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0000000000000000000 shift /reset 0000000000000 0DOO0OOOODOOO
0000000000000 0000CPSOUOO0DOUDOODOUDOD shift /reset 000000000
oo0oooo0o0ooOo0Oooo0oU0oOoOooooOo0o0oo0o0ooOoULDoOooooooooocepPSsoOoO
gooboooooobooooooooooboooooooooboboooboobobOboooboObOoOoDbbUuobbo
gooooooooooooooooooooooboooooooOoooOooooooooooobooboooooDoboo
000oo0ooo0o0oo0ooo0o0o0o0Oo0ooO0Do0o0oo0oooooOoUoOo0DoooooooCPSO
gooboooooooooooooooobooobobooboooooboooboooooOboooDboOoDbo
ooboooooooooo

1 00dn

oo oo oo oo buoooooog
godoobbbbooooobbbboooouobbooooob b bbb b bboooooo
0000000000000 00000000000O00000O00O0O0O0OUOUOoOOOoUODoD (3,50
00d0oo0ooobO gotoOOOOOO0OODODODOODODUODODUODODODODODOODOObDUODODO
0000000000000 00000000000000000Otry/catch O raise 00000000000
gooobbobboooooobbbtoooooobbbooooob bbb b bbooooo o
goobooboodobooobbooobboobboom@WobooobbooooobDboooo
oooooobooooon

000000000000000000Ocall/ce [17] O control/prompt [8], shift/reset [5] 00000000
000000000000 00 control/prompt, shift/reset 0000000 00call/cc 00000000000
goooboboboooooobbobboooooobbooooooubD bbb ooobooboo

0000000000000 0000000000000000000O00D0O00000U0O00g (continuation-
passing style: CPS) 00000000000 Ocall/cc000000000ODOOO0OOOOOO [9OODOOODO
oo obbo bbb oo b0 boooooobooooa

gooooobobobotoooooobbooboobodooooubob bbb b bbooooooD o
goodoooobooooooobobboooooo

00000000CPSUOU0DOOOOODOOOOOD shift/reset 0000000000000 0O0OOOO
oo oooooobooooooooo

00o0oooooooonD ceSOU0DDO0UODOOODOOODOOOUODOODDODOODOOOOOOOO
OO0OOSECDOOD [12]000000000000000OOshift/reset 000000000000 0OOOOO
gobooooooobooood

goog

DanvyO [7]00SECD 000000000000 OOOUOOOODOOOOOOOOdirect styleDOOOOO
OO00OaOO0ODOOO0ODOOOOOOOOO0ODOOO0OOANDODOOOOOODDO CcPSOOOODOOOODOOOO
00 SECD 0000 bisimulation 0000000000000 0Agerd 20N D0D00OO0DOOOOOO CPS
0000000000 00000 CEKUOOOOOOUOOOUOOoOOD shift/reset 000000000000
000 Danvy O0O0OOO0O0O0OO0OOO0OOOD [400Danvy0d0 SECDOOOO CEKOOOOOOOODO
gbodgbouogbooobgobobboobooboobooboobobobobooboobooboobon
00000000000000000000000000000000000 Oshift/reset 000000000
O00000000000000000000000 Ager0 [1]000000000O0OO0OOODOODOODOOOO
0000000000000 000000O000n [10] O backquote O unquote 00 O00O00OO0O0OOOODO
000 X 0000000000000 0D0000000D000000D0000NO0NDDO0000NoDoDooon
000 Ager 000000 DOUD shift/reset 0000000000000 DO0OD0O0OOOO0ODOOOUOOOO
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000000 shift/reset 000000000000 000000O00O0O0O0OO0OOOOODO 130000000
obooobOoboooooboooobooooonoo

2 shift / reset

shift 00 000000000000 reset 00000 kOOOOOOOOO0OOODOOOOOO0O0OO0O0OO
000 call/cc 00000 0D0O0O0ODO0OO0OO0O0OODOreset 0000000 OOshift 0000 kOOOODO
gooooooo0ooooooo0OoooDoOoOoO0oO0oOoooDooObOOO0O0O0O0shife (0..) OOOODOODO k
go0oOoo00oO0oOo0U0oDoOo0OoDoDOOOn 1@+ shift(fun k > 2 x (k 3)) OOOODOOOIO
oooboooooboo0oooDboO0o00 k0oooobo0d2+« (1 +3)0000s8000000O

reset 0000000000 shit 0000000000000 O0O0OO0OOOOOOOOOOOOOOOOOOO
reset (...) 0000OO0OO0ODO shift OO0O00D0OOOCOOO00OOOOOO0OOOOOOOOOOOOOODOOO
000000 1 + reset(4 + shift(fun k > 2 * (k 3))) 000000 MMOO0DOO0ODOOO 400000
O00D00 kDO0OO0O001+ (2% (4+3))000015000000000010000000reset 000
OO0 shift OOOOOOOOOOOOO

3 CPSOANDDODOODOO
Uoodbo0 syntax OO0 OO0OoOoQonOd
t u= x|Ax.t|tot|shift(t) | reset(t)
0000000000000 00000shift 0 reset 000000000000 ODOOODOODOOOOODOO
0000000 [#,t6e O00shift 0000000000000 [(O00O00O0OOO

v oi= fote | [0
O000DOoO0O00 oCaml DOOOODOOOOOOOOODOODOOODOOOOODODOOO
(x 0 %)
type t = Var of string (x OO0 =)
| Fun of string * t (x ODOO0O =*)
| App of t * t (x 0o oooog =
| Shift of t (* shift *)
| Reset of t (x reset x*)
(0 %)
type v = VFun of string * t *x e (x OO 0O0O0O x*)
| VCont of ¢ (x OO =)
(x 00O =)
and e = (string * v) list
(x O00O *)
and ¢ = (v -> v)

000 000 2000.0000000000000000 get(z,e)000OO00O0O0O eO000O0O0O0O 200w
0000000000 Oshift/reset 0000000000 evall DO0OO0OO0OOOOOOO [6]0

(x id : v =-> v x*)
let id x = x

(x eval : t * e *x ¢ -> v *)
let rec eval (t, e, c) = match t with
Var(x) -> c (get(x, e))
| Fun(x, t) -> ¢ (VFun(x, t, e))
| App(tO0, t1) -> eval (t1, e, (fun vil
-> eval (t0, e, (fun vO
-> (match vO0 with
(VFun(x’, t’, e’)) -> eval(t’, (x’, vl1) :: e’, c)
| (VCont(c’)) -> c (c’ v1) )))))
| Shift(t) -> eval (t, e, (fun v
-> (match v with
(VFun(x’, t’, e’)) -> eval (t’, (x’, VCont(c)) :: e’, id)
| (VCont(c’)) -> ¢’ (VCont(c))) ))
| Reset(t) -> c (eval (t, e, id))

(¥ evall : t -> v %)
let evall t = eval (t, []1, id)
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0000000000 CPSOANDODODOOOOD shift/reseet 00000000000 DO0O130 16000
shiftO17 000 reset 00000000 Oshift 000D00OO0OODOCOOOO0O0O00O veont(c) ODDODOODODODO
ubodaboosnift D000 t 0000000000000 0000reset DOOODOOO0O iab0000O00O
000000000 shit 000000000000000000000 shift/reset 0000000000000
00000000000000000000000000000000Oshift/reset 000000000000

4 CPSOO

gbooooobooboboooobooboooboooooooobooboboobooboDobooboobobooooo

00000000 Oevall O shift/reset 0000000000000 0O00O0O0O0OOO12,170000000
O000evalli O CPSOUOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODO eval2O0O0OO
gbobooooobooooooboobooooon

type v = (x 0 00O =) (x O =)

and e = (x 00O 00O =) (x OO %)
and ¢ = ((v * d) -> v) (x OO %)
and d = (v -> v)

U000 eval2 DO OOOOOOODO

(x cid : v * d -> v %)
(* did : v -> v %)

let cid (v, d) =d v
let did x = x

(x eval : t * e x ¢ *x d -> v *)
let rec eval (t, e, c, d) = match t with
Var(x) -> c (get(x, e), d)
| Fun(x, t) -> ¢ (VFun(x, t, e), 4d)
| App(t0, t1)
-> eval (t1, e, (fun (v1, di)
-> eval (t0, e, (fun (vO, dO)
-> (match v0 with
(VFun(x’, t’, e’)) -> eval(t’, (x’, v1) :: e’, c, d0)
| (VCont(c?’)) -> ¢’ (v1, (fun v’ -> ¢ (v’, d0))))), di1)), 4d)
| shift(t)
-> eval (t, e, (fun (v, d’)
-> (match v with
(VFun(x’, t’, e’)) -> eval (t’, (x’, VCont(c)) :: e’, cid, d’)
| (VCont(c’)) -> ¢’ (VCont(c), d’))), 4)
| Reset(t) -> eval (t, e, cid, (fun v -> ¢ (v, d)))

(* eval2 : t -> v %)

let eval2 t = eval (t, [], cid, did)

evall JO0O0OD0O CPSOOODOODOOODO cOODOODOODOODO CPSOODODOODODODOO ¢
O0ddopoooooooooo

0od0opooopooocpSOO0O0ODOOODOOODOOOOn

00 4.1 (CPSOOOO0OODO [16]). O

JO000 t000 evall O eval2 0 0O0O0O0OOOOODOOOOODODDOODOOOO0O0O0OO0OOMO t0O
evall 00000000 CPSOODODOODOODN t0 eval2dDOOD0OOOOOODOM

5 Uggn

eval2 000 CPSOO000000000000OOOOOODOOODOOODODOOOOOOOOOODOODOO

gboobOoooobooboooooboooooboobooobooboooobobobooboOoboooooboooo
0000000000000 00000O0eval20000000 [16)000000000000 eval3 0000
0000000000000000000000000 (OCaml 0 fun0)000000O00O0OOOOODOOO
gbooboboooboobooooboooobobooobOoboooobOooboobOOoboooooboOooonoo
0000000000000 0000000000 (apply 00000000 run*000000000O0)00O0O
goo
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000 eval2 00 shift 0000000000 OCaml O fun OO0OOOODO16020000 00 fun O
O body OO0OO0cOOO0ODOOO0DcO00O0DOOO0DOOOOODODOOODODODOOODeval200000
gooobooooooooooboobooooboooobobooobobooooobooboobobooboooDo
00000000000 cODO0O0O000OD0O0O0DODO0O0DOD snift 00 fun 0000 O0OOOCOOODDOO
c00000000000000O0ODOO0O0O000D funOD0OO0OOOOOOODbody ODODOODOOCOCOOODOO
oboobooooboobooobooboooobobooooOobooooboooon

type v = (x 00O D0DO %) (x O =%
and e = (*x OO 00O =) (x OO =)
(x OO =)
and ¢ = CAppl of t * e * c (» App0 00000 OCODO fun ODDOOOO %)
| CAppO of v * ¢ (» App000O0OD0DOOODODO fun ODOODOO =)
| CShift of c (* Shift0 D O0OOO0OOO fun OO ODOO %)
| CReset (¢ ¢ O id =)
and d = DRun of ¢ * d (* ResetDl d DO DODDODDOOOO fun O0ODOO =)
| DReset (x 4 O id =*)

0000000000000 000000000DDeval200 fun 0D00OO0OO0ODOOOODDOOOO
oooooo

(* run_c : ¢c * v x d -> v %)
let rec run_c (c, v, d) = match c with
CAppli(t’, e’, ¢’) -> eval(t’, e’, CAppO(v, c’), d)
| CAppO(v’, c¢’) -> (match v with

VFun(x’, t’, e’) -> eval(t’, (x’, v’) :: e’, c’, d)
| VCont(c’’) -> run_c (c’’, v’, DRun(c’, d)))
| CShift(c’) -> (match v with
VFun(x’, t’, e’) -> eval(t’, (x’, VCont(c’)) :: e’, CReset, d)
| VCont(c’’) -> run_c (c’’, VCont(c’), d))
| CReset -> run_d (d, v)
(x run_d : d * v -> v *)

and run_d (d, v) = match d with
DRun(c’, d4’) -> run_c (c’, v, d47)
| DReset -> v

fun 0000000000000 00000O0DO000000D00DO00000DOODoOOoooOooOon
000000000000 00oDboDbDOO eval2d 80000 Var 000000 0O0ODDODODDOOOOOODOO
oooooo cO00O000O0ODO0OOO0O0O0ODO0DO0O0O0O0O0DDOO cOOD0OD0ODODODOOO0ODDODDOOOOODbODbOOOO
o000 oobbb o000 oobibbbUevald 0 Var U0 run_c
(c, get(x, ¢, ) OODODOODOOOOODO dODOODODOOODOODOOOODOODOO eval30000
(*x cid : c *)
(* did : d =)

let cid = CReset
let did = DReset

(¥ eval : t * e *x ¢ * d -> v *)
let rec eval (t, e, ¢, d) = match t with
Var(x) -> run_c (c, get(x, e), d)
| Fun(x, t) -> run_c (c, VFun(x, t, e), d)
| App(t0, t1) -> eval (tl1, e, CAppl(t0, e, c), d)
| shift(t) -> eval (t, e, CShift(c), d)
| Reset(t) -> eval (t, e, cid, DRun(c, d))
(x evald : t -> v *)
let eval3 t = eval (t, [], cid, did)

000000000Caml O fin 00000000000000000000000000000000000
00000000000000000000000000000000000000000000000000
0000D0000000000

000000000000000000000000000
00 5.1 (0000 [16]0000). O
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U000 t000 eval2 0 eval3 0 0OUOOOOODOODOODOODOOOOOOOOOOOOOOOOOIDO 0O
eval2 000000000 O0O0O0O0O0O0O00D0O0 t0 eval300O000O0O000O00O0O0OMM

6 OOooogdn

U000Oeval300O0O0OO0OO00ODOO00DOO00DOO0ODOOOOODOOO0ODOO00O0O0OO000000D00 eval3 OO
gboobOoboooooboooobooboboobooboooooboobooooboobooooobooooonoo
oooobooo cOOoOoOOobOOoOoOO0obOO0o0obOobOobooboooobooooboboboOoboooooooboon
goooboooooboboooooboooooboobooboboooobobobOoboDobobooooboooog
eval4 J0000D0O0OO0OOODOOOO cOO0ODOOOOODOODOOOOODOOOOOOODOOO

ooo
ooooooo
oooooo

ooo
goooooo
goooooo
oooooo

[m}
c
ooa tail
'I‘FI" ooo

O l:eval30 evald OO0 DODOO

eval3000cO000000O0O0COO OOO cAppl, CAppO, CShift OO0 cOOOOOOOOODOOODO

gboooobooobooboobooboboobooboboobobobbob cO0obOoOobOobOoOoboOon
goooobooboboobobd cOobobooboboobobooboboboobobobooobg ceb
gboooboboooboobooooboooobooboobooboooobOoboooboobooooobooonoo
O00 cO00D0OO000D0 tail DOO00ODOO0OO0cDOO0OOOOO0DODOO CReset00O00OO0ODODOOO
goooood0opoooooooooooooooddbce0 dodoDbOOoooDOoOoOoOoDbOOOOon

G O %)
type v = VFun of string * t * e
| VCont of c¢ list (* ¢ O ¢ list O =)

and e = (x 0000 =) G+ O 0 %)

(x OO0 =%

and ¢ = CAppl of t * e (» c 0DO00O0O0 cOODODODODOOOOOO %
| CAppO of v (*» DO0O0O0O c OD0DOO0OOOOOOO CReset O x)
| CShift (» 0DODOOOoOOoOoOoog =)

and d = DRun of c¢ list (»d DODODOO0O 4a00D0O0OD0OODOOOOOO %

U000 eval4a DOOOODOOODOO

(* identity function x*)

(* cid : c list =)

(* did : d list x*)

let cid = []

let did = T[]

(x eval : t * e * ¢ list * d list -> v *)

let rec eval (t, e, ¢, d) = match t with
Var(x) -> run_c (c, get(x, e), d)
Fun(x, t) -> run_c (c, VFun(x, t, e), d)

|

| App(tO0, t1) -> eval (t1, e, CAppl(tO0, e) :: c, d)
| Shift(t) -> eval (t, e, CShift :: c, d)

| Reset(t) -> eval (t, e, cid, DRun(c) :: 4d)

(¥ run_c : c list *x v * d list -> v *)
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and run_c (c, v, d) = match c with

CAppl(t’, e’) :: ¢’ -> eval(t’, e’, CAppO(v) :: c’, d)
| CAppO(v?’) :: ¢’ -> (match v with
VFun(x’, t’, e’) -> eval(t’, (x’, v’) :: e’, c’, d)
| VCont(c’’) -> run_c (c’’, v’, DRun(c’) :: d))
| CShift :: ¢’ -> (match v with
VFun(x’, t’, e’) -> eval(t’, (x’, VCont(c’)) :: e’, cid, 4d)
| VCont(c’’) -> run_c (c’’, VCont(c?’), d))

| [ -> run_d (d, v)

(¥ run_d : d list * v -> v x*)
and run_d (d, v) = match d with
DRun(c’) :: d’ -> run_c (c’, v, d’)

I [0 ->v

(¥ evald : t -> v %)
let evald t = eval (t, [], cid, did)

0000000000000 cO0 clistOdOO dlist 00000000 0O0O11,12,17000 eval3 000
J00o0bobo000o00oubbbib0u0dobbbeval4a0000ogobb0oooobbboogog
0000000000000 0130000 CReset 00IDO0OOOODO (eid) 0000000 O0ODOOOOOO
OOReset 0000000 DODOODOOOODOOODOOOODOODODOOOD DRun(e) O dlist OO OODO
00000000 reset 000000 cOO0ODOOO0DO dOODOODOOdODOODOODOODOOODOOO
00000000 Oshift/reset 000 0reset 000000000 00shift 0000000000000 0O0O0OO
0000000000000 000D0000 0@ reset 0O00O0O0OO0OOOOshift 0O0OOO0OO0OOOOOO
gooooooboboooooobobobbooooooobo0ooooobObbooooooo

evald3 ] eval4 U UOO0O0OOOOOOODODODOODOODODODODODODOOODO eval3UOOOOOOOOODONO
gooboboobboobooooboboobboobobooobboobbooDbooUbbooubboo
J00d0b0b0000bi00OOeval4a 000 00O0DO0O0ODDODDOO0ODODODDOO0O0ODDOOOODDOOeval3d
0000ooobDo0o0o0oobobb0ddlevaldJ0000DODO0O0O0O0OODODDODOOOOODDODODOOOO
gobodooooobooooooboooobbuooooobb oo bbb ooooon
ggod
00 6.1 (0000O0OOOOO). O
0000 t000 eval3 U eval4 U0 O0O0ODODOOOODODOOOOOOODODODOODOOOOODOOIO t0O
eval3UU0O0O0O0O0O0O0O0O0OO0ODODODODODO0O0O0O t0 eval4UOUOUODODODOOOOODODOMM

7T Uooodd
71 0000DO0OO0OOO0OO0DO

000000000000 00b00b00O00O0b0O00ObDO evalda CAppOIDODOOO oOOOooono
oo oo oooooobuooooobooooao
o000 oooob b0 obooboobb evals0ooog
googbooobooboobobooobooboobooboobobboboobLDOoobOoobOoobon
gooobooboobooboboooboooboobooboobUobObobDOoobDooboobooboo
0000000000000 D00000 clist0000000D000O000DO000O0000O000O0000O0000O
gooooooooobooooda
(x O %
type v = VFun of string * t * e

| VCont of (c 1list) * s (x ¢ 1list OO0 OO 00O00O0O =)
(x» OO OO =)

and s = v list (x OO O0DOoOoOooooo %)
and e = (*x O OO0 %) (x OO0 =)
(x OO =)
and ¢ = CAppl of t * e
| CAppO (x» DO D0ODODOO0OOooOooOoo %)
| CShift

and d = DRun of (c list) * s (x» ¢ 1list O OO OO0O0ODO =)
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00000 cAappO(v) JO0O vOOOODOOODOOOUOD vOOOODOOOOODOOODODOOOOOOOODO
000000000000 000000000000 capp0 DO 0O0OOOOOOOOOOOODO clistO0O (c
list) * s 0OOO0OOOVCent 0 DRun DO O0OOOOOOOO

gbooogooobooobo sbboooooooooooboooooboobbooooboooobobbooDoo
UrmcUO00rmnd00000000O0O0O0CODOOOCOODOOODOOOOODOODOOOOODOOODOOO
gboooboobOobbot0 runc000rmndO0000000O0C0O0O0O0O0OO0OCODOOOOODOOODOOO
U00000b000000000000000 evals 000OO0OOOOODOO

(x cid : c list *)
(* did : d 1list *)
let cid = []
let did = []
(*x eval : t * s * e * ¢c * d -> v %)
let rec eval (t, s, e, c, d) = match t with
Var(x) -> run_c (c, get(x, e) :: s, d)

| Fun(x, t) -> run_c (c, VFun(x, t, e) :: s, d)

| App(tO0, t1) -> eval (t1, s, e, CAppl(tO, e) :: c, d)

| Shift(t) -> eval (t, s, e, CShift :: c, d)

| Reset(t) -> eval (t, [], e, cid, DRun(c, s) :: d)
(x run_c : c * s x d -> v %)
and run_c (c, s, d) = match c with

CAppli(t’, e’) :: ¢’ -> eval(t’, s, e’, CAppO :: c’, d)
| CAppO :: c’ ->
(match s with
VFun(x’, t’, e’) :: v’ :: s’ -> eval(t’, s’, (x’, v’) :: e’, c’, d)
| VCont(c’’, s’’) :: v’ :: s’ -> run_c (c’’, v’ :: s’’, DRun(c’, s’) :: d))
| CShift :: ¢’ ->
(match s with
VFun(x’, t’, e’) :: s’ -> eval(t’, []1, (x’, VCont(c’, s’)) :: e’, cid, d)
| VCont(c’’, s’’) :: s’ -> run_c (c’’, VCont(c’, s’) :: s’’, d))

| [ -> run_d (4, s)

(* run_d : d * s -> v x*)
and run_d (d, s) = match (d, s) with
(DRun(c’, s’) :: d’, v :: s’’) -> run_c (c’, v :: s’, d’)

| ([, v :: s8’°) =-> v

(* evalb : t -> v %)
let evalb5 t = eval (t, [], [], cid, did)

0000000000000 boooooo0 s00000o0obo000oUs, 90N evaldDOOOO
0d0oooooooobooooooooooooooboboboooooooooD?20,24,29 000000000
Joddbbobbodgddvcent U DRun OO O0OO0O0O0OODDODOOOOUOOODODDODODDODOOOOOODDODOO

00 20,3000 00000000000000000000DOODOODO (¢2)ODODOODOODOODODOO
ooooooo

7.2 0O000O0OO0OO0O0OO0OO0OO0

oo oo oo o oo ooooa
O0000000000000000000000000evalda0 evals 000000000 DODODOOOOO
O000000000000000000000000000000000000 eval4l evalo OOOOOO
000 bisimulation DO OO0O0O0O0O0O00O

000 bisimulation 000000000
00 7.1 (bisimulation [14]). O
00 P~QUODO00 PQUOODODOODOODODOODOODOOOO ~ O bisimulation 0O 00O

e P X POoD POODOODODQES QDO P~Q D000 QIDD0OO0D

!
eQ X @QUoDQuUooooooP X P00 P~Q OO0 POOOOOO



bisimulation 0000000000 O0O00DOOO

evald 0 evals 0O 0000000000000 00000O0O0COCO0OOO0O0DODOOOOOeval4a0 9000
OOeval 000 Var(x)DODOOOO runc (c, get(x, e), &) DO0O0O00O000O00O0 (Var(x),eq,cq,ds)
000 (cq,get(z,e4),ds) 0000DO00DO00DOD0

00000 eval, runc, rund 0000000 rund 000000000000 {t,e,¢,d),{c,v,d),{d,v), {v)
U000bO000000Oeval400 200000000000 0000000O0000O00O000O00OO

t = @000
(Var(z),e,c,d) = (c,get(z,e),d)
(Fun(z,t),e,c,d) = {c,VFun(z,t,e),d)
(App(t0,tl),e,c,d) = (tl,e CAppl( 0,e) :: ¢, d)
(Shift(t),e,c,dy = (t,e,CShift :: ¢, d)
(Reset(t),e,c,d) = (t,e,[],DRun(c ) i d)
(CAppi(t,e) ::c,v,d) = (t,e,CAppO(v) :: ¢, d)
(CAppO(v) :: ¢, VFun(z, t,e),d) = (¢, (x,v) e, ¢ d)
(CAppO(v) :: ¢, VCont(c'),d) = {(¢/,v,DRun(c) :: d)
(CShift :: ¢,VFun(x,t,e),d) = (t,(z,VCont(c)) :: e,[],d)
(CShift :: ¢,VCont(c),d) = (c’,VCont(c),d)
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type v = VFun of string * t * e
| VCont of (c 1list) * s

| VEnv of e (x» OO D0ODOOO0O0 =)
and s = (x O O0O0O =) (x ODDOOOg %)
and e = (x 00O OO =*) (x OO =)
(x OO =)
and ¢ = CAppl of t (» ODODOOO0OO0O =
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| CShift
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(* did : d list *)

let cid = T[]
let did = []

(x eval : t * s * e * ¢ list * d list -> v *)
let rec eval (t, s, e, ¢, d) = match t with
Var(x) -> run_c (c, get(x, e) :: s, d)
| Fun(x, t) -> run_c (c, VFun(x, t, e) :: s, d)
| App(tO, t1) -> eval (t1, VEnv(e) :: s, e, CAppl1(t0) :: c, d)
| Shift(t) -> eval (t, s, e, CShift :: c, d)
| Reset(t) -> eval (t, [], e, CReset :: [], DRun(c, s) :: d)
(* run_c : c list * s * d -> v x*)
and run_c (c, s, d) = match c with
CAppi(t?’) :: ¢’ ->
(match s with
v :: VEnv(e’) :: s -> eval(t’, v :: s, e’, CAppO :: c’, d))
| CAppO :: ¢’ ->
(match s with
VFun(x’, t’, e’) :: v’ :: 8’ -> eval(t’, s’, (x’, v’) :: e’, c’, d)
| VCont(c’’, s’’) :: v’ :: s’ -> run_c (c’’, v’ :: s’’, DRun(c’, s’) :: d))
| CShift :: ¢’ ->
(match s with
VFun(x’, t’, e’) :: s’
-> eval(t’, [], (x’, VCont(c’, s’)) :: e’, CReset :: []1, d)
| VCont(c’’, s’’) :: s’ -> run_c (c’’, VCont(c’, s’) :: s’’, d))
| CReset :: _ -> run_d (d, s)
(x run_d : 4 1list * s -> v *)
and run_d (d, s) = match (d, s) with
(DRun(c’, s’) :: d’, v :: s8’’) -> run_c (c¢’, v :: s’, 4d°’)
| (DReset _, vV 1 8’7) -> v

(x evalé : t -> v %)
let evalé t = eval (t, [1, [], cid, did)
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