2% 7% Continuation-Passing Style (CPS)

CHOETIIEROBESOIKA%HBET 5,

7.1 Continuation-Passing Style ¥ (&

Continuation-Passing Style (CPS) Y I & ICEAEICH s (IS T 5L m) 23518

r LT ZIET IO T SLNDEETFNOI L THSB, ROL I HFEVR
»"H 5,
o call/cc PWEETIAL—F>RY *ERLK

WY FIZAHAWS

o TUTSLENENBVWHICEBRLAEVYE X2, Z#0BRTOPREFR
THW3%

F 7=, JavaScript TIERHEADEE (XMLHt tpRequest M send & &) s FUHT
EEITIE, CPSICELTTO I SLEENTRE/RVEELHE, (b
ECMAScript 2017 A TlE. async, await T AWV TI RO NENE X FL %2
>7z, )

CPS IZEHIZED T TS LILRD L S L EEH»H 5,
o BAKTUE LA o (MF Y., BEFUE L3 EIIHE
BOEUH L (L. T R T &% 7Y 374 TREKOTV
H UKL, )T >TWBEZ e\, ) oo, ERITHEIEICL S

AW

CPS E#rx 3, #ftr L TIEHFEAHK (\ x -> x) £ELAXEFII, BE%ROREL
IR 2LV CPSOTATSLICERTZI L THS, Flald,
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);

}

EWIBKEELS, SN 105 n TTOBEICHEET 2EZKOBELRD S
BB THS, 22T isPrime IEEHO IV EHET 2EHRET 5, TNk,
CPSEHT B2, RN I B# prodPrimesCPs ICERINS, (2 ZITlE
EREFRLTWRWA, isPrime ¥ CPS E# L A8 % isPrimeCPs ¥ ¥
%, )

7 7 A JL ProdPrimes.js

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

(JavaScript DEETHBMNL TV 35S, DO T0 TSIV TEETHLRENER
RETETH S, )

prodPrime (n) = prodPromeCPS(n, x => Xx)

YWIHBEMEIRY LD, 22T isPrimeCPS #PUHT L I, B> TE/t
TIITR DO RN T NIE % Hfe

b => {
if (b)
return prodPrimesCPS(n - 1, p => c(n * p));
else return prodPrimesCPS(n - 1, c);

}

Y LT isPrimeCPS IZEL TV, T5IC2DEHENP T, prodPrimesCPS
EPUETEEIS b DEISRL T, n B3 THS c IKET Y VI ERE (p
=>cn *p)h TLEEILDITINEHRTHS c 2EL TS,

CPSIFaY/ M S —DPRERBLLTHVWLNEZ U H B, ZHNIZEAKNOE
Vi LOIEFABRREICR Y, ABOTFUVE L EHEL 5V v o THLTERELT
RWEWSIHENH B LTH S,

075 L% CPSICEHT BI2lE, EFWEWROLILBRFIETITR S,

1. IRTOEBERIC *—DEMmYT 5%
function prodPrimes (n) { .. }
= function prodPrimesCPS(n, c) { .. }

2HAKORYVMEICHEET 2B ICH S EMAERNIT, BRIET, (22T
Bl -
R BB LR TVIF4TARL—=F— (T, T==, #&
¥) =844 NIEALLER. ovnTng)

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

3.EKORYEICHEST ZMAEICH S (B Te\w) BEEAIZ. &
FESIBKRY L TET,
... return prodPrimes(n - 1); ..

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

4. ZTDOMOALEICH S (BN Th ) BEEBGEA X, @i (@
REFDEERERY* 22 TCEA52 L3R T 5, EY 3ICEHEAK
A\z.2) 5BHEL L TCEINELXICTOTO IS L L E%RIEH ST
CPSE#ME T BN ERTINIERV, ) BEETHTHICTITERSHIC
T 5,



..return n * prodPrimes(n - 1); ..

= .. return prodPrimesCPS(n - 1,

ERXR% CPS T EZHIL. UtilCont 12T 5 Haskell N\OERZDELDTH
%, 2% Y, UtilCont % Haskell IZERERL. =< L#BE|dreturn a 2 (\ ¢ -

> cal m >>= k%(\ c-—>m (\ a >k a C)J'r:lﬁ%}ﬁz\_\ I5ICR

SUHEBICT 500 BHEMNEERTNILCPS THICR S, ELEo%

return ¥ (>>=) *EFMAL LT, BEKT S RDENLH IR S, 20D
ZDORNT Y —ZAH T lalic 74> b TRINT VS mn & CIIEED Util 0
KT 9=y bETm], ] DL [~ ]V TWBRIE. TD CPS Eif

BOXNERT,
V=2 (Util) g =4y k (CPS)
x (FEULxIIEE - TH \ ¢ > cx
val x = m in n \ ¢ ->[m] (\ x —> [n] ¢
\ ¢ —> (\ g —>
fa [a) (\ x —>
g X C))
\ x > m \ ¢ > c (\ x —> [m])
\ ¢ > (\ b -—>
if b then t else ¢ if b then [t] ¢
else [¢] c)
begin
“;’ N e > [s) (N —>
s [ & _ -
u
end [u] )
9=/ v F S Haskell TR TH, SL9RERK-> TWHEIRVOT,

UtilCont 25 UtilCont NDEHRY AL T I ribtiks, 5707532 7F
2 (#1713 JavaScript) A% UtilCont ¥ R D #|#EME % # > TV LIE,
JavaScript ¥ UtilCont RN ZE#i% A~ L T. JavaScript #* 5 JavaScript N CPS
(FAHFELLIZR M LAEVDOT, =4 v +E

EMEEZ LI UHNTE S,

2B 0 ST ER 4 VB I ST M 4N SE AT ERE N A BRR R V. )

Y — R (JavaScript)

9 =4y b (JavaScript)

x (FEULxIIEE - T8 ¢ => c(x)
var x = m; n ¢ => [m)(x = [n)( c))
_c => (g =>
S(a) la] ( x =>
g x) (<))
function (x) { m } ¢ => c(x => [m])
¢ => [b]( b =>
if (b) { ¢t} else { e } ‘b2 [ le] (<)
)
s; o= [ =
t; g =>
return u; [ul ( ©)))

p=>c(n *p));..




CPS2FALTTO TS LDEBREITRIZULYH S, Hlv L THBRVEKY:
CPS R L THR LNE#]T 33586 Y LT 5,
EHONZIE, ROLHICERINEBROBKRTH S,
function fact(n) {
if (n == 0) return 1;
else return n * fact(n - 1);
}
CNRIBFENLIENDESR:

=1
MBEIZH S,

nl=nx(n—-1)! (n>0)
ICEERKR L TWTHLY RT WA, BITEFICIE n ICHEIT 2 R 5 v 745854
20 fact F CPSICEBT B RDEHI R Tad S5 Lllh 5,
7 7 1)L Factjs

-

function factCPS(n, c) {
if (n == 0) return
else
return factCPS(n - 1,
}
A\:EDL:\ e
60

7 7 4 )L Factjs

NIIKEBRLOT, ROLHIBERLICESRIHZ AT

) ;
T E
function aux(n, c) {
return r => c(n * r);
}
function factCPS(n, c) {
while (n > 0) {
c = aux(n, c);
}
return c(1l);
}

n--y

// ET

AR AL AN
hH 5,

r =>n *

f22lc == cn* r); LELILRTERY, JavaScript O£
VT4 7ATIE, AAOER 0 c OELED>TLEI L TH%,
aux BIBENT 5L n, c OMHIE—INBLOEETHE,

(n - 1)

L L, BLEIETBY cEBITRDLEIBFEOBEKTH S Z h

*m * r

RRIR LISEBINAD, cHCALTARELR->TLEINT, BEEOHHICIE
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2FY, fact DIFE. B2 R L TARLEOBREZITEILR{TH, TDn
*(n - 1) * . * mCEREERTELVNIZLTHS, TOZLEHEIC
MTILIITATSLEE]T ZL. ROERINBRLNS,

7 7 4 )L Factjs

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

}

TN, BEOBRRLUICLIEERRNEETHS, COLIHILEXERRE
MET 53568, T CPSICEHB L TRKERRENM/=BICL, BRYRLICE SR
G, TN S"BETREIZENA TV MIBERI S LW,

M 7.2.1 R0OE¥%%E GRPTCPS ZAVWT) BIRBICESHTL L,

function foo(n) {
if (n == 1) return 1;

else if (n % 2 == 0) return 1 + foo(n / 2);
else return 1 + foo(3 * n + 1);

}

7.3 CPS OIGAA—Web 7’0753 > 7

Servlet X* JavaScript ® ¥ TWWW LA > 957574 TR7 ) r—ark
ERT L2, 7O S LDREEDFATLI—H—DAAEHE->T. L5 h
LEFTTHLVHAFTIANTER W (847 doGet 2 EDEEBDIE LD 5 EIT
INTLEI) L WIHIFK»H 5,

ZITCAYIZITATRTOTSLEERT LB, IFEFERTI=
W INRBIZR BH, CPSANDEBREIHEIERTA IS T4 % (0F
V. CARBEICLERTRER) FERTHS (bB2A. BRBICERMIS
call/cc BPRAEBINTWAIE, 2TOLILEBILRILET ZLENR N, ),

Yy F—7Flx LT JavaScript D/\/ A DIBEDTO TS L
7 7 4 JL Hanoi0.js

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

return 0; // WEFAZB=H 0 % return §5%
}

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

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

}

return 0;
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2RI VEHLELIITRRT S, tWAINR=VUa ItESHISE, WD
v EE25%5, 2F Y.,

<form name="form">

<input type="button" onClick="exec ()" value="£{T"><br>
<textarea name="textarea" cols="20" rows="32">
</textarea>

</form>

EW) 7x—L0 TET) RIVEHEETFI LY PIC11TRFRTSED
L:T%o

9. hanoi % CPSICEF#7 5,
7 7 4 )L Hanoijs

function moveCPS(n, a, b, k) { // EEM (FREEA)
document.form.textarea.value
+= "move ${n} from ${a} to ${b}\n’;
return k(0);
}

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

LhLl, 22T,

function exec () { // BEMR (GRBEA)
return hanoiCPS (5, 'a', 'b', '¢', n => n);
}
DL, hanoiCPs #HUHLTH, ITNFEFTRY —RITREFTHALT
LEAETTH S, £TZTmoveCPS 2RDEHICEZTRZ S,

function moveCPS(n, a, b, k) { // Ex¥ERR
document. form.textarea.value
+= "move ${n} from ${a} to S${b}\n;
return ; // Tl ALY,

2FY, REICEREFUVHLTLEDLT., W ARUE LAICERERY
B LTRY, (THLIBFEHEELSORYDEEILSLYL, ) ITNT
call/cctRUL LI LEMEARHICRIMENRTONS, ZOEKEZFAT
5502 exec®F I RDELHICEETM]Z 5,
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| function doEnd(n) { // ExHEAR

2 document. form.textarea.value += "end\n"; // &EDULIE
3 return doEnd;

4}

/] RAIDIY b)—RA 2k
var restart = ignore =>
8 hanoiCPS (5, 'a', 'b', 'c', doEnd);

1 oy O

10| function exec () { // =R
11
1211}

2D exec ld restart (0) NEITHREZH L\ restart NDEY L TRET S
F3Ths, 2NT TE17) R V2T LI nove N1 HTDEITINS
Lol 3,

HLI—DDPIL LT ROT 4R+ FEINEHET 28 % CPSHLLTH
%O
7 7 A4 JL Fib0,js

1 function showArgument (m) { // 3E Cps AR
2 document. form.textarea.value += “argument = ${m}\n ;
3 return 0;
41}
6 function showResult (m, r) { // 3E Ccps kR
document. form.textarea.value
+= "result for argument: ${m} = S${r}\n’;
return 0;
10}
11
12 function fib(m) { // 3E cps kR
13 showArgument (m) ;
14 var r;
5 if (m < 2) {
16 r = 1;
17 } else {
18 r = fib(m - 1) + fib(m - 2);
19 }
20 showResult (m, r);
21 return r;
22}
23
24 function exec () { fib(5); }

CoTarsuld, HERPOIIKRLRYVEEETT AL ->TWS, £
FId. FFCPSIREBHRNIE DL SRV, BRPTEE SRV AN—T 3 > EERT
%5, 22T fib BRYVELXH DO T, BERITEEZXITRELENH 5,

7 74 L Fibjs

| function showArgumentCPS (m, k) { // EEIR

2 document.form.textarea.value += “argument = ${m}\n ;
g return k(0);

41}

o)

function showResultCPS(m, r, k) { // EEM
document. form.textarea.value

d
O
A\
N|
111
\l
A\
il
B
3
W
\l
o
o
\l
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06}

+= ‘result for argument: ${m} = S${r}\n";

9 return k(0);
10}
11
12 function fibCPS(m, k) ({ // ¥R
13 return showArgumentCPS (m, ignore => {
14 function tmp(r) {
15 return showResultCPS(m, r, ingore => k(r));
o }
17 if (m < 2) {
18 return tmp(1l);
19 } else {
20 return fibCPS(m - 1, rl =>
21 fibCPS(m - 2, r2 => tmp(rl + r2))
22 )7
23 }
24 });
25|}
26
27 function doEnd(n) { // EEMR
28 document.form.textarea.value
29 += “final result is ${n} end\n’;
301/}
31
32 function exec () { fibCPS (5, doEnd); }

INEN/ADBEOLETLRLTI=v 75> TP TLEE S LT, O
To2LEEEHAS,

1 function showArgumentCPS (m, k) { // Ex$&hR

2 document.form.textarea.value += “argument = S{m}\n ;
3 return k; // k(0) TILEL

41

5

6 function showResultCPS(m, r, k) { // =R

document.form.textarea.value

O 00

+= ‘result for argument: ${m} = S$S{r}\n’);
return k; // k(0) TIXAL
10}
11
2 /* fibCPs IIEEHEL */
14 function doEnd(n) { // =R
15 document.form.textarea.value
16 += “final result is ${n} end\n’;

return ignore => doEnd (n);

k
o

> O O

}

N -
O

var restart = function(ignore) {
21 return fibCPS (5, doEnd);
22};
23 function exec () { restart = restart(0); }

AT, 1ATERTT B UIELT 5,

B 7.3.1 LY HIZHR 55T (CPS2E->T) . JROBEEKE TRy 2L
o —DDBNERTRT S, YWHINR=IUa | cEEHE L,
7

7 7 A JL Sierpinski.js

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

function forward() {
ctx.strokeStyle = "hsla(${h}, 100%, 50%, 0.8) ;
h++;
ctx.beginPath(); ctx.moveTo(x, V)
ctx.lineTo(x += dx, y += dy);

ctx.closePath(); ctx.stroke();
return 0;
}
function turnLeft () {
[dx, dy] = [dy, -dx];
return 0;

}

function turnRight () {
[dx, dy] = [-dy, dx];
return 0;

}

function sierpinski(n) {
zig(n); zig(n);
return O;

}
{

function zig(n)
if (n <= 1) {
turnlLeft (); 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(); forward();
turnLeft (); forward();
} else {

zag(n / 2); zag(n / 2); zig(n / 2); zag(n / 2);
}

return 0;

}

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

}

> b: % forward, sierpinski, zig, zag % CPS \CERT 2 B EHH
%, B turnLeft, turnRight IZ2WTIE, (ZORRETIE) CPSIZT %%
FEl3f W,

B 73.2 8% sierpinski ¥V z xL— 9 —BEE->T. "RIEHLL
5—DODBAERTT S EWHIN—Ta s IlEEHIL,

B &kR

B
B
o

Tars53I>v7E 7%,p.9



JavaScript IFEZBEK (S 49R) 2H->TW57H,. CPSANDEHIILLENE
GTH-1D. SLIREFHFLRVEECHELERT 2156 T,
FATRMICERAL, TORNMIBEBRISHIRT 27— 9 28T 2868 9H 5,
ROTOT 5 LIE, #fiE n a b cNDE/NTA—F -V RICEITEMBIANE
BFR (pc) B LR INET—F L LTIN/ADEBE*RALLELDODTHS (2D
£ 912 while X ¥ switch ~ case XEFAWT, goto XEEMT 2EZTHD
2 ¥ & switch-in-a-loop construct ¥ &9 5 LY, )o

// move [&3E cps MRERB UL HDTHEE

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

14

function hanoiStack(n, a, b, ¢, pc) { // BATRAZ v U hk
while (n > 0) {

switch (pc) {
case O0:
stack.push (new Array(n, a, b, c, 1));
[c, ] = [b,cl; n-=;
continue;
case 1:
stack.push (new Array(n - 1, c, b, a, 0));
move (n, a, b);
return 0;
}
}
return exec();

}

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

return O;

22FTRH-TULFH Ol S5LnETRPTCER"T 7 7AILIERELE
D, Bloa>BEa—9—TRET S L TAFEEIIR S,
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