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#include <assert.h>
#include <ctype.h>
#include <stdarg.h>
#include <stdbool.h>
#include <stddef.h>
#include <stdint.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <sys/mman.h>

__attribute((noreturn))

va_list ap;
va_start(ap, fmt);
vfprintf(stderr, fmt, ap);
fprintf(stderr, );
va_end(ap);
exit(1);

}

{

TINT =1,
TCELL,
TSYMBOL,
TPRIMITIVE,
TFUNCTION,
TMACRO,
TENV,

TMOVED,
TTRUE,
TNIL,

TDOT,
TCPAREN,

Obj;
Obj *Primitive(

Obj {

type;

size;

{

value;

{
Obj *car;
Obj *cdr;

name[1l];
Primitive *fn;
{
Obj *params;

Obj *body;
Obj *env;

error(

*root,

*fmt, ...) {

*kony,

**args);
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99

100
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102
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104
105

106

107
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109
110
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112
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114
115
116
117
118
119
120
121
122
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124

125
126
127
128
129
130
131

132
133
134

135
136
137

{
Obj *vars;
Obj *up;
b
*moved;
Iy
} Obj;

Obj *True = &(Obj){ TTRUE };

Obj *Nil = &(Obj){ TNIL };

Obj *Dot = &(Obj){ TDOT };

Obj *Cparen = &(Obj){ TCPAREN };

Obj *Symbols;

#define MEMORY_SIZE 65536

*memory;

*from_space;

size_t mem_nused = 0;

bool gc_running = false;
bool debug_gc = false;
bool always_gc = false;

gc( *root);

#define ROOT_END (( *)-1)

#define ADD_ROOT(size) \
*root ADD_ROOT [size + 2]; \
root ADD ROOT [0] = root; \
(inti=1;i<=size;i++) \
root ADD_ROOT_[i] = NULL; \

root ADD_ROOT [size + 1] = ROOT_END;
root = root ADD_ROOT_

#define DEFINE1(varl) \
ADD_ROOT(1); \
Obj **varl = ( **)(root ADD_ROOT_ + 1)
#define DEFINE2(varl, var2) \
ADD_ROOT(2); \

\

Obj **varl = (Obj **)(root_ADD_ROOT_ + 1); \



138 Obj **var2 = (Obj **)(root ADD_ROOT_ + 2)

139 #define DEFINE3(varl, var2, var3) \
140 ADD_ROOT(3); \

141 Obj **varl = (Obj **)(root ADD_ROOT_+ 1); \
142 Obj **var2 = ( **)(root ADD_ROOT_ + 2); \
143 Obj **var3 = ( **)(root ADD_ROOT_ + 3)

144 #define DEFINE4(varl, var2, var3, var4) \
145 ADD_ROOT(4); \

146 Obj **varl =
147 Obj **var2 =
148 Obj **var3
149 Obj **var4
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( **)(root_ADD_ROOT_ + 3); \
( )t

150

151

152

153 size_t roundup( var, size_t size) {
154 (var + size - 1) & ~(size - 1);

155 }

156

157 Obj *alloc( *root, type, size_t size) {
158

159

160 size = roundup(size, ( *));

161
162 size += offsetof(Obj, value);

163
164
165
166 size = roundup(size, ( *));

167

168

169

170

171

172 (always_gc && !gc_running)
173 gc(root);

174
175 (talways_gc && MEMORY_SIZE < mem_nused + size)
176 gc(root);

177

178

179 (MEMORY_SIZE < mem_nused + size)
180 error( )i

181

182 Obj *obj = memory + mem_nused;
183 obj->type = type;

184 obj->size = size;

185 mem_nused += size;

186 obj;

187 }

188
189
190

191
192
193
194
195
196 Obj *scanl;
197 Obj *scan2;

198

199

200 Obj *forward( *obj) {

201

202

203 ptrdiff_t offset = ( *)obj - ( *)from_space;
204 (offset < 0 || MEMORY_SIZE <= offset)
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247
248
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250
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254
255
256
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259
260
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262
263
264
265
266
267
268
269
270
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273

obj;

(obj->type == TMOVED)
obj->moved;

Obj *newloc = scan2;
memcpy(newloc, obj, obj->size);
scan2 = ( *)(( *)scan2 + obj->size);

obj->type = TMOVED;
obj->moved = newloc;
newloc;

*alloc_semispace() {
mmap(NULL, MEMORY_SIZE, PROT_READ | PROT_WRITE, MAP_PRIVATE | MAP_ANON, -1, 0);

forward_root_objects( *root) {
Symbols = forward(Symbols);
( **frame = root; frame; frame = *( ***)frame)
(int1 = 1; frame[i] '= ROOT_END; i++)
(framel[i])
framel[i] = forward(framel[il);

gc( *root) {
assert(!gc_running);
gc_running = true;

from_space = memory;
memory = alloc_semispace();

scanl = scan2 = memory;

forward_root_objects(root);

(scanl < scan2) {
(scanl->type) {
TINT:
TSYMBOL:
TPRIMITIVE:

TCELL:
scanl->car = forward(scanl->car);
scanl->cdr = forward(scanl->cdr);

TFUNCTION:

TMACRO:
scanl->params = forward(scanl->params);
scanl->body = forward(scanl->body);
scanl->env = forward(scanl->env);

TENV:
scanl->vars = forward(scanl->vars);
scanl->up = forward(scanl->up);

’

error( , scanl->type);

scanl = ( )(( *¥)scanl + scanl->size);

munmap(from_space, MEMORY_SIZE);



274 size_t old_nused = mem_nused;

275 mem_nused = ( )(( *)scanl - ( *)memory);
276 (debug_gc)

277 fprintf(stderr, , mem_nused, old_nused);
278 gc_running = false;

279 }

280

281

282

283 Obj *make_int( *root, value) {

284 Obj *r = alloc(root, TINT, (int));

285 r->value = value;

286 r

287 }

288 Obj *cons( *root, *kcar, *redr) {
289 Obj *cell = alloc(root, TCELL, ( *) * 2);

290 cell->car = *car;

291 cell->cdr = *cdr;

292 cell;

293 }

294 Obj *make_symbol( *root, *name) {
295 Obj *sym = alloc(root, TSYMBOL, strlen(name) + 1);
296 strcpy(sym->name, name);

297 sym;

298 }

299 Obj *make_primitive( *root, *fn)
300 Obj *r = alloc(root, TPRIMITIVE, ( *));
301 r->fn = fn;

302 r

303 }

304 Obj *make_function( *root, *keny, type, **params, **phody) {
305 assert(type == TFUNCTION || type == TMACRO);
306 Obj *r = alloc(root, type, ( *) * 3);

307 r->params = *params;

308 r->body = *body;

309 r->env = *env;

310 r;

311 }

312 Obj *make_env( *root, **yars, **p) {
313 Obj *r = alloc(root, TENV, ( *) * 2);

314 r->vars = *vars;

315 r->up = *up;

316 r

317 }

318

319 Obj *acons( *root, **y, *ky, **3a) {
320 DEFINE1(cell);

321 *cell = cons(root, x, y);

322 cons(root, cell, a);

323 }

324

325

326

327

328

329  #define SYMBOL_MAX_LEN 200

330 symbol_chars[] = ;
331 Obj *read_expr( *root);

332 peek( ) {

333 c = getchar();

334 ungetc(c, stdin);

335 (oH

336 }

337

338 Obj *reverse( *p) {

339 Obj *ret = Nil;

340 (p !'=Nil) {



341 Obj *head = p;

342 p = p->cdr;

343 head->cdr = ret;

344 ret = head;

345 }

346 ret;

347 }

348

349 skip_line( ) {

350 i) A{

351 c = getchar();

352 (c==EOF || c == )

353 ;

354 (c=="r"){

355 (peek() == )

356 getchar();

357 ;

358 }

359 }

360 }

361

362 Obj *read_list( *root) {

363 DEFINE3(obj, head, last);

364 *head = Nil;

365 G Ao

366 *obj = read_expr(root);

367 (**obj)

368 error( )
369 (*obj == Cparen)

370 reverse(*head);

371 (*obj == Dot) {

372 *last = read_expr(root);

373 (read_expr(root) != Cparen)
374 error( );
375 Obj *ret = reverse(*head);

376 (*head)->cdr = *last;

377 ret;

378 }

379 *head = cons(root, obj, head);
380 }

381 }

382

383

384 Obj *intern( *root, *name) {
385 ( *p = Symbols; p !'= Nil; p = p->cdr)
386 (strcmp(name, p->car->name) == 0)
387 p->car;

388 DEFINE1(sym);

389 *sym = make_symbol(root, name);
390 Symbols = cons(root, sym, &Symbols);
391 *sym;

392 }

393

394 Obj *read_quote( *root) {
395 DEFINE2(sym, tmp);

396 *sym = intern(root, );

397 *tmp = read_expr(root);

398 *tmp = cons(root, tmp, &Nil);

399 *tmp = cons(root, sym, tmp);

400 *tmp;

401 }

402 read_number(int val) {

403 (isdigit(peek()))

404 val = val * 10 + (getchar() - '0');
405 val;

406 }

407 Obj *read_symbol( *root, c) {
408 buf[SYMBOL_MAX_LEN + 1];
409 buf[0] = c;

410 len =1;

411 (isalnum(peek()) || strchr(symbol_chars, peek())) {
412 (SYMBOL_MAX_LEN <= len)
413 error( )

414 buf[len++] = getchar();
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}
buf[len] = ;
intern(root, buf);

Obj *read_expr( *root) {
(G
¢ = getchar();
(C == ||C== ||C== ||C== )

(c == EOF')
NULL;

(c=="21

skip_line();

’

)
read_list(root);
)
Cparen;
)
Dot;
)
read_quote(root);
(isdigit(c))
make_int(root, read_number(c - '0'));
(c == "' && isdigit(peek()))
make_int(root, -read_number(0));
(isalpha(c) || strchr(symbol_chars, c))
read_symbol(root, c);
error( , C);

}

(c
(
(

)
Il
I

)
I
I

(c

}

print( *obj) {
(obj->type) {
TCELL:
printf("(");
G {
print(obj->car);
(obj->cdr == Nil)

(0bj->cdr->type != TCELL) {
printf( )
print(obj->cdr);

’

}
printf(" ");
obj = obj->cdr;
}
printf(")");

’

#define CASE(type, ...) \
type: \
printf(__ VA_ARGS_); \

CASE(TINT, , obj->value);
CASE(TSYMBOL, , 0bj->name);
CASE(TPRIMITIVE, );
CASE(TFUNCTION, );
CASE(TMACRO, )
CASE(TMOVED, )
CASE(TTRUE, );
CASE(TNIL, );

#undef CASE

error( , 0bj->type);

}
}

length( *ist) {
len = 0;
(; list->type == TCELL; list = list->cdr)
len++;
list == Nil ? len : -1;
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}

Obj *eval( *root, **env, **0bj);

add_variable( *root, *keny, *ksym, *kval) {
DEFINE2(vars, tmp);
*vars = (*env)->vars;
*tmp = acons(root, sym, val, vars);
(*env)->vars = *tmp;

Obj *push_env( *root, **any, **yars, **yals) {
DEFINE3(map, sym, val);
*map = Nil;
(; (*vars)->type == TCELL; *vars = (*vars)->cdr, *vals = (*vals)->cdr) {
((*vals)->type !'= TCELL)
error( ):
*sym = (*vars)->car;
*val = (*vals)->car;
*map = acons(root, sym, val, map);
}
(*vars !'= Nil)
*map = acons(root, vars, vals, map);
make_env(root, map, env);
Obj *progn( *root, **eny, **[ist) {
DEFINE2(lp, r);
(*Ip = *list; *Ip !'= Nil; *Ip = (*Ip)->cdr) {
*r = (¥Ip)->car;
*r = eval(root, env, r);
}
*r
Obj *eval_list( *root, **eny, **[ist) {
DEFINE4(head, Ip, expr, result);
*head = Nil;
(Ip = list; *Ip '= Nil; *Ip = (*Ip)->cdr) {
*expr = (¥lp)->car;
*result = eval(root, env, expr);
*head = cons(root, result, head);
}
reverse(*head);
bool is_list( *obj) {
obj == Nil || obj->type == TCELL;

Obj *apply_func( *root, **any, **fn, **3rgs) {
DEFINE3(params, newenv, body);
*params = (*fn)->params;
*newenv = (*fn)->env;
*newenv = push_env(root, newenv, params, args);
*pody = (*fn)->body;
progn(root, newenv, body);

Obj *apply( *root, *eny, **fn, **args) {
(lis_list(*args))
error( );

((*fn)->type == TPRIMITIVE)
(*fn)->fn(root, env, args);
((*fn)->type == TFUNCTION) {
DEFINE1(eargs);
*eargs = eval_list(root, env, args);
apply_func(root, env, fn, eargs);
}

error( );

Obj *find( **env, *sym) {



561 ( *p =*env; p != Nil; p = p->up) {

562 ( *cell = p->vars; cell '= Nil; cell = cell->cdr) {
563 Obj *bind = cell->car;

564 (sym == bind->car)

565 bind;

566 }

567 }

568 NULL;

569 }

570

571 Obj *macroexpand( *root, **eny, **obj) {
572 ((*obj)->type != TCELL || (*obj)->car->type != TSYMBOL)
573 *obj;

574 DEFINE3(bind, macro, args);

575 *bind = find(env, (*obj)->car);

576 ("*bind || (*bind)->cdr->type != TMACRO)

577 *obj;

578 *macro = (*bind)->cdr;

579 *args = (*obj)->cdr;

580 apply_func(root, env, macro, args);

581 }

582

583 Obj *eval( *root, **keny, **obj) {
584 ((*obj)->type) {

585 TINT:

586 TPRIMITIVE:

587 TFUNCTION:

588 TTRUE:

589 TNIL:

590

591 *obj;

592 TSYMBOL: {

593

594 Obj *bind = find(env, *obj);

595 ('bind)

596 error( , (*obj)->name);
597 bind->cdr;

598 }

599 TCELL: {

600

601 DEFINE3(fn, expanded, args);

602 *expanded = macroexpand(root, env, obj);

603 (*expanded != *obj)

604 eval(root, env, expanded);

605 *fn = (*obj)->car;

606 *fn = eval(root, env, fn);

607 *args = (*obj)->cdr;

608 ((*fn)->type != TPRIMITIVE && (*fn)->type != TFUNCTION)
609 error( );
610 apply(root, env, fn, args);

611 }

612 :

613 error( , (*obj)->type);
614 }

615 }

616

617

618

619

620 Obj *prim_quote( *root, *env, **ist) {
621 (length(*list) !'= 1)

622 error( )

623 (*list)->car;

624 }

625

626 Obj *prim_cons( *root, **eny, **[ist) {
627 (length(*list) !'= 2)

628 error( )

629 Obj *cell = eval_list(root, env, list);

630 cell->cdr = cell->cdr->car;

631 cell;

632 }

633

634 Obj *prim_car( *root, *eny, **ist) {



635 Obj *args = eval_list(root, env, list);

636 (args->car->type != TCELL || args->cdr != Nil)

637 error( );

638 args->car->car;

639 }

640

641 Obj *prim_cdr( *root, *env, **|ist) {
642 Obj *args = eval_list(root, env, list);

643 (args->car->type != TCELL || args->cdr != Nil)

644 error( );

645 args->car->cdr;

646 }

647

648 Obj *prim_setq( *root, **eny, **[jst) {
649 (length(*list) !'= 2 || (*list)->car->type != TSYMBOL)
650 error( );

651 DEFINE2(bind, value);

652 *bind = find(env, (*list)->car);

653 ("*bind)

654 error( , (*list)->car->name);
655 *value = (*list)->cdr->car;

656 *value = eval(root, env, value);

657 (*bind)->cdr = *value;

658 *value;

659 }

660

661 Obj *prim_setcar( *root, **eny, **ist) {
662 DEFINE1(args);

663 *args = eval_list(root, env, list);

664 (length(*args) != 2 || (*args)->car->type != TCELL)
665 error( );

666 (*args)->car->car = (*args)->cdr->car;

667 (*args)->car;

668 }

669

670 Obj *prim_while( *root, *keny, **ist) {
671 (length(*list) < 2)

672 error( );

673 DEFINE2(cond, exprs);

674 *cond = (*list)->car;

675 (eval(root, env, cond) != Nil) {

676 *exprs = (*list)->cdr;

677 eval_list(root, env, exprs);

678 }

679 Nil;

680 }

681

682 Obj *prim_gensym( *root, **keny, **¥ist) {
683 count = 0;

684 buf[10];

685 snprintf(buf, (buf), , count++);

686 make_symbol(root, buf);

687 }

688

689 Obj *prim_plus( *root, **env, *¥ist) {
690 sum = 0;

691 ( *args = eval_list(root, env, list); args != Nil; args = args->cdr) {
692 (args->car->type != TINT)

693 error( );

694 sum += args->car->value;

695 }

696 make_int(root, sum);

697 }

698

699 Obj *prim_minus( *root, **eny, **[ist) {
700 Obj *args = eval_list(root, env, list);

701 ( *p = args; p !'= Nil; p = p->cdr)

702 (p->car->type != TINT)

703 error( );

704 (args->cdr == Nil)

705 make_int(root, -args->car->value);

706 r = args->car->value;

707 (Obj *p = args->cdr; p !'= Nil; p = p->cdr)



708 r -= p->car->value;

709 make_int(root, r);

710 }

711

712 Obj *prim_It( *root, *reny, Eist) {

713 Obj *args = eval_list(root, env, list);

714 (length(args) !'= 2)

715 error( );

716 Obj *x = args->car;

717 Obj *y = args->cdr->car;

718 (x->type !'=TINT || y->type != TINT)

719 error( ;

720 x->value < y->value ? True : Nil;

721 }

722 Obj *handle_function( *root, **eny, **|jst, type) {
723 ((*list)->type !'= TCELL || lis_list((*list)->car) || (*list)->cdr->type != TCELL)
724 error( );

725 Obj *p = (*list)->car;

726 (; p->type == TCELL; p = p->cdr)

727 (p->car->type != TSYMBOL)

728 error( );

729 (p '= Nil && p->type != TSYMBOL)

730 error( )

731 DEFINE2(params, body);

732 *params = (*list)->car;

733 *body = (*list)->cdr;

734 make_function(root, env, type, params, body);
735 }

736

737 Obj *prim_lambda( *root, **eny, *¥ist) {
738 handle_function(root, env, list, TFUNCTION);

739 }

740 Obj *handle_defun( *root, **env, *X¥|ist, type) {
741 ((*list)->car->type != TSYMBOL || (*list)->cdr->type != TCELL)
742 error( );

743 DEFINE3(fn, sym, rest);

744 *sym = (*list)->car;

745 *rest = (*list)->cdr;

746 *fn = handle_function(root, env, rest, type);

747 add_variable(root, env, sym, fn);

748 *fn;

749 }

750

751 Obj *prim_defun( *root, **env, *k[st) {
752 handle_defun(root, env, list, TFUNCTION);

753 }

754

755 Obj *prim_define( *root, *kony, *k[ist) {
756 (length(*list) !'= 2 || (*list)->car->type != TSYMBOL)
757 error( )

758 DEFINE2(sym, value);

759 *sym = (*list)->car;

760 *value = (*list)->cdr->car;

761 *value = eval(root, env, value);

762 add_variable(root, env, sym, value);

763 *value;

764 }

765

766 Obj *prim_defmacro( *root, *env, *¥|ist) {
767 handle_defun(root, env, list, TMACRO);

768 }

769

770 Obj *prim_macroexpand( *root, **eny, **[ist) {
771 (length(*list) '= 1)

772 error( )

773 DEFINE1(body);

774 *body = (*list)->car;

775 macroexpand(root, env, body);

776 }

777

778 Obj *prim_printin( *root, **eny, **ist) {
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DEFINEL(tmp);
*tmp = (*list)->car;
print(eval(root, env, tmp));

printf( );
Nil;
Obj *prim_if( *root, *reny, *¥[ist) {
(length(*list) < 2)
error( );

DEFINE3(cond, then, els);
*cond = (*list)->car;
*cond = eval(root, env, cond);
(*cond !'= Nil) {
*then = (*list)->cdr->car;
eval(root, env, then);

*els = (*list)->cdr->cdr;
*els == Nil ? Nil : progn(root, env, els);

Obj *prim_num_eq( *root, *env, **|ist) {
(length(*list) !'= 2)
error( )

Obj *values = eval_list(root, env, list);
Obj *x = values->car;
Obj *y = values->cdr->car;

(x->type !=TINT || y->type != TINT)

error( ;
x->value == y->value ? True : Nil;
Obj *prim_eq( *root, **env, **ist) {
(length(*list) !'= 2)
error( );

Obj *values = eval_list(root, env, list);
values->car == values->cdr->car ? True : Nil;

add_primitive( *root, **eny, *name,
DEFINE2(sym, prim);
*sym = intern(root, name);
*prim = make_primitive(root, fn);
add_variable(root, env, sym, prim);

define_constants( *root, *reny) {
DEFINE1(sym);
*sym = intern(root, );
add_variable(root, env, sym, &True);

define_primitives( *root, *renv) {
add_primitive(root, env, , prim_quote);
add_primitive(root, env, , prim_cons);
add_primitive(root, env, , prim_car);
add_primitive(root, env, , prim_cdr);
add_primitive(root, env, , prim_setq);
add_primitive(root, env, , prim_setcar);
add_primitive(root, env, , prim_while);
add_primitive(root, env, , prim_gensym);
add_primitive(root, env, , prim_plus);
add_primitive(root, env, "-", prim_minus);
add_primitive(root, env, , prim_It);
add_primitive(root, env, , prim_define);
add_primitive(root, env, , prim_defun);
add_primitive(root, env, , prim_defmacro);
add_primitive(root, env, , prim_macroexpand);
add_primitive(root, env, , prim_lambda);
add_primitive(root, env, , prim_if);
add_primitive(root, env, , prim_num_eq);
add_primitive(root, env, , prim_eq);
add_primitive(root, env, , prim_printin);

*n) {



852

853
854
855
856
857

858
859
860
861

862
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bool getEnvFlag( *name) {
*val = getenv(name);
val && val[0];

main(int argc, *argv) {

debug _gc = getEnvFlag( );
always_gc = getEnvFlag( )

memory = alloc_semispace();

Symbols = Nil;

*root = NULL;
DEFINE2(env, expr);
*env = make_env(root, &Nil, &Nil);
define_constants(root, env);
define_primitives(root, env);

G Ao
*expr = read_expr(root);
(P*expr)
0;
(*expr == Cparen)
error( );
(*expr == Dot)
error( );
print(eval(root, env, expr));
printf( );
}



