10

15

20

25

30

35

45

50

55

60

65

70

75

Types

of exp
t of decl Ilist

top_level = Exp_t
| Decl _1
funrec = {name: id, args: (id * typ) list, ret_typ: typ}
(* Declarations *)
decl = Vval _d of (id * typ * exp)
| Fun_d of (funrec * exp)

(* Types *)
typ =

Int_t
Real _t
Bool _t
Char _t
String_t
Tupl e_t of typ list
List_t of typ
Fn_t of (typ * typ)
Ref _t of typ
Undef _t

(* Expressions *)

exp = Int_c of int
Real _c of real
Bool _c of bool
Char _c of char
String_c of string
ld_e of id
1f_e of (exp * exp * exp)
Let _e of (decl list * exp)
Fn_e of ((id*typ)list * typ * exp)

Apply_e of (exp * exp)

Unop_e of (unop * exp)

Bi nop_e of (exp * binop * exp)
Tupl e_e of (exp list)

Ith_e of (int * exp)

List_e of (exp list)

(* Values *)

value = Int_v of int
Real _v of real
Bool _v of bool
Char _v of char

String_v of string

Tupl e_v of value I|ist

List_v of value Ilist

Fn_v of (string list * env * exp * string option)
Predef _v of string

SpecForm v of string

Thunk_v of exp * env

Dyn_v of exp

and env = Env of (string * value * typ) list
Structures

structure AbstractSyntax = struct
type id string
dat atype typ
dat at ype bi nop
dat at ype unop
dat at ype exp

and decl -

datatype top_level = ...

exception TypeUnification

fun unifyTypes (t: typ, t': typ): typ = ...
end

structure Interpreter =
struct

fun loop (en: env, prenv: bool):unit =

| et
val t = (parseString:string-AbstractSyntax.top_|evel

option)inLine
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in
(case t of
NONE O 1 oop(en, prenv)
O (print(printVal ue(
forceVal ue(eval uate (ex, en)),

| SOVE(Exp_t ex)

0));
| oop(en, prenv))
| SOME(Decl _t dlist) O let
val en = eval uateDecl are(dlist, en)

in
(if prenv then print(printEnv(en, 0))
else ();
| oop(en, prenv))
end

handl e Error.Error O |oop(en, prenv)
end

end. .

structure Environment = struct
dat at ype val ue

and env Env of (string * value * typ) list
val top_level = Env([
(" stmtlst", Predef _v("stmtlst"), Fn_t (Undef _t, Undef_t)),
Predef _v("ncat"), Fn_t (Undef _t, String_t)),

(" neat",
D
fun | ookupBi ndi n

g (id
fun insertBinding (id:
end

string, Env(en)): (value * typ) option = ...
string, (v, t): value * typ, Env(en)): env = ...

structure Evaluator =

(* Variables that control the evaluator. *)
val debug: bool = false

dat at ype scoping_style = STATIC | DYNAM C
val scoping: scoping_style = STATIC

dat at ype eval uation_style = LAZY | EAGER
val evaluation: evaluation_style = LAZY

fun predefined (name: string, (arg, argt): value * typ): value * typ =
(

| ("ncat", Tuple_v sl, Tuple_t tI ) O
if List.all (fnt O caset of String_t O true |

then
(String_v (foldl

_ 0O false) tl

(fn (sv, cs) O case sv of
String_v s 0 cs ™ s
| _ O err "internal error [10]")
sl),
String_t)
el se
err "’ncat’ takesonly strings"
(* If a function has a single argument, that is transmtted as such,
not as a tuple. Zero or nore than one argunment results in tuples. *)
| ("ncat", String_v _, String_t O (arg, argt)
| ("nca", _, O err "ncat needs strings'

)

fun special Form (nane: string, expr: exp, en: env): value * typ =

case nane of
"if3" O
(case expr of
Tupl e_e([cond, thenE, elseE]) O
(case eval uate(cond, en) of
(Bool _v true, Bool_t) O (* evaluate 'then’
eval uat e(t henE, en)
| (Bool _v false, Bool_t) O (* evaluate ’else’
eval uat e( el seE, en)
| _ O err "first argument of if3 must be boolean™)
| _ O err "incorrect argument number for if3; should be 3")

branch *)

branch *)
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(* Conmputes a value from expressions that m ght contain thunks. *)
and forceValue (v1: value, t1l: typ): value * typ = ...

and eval uate (ex: exp, en: env): value * typ =

case ex of
Int_c i O (Int_v i, Int_t)
| Id_e id O (case | ookupBinding (id, en) of
NONE 0O err ("unbound variabl&"i d)
| SOVE((Dyn_v ex, _))
O eval uate(ex, en)
| SOME v 0 v)
| 1f_e (test, el, e2) ]

(case forceValue (evaluate(test, en)) of

(Bool _v b, Bool _t)O evaluate(if b then el else e2, en)
| _ O err ("'if condition must be booledn) )
| Let_e (dlist, ex) O evaluate (ex, evaluateDeclare (dlist, en))

| Apply_e (el, e2) 0 eval uateApply(el, e2, en)

| Unop_e (uop, ex) O eval uat eUnop (uop,
forceVal ue(eval uate(ex, en)))
)
and eval uateApply (el: exp, e2: exp, encrt: env): value * typ =
(
i et
(*fc = function, fa = formal arg, a = actual arg, t = type, | = list*)
~val (fc, fct) = forcevalue (evaluate(el, encrt))
in
case fc of
SpecForm v nane 0 speci al Form(nanme, e2, encrt)
| Predef_v nane O predefined (nane,
eval uate (e2, encrt))

| Fln_v(fal, env, body, name) O
et
(* Are we using static or dynami c scoping? *)
val en = case scoping of
STATIC 0O env
DYNAM C O encrt
(* Evaluate (maybe now, maybe later) the function’s argunments *)
val (a, at) =
(case eval uation of
EAGER O eval uate (e2,
| LAZY O
(case e2 of
Tuple_e a2 O
(Tuple_v(map (fn a3 O Thunk_v(a3, encrt)) a2),
Tuple_t(map (fn a3 O Undef_t) a2))
O (Thunk_v(e2, encrt), Undef_t)))
(* Transfer values & types of act ual paraneters into lists. *)

encrt)

val (al, atl) = case (a, at) of
(TupI e_v al, Tuple_t atl) O (al, atl)
| (. ) O ([al. [at])
(* First, retrleve the types of the f or mal argunents. *)

= case fct of
Fn_t(Tuple_t fatl, frt) O (fatl, frt)
| _ O err "internal err, bad function type

val (fatl, frt)

*

Are there too many, too few, or just enough args?
(Length atl = Length al) & (Length fal = Length falt)
1 = set of nmatched args
2 = suppl enmentary or nissing args

*

val (fall, fatll, all, atll, fal2, fatl2, al2, atl2) =
| et
~val len = Int.mn(List.length atl, List.length fal)
in
(List.take(fal, len), List.take(fatl, len),
List.take(al, len), List.take(atl, len),
List.drop(fal, len), List.drop(fatl, len),
List.drop(al, len), List.drop(atl, len))
end

*

Are there too nany argunents? That woul d be bad...
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*

val

(*

if List.length al2 >0
then err "too many arguments provided in function tall
else ()

Do types match for the avail able actual arguments?
u = unified

*
val

ut |

= ListPair.map (fn (f, a) O unifyTypes(f, a))
(fatl1, atll)
handl e TypeUnification O
err "argument types don’t match in function tall

Are there too few argunents?

*

if List.length fal2 >0
then (* this is a curried function => return closure *)
( Fn_v(fal 2,
ListPair.foldl (fn ((fa, a), ut, en') O
|nsertB|nd|ng(fa (a, ut), en))
en
(ListPair.zip(fall, all), utl),
body,
NONE) ,
Fn_t (Tuple_t fatl2, frt))
el se
(case eval uation of

end

EAGER 0O

| L

| _ 0O err

end

)

and eval uat eUnop (uop:

(*eval uate function,
| et
val (rv,
b

check returned type (r = returned)*)
rt) = eval uate(

oay,
Li stPair.foldl
(fn ((fa, a), ut, en’) O
insertBinding(fa, (a, ut), en))
(case nane of
NONE O en
| SOME(s) O insertBinding(s, (fc fct),en))
(ListPair.zip(fall, all), utl)
val urt = unlfyTypes(frt rt)
handl e TypeUni fication O
err ("actual return type does fiot"
" match declared typeg
in
(rv, urt)
end
AZY O
(* create thunk for fct body and uneval uated argunents *)
( Thunk_v(
body,
Li stPair.foldl
(fn ((fa, a), ut, en) O
i nsert Bi ndi ng(fa (a, ut), en))
(case nane of
NONE 0 en
| SOME(s) O insertBinding(s, (fc,fct), en))
(ListPair.zip(fall, all), utl)),
frt))

" attempt to evaluate non—function
unop, (v, t):

value * typ): value * typ =

and eval uat eBi nop (bop: binop,

vl, t1): value * typ,
(v2, t2): value * typ): value * typ =
case (bop, vi, v2) of
(Plus, Int_v a, Int_v b) O (Int_v (a+h), Int_t )
| (Plus, Real_v a, Real _v b) O (Real _v (a+h), Real _t)
| (Plus, _, _ ) 0O err "type error (+')
and eval uateDeclare (dlist: decl list, en: env): env = ...

end




