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otherwise bind ' to = and compute t

Fitn: InEKTE 4 E BN (instruction transition rules)
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plus(num[r[; numns]) — num[n] |Az:rt|tt, lambda abstraction and application
ﬁiﬁﬁ?ml(stmnh transition r-:.||¢\_53 ) |fix(A(z: 0)) general recursion
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) PlotkiniiPCF: Linat —)

“Fhrall

SBAE f@mﬁm ]@:{u/mmms} | (nattsi A=)
I'I-¢:nat

z:rel ’ T
ri $:r(T—var) rt z:nat(Tz} i s(t):nat( )

T t:nat

Lz:nath¢ :7

L7

_ (T-ifz)
T Hifa(t;tszt) : 7

T ahaxmamEn )

5 ) L LN
’ — AR = R
Cht, 7, Iz:oht:o
(T-app)
I'Hix(A(z: o).t): o
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THAz:7)t:7,

'ttt iz, — 7
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Tktt 7
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(T-fix)
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ﬁ% Plotkinf{IPCF: L{nat —}

LT

ik (lazy)iE X HE{ PR TR
-ﬁﬂl[eagerﬁétf( A& HREERAT i
o

al} - )
a(t) val (V=) Alx : 7).t val (V-fn)

> Dynamics ] Feeageris LT tR5EMR { tot o ﬁﬁl)}
{&(M} Bix(t) > x(f)
s(t) = s(t)
t >t D
A t?( aPP,) tot' (D)
ife(t; b a.t,) > ifa(t £ a.t,) !

*BIFIEX

> Values (v
zval

fix(A(z: 0).1) o [fix(Ad(z : 0).t) / 2]t (D-fix,)

tval t 1 ( )
——————(D-app, — (D-ifg
Lttt ifa(zt; L)) i, ( )
{t, val)

Az 0)4)t, > 1L, / ok,
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) 1.1 mamwxa

Lhpai>

S BV K{nat — }IRE
ORA s WAR: —MEBIR « —AHR e
> RAEMFEFER

- RERF (evaluation state): & >e
BREFR R G FRXHEAR o #TRE

— BERF (return state): k<le, FHeval
BRER NG Ee MXHPIEHIE kBT RE

REF RG> R < HRERSWAA, WRRERET
HkR, ERBEREH R
RHlR: RARELTX

FIERRERN “HErE” RELETX, ETFXEHE
A RIA AR 8 ME K BOR = 258 )L
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Ehpas

» R A —MRMI(frame)FIE, HE L0 T

fframe kstack

£stack T kstack

F R X KT AR R
> K{nat — YityR bt o T SR E 445 S

Sl{nat — 3128 L bR B Al 12 19 & I AR B2

tt (T S
W ) e S sk
tes t | &= s
ifa(t;t s 2.t,) >ifa(t's 12t ifa(—; 1 2.t ) frame \ £ FF3x
t st GE-L A ]
bttt BERERIERK (- ¢,)frame
{t, val} S t val
FRTERATTE m
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e e
[z, MEéiﬁEz r Koz kaz Y )\g» FEnteR{E
(IK-s, )=

SEE t Sk i, NI
BIHEEs(t) 4%

ke s(t)— s(-)ket
(K-s,)

> BB TR R BRI

iR [ z SRR,

s(-)ik at kas(f)

R R R R RS ]
Bh, R

(K-ifz )

ko ifa(t;t et o ifa(—t @t )ik £

NIRRT ORI )
ifa(—;t 2t )k 9z ke i) :
Wi i)
pepriaiiion ifa(—;t; 2t )k < s(t) = ke [t/ 2]t :
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(i%) 1.1 #EbEX-4

% K{nat — JpRAEFH 0 HBR

» R HAIRIH AR BN )
R0 BRI, W5 ———(Kptt)
AR R B ke Alz:7)t— kal(z: 7).t
» WrRE kot t b (—t)ikot (Icapp,)
BB P
A RS ERER KR Ct)kat ot kot TP
» RBHRE t=Alz:7)t
2 K-a

HREE, CRE TETTTTYTINE Al
B, RHERHIIT fun[z;7,|(z.yt) = ix(A(z: 7, — 1,). Ay : 7)).1)
R tyval f=A(x:71)
FELRTRKE, X— () k<aty > ket /x]t
Eﬁ%ﬁgﬂ ko fix(A(z: 1)) = ko [fix(A(z: 7).t) [ 2]t (K-Aix)
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&@ﬂ) 11 HMEHMEL-5

“K{nat — YRHIEIREM B LIRS
- MRS —————(K-init)

£ > t initial

EZR TN RE
» BERE

(X-final)
£ <t final

RE RES TR
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ﬁ@ﬂ) 1.2 3241

“ BRWE Kkt
> 2B (well-formed) H BAFF 258 5 7 (B

> FrEBR RIGE, RELERABSERMNEN, RIRESHRIT
EAMEZEBRR— A E (answer), HEFHREER.

> KB, RAREGROBFFRAFTHAN, BEA—RET
EERW AR,

- FL{nat —‘-}*ﬁ.’ T Aenat.
ERNERE N B — PR MEERR—AREN, ME
“« BERWE L o B TFHAIESE L:

ket fir=o

£ Tans )'-;k T (297)
> RWBIE £ r= rRIERN HRRE W EERRIEE N CHE.
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> K{nat — }PHBIKE r: r= rHBHE X
)

(T-ks

8(—) : nat = nat
f,i7 @:imath f T

(T-kifz)

ifz( —:f;et)inat = 1

X} HRiifz(—;t0;x.t1)

FiH, HRTATRMER f’#(lkapp}

H” - BERIH (-t):i7, ~v=7 '

natf{E, iZERBIRSS toir, 1t val
(T-kapp,)

ERA Y e
> BUFHE X T K{nat —}PRRER RHK

k:r t:1 k:r t:r twal
ke tok katok
< 224 ME(PFPL )

1.8 sokH s s’ Ns ok
2.MMB sok, MELFs finalBkFEFLEs, FH s s’
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*K{nat ~}IEHME: REEMALIHL{nat ~)?
st 2% ] B ) [543 RE R TN #

> 564 1E(completeness)
mBe s, Heprrval, M st 3gar’

> B[ §E {4 (soundness)
mBevt g at, W 171, Hepr val
& 582t K UE B
& e SGEATIHGNIER], WsE&tEEE MR
1. mBeval, Meot Se at
2. MR- r, WHFEMvval, WMReor-"eav, W

et g w
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&@ﬂ) 1.3 Bl ERRE-2

< Se&PERIER
1. mBsr val, Meot 7 eat
UERA: Xt BIE AT HARE R .
1) t#£z, MHK2 Fevczreaz
2) ts(t), MBE-s) MK FEHARRE
st e as(t)

3) tRA(: 7).t W ptm) AT .

(K-z)
krzkaz
- (K-ptfn)
R Akt kv d@intok<A@in
— (K-8
ket R
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2. mB¢ oty WHFEAvval, MBept Se v, N

et g av

Xft o AT IHANT, EERTREZEBUNTHAMEIRE

A FBREBZR. B, FiA ), WEBHHHES
—HBRer ( L) (— L)evh, XNRLTEBER
ZHR Xt RE.

B. UMEBENTREANREE. Flm, & A 1),
A, Rty BERC( ) kv, WFHFEIEH
ke (fy, B kave WIFAESKE SR
ke(t), ) (— tykaty, ABRBREBR -1, BA
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) 1.3 emnmEmE-7

< A EEEERIUEBA
> WS s c HRBIN S koae = o BELTFHRRE YL,
HepsRivemiae. (0, NABRETRARITAERSAL)

) 1.3 mwnmEmE-a

PFPL Lemma 28.2 MR e |l v, WX —kstack, H
ke — kav. ellv eRfAv

iER: XfL{nat — O REE LT IHA

elU)f.(z:r].e BSUU:! [Uifm]ellu kpae =e' ke =¢
H RN L fpoe=g  keeog (28.11)
3 = =il b v
SHERRHIRL, BEEHL> (@, e;) ~ kav > FABNT S koae =B DU TR 2 L
o E<Ee=¢ ke<ap(ey;ex) =e
k(e g)> (—¢)ikr g BT s
o (- )ik 4 Aei1,)e kpas(e) =¢ " (=;f) ik paey = ¢
i‘]ﬂiﬁ‘wﬂ!ﬂ! = (Mz:1,)e-)kp e s(=);kae=¢e' keaap(ey;e2) =e
(K2) R =t (Az:7,).e-)ik v, k4 ifz (e exx.03) = ¢! ap(i'li -k e = e
= ke [v, [z]e 4 gy £a)  kbde — p'
ke ifz(—;es;x.63) ;kae = ¢ (28.12)
(e, €,) can represent as ap(e ;e,)
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) 1.3 emnmERE-8

< T EEPERUET
PFPL Lemma 28.4 W= s+ cEFHERA (V. ),
WErkae=e'BFH#ER (v.V. J).

AEEE - REEIRRINE—HRERX; FEHEENIT
BAERMRERRN, REREE—FE. NTXE

) 1.3 emnmERe-5

<% AT R4t AE B
MBereree’s Me— e, Hre val.

NEBHEH s ve S s v AR BRI, EE R
BERERSBEREFHILE .

WRZ, BEMIBRELENBERNRD, A .
TSR E BT FRAE B {nat — JHIRAS R B4 R kRle, f7fEe’, EBkoae=e'
B TF#L{nat — YRS TERL. PFPL Lemma 28.5 MBPeie’, keae=d, kpae'=d',
WiEs o e: Wi BAHRNREAM e. Wa-a.
TR —cve, RELEREs —cae, Hs e 3| BUPRE W RIHAKR,
Min&s s, Hrps final, s eHs' e’ W MR Me e IDHEN.
A vatBorter ’ > A, ERRNEATE, XA IELAHTRER
HMhervalle e, > A EHRMNANR, XNETHRIER
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) 1.3 mmnmEmE-o
» TTEEMERUERA

) 1.3 mmnmERE-6
< TTEEMERUERA

¥ s, Hrs final, s & eHs' + ¢, Nle’ valHe —'e’.
X B T RN

1. MB s+ ¢ Hs final , Me val,

2. mBs s, 5% e, 5 + He' v, Hvval, e .

HX1MIER, RJ|RALERENSTBIR—ME.
BH (K-final), 28.6b) 28 5 IR A 9 52 SCHN KRB 2]

fxt2, BEEHATRSIE

PEPL Lemma 28.3 W&s s 59 eBs’ ¢, Me e,
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PFPL Lemma 28.5 N fere’, ki<ie=d, ke'=d',
Ma —a.

ER: XTEEM N e e TS UER .

> B8P HBEBMNAER, XehEidRgkiIER

fiBeNap(e;; e))s e Nap(e’y; e Heyoe'o

Frrae=d, ke’ =d'BRAL,

HFM(28.12) kpdapeg;e;) =2

ap(—;ez) ;kpae; = ¢

WA ap(—; e)skae,=d, ap(—;e,)k>de=d’
HIBRIE, Fara'.
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) 1.3 mwnmERE-10

PFPL Lemma 28.5 BRe e’ kae=d, kpae'=d’,
Ma a.
> BAL. HHRPANRAE, XIS HHTRIEH

BieNapam[r](x.e), e,), e Hle,/xle, WEHerse's
Frvae=d, k<ae'=d"RRIL, BiEd .
BEENT KB S HHEAT 2

WmRk=g W@ ce=c HEWNH/da’
WMBe=ap(—; c)):k’s MH _Fraapleie) =¢

ap(—jez) ;kpae; =¢
Fk'vaap(e, c;)=d, k'b<ap(e’, c;)=d’
HEHE AN, Fap(e; c,)-ap(e’; cy)»
BHAERREARBE, W&{dd.
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<< AT EEPERIUERA

PFPL Lemma 28.3 &8s ss 3 e Hs' = ¢, Mee’.

UERA: XfK{nat —}H¥E#®SHEOROHT. HXE—HER, &

WERSRE, KB RL{nat ~ ORI E#,
Bs = kes(e)Hs'=s(—) se.

kras(e) = e[ BN Hs(—)skae=e', HTF|HE28.5F e’

B ¥%s = ap(lam[7](x.e;),— )k e, Hs' =k - [ey/x]e;.
FEHeMe, F/

ap(lam[](x.e;),—):k<ie,=e's k< [e,/x]e; =e".

Brkeaap(lam[r(x.e)), e;)) = e'. H5F|H28. 5Fe e’
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RE: E%Iﬂ%ﬁ&t%ﬂ?ﬁﬂﬁ‘]#ﬁ“ﬂﬁﬁ, A
BEILE ZFENINELEE T

BB PR IEE IR, DARRRRREAE.

i, FERTRHERFHESEIERERGISR
BT R R B B & A -

B R E T DR ARG RE N — RIIEARE.

2.1 R (Failures)
2.2 5% (Exceptions)

Yo Zhang, USTC
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@) 2.1 KW (Failures)-1

wRWC: —FifE AL
IRERME, FEFEENERIHLEEZFRIRK)
KW RER—FEAER, BEEREKHE
—— KR RBE X R A B b
*iEE: MU-MWT R
Expr’s e ::=fail[ 7] | catch(e;; e,)
7 fail[7]: HILHETHREGIB—MERK)

» catch(ey; e)): Xte, R, WRIEESER, NREFAE;
MRRW, WK E e, (5K L2 25 )HIME .

[l ZEREE void i Rabort[r](e) »
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@ 2.1 KW (Failures)-2

e failltl: 7

Thep:t The:t
T'h catchie;ead i 1

> R REERE, FRENAFLIRE B EBAL.
> R B B eatch MBI T-e, Me, DA RA R AR
LEIAIE N RAREF(stack unwinding)HA

> Btcatch RER, SERHIRPEE -MRBALER

> HxtrailRIER, SHBREZEIRITNINERBALE
BRBITRHIER, BEHESZLEE

> LA E T X TR RE, KaEBhn
SR ik — 5 1 b AR
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SEEIEN

(30.1)
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&@ﬂ) 2.1 KW (Failures)-3

LEAIE N RAREF(stack unwinding)H A
H] L AK{nat —}R#E KM BhATE L
> BIAFRE: Kk«

ZREH KM SR, UEERTRRBENAER
gzt

> e < RinaBERE, FRZERSE, MEF—4I%
IR R ("uncaught failure™)

> BAIE L H5E X
SRR,
catch(—;ez) frame (80.2)
R KRB



@) 2.1 R (Failures)-4

Xd‘ca‘tchﬂz{!, m
HERRAEEREN
E ] #X‘]‘e‘l *1!

SB[ witail RIE, Wi
S BN R

MRS —
MEv(FRER), T
iR, FE AR AR iR v

(30.3)

ke faillt] — k «

k © catch(ey; €2) — catch(—;e) ;k b ey

IR RTIALE
B, RigE
B FEN TR
RiaKe2iiTRIE

catch(—;es);k av— kav

catch(—;e )k 4 — ke,

(f # eatech(—;e2))

ﬁﬂ%ﬁﬂl—'f‘m&. f'k < — k-

B RAEEE, W ’

FR R R
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ﬁ%) 2.1 R (Failures)-5

PEIBENEN € ag:?ilnal
F RERSHT R c « final

W RBRNRE, EVUNEBNERFPEE
» R4 H(PEPL Theorem 29.1)
1.IM% sokH s s, Ms ok .
2. MR sok, MEKHEs finalHFFLEs', B s .5

AR WRREENS, XENREUEFALEZME, |
RATRER FB— M REFABIRAI R
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@) 2.2 ¥ (Exceptions)-1

Ehpai

< R EHLH
IRERME, ﬁ%ﬁﬁ‘fl{ﬁ, Ji’f“{ﬁ’lﬁf’iﬁﬂ&ﬁllﬁféﬁ“]

Expr’s
> raise[7](e): WMBHeRE, DHAREELEENE

e ::=raise[7](e) | handle(e;; x.e,)

> handle(e;; x.e,): FEXfe RIEHAE, MBRERFE, MK
7 T RERE S8 5 B AL B B e, A TR JTx |

ZF AR void i E T Rabort[7](e) -
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ﬁ%’ 2.2 5% (Exceptions)-2

fun[z;7,|(z.yt) = fix(A(z: 7, — 1,).A(y : 7,).1)

< REEF ORI REHK

let f= A(n : nat).(fun[nat; nat]f.w.ifz(u; s(z); 2[(F =) / y]times (s(z),y)) n)

in(f3)  gRKe, RETEHST(E™(27(1=(1))
TR ZERAEA, AEEERE.
B EAF A R E WL B i SORBr R R 3 !
let f= A(n :nat).(A(r : nat).(fun[nat; nat]f.u.

ifz(w; raise[nat)(r): 2.((f ) times (r,z))) n))
in handle( (f 3 s(z)); ex.ex)
SHREE Anat—nat—nat, B2 S BHREILWERNER.
ARBIRREIRHAE((173)"2) 1, A IURE (ex.ex).
ERRK6, RENBMLETF((173)"2)*1
RITEE: KR -MEARERTE.
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ﬁ%) 2.2 5% (Exceptions)-3

REELES R RPN
> RERES: ke, Heval | ERERMETF
> By R raise[1] (=) frame (30.5)
handle(—; x.¢;) frame
> 3 RESRER RS

X‘Tralsew!. ms#
#ﬁﬁ*&*{! raise[1](—);kae—kae

raise[1](—-);k ae—k a¢ (30.8)
HREREEEAE
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ki raise[t](e) — raise[t](—);kre

Yo Zhang, USTC

@) 2.2 ¥ (Exceptions)-4

Ehpai

® @?&%X XthandlexR{H, Wit
> 3 R SRER R HBENBIR1RE

i%ig: s k= handle(ey;v.e) — handle(—;x.¢2) kg
(30.6)

edkifif

handle(—;x.e0);k<de—kae

BB, ML handle(—;x.e;);k de— ki [e/x]es

ERHUBRIFARE
{HeBHe2h ALK
AFTEx, SKEER{E

(f # handle(—;x.¢7) )
fikae—k 4c

:
2

FRARRZWAATE, WHRHF
Sl R HREARE R
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@ 2.2 ' (Exceptions)-5

S EAE N

TFe: Texn
I raisel7l(e) : T

Tkey:t Tx:tamber:t
[+ handle(e;x.e2) 1 T
¥ T R ERE
T DL R A4 RN ?
r AR EHNZEBMER, BUARRIERNEZE

- — BB RS EEEERPHRERRITHEFRE
B raiseRIAR A

- HRAARF, MARBAEBESMNREERRD, N
EFSRAMZLMWR T HREERY .

(30.7)

Yo Zhang, USTC

ﬁ%’ 2.2 5'H (Exceptions)-6
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T M RAT A KT ?
> ¥, BRRTRE: ARBERRKNER

—IM: raise “Division by zero error.”
raise “File not found.”

- ARZA: HTFRELHERELERBRORYE, LHEF
EREHESTRES, DAERETHAURMARR?

> ¥ ERREnat: BRERS

- FRZA: RELEBREERSETIREE, XERH
H#, FEABETRERXTRENES SN

> ¥, BRERA(FIRENNRE: BAHEHE
—m: r_, =[div:unit, fof:string, ...]
BREAVIIRETBRERE: BERLMMERIHRED

Yo Zhang, USTC Foundanion of Programming Languagss - Conmrol Flow EH

@ 2.2 ¥ (Exceptions)-7

T M RAT A KT ?
r ¥, BRENEE: BARHE

—m: r_, =[div:unit, fof:string, ...]

— handlet B8 S RBERNFESFERINT, TR ERA
BEEBFPFE (try e, ow x.eyfhandle(e;; o) B RAEIEL)
try e; ow x.casex {

div == => ey,
| fnf s == ep,r
| .-}

- RRZAb: HEER

1) BAUEME T AERREE L,

2) IR —EE RN A RN, XHERE!
BT —EEXNREMNEN, REREHEFAREE.
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@) 2.2 5'H(Exceptions)-8

W RE S ., XELEFRAHECHRE?
> $ o, R RMALE. [PEPL, 38]

- W RMAAR. RS RFNRE, ERXMERN
W AR S A R AREE BT B
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ﬁ%’ 3 3E4E(Continuations)-1

Btk REMRTRMTE
#i{iﬂ%ﬁ(m##\ PR ) SCAT LU R — e Rk B R

Rif(reified)itilt: H—PMEHRFESA—NHENE HH
first-class continuation(fELE).

HEFRRELENTT, MWRTHRATHE.

> RVFRIEREERF DR, J7EBEE M — Mo 8 2 ar )
AR K R 2 A R AR R (BP RE4E).

> Bl “first-class"RABXMERT TR AT, TLEER
ERFPERAER.
first-class continuation3Z kfunlimited “time travel”(7] LIBH
B E MR, HTLERBIERERNE—K)

LB R Remtk, RPRELL?

> FRBIRA N A K (persictent BIBLH (URAERS)
—— R IRA T AR AR
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@ 3 %E%(Continuations)-2

BHIRNARESI: EaEE N (ephemera ) IBEW

——AEREERT IR “IH” . “FH” BlEk, ®
AR REHEAT B ) AT !

First-class continuationsf i &k

> REB— A RES 2N 2R FIRE (A R THE)

> FlFcontinuations, ATLL” checkpoint” B/ HiEH1R
&, BERFERESHT, UEBREBLEHRE

3.1 ContinuationfI &4+
3.2 Continuationfyig X
3.3 HContinuationEx=R%E
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@ 3.1 ContinuationfIfiif-1 ﬁ%’ 3.1 Continuationf /-4

< MR A Continuation(RELEL) < IR A Continuation(RELL)
> BRI REH > w2 R actorl) E
= Hibk, —ik A int factorial (int n) { 1) W —MEvV
e it (nn0) retarn 15 2) AV, HoAMIEHS
_ e else { 7 55 B3 181 F factorial(5)
- R N R B E EE R AR int v = factorial(n-1); 3)ZBHHARKERMRLLS,
Continuation: 76 A FIE [ /5 W E4LRTHREFNT return n*v; RS R
> bl g 4) H B e 5 BLIR 51 B B AT
int £ () { return 1; } ¥ factorialifi i, JFTED
void main O A ft ﬁqﬁﬂg&%ﬁgg Wid'main(() : i %d\ ial(5))
if (£0)) printf("Good f\n"); - v, 7 v printf ("Factorial of 5 = Jd\n", factorial(5));
else printf("Bad f\n"); AEPTHERF }
} %KQ
¥u Zhang, USTC Foundamion of Programming Languagss - Conmol Fiow 4 Yu Zhang, USTC Foundamion of Programming Languagss - Conmol Fiow 45

ﬁ%) 3.1 Continuationf&i4fr-2 ﬁ%) 3.1 ContinuationIf&iifr-5

int £ () { return 1; } int factorial (int i,@nt prod) { 522 B2 %41
void main () { fl )R RESE 2. HAfs if (i == 0) return prod; 3| AFikBKprod, FHE
if (£()) printf("Good f\n"); —-'Hiv,_ﬁﬁﬁmv else return factorial(i-l,); AT RRRAER,
else printf("Bad f\n"); g%ﬁﬁﬁiﬁﬁ }
} = B &
void f_continuation (int v) { - .
if (v) printf("Good f\n"); ) § ial (i L. a {
else printf("Bad £\n") : . . int factoria int 1, int pro
; : void main 0 { ' L: { XFER RN R
mainZEX f_continuation(£()); if (i == 0) return prod; CPS(Continuation-
: . else { passing style )
~ MR NBUMFLES_comtimiation{UR prod = prod * i; i = i - 1; goto L;
- L, BIEIWHREF HADL }
- EREEF MREE, fERFf_continuationfiLE, FHiHA }
f_continuation }
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&%) 3.1 ContinuationfI®i4f-3 @ﬂ) 3.1 Continuationfjf&j/-6

int £ O { return 1; 3 void main () { < Continuationf 258! 5k
void f_continuation (int v) { f_continuation(f()); L em, )
if (v) printf("Good f\n"); m s o
: ) W R {E K Continuationds R
else printf("Bad f\n"); > BARL: 1 ‘
¥ ik f E#H AT _continuation; z ¢ letee[7](x-€)

; i LT Continuation(LATRFIR)BED L &Y, MR
TR 23RN (tall call) M. letccBlAlet with current continuation:

— B A B #ER cont(1) K5I, Bleallec(call with current

void f_continuation (int wv) { continuation)

if (v) printf("Good f\n"); > HERR: throw(ey; e)
s : throw(e;; e,

, else printf("Bad f\n"); E;‘ﬂ;gglﬂﬁ%ﬁﬁ HRBRIKE R e E, FXfe RIE

void £ O {(E_continuation(D) } ° B R
cont(T) T cont

void main () { £0); } letce[7](x-€) letcc x:Tcont in e
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@ 3.1 Continuationf -7

“Fhrall

« setjmp/longjmp5 continuation
> setjmp/longjmp: RCHIEERH, RULLTHRELEAHH

Winclude <stdio.h> jmp_buﬂﬁm*ﬁi E 'mpﬂongjmp}?f }

#include <setjmp.h> Wﬁﬁ!mmﬁﬁﬂ' EE'F ,é-
=D Hibt. BRiREH, —EAERNES

else masusn defiS=l —Hp A AR BUEISBEETARIEH!

}

% % T 132 BE BRI, BENEBEsetmp(x), JB
it (1w $>ﬁa4z. lmgjmp&mmwfmseﬁmmwmgx]

void main () {
int result =(Eetjmp (k)]

HWABRFEK, FEREO. XAH

suitch (result continuation!
cage 0: f(5); break; // setjmp returns 0 first time
default: printf("f£(5) = %d\n", result); break; // w
}
¥ BEFIUTHER: 42
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ﬁ%) 3.1 ContinuationffIf&4-8

#

Tt

« Continuation(ZE42)5R1E LT 3¢
> ETFEX
- ZhFEL: BRSBRNEARE LT XHFHFRITENL
— SRR S, FL N Continuation(FIR I LT X

FeAL)
-
let{plus{n}]m[ii]. num[3]), z;.1et(num[4], zo.plus(x, .1‘2)).]

SRR SN

let(o,x.let(num[4], o.plus(r, r_;)] {num|[6]}

= oflet(num[6], x.let(nun[4], x2.plus(zry, x2))} | plus(num[3];...)
— oflet(num[4], ro.plus(num[6], x2))} LR FESE N
—  o{plus(num[6], num[4])} letce [nat] (x.
—  of{num[10]} let(x;x1.let(...)))
Yu Zhang, USTC Foundanion of Programming Languagss - Conmol Flow 0

q 3.1 Continuationff&i4--9
< Continuationf¥] Rz F 264

Bl BRBBITESFFFqRI BT TR KR
ARVHE: MREWATRPHAF, WHFEREE

E{Eo, T A R HAT R B FREE .
> BEAEFTFFIRIRS,
- TR BB RTTR Mﬁﬁ*ﬁgﬂig ﬁlﬂ]
fun ms b_ : nat) is
case n {

zero = succ(zero) |

succ (m:nat) = times (q zero) (ms (

[xﬁﬁaﬂ—wmw, EHq B TR
; B ANEET B F— ek !

Foundation of Programming Languages - Conmol Flow 51
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@ 3.1 ContinuationfIf&if+-10

Eapart

Pl BRBBITESFHgRIET TR KR
F R E IR R T R

A (g : nat -> nat, n : mat) in
letce T nat cont in
let fun ms (g : mat -> mat, n :

case n { T
zoro = succ(zero] | qmgﬁ”gﬁgkgﬁgﬁ%

suce (m:nat) =

reti s BRI T R M J
kﬁﬂ\flconﬁnuation!

nat) be

case (q zero) {
zero =» throw zefo to ret |
succ(p:nat) => times (succ p) (ms (q o succ) m)
in
ms qn

Yo Zhang, USTC Foundanion of Programming Languages - Conmol Fiow

ﬁ%) 3.1 Continuationfiféifr-11

LT

1
]

a2 (RBMEEMEE)EELRB N contlHESEL
FIRR R~ WRYy, rAEEREBIRA
7' contB LK '
HATAWT: BB KN HEy e EEE )
s .

fun compose(f:1’ — 1,k:1cont):1'cont = ....

SLHPMEE: 1. WAREL ? 2. MARE L ?
fun compose (f:1"— 1, k:7cont):1' cont =
letcc ret:7' cont cont in

throw (f (Jetcc r in throw r to ret)) to k

ATV iSK

BV S vk, X
i — 0 T BB F L

r25%% 1" cont; letcch2ER Ky "
rEBEIR B ES, throw rixR
EEHENR r flZret

|

3.2 Continuationff]ig X -1

Fhpast

}

LU RUTAE
Type Ti:=cont(7)
Expr e 1:=letec[7](x.€) | throw(e;; e,) | cont(k)
7 cont(k) : —PNREEFEKR, ERERELEPHAR,
BFRATUMER!

CEBIEX

[Lx:cont(1) Fe:1
I'Fletce[Tl(x.e) : 1

I'Fe;:cont(my)

Bl
m)) : G
I ZE L it I'F throw[t'] (eq;e2) - 7'

k:t
Ik cont(k) : cont(T)
Foundation of Programming Languages - Conmrol Flow
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[oont{k}ﬂ—’i‘continuation,
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&%} 3.2 ContinuationffJig& X -2

*BFIEX
» ¥ FEK{nat — 4R M
£ exp ey val
throw[1](—;e;) frame tnrcwii]l(q; —) frame
> B BB HIR (B continuation) & E

k stack
cont (k) val

> Fe A

ko letcclr] (x.e) — kv [cont(k) /x]e

throwl[1] (v; —) ik acont (k) — k' av

ko throwl1] (e1;e2) — throw[11(—;e) ke &
e val
throw[1] (—;e2) ;k 9ey — throwltl (eg; —)ske a2
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ﬁ% 3.2 ContinuationfJiE X -3

@) 3.3 FiContinuation® R~ % -2

R e o3
> 3 L TR S

€ : cont (T)
throw[1] (—e) T =1

er:1 e val
throwl[T] (e1; —) : cont (1) = 7'

»BASIE: mBe: cont(r)He val, WHEE—k, e=
cont(k)f#Bk: 7.

> ZetteR
1.8 sokH 55 Ms'ok .
2.1IMB sok, MELFs finalBkEFEs, FH s o5
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&@ﬂ) 3.3 FContinuationE R R -1

handle(ey, x.e;)(try e; ow \egﬂﬁkgﬁﬂ% 7, cont — T[] B
lam[7,_ cont](f.letcc(ret(...; " ap(ey;;h "))

> Yhandle ARSI MR AEREN, ERAREE SERY
BURIEESE, ¥ BEBF-ENRELER, BRERaple:n)

> BRI WREE R E BB e, KB FTERNREE.

> ap(ey; IBBRIMRe F=ERE, WREETUHREES .

It BE B letee(r let(letec(h . throw(l ; #7); x.throw(ap(ey; /i),r))

> BE - ABRIERES, RERILFTRMESRE: . #h e

» h'RAAR?
L REE, WREESESN, ASRLEB M RE, #
{EHEE SR B IS
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ﬁ% 3.3 HContinuation® 7% -3

* AEERTARENERBE

> BLWHRELEBRTRBR N, contESE, ERLEDEN
EaReMBESH NTH
e:7 BERe - Ty cONt — 7T

> REIR—A R W raise[7](e), RN R ¥ fHe P L AT ML ER S
raise[ 7] (e Alam|[ T, cont](/r.throw(e; /1))
RAEARAERE, HARAEIHRR R MEERT

> REFH—ALEEhandle(e); x.e,), LABBE—MERIEAF K
AR REHEXMLEREREZEPNET .,

handle(ey, x.e;)(try e; ow \eﬂﬂﬁﬂi%ﬂyg T, cONt — 7 KB

lam[7, cont](frletce(rlet(...; iap(e;;/ "))

Lhandlef B LT R E RSB, LRARER- ST L0

RS, ¥ BEBFTLENRELER, BRERap(eh)
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INGE:

LRTEMEFA— N RIERe i, #E YRR EEA
AL ET R TR T (B GR B) REZE)r.

LPATHIRZE R Fhandlelt, EBATHR TS RER
H, ERARE, WEQB-MHNOLESEY, DR
IR [ FE &,

FlEn TUBFERREEBERN, Ble, EFMAR

SPER AL BB TR, BFTRBIENSIERER
[B RE L.

¥u Zhang, USTC Foundation of Programming Languages - Conmol Flow ]



