000000000000 35000 (201800)00000

CoqU COOOOOODODODODDODDOO

OO0 OO Reynald Affeldt O Jacques Garrigue

cCOOo0oOooooooOooOo0boOooo loTOOO0D00O00O0O00000000000000000000 Coq
g0 coUoooooooooooOoooOooUooOoDOo0oDOn CogDOOOOOOODOOODOO
0000000000 Gallina (Coq0000O0O0O0ODO)0 MLOODOOODOOOO cOOOOOOOOoOoOooOOO
GallinaO00O00O0O00O00O0OOOO0OOOOO0OOOOO0OOOOOCOOOOOCOOOOOOOCOOOOO0O
gooooooooooooooo0oooooooOo0o0 cooooooooooooooOoOoooooooonoO
gooooboooooooOoooOo0OO0boOoOO0bOOO0OO0OOO0OO0O0OO00O00COO00COOO0OO0OOO0O000O00
0o0o0o0Do0o0O0D00O0O00 cooooooooDo0oOO0oDoO0oO0obDoO0oO0obDOO0O0ooDCcOooDo0on
0000000000000 Gallina00000000000000O0OOCOOO0O0OOOOO0O0OOOOOOO0O

The C programming language plays an essential role for low-level programming, in particular for small
systems such as IoT devices. We are developing a C code generator for Coq so that one can formally
verify programs and still extract efficient code. Our code generator translates a program written in the ML
subset of Gallina (the internal language of Coq) to C. However, the fact that Gallina is a pure functional
language, and cannot use mutable data structures, is an obstacle to the generation of efficient code. We
address this problem by extending our C code generator with a linearity checker. Given a specific type, the
linearity checker guarantees that variables of this type are used exactly once, so that one can implement the
corresponding data structure at the C level in imperative style. This extension therefore makes it possible

to use mutable data structures in code generated from Gallina, safely and efficiently.
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typedef struct {
uint64_t *buf;
nat len; /* current length [bit] */
nat max; /* mazimum length [bit] */
} bits_heap;
typedef struct {
bits_heap *heap;
nat orglen; /* original length [bit] */
} bits;
#define numbits(s) ((s).orglen)
bits allocbits(void);
bool nthbit(bits s, nat i);
bits addbit(bits s, bool b);
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s = allocbits(void);
s1 = addbit(s, true);
s2 = addbit(s, false);
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Definition appb2 (b : bits) (v : bool) :=

addbit (addbit b v) v.
Definition invalid (b :

bits) (v : bool) :=

(addbit b v, addbit b v).
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uint64_t *buf;
nat len; /* current length [bit] */
nat max; /* mazimum length [bit] */
} *bits;
#define numbits(s) ((s)->len)
bits allocbits(void);
bool getbit(bits s, nat i);
bits addbit(bits s, bool b);
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Inductive bool : Set :=
bool

bool.

| true :
| false :
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#include <stdbool.h>

#define nO_true() true

#define nO_false() false

#define sw_bool(b) (b)

#define case_true_bool default
#define case_false_bool case false
#define negb(b) (!(b))
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Inductive nat : Set :=
| 0 : nat

| S : nat -> nat.
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#include <stdint.h>

typedef uint64_t nat;

#define n0_0() ((nat)0)
#define ni_S(n) ((n)+1)
#define sw_nat(n) (n)

#define case_0O_nat case 0
#define case_S_nat default
#define field0_S_nat(n) ((n)-1)
#define n2_addn(a,b) ((a)+(b))
#define n2_subn(a,b) ((a)-(b))
#define n2_muln(a,b) ((a)*(b))
#define n2_divn(a,b) ((a)/(b))
#define n2_modn(a,b) ((a)l (b))
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typedef struct {
uint64_t *buf;
nat len; /* current length [bit] */
nat max; /* mazimum length [bit] */
} bits_heap;

typedef struct {

bits_heap *heap;

nat orglen; /* original length [bit] */
} bits;
#define numbits(s) ((s).orglen)



bits allocbits(void)

{

nat max = 64;

bits_heap *bh;

bh = malloc(sizeof (bits_heap));

if (bh == NULL)

{ perror("malloc"); exit(EXIT_FAILURE); }
/% aligned up to 64bit */

max = ((max + 63) / 64 * 64);

/* avoid malloc(0) which is imp.-defined */

if (max == 0) max = 64;

bh->buf = malloc(max / CHAR_BIT);

if (bh->buf == NULL)

{ perror("malloc"); exit(EXIT_FAILURE); }
bh->len = 0;

bh->max = max;

bits s;

s.heap = bh;

s.orglen = 0;

return s;

bool nthbit(bits s, nat i)

{

}

assert(i < s.orglen);

return (s.heap—>bufl[i / 64] >> (i % 64)) & 1;

bits copy_prefix(bits s, nat n)

{

nat max = (n + 63) / 64 * 64;
if (max == 0) max = 64;
bits s2 = allocbits();

memcpy (s2.heap->buf, s.heap->buf, max / CHAR_BIT);

s2.orglen = s2.heap->len = n;
return s2;

bits addbit(bits s, bool b)

{

if (s.orglen != s.heap->len)
s = copy_prefix(s, s.orglen);

if (s.heap->max <= s.orglen) {
uint64_t *buf;
nat max;
max = s.heap->max * 2;
assert(s.heap—>max < max);

buf = realloc(s.heap->buf, max / CHAR_BIT);

if (buf == NULL)

{ perror("realloc"); exit(EXIT_FAILURE); }

s.heap->buf = buf;
s.heap->max = max;

if (b)

s.heap->buf[s.orglen / 64] |=
(uint64_t)1 << (s.orglen 7 64);

else

S

s

s.heap->buf [s.orglen / 64] &=
“((uint64_t)1 << (s.orglen 7 64));

.orglen++;
.heap->len++;

return s;

}
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typedef struct {
uint64_t *buf;
nat len; /* current length [bit] */
nat max; /* maximum length [bit] */
} #bits;

#define numbits(s) ((s)->len)

{

bits allocbits(void)

nat max = 64;

bits s;

S

= malloc(sizeof (*s));

if (s == NULL)

{

perror("malloc"); exit(EXIT_FAILURE); }

/* aligned up to 64bit */

max = ((max + 63) / 64 * 64);

/* avotd malloc(0) which ts imp.-defined */
if (max == 0) max = 64;

s-

>buf = malloc(max / CHAR_BIT);

if (s->buf == NULL)

{

s—

s—

perror("malloc"); exit(EXIT_FAILURE); }
>len = 0;
>max = max;

return s;

{

bool nthbit(bits s, nat i)

assert(i < s->len);
return (s->bufl[i / 64] >> (1 % 64)) & 1;

}

{

bits addbit(bits s, bool b)

if (s->max <= s->len) {

uint64_t *buf;

nat max;

max = s->max * 2;

assert(s->max < max);

buf = realloc(s->buf, max / CHAR_BIT);

if (buf == NULL)

{ perror("realloc"); exit(EXIT_FAILURE); }
s->buf = buf;

s->max = max;



if (b)
s->buf [s->len / 64] |=
(uint64_t)1 << (s->len % 64);
else
s->buf [s->len / 64] &=
“((uint64_t)1 << (s->len ¥ 64));
s->lent++;

return s;
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int main(int argc, char *argv([])
{
nat i;
bits s = allocbits();
for (i = 0; i < 100000000; i++) {
s = addbit(s, true);
}

return O;



