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N+ (Ezp x Env)

’ﬁiz Benvironment
Env = Var — Thing
Thing = Value, Thing = Loc
> U222 memory
Memory = Loc — Value
> Zhalve
V = N+(V=V), vV =
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letx EE | it EEE

DT20MA F — n | x| fnzFE | recfaE | EE
|
| (E.E) | Eax| Ex | E+E | -E

AP K — []| KE | vK
2 v = n| fnxFE | recfaE
E—F
K[E] — K[F]

(fnx E)v — {v/z}FE
(recfex E)v — {(rec fz E)/f,v/x}E
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ZFZ A
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D“EE'| = $7|/D1|EE'|T—‘—Iocat|onE HAEE

E —- n|x|fneE | recfaE | EE

refl | E:=E | 'E
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M € Loc™ Value

o 22|
M,E — M' E'
M,K[E] - M, K[E]

M,(fnz EYv — M, {v/x}FE
(recfzx E)v — M,{(rec fx E)/f,v/z}E

Ml:=v — M{l—uv}v



(fnz E)v
(rec fz E)v
vhandle L F

raise L
Lhandle L E

n|az|fnzkE | recfzE | EFE

raise L | Ehandle L E

[(J| KE[vEK | -
n | fnzE | recfzFE

L

E— FE
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{v/a}E
{(rec fz E)/f,v/z}E
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> B+ E; M B, AlAS UL OFA & 27

continuation O:”

> Ei+E, O|M B, A4S L OFA & &7
> B, By By HAMS BUYD Oy & 227
» (goto L) + F Of|A| gotoE DL} O & 227

> (raise L) + F Of|A] raiseE Tt OtA o LE27
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= 2= continuation O:”

> B+ E; M B, AlAS UL OFA & 27
Ar.x + Ey

> By + B, OlM B, A4S EU10 OtA & L7

> F, Fy: By AARS 2L 014 & 227

» (goto L) + F Of|A| gotoE DL} O & 227

> (raise L) + F Of|A] raiseE Tt OtA o LE27
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> B+ B, M By AL ELHLD O & L27
Ar.x + Ey
> B+ By, O™ B, AdtE WL Op4 & Y27
AL+ X
> F, By By AAS EU 10 OFA & 427

continuation O:”

» (goto L) + F Of|A| gotoE DL} O & 227

» (raise L) + F Of|A] raiseE Tt OtA o LE27



O |'Z-| 6EH)El continuation O:”

>

B, + E, O|M B, AAFS ZUD Ot & 222
Ax.x+ Ey

Ey + E, O|M Ey, HAMS 22 Opx & U7
Ax.V] + X

E\ Ey: By AlttE EU1 OFA]
Ar.x Fy

(goto L) + E O|A gotoS BtL}LD OtA & 27
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(raise L) + E O|M raiseE QtLEL OpR] & Y27
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>

Ey + E, O|A E; HAFS 21 013 & U7

Ar.x + By
Ey + E, O|M E, A4S EUW0 OpY o 427
AL+ X

E, Ey: By HALS 22U Ofx & 2422?
Ax.x Fy

(goto L) + E 0| M gotoE BtLtL OFAY & U27
LO|S0| 22 D= AHE T

(raise L) + £ 0| M raiseS DtL}D Of2] o 227
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>

B+ E, O|M E; AAtS BUD OpY & Y27

Ar.x + Ey

Ey+ Ey O™ E, AARS ZLH D Ot & 2e?
Ax.V] + X

Ey Ey: By A4S €W O0pY o 27

Ax.x Fy

(goto L) + E O A gotoS OHLtT OFY & A7
LO|E0| 22 Ot YYUZ AHH T

(raise L) + E Of|A] raiseE QHLtT OFY & 227
L 02| & 57|25t b YU =2 HHSH 7



O |'Z-| 6EH)El continuation
> K[E]O|AM EAAMS OF2| 1 (v) OFA & Y27
Az K [x]

o 5==
continuation 2 S’_gol'7|
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E — 1| E+E
[E] ¢ (N—-N)—N
Mk = k(1)
[[El + EQ]] k = [[El]] ()\nl[[EQ]] (/\an:(nl + ng)))

> VE k.k(val(E)) =[E] k
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E — n|z | fnxE | recfzE | EE

Env - K->V
S8 ocBw = Var, -V
OIAEY keK = VoV

2 veV = N +(VoK—=V)

S|
=
m

[njok = kK
[z] ok = k(o(x))
[fnz E]ok = k(Av K. [E]o{z— v} F)

| = k(lfp(\e NN [E] o{x — v}{f — o} k')
[Ev Ex] ok = [Ex] o (Af.[E2] o (Mv.fuk))
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continuation M%@ 9—|D|—_I'L—% gOtO‘Tl?__

— n |z | fnxE | recfz E | FE
L:E L:E | gotolL

|
Env - K->V
(Var + Label), — 'V

€ Env
= V>V
N, +(VoK—-V)+K

OpA
U vev =
[Li:Ey Ly:EsJok = [Ei]o'ky Ol
o' =o{Li— ki }{Ls — ka}
ki = \o.[Ed] o ks
ke = Mv.[Ey] o' k
o(1)(0)

[goto L] o k
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E-I LH / |continuation—passing—style, cps

E — n |z | fnzxFE | recfazE | EE

2 . € VEp—(K—=V)Ewp
OIEY K = VoV

n = fnk(kn)
z = fnk(kx)
fnx E = fnk(k(fnz E))
recfrE = fnk(k(recfakE))
BB, = k(B (faf (B, (fno (f o))



denotatlonal semantics-

[E] = [£] wd

AlSH O = . L.
> E°<|>-| —'lml__rL—'—operatlonal semantics-

ESov iff Eid-=> o

n_
T_

(fnzx E')_
(rec fxz E')_

P Call-by-name, call-by-value, and A-calculus, Gordon Plotkin, Theoretical

Computer Science 1, pp.125-159
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fnx B
rec fz E'



CPs#izio| SHLS: 27| 53

» CPStHHZ3l cpsExp:

extentional proof

cpsExp: AFEzp — ((A— A) — A) Exp
> CHESk= 20|MA L] &4 cps:

ecps:(A—>A) = (A=A - A) - (A—-A) = A

Che 422 DHESHTHIHY):
YV f ok (eps f) ffk=f(f k)
> CHS 2252 SYSHAL (oMol crseiaiol 26t2)

VE. IfpF = (lfp(cps F)) id



P(f,9) = (f = g id)

(feA ge(A— A — A
> La=Lasay-a(id)? Y.
> P(f,g) Ol P(F f,(cps F) 9)? =
f=gid O|H F f=(cps F) gid? Y|, AQLFH
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FE

[£]

SHd o€ Enwv

OfMEY keK

oelxe| heH

U vev

[raise L] o k h
[E) handle L Ex] o k h
[n]okh
[z] o kR
[EIEQ]]th

raise L | Fhandle L F

Env - K—-H—->V

Var, —»V

V-V

Exn, —V OoQ| L € Ean
N+ Vo>K->H-YV)

h(L)
E ok (h{L s [Es] o k1))
(n)

(o(z))

[E\] o (\f.[E2] o

x>

(M.fokh)h)h



o2l =0|7]: OtA e 0|&

oS = = continuation o

E —- n| x| fnzE | recfzE | EE | E?TE:E
| raisel | Ehandle LE

#Hak . V Ezp — (K — H — V) Exp
O keK — VoV
oexz| heHW = Em—V 02| Le Em

raise L = fn(k,h)(hL)
Fihandle LE, = fn(k,h)E (k fnx (v = L7 (Ey (k,h)) : h(z)))
n = fn(k,h)(kn)
z = fn(kh) (k)
fnz E = fn(k,h)(k(fnz E))
recfzE = fn(k,h)(k(recfzE))
BBy = tn(kh) (Ey (£ f (B (10 (f o (5 2), 1), 1)



[catchz E] o k
[throwz E] o k
[fnx E] ok
[E Es] o k

SEO . . 9 Jo
D|'Z-| OEF = continuation 2 aA—Econtrol as value

n| x| faxFE | recfzE | EE
catchz F | throwz E

Env - K—=>V

Var, -V

V-V

N +(V=2K-=>V)+K

[E] o (Av.o(z)(v))
E(Av K [E] of{x — v} k)
[Ei]o A\ f[Es] o (Mo fok))



SEO . . 9 Jo
D|'Z-| OEF = continuation 2 aA—Econtrol as value

E — n| x| fanaxE | recfzFE | EFE
| catcha F | throwz E

[E] € Env—-K—=V
4 o€ b = Var, -V
Oty keK = VoV
4 veV = N+ (VoK-=V)+K

[catchz E]ok = [E]lo{z— k}k

[throwz E] o k [E] o (Mv.o(z)(v))
[fnx E] ok E(Av K [E] of{x — v} k)
[[El EQ]] ok = [[El]] g (/\fIIEQH g ()\’Uf v k))

(C/C++)Of|M: ~ setjmpz E | longjmpx E
Scheme(Haskell/Scalag)0|A]: ~ callcc (fnx E)
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EEEHD-ljl' I:]H':HE E‘I’EEas first-class object
> 32, B3, B
P EHEN

=y A
IooH_I'__A-IcontroIv EE%A—L e

&t fnaz B | recfzE = FEF
B (E,E) = E.1| FE.r
o 22|54 ref F = FE:=F |
AlSHZ A catchz £ = throwz E

ODZgHAL box F = unboxFE | runFE
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