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#include <assert.h>
#include <ctype.h>
#include <inttypes.h>
#include <stdarg.h>
#include <stdbool.h>
#include <stddef.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

{

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

¥

{
TNIL = 1,
TDOT,
TCPAREN,
TTRUE,
b

Obj;
Obj *Primitive( *env,

Obj {

type;

{

value;

{
Obj *car;
Obj *cdr;

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

Obj *body;
Obj *env;

subtype;

{
Obj *vars;
Obj *up;

*moved;

*args);



72} Obj;

73

74 Obj *Nil;

75 Obj *Dot;

76 Obj *Cparen;

77 Obj *True;

78

79

80

81 Obj *Symbols;

82 error( *fmt, ...) __attribute((noreturn));
83

84

85

86 Obj *alloc(int type, size_t size) {

87

88 size += offsetof(Obj, value);

89

90 Obj *obj = malloc(size);

91 obj->type = type;

92 obj;

93 }

94 Obj *make_int(int value) {

95 Obj *r = alloc(TINT, (int));

96 r->value = value;

97 r;

98 }

99 Obj *make_symbol( *name) {
100 Obj *sym = alloc(TSYMBOL, strlen(name) + 1);
101 strcpy(sym->name, name);

102 sym;

103 }

104 Obj *make_primitive( *n) {
105 Obj *r = alloc(TPRIMITIVE, ( *));
106 r->fn = fn;

107 r;

108 }

109 Obj *make_function(int type, *params, *body, *env) {
110 assert(type == TFUNCTION || type == TMACRO);
111 Obj *r = alloc(type, ( *) * 3);
112 r->params = params;

113 r->body = body;

114 r->env = env;

115 r;

116 }

117 Obj *make_special(int subtype) {
118 Obj *r = malloc( ( *) * 2);

119 r->type = TSPECIAL;

120 r->subtype = subtype;

121 r;

122 }

123 Obj *make_env( *vars, *up) {
124 Obj *r = alloc(TENV, ( *) * 2);
125 r->vars = vars;

126 r->up = up;

127 r;

128 }

129 Obj *cons( *car, *cdr) {

130 Obj *cell = alloc(TCELL, ( *) *2);
131 cell->car = car;

132 cell->cdr = cdr;

133 cell;

134 }

135

136 Obj *acons( *X, *y, *a) {

137 cons(cons(x, y), a);
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139
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143

144

145
146
147
148
149
150
151
152

153
154
155
156
157

158
159
160
161
162
163
164
165
166
167
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170
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172
173
174
175
176
177
178
179
180
181
182

183
184
185
186
187
188
189
190
191
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193
194
195
196
197
198

199
200
201
202
203
204
205
206
207
208

Obj *read( );

error( *mt, ...) {
va_list ap;
va_start(ap, fmt);
vfprintf(stderr, fmt, ap);
fprintf(stderr, );
va_end(ap);
exit(1);

peek(void) {
¢ = getchar();
ungetc(c, stdin);
C;

skip_line( ) {
G Ao
c = getchar();
(c==EOF || c == )
(c==""){
(peek() == "\n’)
getchar();

Obj *read_list( ) {
Obj *obj = read();
(Yobj)
error( );
(obj == Dot)
error( );
(obj == Cparen)
Nil;
Obj *head, *tail;
head = tail = cons(obj, Nil);

G Ao
Obj *obj = read();

(fobj)
error( );
(obj == Cparen)
head;
(obj == Dot) {

tail->cdr = read();
(read() != Cparen)
error( );
head;
}
tail->cdr = cons(obj, Nil);
tail = tail->cdr;

}

Obj *intern( *name) {

( *p = Symbols; p != Nil; p = p->cdr)

(strcmp(name, p->car->name) == 0)
p->car;

Obj *sym = make_symbol(name);
Symbols = cons(sym, Symbols);
sym;
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Obj *read_quote( ) {
Obj *sym = intern( );
cons(sym, cons(read(), Nil));

}
read_number(int val) {
(isdigit(peek()))
val = val * 10 + (getchar() - '0');
val;
}

#define SYMBOL_MAX_LEN 200

Obj *read_symbol( c) {
buf[SYMBOL_MAX_LEN + 1];

len =1;
buf[0] = ¢;
(isalnum(peek()) || peek() == "-") {

(SYMBOL_MAX_LEN <= len)
error( )
buf[len++] = getchar();

}
buf[len] = ;
intern(buf);

Obj *read( ) {
G A
c = getchar();

(c == ||c== ||c== ||c=

(c == EOF)
NULL;

(c=="71

skip_line();

(c==")
read_list();
)

Cparen;

)

Dot;

)
read_quote();
(isdigit(c))

make_int(read_number(c -
(c==")

(
(

3)
Il
I

)
Il
1

(c

make_int(-read_number(0));

(isalpha(c) || strchr(
read_symbol(c);
error(
}
}

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

(obj->c’dr->type !=TCELL) {
printf( )
print(obj->cdr);

’

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

TSYMBOL:

));

, C))

, C);

)



284 printf( , obj->name);
285 ;

286 TPRIMITIVE:

287 printf( );
288 ;

289 TFUNCTION:

290 printf( );
291 ;

292 TMACRO:

293 printf( );

294 ;

295 TSPECIAL:

296 (obj == Nil)

297 printf("()");

298 (obj == True)
299 printf("t");

300

301 error( , obj->subtype);
302 ;

303 :

304 error( , 0bj->type);
305 }

306 }

307 list_length( *[ist) {
308 len = 0;

309 (i) {

310 (list == Nil)

311 len;

312 (list->type != TCELL)
313 error( );
314 list = list->cdr;

315 len++;

316 }

317 }

318
319
320

321 Obj *eval( *env, *obj);

322 add_variable( *env, *sym, *val) {
323 env->vars = acons(sym, val, env->vars);
324 }

325

326 Obj *push_env( *env, *vars, *values) {
327 (list_length(vars) != list_length(values))

328 error(

329 Obj *map = Nil;

330 ( *p = vars, *q = values; p != Nil; p = p->cdr, g = g->cdr) {
331 Obj *sym = p->car;

332 Obj *val = g->car;

333 map = acons(sym, val, map);

334 }

335 make_env(map, env);

336 }

337

338

339 Obj *progn( *env, *ist) {
340 Obj *r = NULL;

341 ( *Ip = list; Ip '= Nil; Ip = Ip->cdr)
342 r = eval(env, Ip->car);

343 r;

344 }

345

346

347 Obj *eval_list( *env, *ist) {
348 Obj *head = NULL;

349 Obj *tail = NULL;

350 ( *¥Ip = list; Ip '= Nil; Ip = Ip->cdr) {
351 Obj *tmp = eval(env, Ip->car);

352 (head == NULL) {

353 head = tail = cons(tmp, Nil);

354 }

355 tail->cdr = cons(tmp, Nil);

356 tail = tail->cdr;
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}
}
(head == NULL)
Nil;
head;

bool is_list( *ob)) {
obj == Nil || obj->type == TCELL;

Obj *apply( *env, *fn, *args) {

(tis_list(args))

error(

(fn->type == TPRIMITIVE)
fn->fn(env, args);

(fn->type == TFUNCTION) {

Obj *body = fn->body;

Obj *params = fn->params;

Obj *eargs = eval_list(env, args);

Obj *newenv = push_env(fn->env, params, eargs);
progn(newenv, body);

}

error( );

}

Obj *find( *env, *sym) {
( *p =env; p; p=p->up) {
( *cell = p->vars; cell '= Nil; cell = cell->cdr) {
Obj *bind = cell->car;
(sym == bind->car)
bind;

NULL;

Obj *macroexpand( *env, *obj) {
(obj->type != TCELL || obj->car->type != TSYMBOL)
obj;
Obj *bind = find(env, obj->car);
(!'bind || bind->cdr->type !'= TMACRO)
obj;
Obj *args = obj->cdr;
Obj *body = bind->cdr->body;
Obj *params = bind->cdr->params;
Obj *newenv = push_env(env, params, args);
progn(newenv, body);

Obj *eval( *env, *oDbj) {
(obj->type) {
TINT:
TPRIMITIVE:
TFUNCTION:
TSPECIAL:

obj;
TSYMBOL: {

Obj *bind = find(env, obj);
('bind)
error( , 0bj->name);
bind->cdr;

TCELL: {

Obj *expanded = macroexpand(env, obj);
(expanded != obj)
eval(env, expanded);
Obj *fn = eval(env, obj->car);
Obj *args = obj->cdr;
(fn->type != TPRIMITIVE && fn->type != TFUNCTION)
error( );
apply(env, fn, args);



432 :

433 error( , obj->type);
434 }

435 }

436

437

438

439

440 Obj *prim_quote( *env, *list) {

441 (list_length(list) !'= 1)

442 error( )

443 list->car;

444 }

445

446 Obj *prim_list( *env, *list) {

447 eval_list(env, list);

448 }

449

450 Obj *prim_setq( *env, *list) {

451 (list_length(list) !'= 2 || list->car->type != TSYMBOL)
452 error( )

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

454 ('bind)

455 error( , list->car->name);
456 Obj *value = eval(env, list->cdr->car);

457 bind->cdr = value;

458 value;

459 }

460

461 Obj *prim_plus( *env, *list) {

462 sum = 0;

463 ( *args = eval_list(env, list); args !'= Nil; args = args->cdr) {
464 (args->car->type != TINT)

465 error( );

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

467 }

468 make_int(sum);

469 }

470 Obj *handle_function( *env, *ist, type) {
471 (list->type != TCELL || !is_list(list->car) || list->cdr->type != TCELL)
472 error( );

473 ( *p = list->car; p !'= Nil; p = p->cdr) {

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

475 error( );

476 (is_list(p->cdr))

477 error( );

478 }

479 Obj *car = list->car;

480 Obj *cdr = list->cdr;

481 make_function(type, car, cdr, env);

482 }

483

484 Obj *prim_lambda( *env, *ist) {

485 handle_function(env, list, TFUNCTION);

486 }

487 Obj *handle_defun( *env, *ist, type) {
488 (list->car->type != TSYMBOL || list->cdr->type != TCELL)
489 error( );

490 Obj *sym = list->car;

491 Obj *rest = list->cdr;

492 Obj *fn = handle_function(env, rest, type);

493 add_variable(env, sym, fn);

494 fn;

495 }

496

497 Obj *prim_defun( *env, *list) {

498 handle_defun(env, list, TFUNCTION);

499 }

500

501 Obj *prim_define( *env, *list) {



502
503
504
505
506
507
508

509
510
511
512

513
514
515
516
517
518
519

520
521
522
523
524
525

526
527
528
529
530
531
532
533
534
535
536
537

538
539
540
541
542
543
544
545
546
547
548

549
550
551
552

553
554
555
556
557

558
559
560
561

562
563
564
565
566
567
568
569
570
571
572

(list_length(list) !'= 2 || list->car->type != TSYMBOL)

error( )
Obj *sym = list->car;
Obj *value = eval(env, list->cdr->car);
add_variable(env, sym, value);
value;

Obj *prim_defmacro( *env, *[ist) {
handle_defun(env, list, TMACRO);

Obj *prim_macroexpand( *env, *ist) {

(list_length(list) != 1)
error( );
Obj *body = list->car;
macroexpand(env, body);

Obj *prim_printin( *env, *list) {
print(eval(env, list->car));
printf( );
Nil;

Obj *prim_if(Obj *env, *ist) {
(list_length(list) < 2)

error( );
Obj *cond = eval(env, list->car);
(cond '= Nil) {

Obj *then = list->cdr->car;
eval(env, then);

Obj *els = list->cdr->cdr;

els == Nil ? Nil : progn(env, els);
Obj *prim_num_eq( *env, *ist) {
(list_length(list) != 2)
error( );

Obj *values = eval_list(env, list);

Obj *x = values->car;

Obj *y = values->cdr->car;
(x->type !'=TINT || y->type != TINT)
error( ;

*fn) {

x->value == y->value ? True : Nil;
Obj *prim_exit( *env, *ist) {

exit(0);

add_primitive( *env, *name,
Obj *sym = intern(name);
Obj *prim = make_primitive(fn);
add_variable(env, sym, prim);

define_constants( *env) {
Obj *sym = intern("t");
add_variable(env, sym, True);

define_primitives( *env) {
add_primitive(env, , prim_quote);
add_primitive(env, , prim_list);
add_primitive(env, , prim_setq);
add_primitive(env, , prim_plus);
add_primitive(env, , prim_define);
add_primitive(env, , prim_defun);
add_primitive(env, , prim_defmacro);
add_primitive(env, , prim_macroexpand);
add_primitive(env, , prim_lambda);
add_primitive(env, , prim_if);



573 add_primitive(env, , prim_num_eq);

574 add_primitive(env, , prim_printin);
575 add_primitive(env, , prim_exit);
576 }

577

578

579

580 main(int argc, **argv) {

581

582 Nil = make_special(TNIL);

583 Dot = make_special(TDOT);

584 Cparen = make_special(TCPAREN);
585 True = make_special(TTRUE);

586 Symbols = Nil;

587 Obj *env = make_env(Nil, NULL);
588 define_constants(env);

589 define_primitives(env);

590

591 G {

592 Obj *expr = read();

593 (texpr)

594 0;

595 (expr == Cparen)

596 error( )
597 (expr == Dot)

598 error( )

599 print(eval(env, expr));

600 printf("\n");

601 }

602 }



