); // C-code 2

Y3, getchar) " BMER 2> TW3EBDICER S0 IS54LTHS, (Lo
Ta7S5LTIRIXFE,. TOTO7SLTE2XFZEOANAIEEINS, )

—8B. SRZAM L NEACHIEORNIIHEN L VWVEEN LI IR A5, L
H L. Haskell TIXRDELHIZEZ B,

ANEAR, BREGECOREBDNDEER, fAsHrD" 772 a>"Th
D, BRZEYIIRR AR EHE T3S, BIEFAEHE > CZER
OIS T % Haskell oI, CH77>a 2 E8H TR
i L CGRITBEKRY L TEZL S, (DFEY 773> %"BI"ER
Tld7% <, —ABDEYL LTHRI. ) 20" 77 a ' OBIL,
TI72a IlHRLTWAXARTUNMERT 22 A TER,
f->T. 77¥a>efEIIRFIIN, SRFPUEIFRAENS,

Bl Z 1£. Haskell T getchar, putchar IZXRT 2L, TNZTILRD L H &Y
- TW5,



getChar ::

putChar ::

SO0 LWHBBRFHNTIVa>olekd, /- Ol =y bRIYE
A BROHZEEFLLVWETHSZ, THZH. C ZED putchar(getchar
O) W RITHIET % putChar getChar D & 5 % Haskell R Iz, BT S5 —I(c
BoTLEI, IOBRICARINTWVWEREET >>=" (WA > K, t;&d) %
AWT, ROLHITEI R IFNIE N IF R,

getChar >>= (\ ¢ -> putChar c)

SIT C>a)nEIEI0a > (a->10b) >I0bTHB, (HEBRTELH
120 ERICIRL Y RO RZE->TWS, ) 2ORXTIE, getChar LW IH 7
733> OREREOMNS Char ROMED, c LWHBERUITEEIN, KW T
putChar c Y WA 773 UHERITINS, 773 a>oBREFHOANLES
TEMET 5. >=DLIREEFENT L ENH S, Char BOEH ¢
12X LT, ¢ = getChar £ E 2T TIIRVOT, B @551 ¢ dgetCha
YEEMAONL W LHBHATH 5,

Q4.1.1 C-code D ¥ C-code @ IZxtiST % Haskell 7075 4 (D¥E) %
getChar, putChar, >>= %{# > TZ ¥,

BMFRER ST RIS LRRITT BIEHFICL Y BRI LD EOT, EINEKAT
INZTOITSLTRABLLRE 0 H b, BRE|UEETRELIST IV
A ERABICREROICEATH LI TRL, I >Ea—F4>7
RERABTORELR>TETWVS,

42 €+ Frid

CnEHR, IFTIALTETEMERL L TERINIEY (NdEH - BEN
RN - BISMUIE - JEREMARY) ISHTET7 7Y a >y, Elidd@nigs
PH->TWT, ALBELH IRETF TRYRAS I LD >TWVS, 2D
HBOEEZF OB (EREICIIEERT) 2% (monad) ¥ \\ 5,
Y, ®EFFRT77va>oRTHSE, LZDI0BLEFFTHS, 7L, &
FROBIZET 733> e VWAEENIIbLLBEVWEDLHEZDT, UTT
IR Y 123 E" (computation) Y W) BEEE S,

BARMICEES P

return >:a— Ma
(>>=) :Ma-(@—-Mb)-Mb



YWHARDEAKOBEET A3EEBRF MO TH5S, LYEEEFIZIL, return,
(>>=)%"

(return a) >>=k =ka
m >>= (A a — return a)

m

(m>>=kq)>>=ko mq>>= (A a — (kqa >>=k_2))

D3 ON%X (monad law) %&7=TXE» H S, TNL5NHERIZ, BERAYIC

T return #° (>>=) O "BAIT"TH B2 L. OG>=) NESR%EL-T 2. 2
LTWwW3, 2%, BT 5, E (+) ¥ ImBEDHEAIT 0 DIRDENITHLE
60

0+x =X
X+ 0 =X

X+y)+z=x+(y+2

BRE9ICIE Ma LV 5 E, NEEERT 5, 7. return ¥ (>>=
D BB % EHRITROBY Th %o

o returna---fHax D FFRTEAL LRV (FI7¥a>rEERW) HE
2%&7,

e m>=k--FFT. m:Ma% 8L, TORRENVENHE L * Bk a -
MbIELT, BT (EHET 22 r%%kT, 3. 727¥a>idmkn
FI22arEFITTERITTSET7 73 ICBYET 5,

43 EF PR IS5

EFFMOERISEBLAZVEMERAICLY BER 5L, KT 2B return,
Co=) DERDVILEAAERNR S, LA L. return, G>=) I3 M 2 /RS A—F—¥
LT, RE-FAB2EBO>OT, BISIZ2AWVWTT7Z RHRY 7%BABEAHKEY LT
EFEHETHIUHNTES,

class Monad m where

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

ERRIL, Monad IZBRTld % <, BBRFICHT 2R IS5 (EHEICIIRERKF .
SR) Ik >TW5,

4410+ K

10 |E Haskell @ Prelude (B#MH 53 ARAEINTWVWES (4TS5 =) IZTA-> TV
2FFRFTH3, WIS XA Monad DA Y RI VA TH 5, TOEHEIET—MBDT
07595 IERARVHEALZNR YL >TWS, L, BEENIZIIRD L
IREREFORELLEZLZZ LN TES,

-- type I0 a =

-- instance Monad IO where _
-- - F: ERRICIE type TEEINTICE L %Z instance [CIEHER 7L,



-- return a
--  m>>=Kk

\w > (a,w)
\w > let (a,wl) =mw in k a wl

7z L RealWorld I, I E2—9—2HRDT7AILREDREEFEZTET

%, I0 AN BIZHY, 1ED RealWorld DT — Z IR IMN TV T, ‘rﬂzmgﬁr
BETELNBLWIENMRIETETS-0. BIENICESTHI T BRYED
RealWorld DT — I D-BHITE->TELERW, ¥ WHIZT ¥ TH5S,

10 |& Haskell TAHACIREEIRNICIR ) 012, REBRATHEHLBRVEZ
\¥%, £% 7 571472 LT, putChar, getChar DfhicH, UT DL ) 4 8%
"H5,

putStr i1 String > 10 () - XFHZH TS

putStrLn 11 String -> 10 O - XFFZHAHL T, KITT S
getlLine :: I0 String - —fTEHHAL

getContents :: IO String -- EOF X THmAHRAL

print :: Show a => a -> 10 O - XFHICEEL CTHAL. &7
readlLn :: Read a => I0 a -—- —fTEFHAATIS—RT B

INSEDMIZT 7A NI L TANEAT 520 0BEHCCLAEINTVS

4512 getContents |FIBEFTFMETEENDOABR 2 HAAD, 2F Y RDLH %
TS5 LT, FENADTRTERARAL 2L IERL. RN 11TDAH%E
HEAhHT B,

main :: 10 O
main = getContents >>=
(\ all -> let ls = lines all
in putStrLn (head 1s))

=72 L. lines :: String -> [String] XX FF| 2 RITXFTHEIT 5 HEK.
head :: [a]l > ald Y R FDEBEERZ*RIEHTH S,

T 512, Pata.IORef ¥ W) EY a2 — /L% import ¥ 5 2 T, BUEHNRADTE
22 BBE (I0Ref) *HRHIEKRLABINS,

-- import Data.IORef H'HE

newIORef 1t a -> I0 (IORef a) - FLWLWEBROIER
readIORef :: IORef a -> IO a - BREOFEEL
writeIORef :: IORef a -> a -> IO () -—- SEADEAA
RIS, IORef 2FA L7075 Lnpl%HiT 5,

import Pata.IORef
foo r = readIORef r >>= \ i ->

if i <= @ then return ()

else putStrLn (show i) >>=\ _ ->

writeIORef r (i - 1) >>=\ _ ->

foo r

main = newIORef 10 >>= \ r ->
foo r



L. THISEIBRIE IORef 272 TH'Y . I0Ref 2{EHTIHE UENME?
TERDELIRTOATSLDEINBEBRTH S,

{- foo ODEALBEERIIUTDED -3

-- foo i = if i <= @ then return ()

-= else putStrLn (show i) >>=\ _ —>
-- foo (i - 1)

-- main = foo 10

¥ 25T, Haskell D77 546 %, GHC D& 5 RxdzsZRIBETIE% <. ghc 3
VY RTETTEZ 7ALICASRAILLTEITTSLE, CLRALELI I
main ¥ \N ) BRTOEEH 5 BITHBEBINSHRICE>TWVWS, £ L Tmain B
B, 10t tWHEOE (L IIFEENE) 2HALITFNIEVITRWZ XITR S
T35,

Y ZIE, BEANAD ORARAALEXFINDAXF S/ NLFIIEBLELDL
INFERXFIEBRLEZLDEEATZT7O TS5 LIERTOLS IR 5,
import Data.Char -- Pata.Char®> a1 — /L% importd 5

-- tolower, ;oUpper 11 Char -> Charld AXF - /\XFDEHBIH

main :: IO
main = getContents >>= (\ s -> putStr (map tolLower s ++ map tolj

SLTHME (\..->.) |13, YALG$EFEFLY LELEUHIMBEDOT, L3
NEZRIIFEIMZEBRL, TLICLATIREELIT, ROLHITELZ 2%
(VAN

main = getContents >>= \ s ->
putStr (map toLower s ++ map toUpper s)

WO 7a 7S5 LTIE. 2OLIIHEILEERT 5,

£(L, Haskell Tld Monad 7 7 R LT,  SEELWOIEREXERELT
WT. ZOBKIBRNL I B I HTE B,

main = do { s <- getContents;
putStr (map tolLower s ++ map toUpper s) J}

CHOdo RVEAEZETHBNLELATOML—ILOXNETHY., @IIZLA T
FIET L -2 3I00 388 TE22 e TE3S,

main = do s <- getContents
putStr (map toLower s ++ map toUpper s)

Z L Tdo RIRDIL—ILTEIERIMNG, (THREICEERMRA*BIZFAICHEA L
W<, )

do { e} > e

do { e; stmts } = e >=\ _ ->do { stmts }



do { x <- e; stmts } = e >=\ x -> do { stmts }
do { let decls; stmts } = let decls in do { stmts }

Q441 OFDLH R TOIS Lk LN I0ICEAT2EAKEAVTERE L,
1. —1TE 1T 25ARAAT. TNEAYLRLTEZTO TS5 4
2. — 1T T2HARAAL T, TNE2EAILERLTZ 7O TS5 4

H, for X Y DR L DEHDOHEXUIR VDT, YR ULIGBELR Y ZI3E
IZEREERT SHENDH S,

144210 T+ RE2FABAL TROEILTO ISttt L, CREETHNMN
LTV 3EHKEZERT -~ LNAE, )

1. ANAXZINEITBICAXFZ NN FIZEBRLTEAT 5, (BlAIL,
MHello,dWorld<d; #° Thello,<JHELLO,Jworld<JWORLD, 2% 5%, )

2 NAXFHNROEF (o' ~'9') ODEBREKEAT L L THAT 5,

BAAXFIRD e ANHBRT BRMD 10T T EHAT 5,

45 % - BRAK ) X bR

EF R ITEEREL VD, UEIRBN LEMMNIXZINE TS0 7S LTHRA
YRHN%) 2 NUERAKE, AT TWL 20BN T 5, 25 0B
Prelude (#5475 —) IEZFATHS (sort 2H<) ,

1 -- lines IXFHZHIXFDEATHELT. XFFD R IC
2 - BROXFINIIEHATIXFIEIE TR,

3 lines :: String  -> [String]

4

5 -- words [IXFIZEHAXFTHEILT. XFHDIJIXHIZT S,
6  words :: String  -> [String]

7

8 -- unlines |& lines OWIZIETH B,

9 - BXFINOREBICHITXFZEML. —DICHEET Do

10 unlines :: [String] -> String

11

12 -- unwords (& words DWIRETH B,

13 - BEXFHZZEATXY>THEET o

14 unwords :: [String]l -> String

15

16 -- take n xs |& xs DET n OEBEIHR O ZIRT,

17 --n > length xs DETIE xsBEEEZIRT,

18 take :: Int -> [a] -> [al

19

200 --drop n xs (& xs DERID n HOBEZRWVICRKBIDETIRT



21 ——n> length xs DEFIE [1 BT

22 drop it Int -> [a] —> [al

23

24 -- takeWhile (J3REE p &R b xs ZRITED, p Z&HkT
25 = EIFHH57ed xs ORDBEVEBRHD (BEOHEE6HHD) =
26 -=

27 -- > takeWhile (< 3) I[1,2,3,4,1,2,3,4] == [1,2]

28  -- > takeWhile (< 9) [1,2,3] == [1,2,3]

29 -- > takeWhile (< @) [1,2,3] == []

30 takeWhile :: (a -> Bool) -> [al -> [a]

31

32 -- dropWhile p xs . takeWhile p xs D& D DKREED & IR
33 -=

34 -- > dropwhile (< 3) [1,2,3,4,5,1,2,3] == [3,4,5,1,2,3]
35 == > dropWhile (< 9) [1,2,3] == []

36 -- > dropwhile (< @) [1,2,3] == [1,2,3]

37 dropWhile ;1 (a -> Bool) -> [a] -> [a]

38

39 --any IFRBE VA MZEZITERD, UXMDBHADENDLDE
40 - TG ITHEDOIDHET B,

41 any : (a -> Bool) -> [a] -> Bool

42

43 ——all [FARBEV X FZRITEROD. U SDBHADIXRTOE
44 - EHETHESHHET B,

45| all ;2 (a => Bool) -> [a] -> Bool

46

47 = UM (ZBTIEWTAW) OEBERZEROET,

48 head :: [al > a

49

50 -- (GEENMDERL) VAMDRBOERZERDET,

51 last :: [al > a

52

53 = Uk (EBETIEWTAV) OEBBERZRVICKREED ZE
54 tail i [al —> [a]

55

56 - UXFDERCLTCEENTVEIDNEDZHET D,

57 -- B% x ‘elem' xs DX DICHBELEATHWS ZEHZL,
58  elem :: (Eq a) => a -> [a] -> Bool

59

60  -- import bata.List DK E

61 -- sort EAHUISZERY — hTIdVXLDEETH B,

62 -- LEBEHZSIHICE D sortBy DL H B

63  sort :: (Ord a) => [a] -> [a]

64

65 -- sequence BAEIZU A DT U 3V EIBICETS B,
66 sequence :: Monad m => [m al -> m [a]

67  sequence [] = return []

68  sequence (m:ms) =m >>=\ a ->

69 sequence ms >>= \ as ->

70 return (a:as)

71

72 mapM :: Monad m => (a -> m b) -> [al -> m [b]
73 mapM f as = sequence (map f as)

74

Q4.5.1 ROXDE LI H?
1. drop 2 [1,4,5]
2. takeWwhile (< @) [-1,-3,2,-2,7]
3.any (> @) [-1,-3,-5]

4.3 ‘elem* [2,5,3,1]

2%
R

o

.

EHR

EAbUY

DHT.




4.6 T 5ICEHELL MY EWADEDIC...
XER[1]1E. EFT FEY R FORBERZDOEBFRICOVTESEL TW5S,

1. Philip Wadler, “Comprehending Monads” ACM Conference on Lisp and
Functional Programming, Nice (France), 1990 & 6 A



ZLE 5L 5zE (A-calculus)

L1545z E L7

SLFEFELIE. BEREBBICKRRTEL2ONEETHY . SL9HELIES
LPEEEAVT, EHOMBEIIODWTHLEEODERETHS, SLTHE
d, BT, LOrEIANBRRVOTETH S, . L6753 FY v rX=F
DA (RKXZFIEAN) OZrTHY., ERERLZTHDII, SOANLWIXFELH
WEZ¥AE, ZHEZTHENTWS,

- :Ttiﬁgﬁb (untyped) 0)3[—\7%"’§%%4]‘T%: ZL:_j-%o

SLTEHERIVLC & HICBEMERIERRATH B0 $
RYDHEETTLLRENHEEHNEBET S22 v monTVW3, oF
Y, BENIDE21—7— Y EBRIERZEDNTEREN EHD,

R L1.1 F v —FDiRE (Church's thesis) ¥WIHIBEIZDWT, TOELZEZH
&JO

SLTEE - SLTHEIIEROLHERBZOLHIT, B<EPLNSE, 20D
BETIRSLIHEND T EANLEHY EBNT 5,

L2 S LRkt (k)
ERERTREN 2,y 2 .. DEIITEHOLNTWS GREIEXTLI 7Y 1
XE) LT, ROEI "D "2 LTWEHDETLTREES,
1. EH —EENERRSREILIRTH 5,
2. BA¥GERA — M, N 55 L9R T35 (MN)LFL9RTH 5.
COADEEHN L ERIE. (BA% M
ZEHN THRUH LAKR) THS (CERBLRECTIIEEERIIL f(a) &

ELH FLTHETIE, 3I80RA Y OEIMASER WD Y 1SRRI
BN LETH S, ),

3EBHE —M 2549 2 2 FBRETBLE (A2 M) L5749K
<hH 5,
ZHORDEEBHLERIL, Th 3,

BNF TERBETHE2ULUTOLEY TH S,
M e V | “(”MM“)” | “(” “A”V“.”M“)”
V e “x” | “y” | “z” | .

T, 2,3, .. X+ — R EDEREENT 58D H S, LIS I,
T - FAKGER - BRMEN 3 DDA LR M LTEHERRBNT 3,



7 LITRADEF

L(Az.2) — 2> 2 L WHFIEERITER- T, 2 €XNEFRT DT,
1BEEREE % &L T35, Scheme DEeiE7% 51E (lambda (x) x) £\ ) B
BHTHY. CsId,

int id(int x) { return x; }

WO id 1B T S, A RX Scheme Tld z 4% int B ¥ W I #HIFRIZ
WA, CTRZDESITHDERN L VCEAREZEET S22 IITERY
DT, EELintBITLTWS, )

2. (Az. (Ay.z)) — M 2 LW I FIEERTRY . (Ay.z) W) BEEE
REEETH D, ZLT. (A7) LS B, y o 3KE SR
Ve (SNEERL 2 2RIBHETHS. 23 Y. XehIHHEELK
T“%%O

AEEICIE, BRI EOBEERIEEIIRVOT, 2oL I L EAKER
TR T, 23IKEHROVRBLET B2 9 Thils, 2FY. CNiLE
<.

int foo(int x, int y) { return x; 3}

L EIND 23KOMEE (\r. \y. 7)) LEVTLEIDTHS, 20
L1, B KER LT ERERTIEAR L LTHRRT S %,

¥E3. #')— (Curry) &, EL L EKIPHRIPFH Haskell B. Curry
(1900-1982) NI B ATV 5,

3N (Az. (f(fx))) — B frT—9 2 22IR->T. fRall2E
BAYT HEBTH 5,

L3S L9HENE=F Y (FHEHA)

BETI4+2%x3 214627 eWHIEHIEHEORANH LI, 5465
STELEMA (BERAMAA) 1MROSMN TS, FlAE (\z.z) FIEFEEK
ThY, FEOFLIAMIH LT, (Az.2)M) > MrEBESH]ZZZh
TE3%, F1.

((AF- Oz (f(f2))))M)N) = (Az. (M(Mz)))N) — (M(MN))Téh 3.

FLIHENEHRBRAE EXIBNT BRI, WSO DSBLAZEEHAL
THE<,

RELHE - BHEEK

Az. M) e WHSBRR»HZ L 5, 2 2 OBLRNTHRE S (bound) TW

2rvwd, Zors, MobTHRE (occur) T5ZE¥z % (bound
variable) ¥\ 3, RELTH ALV (ABICHIET 3) TH% (free

variable) ¥\ 9, (BB AT HUIZEIMMBERIEZ. TLZTHLHIEICAH
kLR, )

BlIZ L. (Az. (zy)) O z (IREBEEHL, y IEEREBTH S, 1.
((A\2.2)2) D z IRGINLETH, BRICHERLTVWS, —HERD 2 &
Az, ) EVIEORIIA>TWRWH L TH %,



CHOBRBENFIDL HIZ, REZHrEHERICALEZAELN TS, B
HLOTTH2, 22T UTOHBTIIFRELTHIIABTRE LR 2D 5
unkHic, BE., LRI BEAETE3LDOLRET %,

QL3I UTDOS LIRNDEHRNEIRN I b, YNV BHER. YN0 RBEK
"7

1. (Az. (yz))

2. (a(Ab. D))

3. (Aw. w)w)

4. (Az. (Ay. ((zy)(29))))

—RI<TOT 5 I TEETRIBDLAIE. OEKLEIOD 5 WVIRY
REIBATHLR. FLI9RETILRAKTHY . (M. (yz)) ¥ (A2 (y2)) IR
CHnrReINsg, (COLHIEBNLZE e IIELSZE (

) EFRZ BB, ) L. (A (yz)) € (Ay. (yy))E3l
MTHb, COLIICBADERT 5 a B IFFINLL,

QL32UTNI B, aBHICL->TRAZF LR 3T L IR EEN,
(Az. (zy)) € (A2 (2y))
2. (Az. (Ay. (zy))) € (Ay. (Az. (yz)))
(Az. (Ay.y)) € (Az (Ay.y))
(

4. (Aa. (Ab.B)) ¥ (Ab. (Aa.b))

1. (Az.

3.

B R

SLIRXNM N EEBz0’H2eE, Mz:=N|ewiiks MovnEaH
R DEREIR TN TESMATHELNEGILIREERZTLNLT S, (2
0)_[_ = _] Kh")uﬂzﬁ@ﬁ‘li7bx7'h0)7f+7|‘0)\ )( 9 fdna/‘K’( ?)%o )

Bz X (Ay. (zy))[z = (Az. 2)]lE. (Ay. (M2 2)y)) 72 %D
(Ay. (zy) [y := (Az.2)] B, (M. (zy)) DEETH 5B, yld (My. (zy)) i
BHRICEBEL TV RWHLTH S,

B %4
S LTHEOHERAL, £AIC MK (8L, Breduction) YHEIEND

EHFNATH S, BRAIZIE, BEORSIBEESIKTE SR LBET
Hb, TNE. FLTAROFD

((\z. M)N)

YWHRE LAY



ICESRAZERTHS, COESHRANVBERTRELB AN L % (8B
redex) ¥ B33,

R
(M. O (£(F2))) O 9))2) 2> (O (g ) (Ow-9)2))2) 2 (O 9) (O
QL33 RXRDFLFR%E (1 2T7v7) BREANE L.

1. (Aa. (2) (A= (23))

2. (2. My 2)) (A2 2))

3. ((Ay. (zy)) (Aw. w))

tor@mAWElE LT ((Az. (z2))(Az. (z2))) £V I 49 R, B EKDLEE
R, BPBEFIIRS, 7L9BICEABENT OIS IV ITERILHEHLOL
BYBELXPBRIAZ VG, TNTHEE SR VHEEERT 22 L6 TE5
EW) Zehhh b,

CHULE BENERT LN TERVILIRE Wi, Moo Bl
HEBRYRLT, N WO ERBICBETZE, N % M OERE LRI,
LB THABLHICEREEEH LRV LAITR VI DLDLBEET 5,

L4 5 L9 ADEEEEE
LoRHENTE L, BRIEAHYTEEOT. ROL I RBREDHRE
BALT, BROKEHHT 3.

1. AZ1Zy - Ty M = (Azy. (Azg. (- (Azp,. M)))) 2F Y. NI HELS
HBERNEHHOLTI2ETEL,

2. MiMsMs--- M, = (( . ((MlMg)M3) . )Mn) 2%, BEEEAIZE
IKEET 5,

Fr MERLY LEMEROLSBEESEN, D2 Y. Azy. MMM, 13
(Az. (M. (MiMz)Ms))) OB Y % 5, (Ax. Mi)Ms 13¥EMEEB LT L E
56, Az (MyMy) tBEID S %<H>TLEI DT, BIREERTE%
(VAN

BNF TEIRT B EUTOLIITH B,
M = F| W4 M

F ==A|FA

A =V |“C M«
Wu=V|VW

V o= g | “y” | “y | .



Bl Afz. f(fz) & (Af. (Az. (f(fz)))) PBEZTHY . (Az.zz)(Az. zz) 1&
((Az. (zz))(Az. (z2))) DB TH %,

F BB CET B S0}, BREEVBY (BOPT) ERXRRTECR
LT, BHRIL. BEBIEICT 24BN H 5,

QLA RD S LT EDBEI A F ERTEICERE L,
1. Azy. xzy

2. z. (A\y.y)z

QLA2 RDFLIRENERGEEE. TESLIFREME DL LEBEREICE
e L,

1. (Az. (M- ((zy)(zy))))

2. (Az. ((Ay-z)(Az. 2))x))

L5 S L9 ENMHE
K BMENTVWESLTHENDKHE %2R L TRNT 5.
¥ v —F - @ v — (Church-Rosser) M EE

VEODFTLIRICKBY Lo BREAKNITRERZL1'HS, CHrE BELb
BEMKETRI L. BoEIIEaMLTLE S,

Lo L, D ELLAERY SREANT AL ORI NLAEZDDEBUERIES
EHNNTES,

(J



YWHZ 2R RTWSLERTH S,

CHIIREIC, HESLTAICEREIBEET SR LIE, FNIE— LW
(a0 ZEHBIZEZBVERLS) YWHI T EFRIELTWS,

R ¥R

ERELIBEETEI7LFARTEH, TFIC (EFIT?) BEEBATVIFIE, W
EITLBMMELBETLIEHY I3, Lo L, BLENSIELES B&%
BATITIE, ERHOBET S5 L9R %518, $TERMICEET L2 L
HEAETH 5.

Bl: 5 69K (Azy. y)((Az. zz)(Az. 22)) & (A2 22)(A2. ) DE D % [
HLTWBY, WOFTHERBICEELLWY, RESEEEBICTSICE
I Ay.y 1o %,

QLS I XUTHSL5RE (1 R57v 7)) BEEREL,
1. (Az. (M\y. z)z))(Az. 2))

2. ((Az. (zz))((Ay- y)2))

L, REBBIERFICFNET 22OICKRIDRNOR (2F Y BEHD
PreW) AEYIERLARV, (LLE, FHITRVWIEDAENS, )

L6 5L LAVSLTR

WBWEhTF—9NnER

MR S LTEHEICIE, BRRLCOMAAALDT — 9B LW, —RLE
YEZ2ZE2B%RNDHSAENTELLIICIIR ARV, LHL, ZRICIZEBE -
B - AR DT— 93T L9HENDPTERRET ZZ 9 TE 5,

BBl LIRSt M. f & TNZT N true, false LFRZ T B, &
fz=. Acte.cte ¥\ T LITRE if LFERT XICT B,

if true My My 5 M, TH Y. if false My My 5 M, Th 3.,
BIL6.1 LD BENE 1 ATV TIH>EVNTHEINDL, 2F Y,

if true My My = (Acte. cte) true My My — (Mte.truete) My My — ... —



THsZrrrtd,

F v —F 0¥ (Church numeral) 549X Afz.z, Afz. fz, Afz. f(fz), .. &
0,12 .. EWHERIIHRKTSLW) BT, co, C1, C, ... & 3N, —RRIC Cn
(=g

Ao (1 (f2)--)

~
n

=

EWHAFTLIRTHS, 22 Tplus LW FTLIRERDLIICEERT %,

mnfz.mf(nfz)

T%Y¥. pluscycy —ﬁ»cmHl ¥ 5,

fIL62 LD BREMNE. m=3,n=2RLrOEKFAEAVTI RATY TFH&E
WTHELND L, 2F Y,

(Amnfz.mf(nfz))(Afz. f(f(fx)))(Afz. f(fx)) = - = Mz f(f(f(f(fz))
Y %2 ERYE,

SISE - DHELREDLORHLI LRIV ERT 52 UHNTRETH S,

M L63 RDEMEF +—FOBIIHTE25L9R L LTEELE L,

1.22r0 — 0 THEH D EHET BiREE
2. mult — " ITE

3.pred —1 %3 <BA% (&)

4. sub— 3| =H (pred %A ILHHE)

8 2 2 Tpair # A\fsd.dfs L\ WIS LITREEERT S, /-, fst,snd 2%
nxi. Ap.p(Afs. f), Ap.p(Afs.s) ¥ T3, fst(pair M1 Ms) LS M ThH
Y. snd (pair My M,) LS M, t% %,

f1L6.4 L3 BEEHE 1 2Ty T HD>EVWTHEID L,

RIL65 YR MERIBT S8, cons, nil, isNull, car, cdr \2XFKT %5 L
9\‘5&; & i%ﬁ; o

Yarex—9-—
ZL9K M. (Az. f(zz))(Az. f(zz)) Y L3,

YF 2 Oz F(ez)) (2. F(zz)) Th o4, 206E0%E U LBL L.

B B B B
UL Fru S FEU) S S R (FU) - ) e h B2 e abnd, U
T FOTEBELEZONDO. Y DL 2 TEHAEET (fixed point
operator) Y 63, THLHIRY IBREAKEERTSDICAVSE 2 T
x5,

BIAIE. factt W3 5 LTRERDE S IERT 3.
Y (Afz.if (zerox) c1 (mult z (f (pred x))))

NI, BRLAHDEROBEBEEERL TV 5,



1 L.6.6 LD fact "'FEFROEABEERAL TVWBEI %, 3 BREDEKNLEF v
—FEERAWT, oL, 2L zero, mult, pred 2 D5 LT RIET TI

B
EEINTVEHLDLRELTRY, (2F Y, predcs — co BEIIRFN R
TYTEENRLLTRY, )

factes = Y (Afz.if (zerox) 1 (mult z (f (pred x))))cs
4 Ucg 22T F = & Afz.if (zeroz) e (mult z (f (pred x)))
UL (e F(zz)) (M. F(zz))
i FUcs

g if (zerocs) c1 (mult c3 (U (pred cs)))

B

L7Z0ENF D

METS LTFHED, BRLARRLNS, AR TSI TEELAERT
ZEDNTELZ LW Z e hh s, i < Y BIRE Y FGEEG C 0 S
B, BRRCOT—IRESLIHBENOPTERRTZ2 U TRETH S, &
202D F LA EMTHZLVIBR/LLUEBNEZICTES (FG1L, 2
7@7A9tﬁ#ﬁ1%étw BRNVBEICTESZ0IE,. FREVEET S
BErTH2, ERENIBEELLZVILIRDIFEITIE, BV BBNTSE
RVWDIZ, "BAIL"Y LAEZLONE VWS LIRDNHEET 3, 24D Dy X Pw
72 ¥ DA (domain) ST 2BV EREHTH 5, ).

BIEMICIE, JYEME TOIS I I2ENE%RESLIA L LTERRAT S
CrLHMEETH S, LoLid s, ERICTRTDAESMBRL S LTHET
HRT B, BNSLRYTETLEVAALTH S, Haskell ld. EAXRYIZIZS A
FHEIL, WARWERRERNLGHEY BXLOEK) LEERBEIITLEEN
Lz (Fo) 7as53>72ETH5,

L8 T5IZFE LS mY WADEDIC...
ik [1] 1. 1R ERH http: //www.kurims.kyoto-u.ac. jp/~cs/csnyumon/ A 5

FIIND, ZOHBDABICSLIHEDRGNH S, B [2) 1&. S LTHE
IZOWTTEICEHLTVWS, XEBID 12FBIZLSLITHENREHNI D 5,

1. HREHR=- RANEA -BILH I>Ea—9H4 >IN —HE
¥ 7’a g S LEB%RH) BKRENE, 1999 &, ISBN4-00-006190-9

2. B EF Tt —stETREM L T4 93y RAFEA, 19915,
ISBN4-7649-0184-6

37t vy 4 (MHER) "T7TorsI>rsEZnBaviEs, 7YV
-7z XL A,1995 F, ISBN4-7952-9663-4



FS5E EF PR BEENER

IouﬁﬁmtmuH%mum%ﬂ%fﬁ%ﬂvfnéﬁi&®%+Pf%é
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 %,

1.

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

. Philip Wadler, "The essence of functional programming”

19th Annual Symposium on Principles of Programming Languages (invited
talk), 1992 £ 1 A

. Philip Wadler, “Monads for functional programming”

Program Design Calculi, Proceedings of the Marktoberdorf Summer
School, 1992 & 7-8 A

. Ralf Hinze, “Prological Features in a Functional Setting Axioms and

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

. 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



%PE Prolog ¥ % A\

Prolog&. EFEINSZ T TSIV TEBOMRENIE. boLd
RENGLDOTHS, WERIETR., "~Rold~ rvwHimEANERY
2707 5LHR L, HREADIAEZ OIS LDRTEART,

Prolog % ¥ ORIBAI ZE KB LS L L TIL. (#—
1£) . BRY) . RENEIF LN,

P.1Prolog TH 70753127

Prolog Tl T~ 51 d~) YWHIRBRNEE Y 2707 5L0HRTH. 2
D T~ OEDEHEKT 205, ROLILHEATH 5,

wEE (I, -, Bp)
Otk b% (7 b4 (Atom) . BEEERCCLFRZ L H5S, )&
i3, M) I3 - XFINREDEBRCER. HHVEN R DT — 91
BRETHD, "HhE, ZEBRMICIIE .., B, OBOBHREET. FIAE
father(adam, cain) ¥\ R®ERIE TAdam 1F Cain DR TH 5, c\ 5 E1A
P

Prolog ® 7’0 7' 44, (Horn clause) " FiEN2HRNnEFY T
Hb, F— LI,

ERER, - ERER,, -, EREN,.

EWHATHS, (BREIILTEIAFR () »SETHS, ) M-, IEEF
DR (<) EEZHNERV, 2F Y. THNIRIERER,, .., TREX, VTR
Yo% 51E, RRERg BRYILDEWIHIKRAETERL TV S,

R=—28n M-y OEQANICEEREBAET—DODETHY . TN%
(head) ¥ ™3, T:-) OBEBIOERBRAD L TIE (body) r o

[ARYY
B Z 1L

grandchild(X, Z) :- child(X, Y), child(y, Zz).

. X XY, YYEZORMIZchildeWHIBEE»HS X YDFTHY., YH»ZOD
FTH3) 51, X ¥ ZDOMI< grandehild ¥ WIH BRI H S X IE z DFHRT
H3) LWHRAMNERRTVWS, 22TX Y, ZEHKTHS, Prolog DEHIL
X, Xs, YDLII, PILT 7Ry +bD (HhrWE7>9—2a7 T_3)
"5 E ST (L) 2FERT %, — A, IMXEISIECFE BHANF
3. REBEOEBAFREDERICHAINS (Haskell L &< HLRDTEET %, )
o FRIZCDELSRIBIZEKELTHLRVOT, EEEZMEA L ARAIL, EE
ISIXEBNAERIZELTVWSEZ XIIR S,



FR=CEDIBRT 4 =Vt % (fact) ¥ 29, ZhD¥x =L,
o) £48T 3, (XFOEYFFRIRETHS, ) FHlAlL.

child(hidetada, ieyasu).

I$ hidetada (FB) 5% ieyasu (RE) OFTH5, tWHBEELRMAL TV
%, 2 27T hidetada, ieyasu [Z/INXENSIECEF 2D TERTH 5,

Prolog 7075 L1k, 2OLIRK—2Eh (BEEED) 2EHHLLNTH
3, BIZAENRNDRARERT 7O IS5 L0—FITRDL S Ik 5,

grandchild(X, z) :- child(X, Y), child(y, 2).

child(hideyasu, ieyasu).
child(hidetada, ieyasu).
child(yoshinao, ieyasu).
child(yorinobu, ieyasu).
child(yorifusa, ieyasu).

child(iemitsu, hidetada).
child(tadanaga, hidetada).
child(masayuki, hidetada).

child(ietsuna, iemitsu).
child(tsunayoshi, iemitsu).

CHESIBTOTSLETFAILIHERL, REBZIZO— K (Prolog Tl fz#k
IZ consult £\ 5, ) T %, flA L Windows £ TEET % SWI-Prolog ¥\ 5 &
BATWEA=2—0 Filey — Consult..; TFOI7S5L774/IL%a— KT
522ehTES, 7075461, ToLIRE-—CHOEFY IHLTHEMY:
KBz rlckYiegEN5s, Prolog DREBRIE M- ; WS 7Ta> 7 i Y
AT20T, ZOHLICEMEANAT S, (HAEBLREZEICLTE) F FOSE
ThHs, )

?- grandchild(hidetada, ieyasu).

No
?- grandchild(iemitsu, ieyasu).

Yes

1 ZBNEMIL. Hidetada (FH) IF leyasu (KE) DFEH? Lt WHHEMBTH
%2, TNRITO 75 LF0RBNPSEBHTERVDT, LRERIE No tEALTW
%, 2FBBOERIE. lemitsu (RA) IRENFEI? L WHHEBTHS, 21
I$. child(hidetada, ieyasu). ¥ child(iemitsu, hidetada). ¥ \* ) =D>NE
Er

grandchild(X, Z) :- child(X, Y), child(y, 2).
EWHAR—VENLEHTELZNDT Yes LEA TV 5,

T 512 Prolog TREMOPICEREZEHE LN TES, T5K Prolog DALIE
RlE. TOEMEKRY ILEE S rEAT S, BlAE,



?- grandchild(X, ieyasu).

WO ERBIICHE L T,
X = iemitsu

EVIREEAT S, TIT. YIS F—EMTLIATESTLE I
T EAATRE, TLIBIMERTILEIUHTESD,

X = iemitsu ;

X = tadanaga ;

X

masayuki ;

No

BRI —MRICEROERERELENZ 2 LHTE S,
- EWER,, -, RRER,.

CHLH LR ruig 3, BEAICIE, ERAERBEINNSTNTKY 1L
20? (KY AL ELIREBNDRANEET 54?) tWHOHBERELT
W5,

P28—1t (=744 —>Ya>) tiERY

o TIE. Prolog D70 TS LDRITHEERHT 5, BALMBEICT S
HISL T BMIIWLKOrDEEETERL THL,

2OULED REEREED) ZREA1H Y. BRICETDLAANELT. 21
SNEMERNEZI ALK A—DENIITZZUNTEZLE, TNLDERE

Al (unifiable) THB VS5, T, TOBEFENRNE
(unifier) ¥\, BlzIE, RO 2 >OEHRER

pa, Y, 2) & p(X, b, 2)

lEX=a, Y=bEB RN L TEEATETH S, E—(LTEEREFIL. B
BLELZOIEN (R —M&7%) BE—KRXN (most general unifier, ) T
H5, BlilE, LoBITIE, X=a, Y=b, Z=clWVWIRANLE—RANTH
59, BMBEDHELDLY — B THS, EE. COFDIFEIEX =a, Y = b
MGU 2% %,

rarsoshnr—

P:=0Q1, Q, -, Qn,

D~y FPARBER (6) tE—bARER LI, ZOHR—EHILGIC
t\f\:)o

Prolog ® 7’0 7' 5 LD ETHEIE. ROLHIcFrHons,



1. T—ILEIF D ZWEAICH L, AT R—Ee#
N BATESZR—VENERH ZIL. 7075 LHI
K= 53 A5 (Prolog * EIARZ L L TRARICIE, 22
T, "™RbAE; . THRIIEINTVSE) Y WHBRET HHIC, A
RrLToANELH->TLES, 2FY, TOLIRFHRELERITN
SHATE ST ORBANIGEATERSAR>TLE I, LHrL, 7O
7533 7FB/E LTRLEE. MREERT Z-DITLBRFIRTH
%0 )o

2BALBRTEER R —VEHISHLT, TOMGU 2 T—LEDEKY DER
BRIEAL, 6T LEBPORERRBENE., L TEBALR— >
HORT4ICMGU 23BALEBDEBEHZ 23, (F—YEHORT 1 —
DWW EIE, REZGBEALHET, )

3L LBATESR—VEN R IFNIE BRY ( ) LT,
VEDDRDIT—ILEHPORBEANHSREN SRV ET., T LT,
ZORBMENIGEATESH— VD) BIROMER TR,

4 T—LEICERBAV R RNUL, 7075 L0RTERT L. TOBF
BONEEBNODRNEETT 5, EHREIANTEHNL. 1. IR S,

BRmIC,
?- grandchild(X, ieyasu).
YWHAT— LB THOEELSHBETE2XIcT 3, FFCnT—LBNELE (1

Lo wadY) RRERIL grandchild(X, ieyasu) TH 3, ZHIHEATE %K
—2ElE. SnTu s LT,

grandchild(X, z) :- child(X, Y), child(Y, 7).

Lk, BRE—ILRANIEZ = ieyasu TH B, THrIT—ILEIL

- @

ICEBIN3S,
RIS 2TOHBED child(X, V) IGERATE 3B MOK— 8,
child(hideyasu, ieyasu).

THY. MGU 1L X = hideyasu, Y = ieyasu ThH b, T 5 ¥, T—I/LEIL,

IZE#;ENS, LA L, COT—IILEICERATE 2R — V&L W,
Z2TC. Lo Qe z22FTRYIESw I L, ROBETH S

child(hidetada, ieyasu).



NERAERAS, LIES<OHWERBIINYZ bS5y InkEs, BRHIZO
HIT—ILERIZKT L.

child(iemitsu, hidetada).

YWHIR—EIFRIN, TDOY T MGU IE X = iemitsu, Y = hidetada ¥ % %,
T5r., I L&,

ICESBIONSG, ZNETCICHEATESZR—CENIES2H Y, T—ILEgH
FEIIh->T, R L TR

X = iemitsu

NHEAINSG, 22T N DAAIND L, ANV T IV IR 5,

F—rH0ERIIPLUEE - ARV ZEORBTELOL I RN E L
52rbTESEH, B—bICLYFUHINSA (R—FHo~y F) 5
UETR (T—ILE) ICERISHENE I H B, LW ZEHREREE
BB R Y23 THS, BlAL.

?- child(X, ieyasu).

EWHIEE LI LTI, X = hideyasu (2 % \L\E hidetada, yoshinao ---)
WS IERA, FUHINALA» S, FUELAAIEAL 515,

Prolog DEIIHR LB EENERLER Y. VoA B—LICL YEIRANT
ML, UBRIIEEZZEEINS 2 LRV, L. (F) BEEZZIEK
YHEL Y, BMIEV > ATE (unknown) BEZIRSZ 0N TES, 20L&
IRIREVET EEHEII—ARIC (logical variable) ¥ "#iE 5,

P.3 PrologT® ') X +A3E

Prolog T') X bdiEAIdEEL T, TEYY. AR ([ 1) THAAT,
[1, 2, 3L HITEL,

T, RBEOEBEERINX T, RBEETRCERYDEENLR D) I M Xs THB L
i) 2 ML Y {ZILEIMND, ZHIUE Haskell D x:xs £ WIHIEEHITHEY
-a—%o if:\ [1, 2, 3] ti O)B]%I_%!‘Eli%?\\%%o

Prolog T? ') X b %3## (append) T 567’07 5 LIRD L H IR TE B,

myappend([]1, Y, Y).
myappend([HiX1, Y, [H{Z1) :- myappend(X, Y, Z).

TN 1T EBOSIR 2BEBDFIKNERELARBR)IFEBEOIIRIR S,
EWHBMREERL TV S,

BlZ L, 11, 2] ¥ [3, 4] DEBEIROLI IZKHEN S,



?- myappend([1, 21, [3, 41, X).
X =1[1, 2, 3, 4] ;

No

B P3.1EBIS, oL ) RERMESZ %, LITRLU K Prolog DEITHE
TIRT Y TEOWRL L,

LtOMEBNTHBZ NS, BEEXIZEIZODEENTE (X nFfF,
MOEBENSIBEICEZ > TV, BENEENDV-> LB TET S LI Tas
SLEELZLLEBETH S, Flaid,

1 myconcat([]1, [1).
2 myconcat([XsiXss], Ys) :- myappend(Xs, Zs, Ys), myconcat(Xss, Zs,
3

SR VRO RFEFIER Y I MIERTZ 0T SLTHS,

?- myconcat([[1, 21, [3, 41, [5, 611, Xs).
Xs = [1, 2, 3, 4, 5, 6] ;

No

M P3.2EEIS, LoL I RER»ESZZ %, LITRLUK Prolog DEITHE
TIRT Y TR L,




Z O myappend N EE 2 513D Zs 1L H ¥ D myconcat DEH L TENEE %, F /-
myappend D 3 5D vs IE LIS K D, REVHREER TR I THRHONS
Jriiie s,

COLAHIT cdr B REBEKICE->TWE YR MR (open list) ¥
V3. B R REPrologTY 2 kR BB EDNE A T 1 F LTH B,

T 512 Prolog MEH L BW\WY 2 514 myappend DHEREDFHEDL TEB L W)
2eTH5,

?- myappend(X, Y, [1, 2, 3D).

X =[]

Y =[1, 2, 3] ;
X = [1]

Y = [2, 3] ;
X = [1, 2]

Y = [3] ;

X =[1, 2, 3]
Y =[1;

No

COFTIZERELTO, 2, 3183 2O0DYR MDD, IRTHOTEEREE KD
TWBZYIihB, 2—H—=H T, FXATELELINNY T Sy 7% 2Y
NEEETRT %,

1 P.3.3 & = 0 myappend DT ENTESZ v %, R T~ L7z Prolog D EAT
FETERICT 2Ty TR L,






#£6% %% (continuation)

ZMHETIE, goto X° break, continue B YDV v > THALICE%REY 52 51

FoYe (continuation - rH\vwi) o EEANT 5,
BffEldESENIZIE 2£T, Bl RoLHICconryas
S5 LTI

int main(int argc, charx* argv) {
printf("The result is %d.\n", 1 + fact(10));
return 0,

TROBYOERIE, 7O 5L0K)DEY) —12B2LTZOEESEAT
5, tWIHEBRETH S,

YL 70T S LRERTEL,. 7075 L0ETHEIFMS0 OB T 0
MOBREFFLTIVWSIRTTHS, WMEL NILTIE, FEHEE

(program counter) ¥ DY T 2, Vr>THLER
R 570103, ZOEROBII EHRNICIR) LENDH S,

EFEN e Y —ENETEIX, BEE OS5 BERHICIRS 2
YE#EEEIZLTWVWS, 2HIcL->Tall—F> (coroutine) ¥, SFXF#
BEATHR WHIHEBEEERRT L2 L9 TE 3,

COETREROBIETEANL, TOTIIILRALTRBNT 5,

6.1 EMNHES

45 (continuation) MEF+ FIFEIMTIRD L H I Ah 3,
7 74 )L Cont.hs

newtype K r a = K ( )

unK :: Kra->(->r) >r
unK (K c) = ¢

instance Monad (K r) where
return a K (
(K m) >= k K ( )
-- K, unK D7 IFHNIL.
-——m>=k=\Nc->m(\a->kac)

BEICIE r R OB, a > r 0VERT (KRR RITINERAE) oBIR

%, return ald. #HEHE (c) I FET. m>>= ki, BH (c) »
YrWoOHmE (WNa>kac) 2nllET, mlidREIZZDE
HERVETONERLH), ERELAY, hoEE*IVELAEZYTSZ2EE

TEETH S, TN, Vv > TR EDBFLIIHIRT %,

6.2 UtilCont — /= &E XN



Util IZ break, continue % ¥’ % EANT 58I, Expr DEHRITRD L 5 I12H
KT %EMT 5, /2, goto XEFEANT /8. INILELEANT 3,
7 7 4 )L ContType.hs

data Expr = Const Target | Var String
If Expr Expr Expr | While Expr Expr
Let [Pecl] Expr | Val Pecl Expr
I I

I

|

i Lambda String Expr | Delay Expr | App Expr Expr
- ZCETE utitte@L
I
I
I
I
I
I

Begin [LabeledExpr] - JOwvy
Break -- <span class='courierb'>breal
Continue -- <span class='courierb'>cont:
i Goto String -- <span class='courierb'>gotos
deriving Show
type LabeledExpr = (Maybe String, Expr) -- IXNJL{FZTFDI

NI T B EZ#ETr LTI,

Expr — begin LabeledExprSeq

| break|continue |goto Var
LabeledExprSeq — LabeledExpr end | LabeledExpr ; LabeledExprSeq
LabeledExpr — Expr | Var : Expr

*BET 5,

%F%Z:G) UtI|COI’]t _(\‘li*%/%ﬁt Y Bl:jﬁ%)@)\&ﬂ {)*&\:\f:\:\@_(\‘\ %‘I‘ﬁ O):E'}— |\\‘
B KZOLOTERC, "REDE(L E MR L L THOK (ST (With0 s)
Va (LAZOR) £¥5, 22 T s BREODTHS,

7 74 JL Cont.hs

newtype KST v s a = KST (

unkST :: KST v s a -> (a -> WithI0 s -> (v,WithIO s))
-> WithI0 s -> (v,WithIO s)
unkKST (KST m) = m

CHOKSTDEBRICHHE T, set R RRBICEAT2EKLETEL THL,
7 7 1 JL Cont.hs
instance MyState (KST v) where
get p = KST (\ ¢ (s,i,0) —> c (fst (p s)) (s,i,0))
set pv =KST (\ ¢ (s,i,0) > ¢c O (snd (p s) v,i,0))

instance MyStream (KST v s) where

readChar = KST (\ ¢ (s,ch:i,0) -> ¢ ch (s,1,0))
eof = KST (\ ¢ (s,i,0) -> ¢ (null i) (s,i,0))
writeStr v = KST (\ ¢ (s,i,0) -> ¢ O (s,i,o ++ v))

abort :: (WithIO s -> (v,WithIO s)) -> KST v s a
abort r = KST ( )

FT2Yr, set pvIIRED p TEINBZMUEICVvEEY FL. O ¥ LWVIREE
LHEIET,



F7. abort r IRENEELTE AL TCr LWOHEL2EHROFTENER Y LT W
L, ZNISHE*RPTHRIET S X ICHYET 3,

Const, Var, Let B I L TIL comp XEET 24 BII R, BEINLE LD
3 B, Goto, Break, Continue 1% F % comp NERIIUTOL I 1%k B,

7 7 1 )L ContCompiler.hs

mkGoto L "()"

mkGoto "_break” " ()"
mkGoto "_while"” "_break”

comp (Goto 1)
comp Break
comp Continue

mkGoto L v = TApp1 (TVar "abort”) (TAppl (Tvar 1) (TVar v))

2 2 T goto, break, continue IO\ T, Z#ATL L2 TN TN ULl &
Haskell D3 TRAT % LIRDFICKE B,

v —2 (Util) 9 —/7v b (Haskell)
goto label abort (label ())
break abort (_break ())
continue abort (_while _break)

—7 goto label, break E XN T4, BENEKEIIEE L T, label, _break
EWHBFICREIN TV BB LR T H2RNIERING, TN T v >
TS T 5,

¥ /- continue v, WMEDNEMMITE B L T, _while E W HIBRFICKEINT
WABEEIZ break E W IOIEHEEZIET,

¥ 23 CTwhile ~ do ~ IZXtL Tld. break |IXST 284 % ZEICIEMT
LRENH L. ERNVOCEHIIL B,
7 7 4 L ContCompiler.hs

comp (While el e2) = compWhile el e2

compWhile el e2 = TApp1 (TVar "KST")
(TLambdal "_break”
(TLet [(Pvar "_while”, TApp1 (TVar "unKST") body)]
(TApp1 (TVar "_while") (Tvar "_break”))))
where body = comp el ‘TBind‘ TLambdal "_b"
(TIf (Tvar "_b") (comp e2 ‘TBind‘ TLambdal "_"
(TApp1 (Tvar "KST") (TVar "_while™)))
(TReturn (Tvar "()")))

v —2Z (Util) 9 —4vw k (Haskell)

KST (\ _break —>
let KST _while = ¢ >>=\ _b ->
if _b then € >>=\ _ ->
KST _while
else return )

while ¢ do ¢

in _while _break)

2 27T, _break | *EZTEHE T, _while _break I&
FERTERTHS, N5 DEKH. T4 T4 break, continue IIXHRT %,

Bz £, UtilCont 70754 (BlIEXT 2 CTassL) .



foo = \ y -> begin
set xP 1; set yP y;
while get yP > @ do begin
val x = get xP in
val y = get yP in
if y == 10 then break
else if y == 3 then begin

set yP (y - 1); continue

int foo(int y) {

int x = 1;
while (y > @) {
if (y == 10) break;

else if (y == 3) {
y--; continue;

end else (); X = X % y;
set xP (x * y); y--;
set yP (y - 1) 3
end; return x;
get xP
end

232/ ILF B ¥, JRD Haskell 7 7S5 L0 B 515,

foo = \y —>
set xP 1 >>=\ _ >
set yP y >>=\ _ >
KST (\ _break ->
let KST _while
= get yP >>=\y —>
if y > 0 then
get xP >>= \ x ->
get yP >>=\y >
(if y == 10 then abort (_break ()) else

if y == 3 then
set yP (y - 1
abort (_while _break)

>>= \

->

else return ) >>=\ _ —>
set xP (x * y) >>=\ _ >
set yP (y - 1) >>=\ _ ->

KST _while
else return ()
in _while _break) >>=
get xP

2D foo MBI Integer -> KST a (Integer,Integer) a Integer TH S H 5,
B ET o3, BRemiAssi GRE. \ as > (a,s)) . MEAKE
(((0,0),", ") 12 ¥) =EITHENHD, 22T

N
-
~

evalKST st s

fst (unkST st (\ a s -> (a,s)) (s,"”,""))

YERT S L,
11) (0,0) |&

evalKST (foo 9) (0,0) DAERIT.
2% %, (£%:9! = 362880)

12, evalKST (foo

T Lllgoto T 2BH%EEAS0ICIE. 70v 7 (begin ~ end) D%
N, "SRIVICHEY B ER T 5 A 50BN H 55, Begin IS T S comp DE
BERCES>TLEINT, TZIIRTT, EHRAT L ERZOBOFlOAH LR

KR
v —Z (Ut % —4"v k (Haskell)
begin KST (\ _end -> let
1bll: sy bll = \ _ -> unKST §; 1bl2
1bl2: sy bl2 = \ _ -> unkST §, 1bl3
1b13: s3 bl3 = \ _ -> unkST §3 _end
end in Wbl1 )




2D sy, 8y, 53 DHITIE, goto 1bll, goto 1bl2, goto 1bl3ANEIFNTW5
nE LNV, =4y b (Haskel) 7’0875 L F DA F bl1,1bl2, Ibl3 I
REINTWBDIEZTNZEN., BIZDS5NIL 1bll, 1bl12, 1bl3 I T S84

T<hH 5,
BIZ L, SR UtilCont 7’07’5 4 (BT 3 C 7T asss)

bar = \ _ -> begin int bar(void) {
set xP 1, int x = 1;
Labell: labell:
if get xP > 100 then goto label2 if (x > 100)
else O; goto label2;
set xP (get xP * 2); X = X k% 2;
goto labell; goto labell;
label2: label2:
get xP return x,
end

IRD & ) % Haskell 7’0 7S5 Llca> /1 LEN 5,

bar = \ _ >
KST (\ _end —>
let labell = \ _ -> unKST
(get xP >>= \ x ->
(if x > 100 then abort (label2 ()

else return O) >>=\ _ ->
get xP >>=\ x >
set xP (x * 2) >>=\ _ ->

abort (labell ())) label2

label2 = \ _ -> unKST (get xP) _end
in unkST (set xP 1) labell)

%Z L T, evalksT (bar () (0,0) Z&H@dT % k. MR 2k 5,

R 6.2.1 R C mEA% ¥ IZITRIZ % Haskell DEA% % £+ F 2 AWV THERE L,

int hoge(int n) {
int i = 1, sum = 0;
while (i <= n) {
sum = sum + i,
if (sum > 21) {
sum = 0,
break;

}
i
}

return sum,

:i+1;

THER T bR Y gotoXESRALERNNY T4 —a— Rid, #&F. HEBRRE:
2RATELEZLEEETHY. TOTSLDEERNSHNYIZSLKKR S,

6.3 callcc ¢ I&

2T THBNMNT 5 callee |& Scheme X Ruby " Y9 #A L T\ 5%, FoJ5~v—
VEMETERBRETSIUNTES TS 3747 THS, Scheme TlE call-



with-current-continuation F 7= ld. &B& L T call/cc ¥ &<, (Scheme Tlt
R HEABEN - L TEAS I LISERT S, )

1318 DEE thunk 12XF L T, callcc thunk D& HIERT 5 & %
1% ¥ LT, thunk 2 UHT, thunk DA T, ZOEMREFVCELIL, FH
LOERIIERINT (=T +>7F L) | callece 2 FIIN/ L TnEREICIZ
DIEHRENS, —F thunk 2B EFUE T2 IFMIL. thunk BEDR Y EDS
callcc AHRNEYEIZR S, TF. M) ETILRAFlL LT,

baz = \ x ->
callcc (\ k —>
100 + (if x == @ then 1 else k x))

YWHEKEE LS, T2 Thaz 0 2 fHET 2 LBICE LENHEIN, &
(= 2% %, —FA., baz 1 DFEIE, BRI FUHINSZNHTI100 227
AR F Y TINT, BYEIE i3,

Frcallecc DL HBENHIE, try ~catch YRAILL SR RBBRETH %,

multlist = \ xs ->
let aux = \ xs -> \ k -> begin
set xP 1; set yP xs;
while not (null (get yP)) do
val y = get yP in val n = head y in
if n == @ then k @ else
begin set xP (get xP * n); set yP (tail y);

writeStr " ";
write n
end;
get xP
end in
val result = callcc (\ k -> aux xs k) in begin
writeStr "; result = ";
write result
end

OBV R MNDERNVHITES RO S, BEEOFIZ0OHNNE 2Bk, Kig
BEd U T multlist @ DEIL 125 5,

LI REBBHEE LT S51E, EEBEOMAEEIC callee D L 5 % RHSH Y Ao (L
FEWNTESREIIR Y, callcc DRBNBER IINL—F >R EDERTR
WEIEE SRR TES L2 512h 5,

6.4 2/)L—F > (coroutine)

AL—F v, 2OUEDTO TS LDEITHEAD.
BELETINTWCARNDZI Y TH S, H7/)L—F > (subroutine) o & 5
IS, EITREMOMICELB L W AHEBBARIIR L, JL—F2EKT 5
BredIL—FIZETTELRBETH 3.

Bl 718,

increase n k =
if n > 10 then O
else begin writeStr " i:"; write n;
increase (n + 1) (callcc k) end;

n n



decrease n k =
if n < @ then ()
else begin writeStr " d:"; write n;
decrease (n - 1) (callcc k) end

YWIHI2O0EEEERLT
increase @ (decrease 10)

EWIRNERITT S L,

tHAINS,

EE:EIE. 2o Ut 7’9275 4% Haskell 123 3BT S5 —
IR, ZoFFTlEa> /N IL - EFTTERV, I,
callecc DEHNOB Y RYEDRINR — IR ZLENHEZD0LTH
%,

WO MY v xF—REBET LY, B%REZATICRMITTEE
REBICEIWANTRET, LROL I RETHRIIL S, Ly
L. 22WEaAL—F>OT7ATT7EHAT 00K LRNDT, B
T ETEODF) Y 7OFMIILENLR N XIZT 5,

. Scheme Tl&,

define (increase n k
if > n10) "0
begin (display " i:") (display n
increase (+ n 1 call/cc k
define (decrease n k
if (<nao 'O
begin (display " d:"”) (display n
decrease (- n 1 call/cc k

DL KT I2EEEERLT

increase 0 (lambda (k) (decrease 10 k

YWHOREZETT B LEROEANELNS,

2 2Tl increase ¥ decrease ¥\ 2 DOBAEHOIKEIZEITIN TS Z ¥
PhHh 3, ALY FEMTWED, 2ODIL—FUHEBFICEITINSERTCILY
LN,

Ffcallec ld, AL—F>IcZNE TIBNLAET SR (try ~
catch) XRIEREMRENDT Y I T 47 H, callecc 2AVTERTESZ b
N>TW3, HEIE®RTH—ILeA T4 —RTYVIFT14TTH%, LHrL. %
DFHEMORFIZOVWTE, 22 TITEITT 3,

6.5 callcc M &IR



e NDEEE UtiICont IZ callec 2EANT BI213, #EmzBEHRr L TETLHN
—F2RAEBETHNIETRV, callcc IIHRT 3EABNERITRDL S ITH 5,
7 74 JL Cont.hs

callcc :: ((@ ->KST vsb) ->KSTvsa)->KSTvsa
callcc h = KST (
)

\d->ca
C

-- KST, unKST A& NnIE
-- callcc h =\ c¢c > let k a =
—-- in h k

ChHcallecc NEZERFTAWVWLMNTWVWS K IFRENESE (d) 28T, ¥+ 7F
v—3INHEE (o) *FUETEVWIHIREETH S,

2/ S5—IEHIZ callce ¥\ ZETD UtilCont % %= Haskell ® callce
IZa /A ILTNILR,

v —2Z (Util) 9 —4w b (Haskell)

m >>= \ _x ->
callcc _x

callcc m

F 7=, head, tail, null, not, show %2 ¥’ 1 3| ¥ CEIMER 2 /-2 WEKIZ. kD
EHlcar 4 ILIn3,

v —2 (Util) 9 =4 v k (Haskell)

m >>=\ _x ->
return (funWithOneArg _x)

funWithOneArg m

Bz L, ZIZBALE UtilCont 7087 5 A multlist 2a>/3( LT 5¥, R
? Haskell 7’0 75 B osns,

multlist = \ xs ->
let aux = \ xs ->
return (\ k ->
set xP 1 >>=\ _ >
set yP xs >>= \ ->
KST (\ _break ->
let KST _while

= get yP >>= \y ->
if not (null y) then
get yP >>=\y —>
(if head y == 0 then k 0 else
get xP >>= \ x >
set xP (x * head y)
>>=\ _ >
set yP (tail y) >>=\ _ —>
writeStr " " >>=\ _ >
write (head y)) >>=\ _ —>
KST _while

else return
in _while _break) >>= \ _ —>

get xP)
in callcc (\ k -> aux xs >>=\ _f ->
_f k) >>= \ result ->
writeStr "; result =" >>=\ _ ->

write result

THrE

evalKSTIO st s =



let (_,(_,_,0)) = unKST st (\ a s -> (a,s)) (s,"","™)
in o

YEHT S Y. evalkSTIO (multlist [1,2,3,4,5]) (o,[D X, “ 1 2 3 4 5;
result = 120" &R L.

—7%. evalKSTIO (multlist [1,2,3,0,4,51) (0,[1) I&" 1 2 3; result = @"%
B, 2FY. 0 RNARFETERELZIT BT > TWSZ b 5,

6.6 TL5ICFHFLC Y EVWADESHIC..

BT A3 XERIIBES < H B, [1] I d8ED TH8 R, 125w T, IRYIER-T
WEBLWEDTH S, XER[2] 1E. call/ecc BNHBES®RT T+ —IL~vA T4
— THBZCIIOVWTOHBA 252 TV35, XER[B]IE. Java e Y& 4dR

EEIC, call/cc DEILREELZROIARL —F — 2EANT EHEZRR TV
%, X#K[4]lE mfixU R EDTREREEFICOWTHEIL TV 5,

1. John C. Reynolds, “The Discoveries of Continuations” Lisp and Symbolic
Computation, 6, (233-247). 1993 &

2. Andrzej Filinski, “"Representing Monads” 21st ACM Symposium on
Principles of Programming Languages. 1994 &

3. T. Sekiguchi, T. Sakamoto, and A. Yonezawa, “Portable Implementation of
Continuation Operators in Imperative Languages by Exception Handling”
Advances in Exception Handling Techniques. Springer-Verlag, LNCS 2022.
20014 http://www.yl.is.s.u-tokyo.ac.jp/amo/

4. Levent Erkdok, and John Launchbury, “"Recursive Monadic Bindings” Proc.
of the International Conference on Functional Programming. 2000 £






#£SE Scheme 25 A9

Scheme |3, Lisp D—HETH %, Scheme IFFAKBZETH 54°. Haskell ¥ B
) BEANORNR CHLVWRERERL TV 5, FABEFBTIE AR,
MBI ELIEHET 5. ETHMEHEAL W5,

S.1Scheme THh 7’075 3>

R¥GE A

B%#E A (function application)lZRD &L I L TH %,

o (BE%R 518, 518, - 318, DLHI% (parenthesis) T < » 7z
AN7
Scheme TlE + X X R OEMEETFIC, BED (infix notation) Tl
<, (prefix notation) # A% 2 X 0B TH %, FlAIE. (+ 1

2) tWHRTIE, T+ 2°B% (function) , 1 ¥ 24318 TH 5,
EHERA
Bl Z 1L,

(define x 5)

YWIHART, SEVWIEOASE "X EVWIEZHDOEHZRAET S, THNURIE
x LN EEIE 5 ICEHMEI NS,

Scheme M35&. REEOFITIE, TILT7 7y b, BFOfIC
+- .k /<=>12:$%_8&"~"

BREDTEETAVEZENTES, (BBEZAZARIA) TLI7RY +D
AXF NI FIL o (m#F Y., Japan ¥ japan I& ZHTH
%O )

Frset! LWHARRICE T, ZHNOEEEETSE (RATBLWI) 2
TE5, (CEHEN "= BEFIIHRT 5, )

(set! x 4) B xDEE 4ICEET D, \
i TNLLETNIC x%Z definel THELHREBELH B,

Z#d, Scheme #° rLTofllmt#E->2 2R3, . Scheme
TE Ty DSTREITHAAL FTH S,

UV

YR MENAT B0, BAHALBEE list AV S, list IEEOEKNT]
BEIRZ2eH9TE 5,



> (list 1997 5 6)

(1997 5 6)
> (list "kagawa” "university")
("kagawa" "university")

B2 (1997 56) Y AHT B YL, Scheme DAIRZAIL, 1997 Y WHBEKE 5L 6
YrOWHSIHIEAL TSN E e LTLE S,

Zn & HIZ, Scheme (—fRIC Lisp) TE/AMEIR TG . Ny A
2ODERIELONS, 2 —HOANATZFIET J
NEKRIC, REAVSEAT S T 1 DERICR B,
Lo YEHIZE 2 - TR #ANAT B, REBARIL
TnE "EBER, KLBRTINTH S,

LI BRBRAOKRE VL Lisp DBRATDRTHZ, —4
TRANLETHLH 5,

. J

t@ZnF—918 ™) (72— b5 - 3ARES) TAVTRDLIICEANAT
x5,

> (1997 4 22)
(1997 4 22)

T, 1E. T(quote )y b EL, (LA, EHNERLE S HTH
%, )

> (quote (1997 5 6))
(1997 5 6)

2 27T quote &, D JrEERT, 5, (199756) 1
BEGER TIER <) R P EBIRINS,

ZEYZ M (BEEZ 12982 VYRARN) 30 FH:1E (List) DEFITAAT
%,

> ()
O
> (list)
O
F 7= cons ( Y#d) , car ( Y#d) , cdr ( b

FD) RN, VAN ERBETE-O0RLVERNLERKRTH S, 2 27T cons
)R M2EAILTEHE=0DEE. car L cdr I3 R b2 BT 5-NEKT
H5,

e cons—F23|Hr L TEALLNEY) R DEEEIC, B13 KL THEA
CNEBRZMITMAL Y X FERT

e car— YR FNDEBENEELIRT



e cdr— YR MDOEEERWEREY (YR L) 2R
o null? — YRR SITE, ZThITNIEHBERT
A E &

D ERICIRDERAD define TRV S,

(define (B#% ZH, - B, E&)
ZHq . B 2 OBBEDRIETH 5,

> (define (square x) (k x x))
square

> (square 4)

16

Sl
SHHIERD & 5 RIERTHR 5 .
(if &tz fﬁ] ftz)

FHR %, i (GTE) ¥5%5., (CHifXrE%R
Y, BE2RTZCISEET S, LA CO M) ARL—F—IIHRT
éo )

FIREAT
(begin =7 Ty - =)

RS, R ZMEICFHEL. REORN,DEEZLAENEYL L TRYT, B¥, R0
5. Rl DEHITEITINS, CX JavaScriptn 7Oy 7 {~} ¥
BRI T W BAY, C X JavaScript D70y 7 3"X"D—ETHZDTEEHE
VDIZXF L, Scheme O begin R ITEE#H D,

H. ABEDEZORKT,

(define (hen_na_square x)
(begin (set! x (* x x))
x))

DESIMEICKETHET 5 Tld, LD L DI begin &) BT <,

(define (hen_na_square x)
(set! x (x x x))
x)

DEIITBIZAETEIRTELLEIFTERY, (ITN% "BEER"D begin ¥\ F, )

BFFEE (let)



MO EZEOMIC let LW IEXTRAEREENT 22 0TS 3,
(let (%, Ky

(g )
=)

20 let XTI R 5K, BB L R, ZTE D SZE AN S,
REICKoETHET 5. EEy,... EEDPRI-TRRTH %,

ZL9R (BLEE)
(lambda (Z#, - B, EF)

RIS EE BB ESIBR T AEKTH S, BHlAIE. (lambda (xX) (x x x))
L 2F&ET A TH S, ((lambda (x) (x x x)) 2)IF 4l12% %, lambdald F') ¥
PYXFEDODADZIETH B, 251 define FAVTESR L 7= LB =T 0B

(define (square x) (k x x))

® square ¥ @ CEEICE %, 2 Y. (define (square x) (kx x x)) |&
(define square (lambda (x) (* x x))) Y B LES®RGZNDTH %,

S.2 Scheme ? call-with-current-continuation

Scheme Tld., 7O 7SS s BERET L2 TES, 2O %
Scheme & (first-class continuation) ##F 2t WIEWVWHE T 5 &
TLH 5,

(call-with-current-continuation thunk)
(call/cc thunk)

Z M call-with-current-continuation ¥ \» 3 BRI VN T, EBRED
call/ceh L K S (Schemeld, -3 X /) LI LRXZLERNELTD
BCIERTE 2D T, call-with-current-continuation X*> call/cc T ¥ D
DEZRTH %, 1272 L., call/cc & Scheme DIBHEMLFRICITEIN TR VD
T, WEHFIZL > TIL, (define call/cc call-with-current-continuation) 0
LHICADPTERL TELSEIH S, ).,

22T thunk 1 & 15180 THY . (call/cc thunk) 1 1k Qe

LT, thunk 2 UHET, 2D thunk DD T, ZOEHXEEFIVELIE, Tk
FOEMIBRINT (= Y+ > LT | call/ec 2 EN - ¥ SDEMICZ
DEHNRINS, F 7z thunk S EFEEFFUH I L IFNUL, thunk BBDE V) EH
call/cc AE&EHENRE Y EICKR B,

Bl 713\

(define (bar x)
(call/cc (lambda (k)
(+ 100 (if = x @) 1 (k x)ONN



YWHBEEEE LS, (bar 0) 2 MET B ERICE LENHEIN, EIL
2% 5%, —H. (bar 1) NIBEIE. ER KO FUVEHINZNT 100 227
My 2xy FTINT, RYEIE i3,

LK H B call/ecc DEVHIL, try ~ catch YR L L 5 KB E TH 5,

(define (multlist xs)
(call/cc (lambda (k)
(define (aux xs)
(if (null? xs) 1
(if (= @ (car xs))
(k 9)
(x* (car xs) (aux (cdr xs)))N

(aux xs))))

COBBIR)RANOEEOHITEZRD S, BEEOBIZONROHN B ¥, KIF
Bid LT multlist 24 0EIX 124 5,

LA L. 2OEIRRBBEE L ITA S5I1E, SEDABEIC call/ece DL ) KA
MY AT EVNTE S EITR W, KED call/cc DBEIZIIL—F 2%
YoOERTLVWHEEBE*ERRTET5X25I12Hh 5,

S.3 12 /L— F > (coroutine)

JL—F>rlid, 2 OUREDTT TS5 LDEITEAA
BELETINTWHARDZIEYTH S, ¥ 7I/IL—F > (subroutine) D & J 1<,
ETRMOMICELBlE V- ABEGRIIR L, IL—F U 2EBRT 2E~2D
W—F L EENHEREETH 5,

Bl 7L

(define (increase n k)
(if &Gn10) 'O
(begin (display " i:") (display n)
(increase (+ n 1) (call/cc k)))))
(define (decrease n k)
(if <no 'O
(begin (display " d:") (display n)
(decrease (- n 1) (call/cc kD)D)

EWH 20K EERLT
(increase @ (lambda (k) (decrease 10 k)))

EWIRTRITTH L.

EWHLHITEEANEAINS, 2 DOBEE increase ¥ decrease "R EIZEFT
INTWSEZ e bhh b,

CHLEA T call/ec VL £ AR T IF 47T 2IL—F>nMic2
NETISBALETS—RIE (try ~ catch) RIEREUAR LD T 3747
b, call/cc EAVTEETEL 2 LA DY > TV D, HEERTE — L7
TART)IT4TTH%,



LH L. call/ee ERIRLEZENHLWT) I T4 7 TELH5, REREET
l$ call/ec 2 EIBRWT 501213, RIVISERDIE—%21THINENH S,
—H. BWLOHMrLRIyI7kE—TORIZRY, RV IDIAE—%1Thbhi
WEWSIHEREH S, COEARTERERIIR SR Yy 74EED <H
IRY %,

SATILIEHELL Y IZVWADLEDIC...

XC#ER [1] 1d Scheme DAAFETH %, BE. BEL TRORS v g3, P
call/cc NEEL L H 5,

1. Richard Kelsey, William Clinger, and Jonathan Rees (Editors),
"Revised® Report on the Algorithmic Language Scheme”
http://www.rérs.org/




Z£J)%E JavaScript £ E AP

JavaScript (ECMAScript) »E A% Z°< < & ICHAT %,
J.1 JavaScript D & A

JavaScript KB F v 737 VDT, ZHOEZICHOERIILER L,
EWHIF—7 - FTEREEET .

var i = 9;
EHT
ROEDERETF +, -, %, /, % ++, —-, =, +=, == DERIL C T3EX Java L IZITA L

Thd, £ T+ FEFRIXFINOEEICLERATE 5,

S

P (if X) ,#3R L (while X, for X, do ~ while X) EIFX A Y C
ZEXX Java tRILTH S,

)

Mo E &

BAENEEL CEBL RT3, JavaScript TR YEDBRI X E LB
BVWOT, CEETHROIRVENREESEYI. F—7—F * A
WBYZHEIN0ERS, $. RIBOBEEZTT HHLEL\, return X

NEZHHLCEBLRLTH S,

// JavaScript /x (BE) C 5 */
function cube(n) { double cube(double n) {
return n * n * n; return n * n * n;

HI—DCEBLEAL SBT3 LT, JavaScript Tld. ABERD L IZHID
BHEERTH2UTE S,

BE & B

JavaScript THLEL OB EERT 52 L9 TE %, JavaScript TIRD L I %
FzRW5,

function (£#,, -, Z#,) { E5 - XDOALV }

2F Y, function t WA F—7— R FENMOBIZEAEKL I,

J2zxL—%9—



ECMAScript 6 (2015 %) &Y ¥ = % L — % — (generator) B & \\ 5 #AEH E N
TN, VRl —9—EEILaIL—F > D —7F& (stackless coroutine) % 4T
%,

TVl —9—BEIT functionk Y WA F—T— FTEHEINS,

functionx gfib(n) {
var a =1, b = 1;
while (a < n) {
yield a;
var tmp = b;
b += a;
a = tmp,

VL= —BEBRORTTIEyield bt WIF—T— FEfF-> TEEZERT
3,

Vil —9—BEEIFUVET ., TCICEHBREN - FPNEITINSEDT
3% <, —B, Yz xL—%— (generato) 2 7 = 7 bHMELNTRINS,
TNV —=F =TV FDnext AV RERFUET v, YzxL—%
—BEBAELD 32— FHPEITIH, yield SNEEE value 7a/87 14— LT
D2ATV I FERT, I5ITnext XYY REFUHT L yield ADDTE A
5EITHVBEBRAIMN. RIEY . JRD yield MNF{EE value 7’a/87 4 —¥ LT
Bo>47V27 bERT,

var gen = gfib(100);

console.log(g.next().value); // 1 ZHAHT S
console.log(g.next().value); // 1 =HHT 3
console.log(g.next().value); // 2 ZHANT 5
console.log(g.next().value); // 3 ZHANT 5

VIR =9 —F TV bt for ~of XOFTHLEIZ AN TES,
for (Z# of ) {
) XD 5

ZhHfor~of XYz RL—F—FTVx7 b (&Y —HRIZIL iterable & 7
JVIT k) Dnext AV Y RIZL>TRINS ATV T bD value 70787 o
—ERBIRALTL— T 5, Yz iL—9—BEOPDI— FORTA
return ¥ 54\, B EKRIT B IL—T2KRTT 3,

for (v of gfib(10)) {
console.log(v); // 1, 1, 2, 3, 5, 8 ZHNT B,
3

J3HTML ¥ 7

JavaScript |& HTML O <script type="text/javascript”> ~ </script> ¥ \*9) ¥
TOMICEL,

<script type="text/javascript">



// Z CIZ JavaScript O PO T L' EL,
</script>

H B\,

<script type="text/javascript” src="nantoka.js"></script>

T, B17 74 L (nantoka. js) ® JavaScript ¥ — X &5t A& 5,

J.4 JavaScript 7’0 75 L DT /Ny T

JavaScript $ 70 7S LADEFTRICT T — 2 B2 TNV T, [BRICEY
ZRE. T/AYIHLICKW EWHERYH S,

RN H-rETH, ETPEE->TLE->TEBIADLETRTINT., TD

FETEFIDYNMMAL/ONLNI LSV, TIWVIFBEEIT SIS —D

Fa>y—ily tWHEBREERRLTIBTIE, BTFICERRINET S — XAy

t—VERZ2eNTES, Ma>VY—Il) DEFROHEF R TSOH—I2L-

TR 58, Firefox DIFEIF. "V—IL; — "Web B, — "Weba>Vv-—

)Ly . Internet Explorer ®3%&1E ™V —ILy — TFIREAREY—IL) TERIN
2L TH 5,

Y —ILEBEICAYE—VEFHAT B-HIT1E console. log ¥\ D BEAE % 1E
3, F7. alert tWOHOEBETUET Y. BFEICEELEITA 7Ol 22 es
TE%, (alert MIHE, BE9A4 707 2B 53T RONEBICHEST Y
W, )

console. log("Hello!");
alert("Hello!™);
INLOBEIVELETOISLAPICEHERALTEVWTERIT TS, K2

FTCERITINAD, CITETPLEI>TWSED, RETHRATZZUNTE
%O

JEXSICEHELLL Y EVADEDHIC ...
SCHR [1] 1&. JavaScript (ECMAScript) D114 E TH 5.

1. ECMA International "ECMAScript Language Specification”
http://www.ecma-international.org/publications/standards/Ecma-
262.htm







% 7% Continuation-Passing Style (CPS)

COETREROBINISAEHAT 5,

7.1 Continuation-Passing Style ¢ |3

Continuation-Passing Style (CPS) ¥ |3 &I Hst (ISHHET 20 m) %3]

BrLT ZITETTOTSLDEEFDZI Y TH B, ROLIREWV
WD 5,
e call/cc DHWEEBTIAIL—FoiRY *EHFLK

WY EFIZAWS

o TUTSLEMEORVWEICEHLAEVE 212, THRORPOPEER
THW3

F 7=, JavaScript TIERIHA D B (XMLHttpRequest ? send & &) s UHT ¢ =
IZIE, CPSICELTTOT5L2ENT22BRVEELH 5,

CPS D 7O TS LITRDL D RHIBIZHKS .

o BT S L o (DFE Y BEFUEL3IKIEHE
BEUHEL (L. T X T oL H% 7Y 374 7REBROFU S
LIZFR< . )T > TWB Z une\, ) o6, BROCFEEAICL 5%
(W)

CPSE#av I, #itr L TIEZHEEAK (\ x > x) ZELALLEIZ, BE%RHIREAL
IR BE5R CPSO TR TS LIERTZZ Y TH5, Flild,
7 7 4 JL ProdPrimes.js

function prodPrimes(n) {
if (n == 1) return 1;
else if (isPrime(n)) return n * prodPrimes(n - 1);
else return prodPrimes(n - 1);

CWHBEEEA S, TNE 105 n ETHHEBEIEET 2ZR0BEL KD S
BAETHS, 22T isPrime IRBH IOV EHET 2ER LT 5, TN%.
CPS T B ¥, RDL ) % BB prodPrimesCPS IZE#IN S, (2 ZIZIRE
Z% AL TRV, isPrime % CPS Z#: L 7= B% % isPrimeCPS ¥ T %, )

7 7 4 JL ProdPrimes.js

function prodPrimesCPS(n, c) {
if (n == 1) return c(1);
else return isPrimeCPS(n, function(b) {
if (b)
return prodPrimesCPS(n - 1,

else return prodPrimesCPS(n - 1, c);

1;



(JavaScript DEETHBMNL TV 5%, bD T 075 IV TR THRKNOEH
STRETH S, )

prodPrime(n) = prodPromeCPS(n, function (x) { return x; })

) BEMRASK Y I D, 2 2T isPrimeCPS # L UHFT & IS, B> TELE =
ITAT7% D) RN = IR % #H4
function (b) {
if (b)

return prodPrimesCPS(n - 1, function (p) { return c(n * p); });
else return prodPrimesCPS(n - 1, c);

¥ LT isPrimeCPS IEL TW5, T 522 NEFENPF T, prodPrimesCPS % i
VHTEEIC, bDEISKC T, n 28N TH S c ITET ¥ W95 E#E: function
() { return cn x p); } FHEFDLDFINEHRTHZ cFEL TS,

CPSlEa> /A S—nhlEEL L TAHAWVWLNEZ L2 H 5, ZNIZEBHT
UE LDIEEABRBEICRY, BAROTVEL2EL Y v > THLSTERLT
BWEWHIHE»HE05TH 5,

7O7 S5 L% CPSICEHRT BI12E, FVWEWRDLIRFIETITR S,

1. ITRTOBEKERIC *—oiBMmT 3
function prodPrimes(n) { ... } = function prodPrimesCPS(n, c) { ...
3

2EABORVEIHEE T AMEICH S EMLRIE, BEIEST, (22T
LR CRA- v b g
B BB SL9R. FTVITATARL—9— (-5, ==, %
) EMALXICEALAER. ovTns)

..return 1; .. = .. return c(1); ..

.EAKNRYEICHEYT AMEICH S (BN ThV) BAEERIZ. #
BEIIBY L TET,

... return prodPrimes(n - 1); .. = .. return prodPrimesCPS(n - 1, c)

4. ZOOMEICH S (BN TR\) BEEGER L. "#Y) (B "#
MOEHRER* I THEA52 L3NS T 5, BT 2ICESEK
($\lambda x. x$) 2#fr L TEINA L ZIZon 7075 L ¥ Bk
EhHod, CPSERERTENNEXTIIULR, ) W& 2HTY
ICRTERBICERT B,

..return n * prodPrimes(n - 1); ... = .. return prodPrimesCPS(n - 1,
function (p) { return c(n * p); }) ...

ER7% CPS EirnEHIL, UtilCont IS T 3L comp ZDELDNTH B, D F

). UtilCont % Haskell IZ2> /34 )L L., return% "\ ac ->c a". (>>=) %

"Nc>m\a—>kacd llEEHAE, TSIKRARHGVAEBICT SN P
HWEERTNILCPS TR S, EREED T return ¥ (O>=) 2B FHA L L
T, BBRT2ERDENEIIIR DB, TOERDGHT VYV —XPT lalic 7 +

SETRINTWD mn B EIEED ULIORT, =45y TS, $n$n
EHHNS (Fy b)) aFVTWBRIE. T CPS BB ORNEXRT.

v —2Z (UtiD ¥ —4v I (CPS)




x (FEULx3EHR - T \ ¢ -> cx
val x = m in n \ c->nmM (\ x >0 ¢)
\ ¢ ->f((\ g->
fa d (\ x ->
g X _q))
\ x > m N\ ¢ -> ¢ (\ x ->n)
\ ¢ ->F (\ b -—>
if b then t else ¢ if Db then ¢ ¢
else é <)
begin
§i \ ¢ ->8 (\_ ->
1 t (\ ->
u 0 N
end u_e))

9 =4y FhEEIL Haskell TR <K TH, SL8R2HE-> TVWNIETRV DT,
UtilCont #° & UtilCont N E#H Y BT Z v H*k 3, H570s53>7%

2 (#171E JavaScript) #° UtilCont ¥ RIZ 0 &I % 5> TV I,

JavaScript ¥ UtilCont ®E M ZE#% /A~ L T, JavaScript #* 5 JavaScript ~ CPS
(BAEFELHIARR P LBRVOT, -4y +E

THMEeEZBHZeHEXRS,

5B OO SR BB H VR IE ST AT A B ATEHE N A BMR R N, )

) — X (JavaScript)

¥ —4 v I (JavaScript)

x (I UxEER - T5)

function (_ ¢) { return _ c(x); }

var x = m; n

function (_c) {
return ni(function (x) {
return rM(_c);

1;
}

fa)

function (_c) {
return f(function (_g) {
return d(function (_x) {
return _g(_x)(_c);

;
s
}

function (x) { m }

function (_c) {
return _c(function (x) {
return ni;
1;
b

if (B) {tYelse{e?l

function (_c) {
return B(function (_b) {
if (Lb) {
return £(_c);
} else {
return é(_c);

1;
3

S5
£
return u,

function (_c) {
return $(function () {
return &(function () {




return u(_c);
1;
1;
}

72CPS DICA—BIZTE L DR LANDO X

CPS2FRALTTOTFLNERETRI I H B, flv L THBFBHEKE
CPS 24 L TARIR LNKIRT 2358 %Y LI 5,

FHROFEIE, ROLIICEEINABEOBARTH 5,

function fact(n) {
if (n == @) return 1;
else return n * fact(n - 1);

b

CHIIBFEHRITFENESR:

=1
nl=nx(n-1)! (n>0)

IKEHENR L TWThh Y LT WS RITRICIE n ISEBIT 2R 8 v 7 58EAH
MEIZH S,

20 fact ¥ CPSICEBT B ROEL IR T TS LIk B,
7 74 I Factjs

function factCPS(n, c) {

if (n == @) return ;
else
return factCPS(n - 1, );

T, TNEKRBEBIRBLROT, ROLIITHBRUICESHWMA 22 TS
%,
7 71 I Factjs

function aux(n, c) { return function(r) { return c(n * r); 3}; }

function factCPS(n, <) {
while (n > @) {
¢ = aux(n, ©); n--; // F T

return c(1);

"2 213 ¢ = function (r) { return c(n * r); }; ¥ ELZIRT
T\, JavaScript D€YY T4 7R TIE, BEADEH c DEDL
EH-oTLEIDSTH D, aux BEENT 2L cHfEIE—
NEEHRETH 5,

BER LICEBINED, c O CAYARELRS>TLEINT, LBBOEHNIZIL
o5V, LHaL, BLEETRY cEBIORDIIRTFOBEKTHZ 2 L
b5,



function (r) { returnn* (n - 1) * . *xm*r; }

23 Y, fact NIHFA., FE23| R L TARYDEHREZIITESIRLTH, 2Dn %
(n=1) * - *xm TEAMERBITELWVWAIZ Y TH3, TOZrEEEIIANT
ISITOTSLEEMT L, ROEENRLNG,

7 74 L Factjs

function factCPS(n, m) {
while (n > 0) {
n--;
3

return m;

A, BENBRRLICLIBEBRARNEETH S, COLHIERKEFIFE
MRET 53548, FT CPSICERLTEREBROOZBICL, BYIRLICESR
. TN S"BEEEFRIENA TV MIBEHRIL B L L\,

7.3 CPS O ISH—Web 7’0 7' 5

/71

VaZa

Servlet X*> JavaScript @ ¥ TWWW LA >9S5 7574 T 7)) r—vark
ERT 2L EIC, TR 5 LORBOBAATI-—H—DANAHERF>T, LI
SEITTBHLVIEEIANTER N (%T doGet % K DN IZ L HH 5 EFT
TNTLED) tWIHIHN»H S,

Z2TC AYISITATHRTOTSLEERTLEHIC, TFIXERTI=
W IWREBIZR BH, CPSNODEHRIIHLERTA—ILYA T4 % (0F
V. CARBEICHLBERATRER) FETHS (bBEA. BRBIIRND S
call/cc NAEBEINTWHIE, 2THOLILBEELRILETELEINR, ),

b1y F =7l LT JavaScript D/N/ A DIBED T QTS L
7 7 1 L Hanoi0.js

function move(n, a, b) { // 3E CPS HR
document. form. textarea.value
+= ("move " + n + " from " + a + " to " + b);

) return 0; // FICEKIEBWA. EZEAZX 578 0 T return J

function hanoi(n, a, b, c) { // 3E CPS ik
if (n>0) {

hanoi(n - 1, a, ¢, b);
move(n, a, b);
hanoi(n - 1, c, b, a);

return 0,

2 TRIVERLELITRRT S, EWHIN=Ya IlESHRIS, W)
SrEELS, 2F Y,

<form name="form">

<input type="button” onClick="exec()" value="3217"><br>
<textarea name="textarea” cols="20" rows="32"></textarea>
</form>



YWAT =L TEFT, RIVEHEIEFFR ML) FIC1T7ETT S LD
¥ %,

9. hanoi 2 CPSIZEX#71 35,
7 7 4 )L Hanoijs

function moveCPS(n, a, b, k) { // BER (GZPER)
document.form. textarea.value
+= (Hmove n + n + n from n + a + n tO n + b + H\nn);

return k(0);

function hanoiCPS(n, a, b, c, k) { // &k
if (n > 0) {
return hanoiCPS(n - 1, a, c, b, function(ignore) {
return moveCPS(n, a, b, function(ignore) {
return hanoiCPS(n - 1, ¢, b, a, k);
b;
b;
} else {
return k(0);
3

}

LAaL, 22T,

function exec() { // B (GRBERA)
return hanoiCPS(5, 'a’, 'b', 'c’', function(n) { return n; });

DL A2, hanoiCPS 2R UEL TH., ITNETARY —KRICRBEBEITEAHALTL
FHEIFTHS, T TmoveCPS 2 RDLHICE =L 5,

function moveCPS(n, a, b, k) { /! =HERR
document.form. textarea.value
+= (Hmove n + n + n from n + a + n tO n + b + H\nH>;
return ; // TIE7 LY,

23Y, REICEREFIVTELTILIDLT, VoA UE LANICEREZRY
B LTRY, (TOLIRFFEELISVRYDLEISLY, ) INT
call/cct AL & ) G L ATHICRIDENITONS, CoBEKEFAT S
T=0Il exec2 I ROLHICEETHRL B,

function doEnd(n) { /] =&
document. form. textarea.value += "end\n"; // &=EDALIE
return doEnd;

/] BRPIDOI> M) —A1 >k
var restart = function(ignore) {
return hanoiCPS(5, 'a’, 'b', 'c', doEnd);

’

function exec() { /] ERIEhR

3

Z D exec |d restart(0) NEITHERE#H L\ restart DIEY L TRET 51
THsd, TNT MET) R %2T Ul move BN TEITODEITINS LS I



5,

LI—ODFIE LT, ROTARFT v FEINE=HET %% CPSILL TH
60
7 71 L Fib0.js

function showArgument(m) { // 3E CPS hR
document. form. textarea.value += ("argument = " + m);
return 0,

function showResult(m, r) { // 3E CPS Hi
document. form. textarea.value

+= ("result for argument: " + m+ " =" + r);
return 0;
function fib(m) { // 3E CPS hR
showArgument(m) ;
var r;
if (m<2){
r=1;
} else {
r = fib(m - 1) + fib(m - 2);
}
showResult(m, r);
return r;

)
function exec() { fib(5); }

2oTaTSLld, HERPOIIRLRYERETT AL ->TWS, F
FlId, FECPSHREBHRNIZEDL SRV, RPTEF SR WA—Ta > 2ERT
%3, 22TFibIZEYEEZHE D>OT, EMIIEEZZITRELENH 5,

7 74 )L Fibjs

function showArgumentCPS(m, k) { /! EER
document.form.textarea.value += ("argument = " + m + "\n");
return k(0);

function showResultCPS(m, r, k) { // EEHR
document. form. textarea.value
+= ("result for argument: " + m + " =" + r + "\n");
return k(0);

function fibCPS(m, k) { /] E=HEAR
return showArgumentCPS(m, function(ignore) {
function tmp(r) {
return showResultCPS(m, r, function(ingore) {
return k(r);

1;

if (m<2) {
return tmp(1);
} else {
return fibCPS(m - 1, function(r1) {
return fibCPS(m - 2, function(r2) {
return tmp (r1 + r2);
D;
D5
}

1;
}

function doEnd(n) { /! BEMR
document.form. textarea.value



+= "final result is " + n + " end\n";

}

function exec() { fibCPS(5, doEnd); 3}

TNEN/ADEDEELRLT Iy 75 E->TRPTEFEL512. 7O
TSLEEERG 5,

function showArgumentCPS(m, k) { /! =&
document. form.textarea.value += ("argument = " + m + "\n");
return k; // k(@) TIlE7ZEW

function showResultCPS(m, r, k) { // &k
document. form. textarea.value
+= ("result for argument: " + m+ " =" + r + "\n");
return k; // k(@) TlE7zW
3

/* fibCPS IFZER L */

function doEnd(n) { /! =¥
document.form. textarea.value
+= "fipal result is ” + n + " end\n";
return function(ignore) { return doEnd(n); J;

}

var restart = function(ignore) { return fibCPS(5, doEnd); 3;
function exec() { restart = restart(); }

INT NIRRT BEUIELET 5,

1731 LY AHICRSE5T (CPS 2E-T) . ROBEEE TRy 2HLE
L—ODBREETRT S, LWIN—Ta s ITEIRILL,
7 7 1 L Sierpinski.js

var ctx;
var x = 256, y = 256, dx = 8, dy = @, h = 0,

function forward() {
ctx.strokeStyle = "hsla(” + (h++) + ", 100%, 50%, 0.8)";
ctx.beginPath(); ctx.moveTo(x, y); ctx.lineTo(x += dx, y += dy,
ctx.closePath(); ctx.stroke();
return 0,

b

function turnLeft() {
var tmp = dx; dx = dy; dy = -tmp;
return 0,

function turnRight() {
var tmp = dx; dx = -dy; dy = tmp;
return 0;

function sierpinski(n) {
zig(n); zig(n);
return 0,

b

function zig(n) {
if (n<=1) {
turnLeft(); forward(); turnLeft(); forward();
} else {
zig(n / 2); zag(n / 2); zig(n / 2); zag(n / 2);

return 0;



}

function zag(n) {
if (n<=1) {
turnRight(); forward(); turnRight(); forwardQ);
turnLeft(); forward();
} else {
zag(n / 2); zag(n / 2); zig(n / 2); zag(n / 2);

return 0,

function exec() {
var canvas = document.getElementById('canvas');
ctx = canvas.getContext("2d");
sierpinski(16);

E > b:BA%K forward, sierpinski, zig, zag % CPS ICET 2 481 H 5, B
turnLeft, turnRight 122\ TId, (ZORBIRETIE) CPSIZT 2R EILIR,

R 7.3.2 %K sierpinski 2 ¥V z L — 49— EFE-T. "RI>2LEDS
—ONENEETRTS, YWIAIN=—Ta s IlEETHRI L,

ERoOER

JavaScript BB (SL49R) 2H->TVWSEH. CPSNDOEBRIILEENE
BTH-0. SLIREFLLRVEECHREERT 256 T
FHATHICERAL, TORNICERICHRT 27— 9 28T 20E»H 5,
ROTOAT 5L, BT n a,b cDRE/INTA—F - LRICETEMBINE
B (pc) B OBRINET—FLLTIN/ADEERBRLELOTHS (2D
£ 312 while X ¥ switch ~ case XEAWT, goto X 2T E2ESTHNZ ¥
I& switch-in-a-loop construct ¥\ 9 5 LY, ),

// move (FFE CPS MR B LD THE

var stack = new Array(Q);
stack.push(new Array(5, 'a’, 'b’, 'c’, 0));

function hanoiStack(n, a, b, c, pc) { // BHRAZ v Thk
while (n>0) {

switch (pc) {

case 0:
stack.push(new Array(n, a, b, c, 1));
var tmp = ¢c; ¢ = b; b = tmp; n--;
continue;

case 1:
stack.push(new Array(n - 1, ¢, b, a, @));
move(n, a, b);
return 0,

return exec();

function exec() { /! BB A A AR
if (stack.length > 0) {
var args = stack.pop();
return hanoiStack(args[0], args[1], args[2], args[3], args[4:
} else {
document.form. textarea.value += "end\n";
return 0,
3
3



2Z2FETR-TLEHETOISLDETRBE CER 2771 ILICRELE
Y, Bloa>Ea—9—TRHTEI LI LTREIIR S,

74 T5I1ZFE LY FVWADEDIC...
XHR [1] \H4E6E Y CPS KB 2 EER Y S 7 EDR—ITh 3.

1. Untyped Ltd., “"Continuations and Continuation Passing Style”
http://library.readscheme.org/page6.html
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