DA

Design Automation Symposium

Joooodoo C

o0 oo! oooo!r ooooat

oojooooo,0o0fooooo0 cooooUooooooooUoUoooooooUoooooog
gooo,o0obooboooboboooboobooob0o. obobooboobooboboobooobooon,
gooooooooooooooooooooboOoooOoOoOoOoOboO0OoOO0OUOOoOOO,00oobo
0000opoooooooooo,ifd,for 00000000,0000000000000000. OO
o0,00000000000000,whileO,switchOOOOOOO0OOOOO0OOO0,00000000
goo,b0b0o,b0b0o0oo0boobooobobbooboboboooboob0. DobboobobobobOooboboOon
Orange4 00 0O0OOOOOCO,0000000O0O0O0OCOOCOCOOOOOOOOCODOORODOGO, GCC-8.000
00 LLVM/Clang-6.0 (0000 20170 120000000000000000O0O)00O000O0OOO
gboooboooooooob.

goooooooooo,boo0oooo,0000,000,000

for Random Test of C Compilers
Based on Equivalence Transformation

TAKAKURA SHOGO! IWATSUJI MITSUYOSHI' ISHIURA NAGISA!

Abstract: This article proposes a method of enriching program generation in random testing of C compilers
based on equivalence transformation on test programs. While the conventional method based on equivalence
transformation can only generate programs with scalar variables, assign statements, if and for statements,
the proposed method enables generation of arrays, structs, unions, as well as while and switch andfunction
calls. Orange4 C compiler test system extended with the proposed method has detected bugs in the lat-
est development versions of GCC-8.0.0 and LLVM/Clang-6.0 which had been missed by the existing test
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: #pragma pack(push)

: #pragma pack(1)

: struct S1 {

volatile int32_t £O0;
struct SO f4;
volatile uint8.t £7;

H
: #pragma pack(pop)

: union U3

10: const uint32_t f0;

11: const volatile int64_t f1;
12: int32_t £2;

13: };

OO0 ~NO®UWN -

15: static uint32_t * func_1(void)

17: {

18: P

19:  if (func_2(g-31[3])) {

20: for (i = 0; i < 1; i++)

21: 196[i] = &g 97;

22: (****g_1658) = ((((safe_mod_func_int32_t_s_s(

23: g-450[(g-133.f6 + 2)][(g-133.f6 + 3)], g 62)) >=
24: 1.172), 0x5318L), (g-1725, 1.1726));

24 (*p_61) = ((*g_-821) |= (safe_lshift_func_uint8_t_u_u(
25: ((safemul_func_uint8_t.uu(g22.f1, 1.1371)) |
26: ((++1_1664) > 1.1667)), 1.1336)));

27: }

28: A

29: }

31: int main ( int argc, char* argv[])
34: func_1Q);

36: }
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#define 0K()

#define NG(fmt,val) __builtin_abort()
const volatile signed int x9 = -59;
int main (void)

static unsigned long long x0 = 7LLU;
static const volatile signed long x1 = OL;

WO N O WWw

int t0 = 46;
10: signed long t1 = 297271L;

12:  for( i = x9%x6-x8; i < x5+x5; i -= x7+x3 ) {

13: t0 = x3|x0*x2-x4;

14: t1l = x5%x5-x6+x2/x7;

15: if ( x1<<xl ) {

16: t2 = x8>>x4/t0+x10*x10+x11;
17:

18: else {

19: t3 = x14(x16;

22: if (0 == 120) { O0K(Q); } else { NG("%d", t6); }
23: if (t1 == 220) { OK(Q); } else { NG("%d", t6); }
24: if (£3 == 22) { 0KQ; } else { NG("%d", t6); }
25: return 0;

0 3: Oranged 000 O0O00ODOOO0O0ODOOODO

e
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: int funcO(int aO[5], long al) {

t50 = a0[2] + x43;
if (t50 == -59000) {0K();} else {NG(O);}
return t50 + x51 - a0[4];

int main(void) {
int x6[5] = {1227,4,-59433,-106,24};
int t42[3]1[5] = { {-3290,559,23085,26668,-38567},
{358148,8,4,35388,85600},
{12594474,-293697,979,-125774,1138055} };

OO0 ~NOOPd WN -

11: t42[1]1[2] = (x4 - x3) - funcO(x6, x11 * x12) ;// = 100
12:  unsigned int t48[x6[1] + t42[1]1[2]11;

13:  t48[0] = x6[1] = x11;

14: t42[x12] [t4[4]1] = (x5 && t48[x16 + t1]1) + t2;

16:  if (t42[1]1[2] == 100) {0KO);} else {NGO);}

05 000000000000

[t=5;] [t =x5+x2.m1[2]18].m4;] [t = (x1.m2/x7)+x2.m1[x6][x3[4]].m4; |
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struct sO {
signed int mO;
unsigned int mi;

5

union u0 {
signed int mO;
struct sO ml;

OO0 ~N®Ud WN -

;
struct s1 {

10: signed int mO[2] [2];
11: union ul mi;

12:  struct sO m2[2];

13:  union u0 m3[5];

15: void funcO(struct s1 a0, long al) {
16: t50 = a0.m0 + x43;
17:  if (£50 == -59000) {0K();} else {NG();}

19: int main(void) {

20: struct s0 t0 = {64, 33};

21: union u0 x1= {16};

22: struct s1 x2 = {{{0, 3}, {2, 8}},
{66}, {{125, 33}, {64, 666}}};

23:  funcO0(x2, x33 + x1.m0);
24: t0.m1 = x3 + x1.m0 - x2.m2[x3-x4].m1 - x15;
25:  if (t0.ml == 647){}

27: }
07 0000000000DOO0O00OOOO
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ooobooooobOocooooooobooooooa
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ooooocooooooooa.
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goooooooboob. bbo,boo0ooooooooon
00000000000, 0p000o0o0o0ooOdn while
00 case 00O0O0O0O0O0OO switchOOOOO0O0OO.
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00000000 00 whileOO,0 9() 0000, 0
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: int f1 ( unsigned short al, long a2 ){
tl = ((x23 * al) >> x2 & x8);
t2 = (t1 | x5);

1
2

3

4

5: t99 = (x15 * x2) - (x10 - al);
6: if( al == 5 ){0KQ);} else{NGQ);}
7:  if( a2 == 9 ){0KQ);} else{NG();}
8 return (al-x3);

9

10

: int main(void){
11: int x1 = 34;

13:  int £3 = ((x2 + £1((x2%x7), (x1-x5))) & x8)
14: int t4 = (£3 < x7) >> £f1((£3/x9), (x8-x7)) / x5;

U 8 goooooooboobo

while( 0 ){
oooo
}

while( ((x3<<t7)&(a8%x5)) ){
oooo
}

—

() DO00O0DOO 00 while O

while( 1 ){ while( (t2*x4)!=(x1>>x10) ){
oooo - oooo
if ( 1 ){break;} if ( (al-x11)-(x2/t5) ){break;}
} }

(b)) 000000 10 while O
0 9: whileODOOOD

0000 0od whileOOOOOOODODOO,000000
J0d00do00o0oodDoOoooo. ooooooog
Jo0do0odooOoooUooDOOo. ogo,oo0o0a
OO0 10 whileOO,0 9()0000,000000
0000 1000 whileOODOOOOOOO. OOOO
dodooooOoObObOOoO0ooo ob 100O0oooo0n
OO0oo0o0oo0o0ooOo0ooOoUo (boooooo
0)0,00000 volatileDOOOOOOOOOOOO,
0000000 2000000000000000A0.
3.2.4 switch O

0o0oDoodoog switchOOOODO 10000, OO,
switch 0000000 casse 000O0O0O0O0O0O (DOOO
0 {3,4)0000,switth 00000 (00000 4)0
go0ooooooooooo (defaultl]l][]l][l[])l]l:l
gooooooboo. oooo,00o0o00ooooog
000 switchOOGQOOOGd.

3.3 00Od
gbooooooooooobooooo,boocoboo
oooobooooooooobooooooboooooboooon
ocooooo. bob,00000000000,000
cooooooboooobooo,0000b0c0oboobooobooo
OOo0ooO00ooO00o0. whileOOO, 000000000
whileOOOO,000000 00 whileOOOO,000
OO0 10 whileOOOOOOOOOOOOOOOOOQO
oog.
goboboooooooooobooooooooooooo
ooooooo,boobooooooooooooooooo
oooooocoooobooooooo.oob,bo000d
oobodooooooooooooooboooboo. oo
oopDoO0o0oo0o 11goo. 50000000000 to
ooooogoooo,b0oboobocoogooboooo. o
ooobooooooooooooooDo.
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switch ( 4 ) { switch ( (t2*x4)!=(x1>>x10) ) {
case 3: case (a0-x13)-(x21/t3):
gooo oooo
break; break;
case 4: case (x3-a3)*(t6*x12):
gooo — gooo
break; break;
default: default:
oooo oooo
break; break;

0 10: switch OO O OO

: int tO[3] = {0, 1, 2};
: x0 = 5;
: int main(void)

t1 = t0[0] + x0 + tO[1 * tO[1]];
if (t1 == 6) {0KO;} else {NGO;}

~NOoO U W

)
: int t0_0 = 0; int t0_1 =1;
: x0 = 5;
: int main(void)

tl = t0.0 + xO + t0_1;
if (t1 == 6) {0KQ);} else {NGO);}

~N O O WNH

0 11: 00000ooog

010000

Csmith Orange4
time[h] | #error | time[h] | #error
GCC-4.4.7 46.4 5 54.5 25
GCC-4.54 30.2 1 56.7 30
GCC-4.64 31.3 0 56.4 10
GCC-4.7.3 35.6 0 62.1 10

(Ubuntu 14.04 LTS, Xeon, 3.60GHz, RAM 16GB)

compiler

4. 00O0O0ODDO

0000000000000 0000000 Oranged
0000000 Perl 520200000, DOODOOO
Ubuntu Linux 0 Mac OSX OO Unix OOOOOODO.

00000 CsmithO GCCOOOODOOOODOOO
1000. “4error” OOODOOO0O0O0OOOCOOO. OOO
go0ooDoO0O00o 100000 0000000000ODOOO
0o00,00b00000o0dooobDOooooogog
0o0odooOo. 00,0000000D0o0o0oooog
Csmith O 15.3 KB, Orange4 0 8.9 KBOODODO.

020000000000000000000, Csmith
oooood0o0oo. o0 »»0ooo00ooDoooo
oo.

0d0oo00oooooooooooooo,200000
Oodoooobo. boooooooooooooooa
00 12000. 00000000000 DO0OO0OOOAO
0000000000, Csmith D000 Oranged 0O 0O
goooooobooo. ooooooooooooooa
0000000000000000000. (a) 00,0
0t+00000 1000 10000 f000dOoooon
00,11 000 return 0; DOOOQOOOOOd,-030
goobooooooooooogo,tggo oooo,

_builtin abort(); 00 OOO0O0OOOOO0O0O0ODOOO

OO0. (b)00,-0100000000000000 linker
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0 2: Csmith OO OO

4
Csmith Orange oo
(0oo)

if 0 o o

for O o o CsmithOOQOGOdGOOd
goooooo,od
goooooo,od
gooooooodo o
oo1d

ogd o o * gooooooood
gooooooood
gooo

while 0O X o *

switch O X o *

goto [ o x

ogd o o* gooooooooog
gooooooood
g,00000000

gooo o o* goobooooonog
goobooooooog

gooo o X

gooog

gpooo o X

1: int a[2] = {0,1};

2: int x = 129;

3: int main (void)

4: {

5: volatile int v = 0;

6: int t = x;

7: for (int i=0; i < (l+v+vtvviviviviv+alal0]1]); i++) {

8: t = a[(signed char) (130-x)];

9:

10:  if (¢ != 1) _builtin abort();

11: return 0;

12: }

(a) GCC-8.0000000D0DO0OODOO

#define INT_MAX Ox7fffffff
char al11[1] = { {1} };
int x = 0;

int y = -INT_MAX;

int main (void)

if (a[x] [INT_MAX+y] != 1) _builtin_abort();
return O;

© 0N OIS WN

(b) LLVM/Clang-6.0 0000000000000

012: 0g0o0o0oo0o0ob0oOoboooboooobooooo

command failed OO0 000000 OOOOO. OOOO
0000 Bugzila 00D OO0O0O0O0O0O0DODOOQO **2,
030,GCC485 0000000000 DUOODO
0000000 1100000000000 Orange4 O
C-Reduce DO OOOOODOODOODOOODO. Oranged
O0000000 C-Reduce DODOOOOOODOOODO.
oo0O,000000000C0ooOO0,00000oooo
goooCoOoO0oO0OoO0oooooooooooooog.

5. OO0

googo,co00ooooooooogoooon Or-
anged D000, 0000000DO0O0DODOOODOOO
OO00000. Cmith OOO0OQOOO0OODOODOOOOO

*1 https://bugs.llvm.org/show_bug.cgi?id=35159
*2 https://gcc.gnu.org/bugzilla/show_bug.cgi?id=83580
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