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type term =

Var of int | Abs of term | App of term * term | Next of term | Prev of term
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type inst =

Access of int | Close of inst list | Push of inst list | Enter | Leave
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(* compile : term -> inst list *)

let rec compile t = match t with

Var n -> [Access n]

| Abs tO -> let cO = compile tO in [Close c0]

| App (tO, t1) -> let cO = compile tO and

cl

= compile tl1 in Push c1::c0

| Next tO -> let cO = compile tO in Enter::cO
| Prev t0 -> let cO = compile tO in Leave::cO
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type value = Clos of env * inst list | Q of term

and env = value list

and cont = Halt | EvArg of inst list * env * cont | EvBody of value * cont

| Quote of cont | Unquote of cont | QAbs of cont

| QApp’ of inst list * int * env * cont | QApp of term * cont

| QNext of cont | QPrev of cont

type vmstate = inst list * int * env * cont

type vmKstate = cont * value
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(* vm : vmstate -> value *)
let rec vm = function
([Access n], 0, e, k) -> vmK (k, List.nth e n)
| ([Access n], 1lv, e, k) -> vmK (k, Q (Var n))
| ([Close cO0], 0, e, k) -> vmK (k, Clos (e, c0))
| ([Close c0], 1lv, e, k) -> vm (cO, lv, shiftE(e,1lv), QAbs k)
| (Push c1::c0, 0, e, k) -> vm (cO, O, e, EvArg (cl, e, k))
| (Push c1::c0, 1lv, e, k) -> vm (cO, 1lv, e, QApp’ (cil, 1lv, e, k))
| (Enter::cO, 0, e, k) => vm (cO, 1, e, Quote k)
| (Enter::cO, 1lv, e, k) -> vm (cO, 1v + 1, e, QNext k)
| (Leave::cO, 1, e, k) -> vm (cO, 0, e, Unquote k)
| (Leave::c0, 1lv, e, k) -> vm (cO, 1v - 1, e, QPrev k)
(* vmK : vmKstate -> value *)
and vmK = function
(Halt, v) > v
| (EvArg (c1, e, k), v) -> vm (c1, O, e, EvBody (v, k))
| (EvBody (Clos (e’, ¢’), k), v) -> vm (c’, 0, v::e’, k)
| (Quote k, Q v) -> vmK (k, Q v)
| (Unquote k, Q v) -> vmK (k, Q v)
| (QAbs k, Q v) -> vmK (k, Q (Abs v))
| (QApp’ (ci, 1lv, e, k), Q vO) -> vm (cl, 1lv, e, QApp (vO, k))
| (QApp (vO, k), Q v1) -> vmK (k, Q (App (vO, v1)))
| (QNext k, Q v) -> vmK (k, Q@ (Next v))
| (QPrev k, Q v) -> vmK (k, Q (Prev v))

06 vmvmK: OODODO

H.vm (compile t, O, [], H.Halt) = H.Q t’° —

L.vm (compile t, O, [], L.Halt)
oo
H.vm (compile t, 0, [], H.Halt)

L.Q (compile t’)

H.Clos (e, ¢c) —

L.vm (compile t, O, [], L.Halt) L.Clos (comp_env e, c)
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type value = Clos of env * inst list | Q of inst list

and env = value list

and cont = Halt | EvArg of inst list * env * cont | EvBody of value * cont
| Quote of cont | Unquote of cont | QAbs of cont
| QApp’ of inst list * int * env * cont | QApp of term * cont
| QNext of cont | QPrev of cont

type vmstate = inst list * int * env * cont

type vmKstate = cont * value

08 OO0O0OO0OO0OO0O0O00oOooooDOoObobOoooooo

let rec comp_val v =
match v with
H.Clos (e, c) -> L.Clos (comp_env e, c)

| H.Q t -> L.Q (compile t)
09 H.valueOO L.value OO OO

let rec decomp_val v =
match v with
L.Clos (e, ¢) -> H.Clos (decomp_env e, c)
| L.Q is -> H.Q (decomp is)
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let rec sum 1 = match 1 with 4. let sum_mapsq 1 = match 1 with
1 ->0 1 ->0
| h:: t->h+sumnt | h :: t ->h *xh + sum (mapsq t)
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2. let sum_mapsq 1 = sum (match 1 with goooboobooooobooodoooooooooa
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| h :: t -=> (b * h) :: (mapsq t)) gooooooon
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let decomp_vmstate = function
([Access n], 0, e, k) -> ([Access n], O, decomp_env e, decomp_cont k)

| ([Access n], lv, e, k) -> ([Access n], lv, decomp_env e, decomp_cont k)

| (Enter::cO, 0, e, k) -> | (Enter :: cO, 0, decomp_env e, decomp_cont k)

| (Enter::cO, lv, e, k) -> (Enter :: cO, lv, decomp_env e, decomp_cont k)

011 00000O0O0OOOOOOO0OO00O0O00OO0

(* comp_Hvm : H.vmstate -> L.value *)
let rec comp_Hvm = function
([Access n], 0, e, k) -> comp_HvmK (k, List.nth e n)
| ([Access n], 1lv, e, k) -> comp_HvmK (k, H.Q (Var n))
| ([Close c0], 0, e, k) -> comp_HvmK (k, H.Clos (e, cO))
| ([Close c0], 1lv, e, k) -> comp_Hvm (cO, lv, H.shiftE(e,lv), H.QAbs k)
| (Push c1::c0, O, e, k) -> comp_Hvm (cO, 0, e, H.EvArg (cl, e, k))
| (Push cl::c0, 1lv, e, k) -> comp_Hvm (cO, lv, e, H.QApp’ (cl, lv, e, k))
| (Enter::cO, 0, e, k) -> comp_Hvm (cO, 1, e, H.Quote k)
| (Enter::cO, 1lv, e, k) -> comp_Hvm (cO, 1lv + 1, e, H.QNext k)
| (Leave::cO, 1, e, k) -> comp_Hvm (cO, 0, e, H.Unquote k)
| (Leave::c0O, 1lv, e, k) -> comp_Hvm (cO, 1v - 1, e, H.QPrev k)

0 12 comp.val o H.vm

let rec vm = function
([Access n], 0, e, k) -> vmk (k, List.nth e n)
| ([Access n], 1lv, e, k) -> vmk (k, Q [Access n])
| ([Close c0], 0, e, k) -> vmk (k, Clos (e, c0))
| ([Close cO], 1v, e, k) -> vm (cO, 1lv, shiftE (e, 1lv), QAbs k)
| (Push c1::c0, 0, e, k) -> vm (cO, 0, e, EvArg (cl, e, k))
| (Push c1l::c0, 1lv, e, k) -> vm (cO, 1lv, e, QApp’ (cil, 1lv, e, k))
| (Enter::cO, 0, e, k) => vm (cO, 1, e, Quote k)
| (Enter::c0, 1lv, e, k) -> vm (cO, 1lv + 1, e, QNext k)
| (Leave::cO, 1, e, k) -> vm (cO, 0, e, Unquote k)
| (Leave::cO, 1lv, e, k) -> vm (cO, 1v - 1, e, QPrev k)

013 Lwvm: O000O0O0O0O0O0O0COOCOOO
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comp_Hvm (Enter ::
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vmK (comp_cont (decomp_cont k), comp_val (H.Q (Var n)))
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