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A Properly Tail-recursive Scheme Interpreter
Using L-closures

MAaSAHIRO YAsual, ! HirorFumr Kojiva, 2
TSUNEYASU Komiya,™ Tasuku Hirarsar, ™
SELII UMATANIT! and TAIICHI YUASAT!

Implementations of Scheme are required to be properly tail-recursive and to
support an unbounded number of active tail calls. Clinger proposed a formal
definition of proper tail recursion based on space efficiency. The definition cov-

ers systematic tail call optimization, where every tail call is converted to a jump
(with an optional trampoline), as well as Baker’s implementation of Scheme in
the C language with CPS (continuation-passing style) conversion. Baker’s im-
plementation is space-efficient, since no new continuation is created on a CPS-
converted tail call and garbage is collected even on C’s execution stack. We
propose techniques to implement a properly tail-recursive Scheme interpreter in
an extended C language. Our approach does not convert a program into CPS.
The key idea is to avoid stack overflow by creating a space-efficient first-class
continuation represented as a list containing only the “Frame” objects neces-
sary for the rest of computation and immediately invoking the continuation.
We use a language mechanism called “L-closures” to access the contents of the
execution stack as values of legal data structures and variables for implement-
ing garbage collection and capturing continuations. This research is based on
a Scheme interpreter which is developed in the C language by referring to an
existing Lisp driver called JAKLD that is intended to be embedded in Java
applications.
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#define DD1_if def_sp(1_if, "if", "00", "O", false)
static void *1_if(Object cond, Object el, Object e2, Env env)
{

void *result;

new_push3(el, e2, env); //3
result = eval(cond, env);
new_pop(3); //0

if ('EQP(result, F))
return eval(el, env);
else

return (e2 == NULL) ? Nil : eval(e2, env);

01 JAKLD/COOOO “if” 000
Fig.1 Implementing if for JAKLD/C.
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static void *1_if(scanL scanO, Object cond, Object el, Object e2, Env env)
{

void *result;

void scanl lightweight (move_f mv){
scan0(mv); el = mv(el); e2 = mv(e2); env = mv(env);

}

result = eval(scanl, cond, env);

if ('EQP(result, F))
return eval(scanO, el, env);
else

return (e2 == NULL) ? Nil : eval(scanO, e2, env);

02 L-closure JOOO0O0OO0 GCOOO
Fig.2 Implementing copying GC with L-closures.
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/* globals */

scanl. scan_in_capture;
void *last_val;

Frame x_frame;

static void *1_if(scanL scanO, Object cond, Object el, Object e2, Env env) {
void *result;
int pc = 0;
void scanl lightweight (enum why_scan w, move_f mv) {
switch(w){
case ForGC:
scanO(w, mv); el = mv(el); e2 = mv(e2); env = mv(env);
break;
case ForCapture:
scan0(w, mv);
SAVE_FRAME (x_frame, scan_in_capture, 1_if_c, pc);
SAVE_PARAM4 (x_frame, scan_in_capture, NULL, el, e2, env);
SAVE_LOCALO(x_frame, scan_in_capture);
}
}

if (last_val) {
pc = REF(x_frame, pc); RESTORE_LOCALO(x_frame);
x_frame = 0;
switch(pc) {
case 1: result = last_val; last_val = 0; goto L1;
}

}

pc = 1;
result = eval(scanl, cond, env);
Li:;

if ('EQP(result, F))
return eval(scanO, el, env); // tail call
else
return (e2 == NULL) ? Nil : eval(scanO, e2, env); // tail call
}

static void 1_if_c(scanL scan0) {
Vector params = REF(x_frame, params);
last_val = 1_if(scanO, REF(params, value[0]), REF(params, value[1]),
REF (params, value[2]), REF(params, value[3]));

08 L-closure 0000000 GCOOOOOOOO
Fig.3 Implementing copying GC and first-class continuations with L-closures.
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next_frame = x_frame; // 0000000

while (next_frame) {
x_frame = next_frame; // 00000000 100000
next_frame = REF(next_frame, next); // 10000000000000O0O

REF (x_frame, fp) (scanl); // 10000000

}

04 0000000000

Fig.4 Continuation scheduler.
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Table 1 Specifications of evaluation platforms.
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Fig. 5 Execution times relative to the implementation supporting GC with L-closures but not supporting proper tail recursion, except for

cpstak and fib-cps where times are normalized to those of the implementation supporting proper tail recursion with trampolines.
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