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4.7 Making Functions Machine-Friendly

Now that the representation for environments does not use function anymore, the
next candidates for a representation change are the Fun values. The previous inter-
preters have all used the implementation of lexical scoping in the metalanguage to
implement lexical scoping in the object language. Consequently, in order to make
the interpreter more definitional, the function must go. Another look at the old
eval clause for Lambda makes clear what the issues are:

| Lambda(x, ki, e) ->
Fun
(function y -> function h -> function k ->
eval e fenv
(extend_env (extend_env env x y) ki (Cont k))
h)

The value that eval returns for Lambda contains enough information to contain the
application later on, or, more specifically, to evaluate the inner expression.

Obviously, evaluation of the inner expression requires values for env (the environ-
ment that was current at the time of creation of the Fun object), x (the identifier
of the Lambda expression), ki (the identifier of the current continuation) y (the
value that evaluation of Apply later passes), and the expression to be evaluated, e.
Fortunately, fenv never changes, so it is not part of the object. The value for y
only becomes known at application time, so env, x, ki, and e remain. An object
containing the necessary information to perform an application is called a closure.
Therefore, value receives a new constructor:

type value =

Unit

EmptyList

Int of int

Bool of bool

String of string

Char of char

Fun of (value -> handler -> continuation -> value)
Closure of closure

Cont of continuation

Cons of value * value

Wrong

and closure = environment * ident * ident * exp

and environment = ident -> value

Functions are not the only values represented by meta-level functions: The same
holds true for continuations and exception handlers. Witness eval_cont from the
previous interpreter:

and eval_cont (x, e) fenv env h =
Cont
(function v ->
eval e fenv (extend_env env x v) h)

Again, if continuations are to be packaged into non-function values, it is impor-
tant to look at the values required by the body of the function representing the
continuation: the environment env, the name of the intermediate result x, the ex-
ception handler, h, and the body of the continuation, e. This results in the following
additional clause to the type definitions:



70 CHAPTER 4. IMPLEMENTING THE LAMBDA CALCULUS

and continuation =
Continuation of environment * handler * ident * exp
| Stop

Stop is for representing the initial continuation function v -> v from the previous
interpreter.
Similar thinking results in an analogous datatype for exception handlers:

and handler =
Handler of enviromment * handler * ident * exp
| Error

The Error handler is again for representing the initial handler, simply raise
Not_found in the previous interpreter.
The value type still contains the old Fun constructor. The interpreter uses Fun
for primitives, because most of do not have representations as Lamdba expressions.
The eval function starts off similarly to eval in the previous interpreter:

and eval e fenv env h =
match e with
Return (ki, ve) ->
let v = eval_val ve fenv env in
let Cont k = env ki in
return k v fenv
| Let (x, ve, e) ->
eval e fenv (extend_env env x (eval_val ve fenv env)) h
| If (ve, el, e2) ->
(match eval_val ve fenv env with
Bool t ->
if ¢
then eval el fenv env h
else eval e2 fenv env h)

The only difference is that the current-continuation parameter, k, is no longer a
function—eval cannot call it directly but rather lets an auxiliary function called
return handle this:

and return k v fenv =
match k with
Stop -> v
| Continuation (env, h, x, e) ->
eval e fenv (extend_env env x v) h

The new interpreter must handle Closure values in Call and TailCall expressions.
The code that performs the procedure call is very similar to the code previously
inside the function created for Lambda abstractions:

| Call(vel, ve2, c) ->

let vl = eval_val vel fenv env in

let v2 = eval_val ve2 fenv env in

let Cont k = eval_cont ¢ fenv env h in

(match v1 with

Fun £ -> £f v2 h k
| Closure (closure_env, x, ki, e) ->
eval e fenv

(extend_env (extend_env closure_env x v2) ki (Cont k))
h
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| _ -> return k Wrong fenv)
| TailCall(vel, ve2, ki) ->

let vl = eval_val vel fenv env in

let v2 = eval_val ve2 fenv env in

let Cont k = env ki in

(match vl with

Fun £ -> f v2 h k
| Closure (closure_env, x, ki, e) ->
eval e fenv

(extend_env (extend_env closure_env x v2) ki (Cont k))
h

| _ -> return k Wrong fenv)

The final clause, LetCont, is again as before:

| LetCont(ki, c, e) ->
eval e fenv

(extend_env env ki (eval_cont c fenv env h))
h

The eval_val function is also as before except for the Lambda case which gets
simpler; all the work is now done in eval in the Call and TailCall clauses:

and eval_val ve fenv env =
match ve with
Const ¢ -> eval_const c
| Ident i ->
(try env i
with Not_found -> fenv i)
| Builtin b -> eval_builtin b fenv
| Lambda(x, ki, e) ->
Closure (env, x, ki, e)

The same holds true for eval_cont whose work is mostly done by return:

and eval_cont (x, e) fenv env h =
Cont (Continuation (env, h, x, e))

Now that continuations are no longer functions, it is necessary to change eval_builtin
so it also calls return instead of k directly. Moreover, some primitives need to call
eval which means that they need to supply an fenv parameter—hence, fenv must
become an additional parameter for eval_builtin. Here are some of the simpler
cases of eval_builtin:

let rec eval_builtin i fenv =
match i with
"()" -> Unit
"[1" -> EmptyList
"true" -> Bool true
"false" -> Bool false
llincll _>
Fun
(function x -> function h -> function k ->
return k
(match x with
Int x° -> Int (x’ + 1)
| _ -> Wrong)
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fenv)
| nyn s
Fun

(function x -> function h -> function k ->
return k
(Fun
(function y -> function h -> function k ->
return k
(match x with
Int x’ ->

(match y with
Int y> -> Int (x’ + y?)
| _ -> Wrong)
| _ -> Wrong)
fenv))
fenv)

Things become interesting with the implementations of try and raise. Again,
some work shifts from try to raise:

| "try" ->
Fun
(function thunk -> function h -> function k ->

return k

(Fun

(function handler -> function h -> function k ->
match thunk with
Closure (env, x, ki, e) ->
(match handler with
Closure (handler_env, handler_x, handler_ki, handler_e) ->
eval e fenv
(extend_env (extend_env env x Unit) ki (Comt k))
(Handler (extend_env handler_env handler_ki (Cont k),
h,
handler_x, handler_e))
| _ -> return k Wrong fenv)
| _ -> return k Wrong fenv))
fenv)
| "raise" ->
Fun
(function exc -> function h -> function k ->

match h with

Handler (env, h, x, e) ->

eval e fenv (extend_env env x exc) h

| Error -> raise Not_found)
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