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(define (base-eval exp env cont)
(cond ((number? exp) (cont exp))
((symbol? exp) (eval-var exp env cont))
((eq? (car exp) ’quote) (eval-quote exp env cont))

((eq? (car exp) ’if) (eval-if exp env cont))

((eq? (car exp) ’lambda) (eval-lambda exp env cont))
(else (eval-application exp env cont))))
(define (eval-var exp env cont)
(let ((pair (get exp env)))
(if (pair? pair)
(cont (cdr pair))
(my-error (list ’eval-var: ’unbound ’variable: exp) env cont))))
(define (eval-quote exp env cont) (cont (car (cdr exp))))
(define lambda-tag (cons ’lambda ’tag))
(define (eval-lambda exp env cont)
(let ((lambda-body (car (cdr (cdr exp))))
(lambda-params (car (cdr exp))))
(cont (list lambda-tag lambda-params lambda-body env))))
(define (eval-list exp env cont)
(if (null? exp)
(cont *())
(base-eval (car exp) env (lambda (vall)
(eval-list (cdr exp) env (lambda (val2)
(cont (coms vall val2))))))))
(define (eval-application exp env cont)
(eval-list exp env
(lambda (1) (base-apply (car 1) (cdr 1) env cont))))
(define (base-apply operator operand env cont)
(cond ((procedure? operator)
(cont (scheme-apply operator operand)))
((and (pair? operator)
(eq? (car operator) lambda-tag))
(let ((lambda-params (car (cdr operator)))
(lambda-body (car (cdr (cdr operator))))
(lambda-env (car (cdr (cdr (cdr operator))))))
(base-eval lambda-body
(extend lambda-env lambda-params operand)
cont)))
(else (my-error (list ’Not ’a ’function: operator) env cont))))
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(* base_eval : value_t -> mcont_t -> unit *)
let base_eval args =
let (exp, env, cont) = decode_args3 args in
match exp with
Number (n) -> apply_cont cont (Number (n))
| Symbol (x) -> meta_apply "eval-var" args
| Pair ({contents=el}, {contents=e2}) ->
match el with
Symbol ("quote") -> meta_apply "eval-quote" args
| Symbol ("if") -> meta_apply "eval-if" args
I
| Symbol ("lambda") -> meta_apply "eval-lambda" args

| _ -> meta_apply "eval-application" (encode_args4 (el, e2, env, cont))

000 decode_argsn, encode_argsn D00 n O Black JOO0OO0 OCaml O n 000000
OO00oO0o000ooooooo0oOoUooooooooooooooo

type value_t =

Number of int G« OO =)
| Symbol of string (x 0oooO %
| Nil (x 0000 %)
| Pair of value_t ref * value_t ref ODOoO00ooooooo =)
| Primitive of string (x + 000 primitive OO %)
|

Lambda of value_t * value_t * value_t « JO00OO0ooo )



| Evalfun of (value_t -> mcont_t -> unit) 0000000 %)
and mcont_t = MCont of (value_t * value_t) * mcont_t Lazy.t (x OJOUODO %)
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(* meta_apply : string -> value_t -> mcont_t -> unit *)
let rec meta_apply proc_name operand =
shift_up (fun (meta_env, meta_cont) ->
let operator = cdr (get (Symbol proc_name) meta_env) in
match operator with
Evalfun (f) -> shift_down (f operand) meta_env meta_cont
| _ -> meta_apply "base-apply"

(encode_args4 (operator, operand, meta_env, meta_cont)))

U0 meta_apply OUshift_up U0 0OUOD0O000D000O0000000O00 meta_envO0O0ODO
O0O0oobbo0oddn proconame DO 0O0OOO00OOOOOODOOOOOOODOOOOOOOO
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(* shift_up : (value_t * value_t -> mcont_t -> unit) -> mcont_t -> unit *)
let shift_up code = fun (MCont ((meta_env, meta_cont), meta_mcont)) ->

code (meta_env, meta_cont) (Lazy.force meta_mcont)

(* shift_down : (mcont_t -> unit) -> value_t -> value_t -> mcont_t -> unit *)
let shift_down code env cont = fun mcont ->

code (MCont ((env, cont), lazy mcont))
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(* eval_lambda : value_t -> mcont_t -> unit *)
let eval_lambda args =
let (exps, env, cont) = decode_args3 args in
let (params, body) =
match cdr exps with
Pair (params, {contents=Pair (body, {contents=Nil})}) -> (!params, !body)
| _ -> raise (Error "Bad arguments for lambda") in

apply_cont cont (Lambda (params, body, env))
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(x eval_clambda : value_t -> mcont_t -> unit *)
let eval_clambda args =
let (exps, env, cont) = decode_args3 args in
let (params, body) =
match cdr exps with
Pair (params, {contents=Pair (body, {contents=Nil})}) -> (!params, !body)
| _ -> raise (Error "Bad arguments for clambda") in
apply_cont cont
(Evalfun (fun args -> shift_up (fun (meta_env, meta_cont) ->
let new_env = extend env params args in
meta_apply "base-eval"

(encode_args3 (body, new_env, meta_cont)))))
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3.2 0OOoodgoobooo

O00000MetaOCaml 000000000000'00000000000O0 eval_clambda
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00000000000 argsJ0000DOOOODOOODOOOODO shiftwp0doooon
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3.3 Uouobobooooooo

O000000000MetaOCaml D0 00000000000 eval_clambda OO0 Evalfun
gboooobooboobboobuoobbon

!. .< fun args -> shift_up (fun (meta_env, meta_cont) ->
.7 (let new_env = extend2 env params (Code .<args>.) in

base_eval2 (encode_args3 (body, new_env, eta_up .<meta_cont>.))))>.
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type value_t =

| EvalfunC of (value_t code -> (mcont_t -> unit) code) (x DODODDODOOO x*)
| Code of value_t code (000 %)



EvalfunCOOO0OO0O0OOstatic OO0O0O0OCode DODOODOOOOODOOOOOOODOODODO
Oetavp 0000000 meta_cont DO OO0 0OO0O0O0OO0DO0DOOO0OOO0OODOOO
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(x eta_up : value_t code -> value_t *)
let eta_up cont_code =
(EvalfunC (fun v -> .<apply_cont . cont_code .7v>.))
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(* base_eval2 : value_t -> (mcont_t -> unit) code *)
let rec base_eval2 args =
let (exp, env, cont) = decode_args3 args in
match exp with
Number (n) -> apply_cont2 cont .<exp>.
| Symbol (x) -> eval_var2 args
| Pair ({contents=el}, {contents=e2}) ->
match el with
Symbol ("quote") -> eval_quote2 args
| Symbol ("if") -> eval_if2 args
[ ...
| Symbol ("lambda") -> eval_clambda2 args
| Symbol ("clambda") -> eval_clambda2 args

| _ -> eval_application2 (encode_args4 (el, e2, env, cont))

OexpUUO0UO0O0O00ooooboooobboobobbooboobboboobooboobbooobooD
U0bo00b000bb0exp 000000 DOODOOOODOODOODOODOOODOOODOOOD
UoooooobbobbbobbO0 apply_cont2 U value_t UUUOOOOOOOOOO cont
goooooooooooooooooooogooon

(* apply_cont2 : value_t -> value_t code -> (mcont_t -> unit) code *)

let apply_cont2 (EvalfunC (f)) operand = f operand

exp UOOOUOO0O0OO0O0O0OO0OOOOO0OO0O0O00O000000 lambda OUOOO clambda
00000000 eval_clambda2 DO OO O0OO0DOO0O0OO0D0ODOO0OOOODOO
exp 0000000000000 000O0O0O0OOOOOONO?

let eval_application2 args

let (f, exps, env, cont) = decode_args4 args in

base_eval2 (encode_args3 (f, env, (EvalfunC (fun v ->
eval_list2 (encode_args3 (exps, env, (EvalfunC (fun vs ->
.<meta_apply "base-apply"

(encode_args4 (."v, ."vs, env, . (eta_down cont)))>.))))))))
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(* eta_down : value_t -> value_t code *)

let eta_down cont = .<Evalfun (fun x -> .7 (apply_cont2 cont .<x>.))>.
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(* make_pairs2 : value_t -> value_t -> value_t *)
let rec make_pairs2 params args = match (params, args) with
(Nil, _) -> Nil
| (Symbol (s), _) -> cons (cons params args) Nil

| (Pair ({ contents = param }, { contents = params }),

Pair ({ contents = arg }, { contents = args})) ->
cons (cons param arg)
(make_pairs params args)
| (Pair ({ contents = param }, { contents = params }), Code (c)) ->
cons (cons param (Code .<car .7c>.))
(make_pairs2 params (Code .<cdr .7c>.))

| _ -> raise (Error "Bad arguments to make_pairs2")

(x extend2 : value_t -> value_t -> value_t -> value_t *)
let extend2 env params args =

cons (make_pairs2 params args) env

O00DO0oo0obO0b0obD00ob0bUubUO0nD make_pairs2 0 4000000O0OOOOODO
U0 argsJ0O0O00O0O0OO0OO0ODOOOODOOODODOODODODODODODODOD
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4.1 0O00O0O0O0oOOOOOoOobOOOOo
(clambda (x) 3) DOOOOOOODOO

fun args_1 -> shift_up (fun (meta_env_2, meta_cont_3) ->
apply_cont meta_cont_3 exp)

0000000 shift_up, apply_cont, exp 0 MetaOCaml D0 O O000O0OOO (cross-stage
persistence; CSP) 00 0000000000000 000000000000000O0Oexp O
000000 base_eval2 000000 expOOOOODOOOOO Number (3) OOOODDODO
base_eval2 000000000 DO0ODOOOO0ODOO300000000O00O0O0O00O00O0ODOODO
000

000 (clambda (x) x) OO0O0O0O0O0OO0O

fun args_4 -> shift_up (fun (meta_env_5, meta_cont_6) ->

apply_cont meta_cont_6 (car args_4))

gbooobobooboobbooboobbooboobbod
(clambda (x) (+ x 1)) U0OO0O0O0OOOOOOOOOOOO

fun args_7 -> shift_up (fun (meta_env_8, meta_cont_9) ->
meta_apply "base-apply"
(encode_args4 (v, (cons (car args_7) (cons exp nil)), env,
(Evalfun (fun x_10 -> apply_cont meta_cont_9 x_10)))))

00 v0O +000000000D000O0O00O0D0ODOOOexp 0 10000000 ODODODO
CSPO00000OOOODOOOOODOODO+O [x1]0000000O0O0OO0OOO CPSOOOOO
ooooog
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gooooooooooooooooooooooooooooooooon

(define fib (lambda (n) (if (< n 2) n (+ (fib (- n 1)) (fib (- n 2))))))
O000000 (fFib 16) OO0O0ODO 250000000000
(set! fib (clambda (n) (if (< n 2) n (+ (fib (- n 1)) (fib (- n 2))))))

O00000000000000000 (fib 16) 00000 14000000000000000
Ub00boo0boob0obOobOo0bOnd meta_apply "base-apply" U0 0O OOODOOOOODO
gboooooooooooooooboooobobooobooboobobobobobobon
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(EM (begin (define counter 0)
(define old-eval-var eval-var)
(set! eval-var (lambda (e r k)
(if (eq? e ’n)
(set! counter (+ counter 1))
0)
(old-eval-var e r k)))))

O00EMO0O0O00O0O00D00000O counter 10000000 DODO0O0O0O0O0OOOOODONO
0000 eval-var 00000000 0O0Oeval-var DO OO OOOOO eval-var 0O OO
0000000000 n 0000000000000 counterd00 10000000

0000000000000 0000DO00oD0DbOO000DO0o0DoDoOoOoDO fipb 0000 (£ib
16) 00000 18.1 0000000000000 0DO0D0O000ODOOdeval-var OO0 O0aOnO
oo0ooooono

(EM (set! eval-var (clambda (e r k)
(if (eq? e ’n)
(set! counter (+ (1ift counter) 1))
0)
(old-eval-var e r k))))

Ubd 30000000 1iftgbgboboooobooboobonoonoonooooooooog
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