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(x eval : t * string list * v list * ¢ -> v *)
let rec eval (t, xs, vs, k) = match t with
Var(x) -> k (List.nth vs (get(x, xs)))
| Fun(x, t) -> k (VFun(fun (v1, k1) -> eval(t, x :: xs, vl :: vs, k1)))
| App(tO, t1) -> eval (t1, xs, vs, (fun vl
-> eval (t0, xs, vs, (fun vO
-> (match vO with
VFun(f) -> £ (v1, k)
| VCont(k’) -> k (k’> v1) )))))
| Shift(t) -> eval (t, xs, vs, (fun v
-> (match v with
VFun(f) -> £ (VCont(k), id)
| VCont(k’) -> k’ (VCont(k)))))
| Reset(t) -> k (eval (t, xs, vs, id))

(x evall : t => v %)
let evall t = eval (t, [I, [I, id)
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7 (kO %)
§type v. = VFun of ((v * ¢) —> v) (x DOO0O0%)

9 | VCont of c (x OO %)
10 (x OO %)
11and ¢ = (v => v)
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type v = VFun of ((s * ¢c) -> s) (* value *)
| VCont of s * ¢

and s = v list (* stack *)

and c (s => s) (* continuation *)

(* eval : t * string list * v list * s * ¢ -> v list %)
let rec eval (t, xs, vs, s, k) = match t with
Var(x) -> k ((List.nth vs (get(x, xs))) :: s)
| Fun(x, t) -> k ((VFun(fun ((v1 :: s1), k1) -> eval(t, x :: xs, vl :: vs, sl1, k1))) :: s)
| App(tO, t1) -> eval (t1, xs, vs, s, (fun sl ->
eval (t0, xs, vs, sl, (fun sO ->
(match sO with
VFun(f) :: vl :: s0’ -> f ((v1 :: s0’), k)
| VCont(s’, k’) :: vl :: 80> -> k (k> (vl :: 8’ @ s07)))))))
| Shift(t) -> eval (t, xs, vs, s, (fun sO ->
(match sO with
VFun(f) :: s0’ -> f (VCont(s0’, k) :: [I, id)
| VCont(s’, k?) :: s0’ -> k’> (VCont(s0’, k) :: s’))))
| Reset(t) -> k ((eval (t, xs, vs, [], id)) @ s)

(x eval2 : t -> v %)
let eval2 t = eval (t, [1, [0, [, id)
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| VCont of s * ¢
| VEnv of v list

4and s = v list (x stack *)
5and ¢ = (s -> s) (* continuation *)
6

7 let init_s = VEnv([]) :: [] (% initial stack *)
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(*x push_env : s -> s *)
let push_env s = match s with
VEnv(vs) :: s -> VEnv(vs) :: VEnv(vs) :: s
(*x pop_env : s -> s *)
let pop_env s = match s with
v :: VEnv(vs’) :: s’ -> VEnv(vs’) :: v :: s’

(x eval : t * string list * s * ¢ -> v list *)
let rec eval (t, xs, s, k) = match t with
Var(x) -> (match s with VEnv(vs) :: s -> k ((List.nth vs (get(x, xs))) :: s))
| Fun(x, t) -> (match s with VEnv(vs) :: s
-> k (VFun(fun (v1 :: si1, k1)
-> eval(t, x :: xs, VEnv(vl :: vs) :: s1, k1)) :: s))
| App(tO, t1) -> eval (t1, xs, (push_env s), (fun sl ->
eval (t0, xs, (pop_env s1), (fun sO ->
(match sO with
VFun(f) :: vl :: s0’ -> f ((v1 :: s0’), k)
| VCont(s’, k’) :: vl :: s0’ -> k (k> (vl :: s’ @ s0°)))))))
| Shift(t) -> eval (t, xs, s, (fun sO —>
(match sO with
VFun(f) :: s0’ -> f (VCont(s0’, k) :: []1, id)
| VCont(s’, k’) :: s0’ -> k’ (VCont(s0’, k) :: s’))))
| Reset(t) -> (match s with VEnv(vs) :: s -> k ((eval (t, xs, VEnv(vs) :: [], id)) @ s)

(x eval3 : t -> v %)
let eval3d t = List.hd(eval (t, [], init_s, id))
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| VCont of s * ¢
| VEnv of v list

| VK of ¢
and s = v list (x stack *)
and ¢ = (s -> s) (* continuation *)
let init_s = VEnv([]) :: VK(id) :: [] (% initial stack *)

(x push .k : s => ¢c -> s *)
let push_k s k = match s with
VEnv(vs) :: s’ -> VEnv(vs) :: VK(k) :: s’

(* eval : t * string list * s -> v list %)
let rec eval (t, xs, s) = match t with
Var(x) -> (match s with
VEnv(vs) :: VK(k) :: s -> k ((List.nth vs (get(x, xs))) :: s))
| Fun(x, t) -> (match s with VEnv(vs) :: VK(k) :: s
-> k (VFun(fun (v1 :: si1, k1)
-> eval(t, x :: xs, VEnv(vl :: vs) :: VK(k1) :: s1)) :: s))
| App(tO, t1) -> eval (t1, xs, push_k (push_env s) (fun sl ->
eval (tO, xs, push_k (pop_env s1) (fun sO ->
(match sO with
VFun(f) :: v1 :: VK(k) :: s0’> -> f ((v1 :: s0’), k)
| VCont(s’, k’) :: vl :: VK(k) :: s0’ > k (k’ (vl :: s’ @ s0’))
NN
| Shift(t) -> eval (t, xs, push_k s (fun sO ->
(match sO with
VFun(f) :: VK(k) :: sO0’ -> f (VCont(s0’, k) :: [I, id)
| VCont(s’, k’) :: VK(k) :: sO0’ -> k’ (VCont(s0’, k) :: s7))))
| Reset(t) -> (match s with VEnv(vs) :: VK(k) :: s’
-> k ((eval (t, xs, VEnv(vs) :: VK(id) :: [1)) :: s))

(x evald : t -> v %)
let evald t = List.hd(eval (t, [], init_s))

0 4: evald: eval3 000D 0O0O0O0ODO0O0OOODOODOOOOODOOOODODO
4.3 0O0OO0O0OO0OO

Ub0bobo0bobodbdbUeval3s 000000 DOODOO0ODOODODOO2502602903000
Uk0O0O000O000O0O000DOO00O00bO000b0o00bO0o0b00obOoobooboooOoOoobooOoDbOoon
oboooboooobOooboooobooboooooboooobooboooooboOoboooooboooon
gbooboobooboboboobbobooboobooboobobobobboboobooboon
gboooobooboobood

eval30 000 k00000000000 CO0OO0O0O0O0O eval40 0000000000000 40000

gboboobooobooboooooooooooooobooboooooobOoooobooobOoOobO vOOOoooo
O0obooobooDboO0ob00O00obD vkOO0ODOOODDeval4D 4000000000000000O00O0OO
U000 push k OO0 000000000 ODO00O0O00O0O AppO0000210000000+x1 00000
obocOooOobmoto0O0O0O0OO00OO0O0OOoOoOoOobOO0ObOOo0oOooOoOoO0obOO0OOoO0obOobOOonn kO
ubodabaobooboobobboobooboobodgbooboobobbooboobooboan
O00000 varJ0OO0O0O0OOeval2 JOO00O0OO0O xkO000DO0OO0O0OOOODOeval3 00 (match
s with VEnv(vs) :: VK(k) :: s -> ... 00000000000000D0O0CO xO0O0OO0DOOOODO16
0 170000

gbbodgbdbdibleval DOOOOOOOOOOOOOOODOODOOOOOOOOOOOOODOOOO
gboobooooboboboboobobooboboboobooboboboboobobooboboonoo
obooooobooooboobobooobooooboooobouobObOretewrn DO000OOO0OO
oobooboooobobooooobooooobooon

gbobogbobogboboogboboobobooboboooobooboboobooboboana



1 (x eval : t * string list -> s -> s *)
2 let rec eval (t, xs) = match t with
3 Var(x) -> (fun (VEnv(vs) :: VK(k) :: s) -> k ((List.nth vs (get(x, xs))) :: s))

4 | Fun(x, t) -> (fun (VEnv(vs) :: VK(k) :: s) -> k (VFun(fun (v1 :: s1, ki)

5 -> eval(t, x :: xs8) (VEnv(vl :: vs) :: VK(k1) :: s1)) :: 8))

6 | App(t0, t1) -> (fun s -> eval (t1, xs) (push_k (push_env s) (fun s1 ->

7 eval (t0, xs) (push_k (pop_env s1) (fun sO ->

8 (match sO with

9 VFun(f) :: v1 :: VK(k) :: s0’> -> f ((v1 :: s0’), k)

10 | VCont(s’, k’) :: vl :: VK(k) :: sO’ > k (k’ (vl :: s’ @ s0’))
11 NN

12 | Shift(t) -> (fun s -> eval (t, xs) (push_k s (fun sO ->

13 (match sO with

14 VFun(f) :: VK(k) :: s0’ -> f (VCont(sO’, k) :: [1, id)

15 | VCont(s’, k’) :: VK(k) :: sO’ -> k’ (VCont(s0’, k) :: s’)))))
16 | Reset(t) -> (fun (VEnv(vs) :: VK(k) :: s)

17 -> k ((eval (t, xs) (VEnv(vs) :: VK(id) :: [1)) @ s))

18
19 (¥ evalb : t -> v *)
20 let eval5 t = List.hd((eval (t, [])) init_s)
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1

(x function composition *)

2let (>>) £ g= (fun x -> g (f x))

3

4let push_k k s = match s with VEnv(vs) :: s’ -> VEnv(vs) :: VK(k) :: s’
5 let access i s = match s with VEnv(vs) :: VK(k) :: s -> k ((List.nth vs i) :: s)
6 let push_cls t’ s = match s with

7
8

VEnv(vs) :: VK(k) :: s => k (VFun(fun (v1 :: si1, ki)
->t’ (VEnv(vl :: vs) :: VK(k1) :: s1)) :: s)

9 let call s = match s with

10
11

VFun(f) :: vl :: VK(k) :: sO’ -> f ((v1 :: s0’), k)
| VCont(s’, k) :: vl :: VK(k) :: s0> -> k (k> (vl :: s’ @ s0’))

12 let shift s = match s with

13
14

VFun(f) :: VK(k) :: sO’ -> f (VCont(s0’, k) :: [, id)
| VCont(s’, k’) :: VK(k) :: s0’ -> k’ (VCont(sO’, k) :: s’)

15 let reset t’ s = match s with

16
17
18
19
20
21
22
23
24
25
26
27
28
29

VEnv(vs) :: VK(k) :: s -=> k ((t’ (VEnv(vs) :: VK(id) :: [1)) @ s)

(* eval: t * string list -> s *)

let rec eval (t, xs) = match t with

Var(x) -> access (get(x, xs))

Fun(x, t) -> push_cls (eval (t, x :: xs))

App(t0, t1) -> (push_env
>> push_k(pop_env >> push_k(call) >> (eval (tO, xs)))
>> (eval (t1, xs)))

Shift(t) -> push_k(shift) >> (eval (t, xs))

Reset(t) -> reset (eval (t, xs))

(x eval6: t —> v *)
let eval6 t = List.hd((eval (t, [1)) init_s)
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module type INTERPRETATION =

sig
type computation
type result
val push_env : computation
val pop_env : computation
val push_k : computation -> computation
val access : int -> computation
val push_cls : computation -> computation
val call : computation
val shift : computation
val reset : computation -> computation
val combine : computation -> computation -> computation
val compute : computation -> result

end
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module MkProcessor =
functor (I: INTERPRETATION) -> struct
let (>>) = I.combine

let rec eval (t, xs) = match t with
Var(x) -> I.access (get(x, xs))
| Fun(x, t) -> I.push_cls (eval (t, x :: xs))
| App(tO, t1) -> (I.push_env
>> I.push_k (I.pop_env >> I.push_k(I.call) >> (eval (tO, xs)))
>> (eval (t1, xs)))
| Shift(t) -> I.push_k (I.shift) >> (eval (t, xs))
| Reset(t) -> I.reset (eval (t, xs))
let £ t = I.compute (eval (t, [1))
end

[0 8: MkProcessor: eval6e U0 O0OOO0OOOO0OOONO

module I_Eval =
struct
type computation = s -> s
type result = v
let id x = x
let init_s = VEnv([]) :: VK(id) :: []
let >>) f g = (fun x > g (f %))
let push_env s = match s with VEnv(vs) :: s -> VEnv(vs) :: VEnv(vs) :: s
let pop_env s = match s with v :: VEnv(vs’) :: s’ -> VEnv(vs’) :: v :: s’
let push_k k s = match s with VEnv(vs) :: s -> VEnv(vs) :: VK(k) :: s
let access i s = match s with VEnv(vs) :: VK(k) :: s -> k ((List.nth vs i) :: s)

let push_cls t’ s = match s with VEnv(vs) :: VK(k) :: s
-> k ((VFun(fun ((v1 :: s1), k1)
-> t’> (VEnv(vl :: vs) :: VK(k1) :: s1))) :: s)
let call s = match s with
VFun(f) :: v1 :: VK(k) :: sO’> > f ((v1 :: s0’), k)
| VCont(s’, k’) :: vl :: VK(k) :: s0’ -> k (k’ (vl :: s’ @ s0’))
let shift s = match s with
VFun(f) :: VK(k) :: s0’ -> f (VCont(s0’, k) :: [], id)
| VCont(s’, k’) :: VK(k) :: sO’ -> k’ (VCont(s0’, k) :: s’)
let reset t’ s = match s with
VEnv(vs) :: VK(k) :: s => k ((t’ (VEnv(vs) :: VK(id) :: [1)) @ s)
let combine f g = (fun x -> g (f x))
let compute t’ = List.hd(t’ init_s)
end

module Evaluator = MkProcessor(I_Eval)
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module I_Compile =
struct
type computation = i list
type result = i list

let push_env = [IPushEnv]
let pop_env = [IPopEnv]
let push_k k = [IPushK(k)]
let access i = [IAccess(i)]
let push_cls t’ = [IPushCls(t’)]
let call = [ICalll
let shift = [IShift]
let reset t’ = [IReset(t’)]
let combine f g=f Q@ g
let compute t’ = t’
end
module Compiler = MkProcessor(I_Compile)

0 10: I_Compile: MkProcessor U DO ODOUOODOODODOODOOO
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| IPushCls of i list
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| IShift
| IReset of i list
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1 module VM =

2 struct
3 type v = VFun of ((s * c) -> s)
4 | VCont of s * ¢
5 | VEnv of v list
6 | VK of ¢
7 and s = v list
8 and ¢ = i list
9
10 let id = []
11 let init_s = VEnv([]) :: VK(@id) :: []
12
13 let rec run i s = match i with
14 IPushEnv :: i’ -> (match s with VEnv(vs) :: s -> run i’ (VEnv(vs) :: VEnv(vs) :: s))
15 | IPopEnv :: i’ -> (match s with
16 v :: VEnv(vs’) :: s’ => run i’ (VEnv(vs’) :: v :: s’))
17 | TPushK(k) :: i’ -> (match s with VEnv(vs) :: s -> run i’ (VEnv(vs) :: VK(k) :: s))
18 | IAccess(i) :: _ -> (match s with VEnv(vs) :: VK(k) :: s -> run k ((List.nth vs i) :: s))
19 | IPushCls(t’) :: _ -> (match s with VEnv(vs) :: VK(k) :: s
20 -> run k ((VFun(fun ((v1 :: s1), ki)
21 -> run t’ (VEnv(vl :: vs) :: VK(k1) :: s1))) :: s))
22 | ICall :: _ -> (match s with
23 VFun(f) :: vl :: VK(k) :: s0> -> f ((v1 :: s0’), k)
24 | VCont(s’, k’) :: vl :: VK(k) :: sO’ -> run k (run k’ (vl :: s’ @ s0’)))
25 | IShift :: _ -> (match s with
26 VFun(f) :: VK(k) :: s0’ -> f (VCont(s0’, k) :: [], id)
27 | VCont(s’, k’) :: VK(k) :: sO0’ -> run k’ (VCont(s0’, k) :: s’))
28 | IReset(t’) :: _ -> (match s with VEnv(vs) :: VK(k) :: s
29 -> run k ((run t’ (VEnv(vs) :: VK(id) :: [1)) @ s))
30 | 0 ->s
31
32 let £ i = List.hd(run i init_s)
33 end
O 11.vMv:0o00ad
ooooo
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t u= x|Ax.t|tgts|shift(t) | reset(t)
i = IPushEnv | IPopEnv | IPushK(il) | IAccess(n) | IPushCls(il) | ICall | IShift | IReset(il)
i on= )il
e OODOO
[x,xzs] = [IAccess(get(z,xs))]
[Ax.t, xs] = [IPushCls([t,z :: xs])]

[to t1, €s] = IPushEnv :: IPushK(IPopEnv :: IPushK([ICalll) :: [to, xs]) :: [t1, xs]
[shift(t), #s] = IPushK([IShift]) : [¢, xs]
[reset(t), zs] = [IReset([t, xs])]
o [
v o ou= [il,vs] | [s,il] | [vs] | [i]
s = [l|ves

|
<
<
®

vs
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il = (l, VEnv([]) = VK([]) = [)
(IPushEnv :: il’, VEnv(vs) :: ) = (il’, VEnv(vs) :: VEnv(vs) :: 8)
(IPopEnv :: 4l’,v :: VEnv(vs) :: ) = (il/,VEnv(vs) 1 v 1 8)
(IPushK(dl) = @l’,v :: VEnv(vs) i1 ) = (il’,VEnv(vs) :: VK(il) :: s)
(IAccess(n) :: ,, VEnv(vs) :: VK(il") :: s) = (il/, (List.nth vs n) :: s)
(IPushCls(il) :: -, VEnv(vs) :: VK(il') :: 8) = (il’, VFun(il,vs) :: s)
(ICall :: _, VFun(il,vs) v :: VK(il') :: ) = (i, VEnv(v :: vs) :: VK(il') =2 s)
(ICall :: _,VCont(s’,4l"”) :: v :: VK(il') :: s) = (il, (il"”,v :: s Qs))
(IShift :: _, VFun(il,vs) :: VK(il') :: s) = (il, VEnv(VCont(s,l’) :: vs) :: VK(id) :: [])
(IShift :: ., VCont(s',4l"”) :: v :: VK(il') :: ) = (il”,VCont(s,il’) :: §')
(Reset(il) :: ., VEnv(vs) :: VK(il’) :: s) = (l', (il, VEnv(vs) : VK([]) :: [|)Qs)
Lveo = @
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