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Random Testing for Arithmetic Optimization of C compilers

Hironobu AWAZUT and Nagisa ISHIURAT
T School of Science and Technology, Kwansei Gakuin University, Gakuen 2-1, Sanda, Hyogo, 669-1337, Japan

Abstract This article presents random testing of C compilers focusing on arithmetic optimization. It tests if code
generation and optimization are properly performed for integer arithmetic expressions containing various integer
type variables and implicit casting. The types and the initial values of the variables are randomly selected and the
arithmetic expressions are randomly composed to form a test program. The expected values of the expressions are
precomputed by the random test program generator so that the comparison between the computed values and the
expected values is done within the test program. During the preparation of the expected values, all the intermediate
values are tested so that the generator do not produce programs that results in undefined behavior by zero division,
overflow, nor left-shift of negative values, etc. An implemented random test system successfully detected a bug in

GCC 4.1.2 for x86.
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int a = INT_MAX;
unsigned int b = UINT_MAX;
if(a+1 != INT_MIN) abort(); /x OO =*/
if(b+1 != 0) abort(); /* O =/
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1: static int i;

2: int f(int x) { i = x; return x;}

11: int j = £(2)+£(3);
12: if (i!=3) abort(); /+ OO x/
13:  if (j!=b) abort(); /* O */

02000000

00000000 (implementation-defined behavior) OO,
goooooooooooobooobooboooooooooo
goocoobooooboobo. obob,0b0o0o0ocoboooooDo
gooooooooooooooooooooobo. oooboo
gobooooooooooobooobooOoobooOooooo
g,0o0o00oooooooobooooooboooooog.
goo,0302000 v>»1000d0o0oboboooboOo
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oo).

int v = -2;
if(v>>1 '= -1) abort(); /x> 0000000000 %/
unsigned int a = Oxffff;

if(a + 1 != 0) abort();
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oo0o0o0.000o0oo,00/00000b0,0b00O,000
ooood.

201000000/0000000000,00000000
gbobooooodb,0oboooocoocooobOobOooo. d
gooooooooooooboooo,0oooooooooon, o
000000 volatile, 0O0O00O0O0O0O0DOOOO staticODO
oooo.oooooooooooboooo.

14016 0000000000000000CO0O0O00O0OO.

0000,00000000000,000000000000
0000000000. 000000,0000000000
oo.

20021 00000000000000000000000
0000O00. 2000090000000, 20021000
printok, printno 0, 000000000000000. OO0
0000000000000,000000/00000000
0000000000.

3.3 00000000000000000

2200000000,00000000000000000
0/000/000000000000000000. 0000
0000000, 00000000000000.

e O0OO0ODOOODODOOODODODOOOODOOODOO
og.
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() OOoOoOoOoOoOoOoooooOooOoOUO0.0000Uo0o
varl, var2..00000000.

/x 00/000000 =/
int test=1;
unsigned int var0O = 59332;

unsigned short varl = 0;

1

2

3

4

5: signed char var2 = 139;
6 signed short var3 = -7;
7 unsigned int var4 = 52;
8 unsigned short varb = 1;
9 signed char var6 = 19;

10: signed short var7 = -433;

13: /x OO0 =/

14: test += test + var0O % var2 || ...
15: test += s2.varl >= var3 > varb ...
16: test += var0 + test < vard ...

19: /+« 0000 =/
20: if(9 == test) printok();
21: else printno();
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4.1 O g
Jooo0ooDO0ooooo0oooooooOoooog Perl b
00oO000. O0O000, Windows OO cygwin, Mac OS X,
LnxOO0O. OOO0OO0OO0ODOOO0OOOOOOO printok O
00000 eoke O, 00O OODOO printnod OO eNGe 10
gooooooan.

4.2 O g

4.2.1 x860000000O00OO0O

x86 000000 GCC-4.1.2 (kubuntu, x86) 00 OIO0OO
O.00000000000240000000000000
gooo-o1go0oooooooon.
Oed,00b00dddoooouooboobobo. oobob



oobooooob110,000b00000000000000
ooo0,-0100000000000000ooooonD 20
ooooog.

: #include <stdio.h>

1

2

3: int main (void)

4: {

5: int test=1;

6 volatile int a = 1829;
7
8
9

test += (0 == a);
test += ((test + test) <= -69);
10: printf("%d\n",test);

11: return O;

06 0000000000000 (1)

grO,060000000b501000000000000
O00000.700000209000 printf000000
obooOo,0o0b0o0o0oo0o0oobo0oboooboooobobooboooo
oooooobooooboooooo.

1: movl $1, -8(%ebp)
2: movl -8(%ebp) , %eax
3: movl $.LCO, (Y%esp)
4: testl %heax, %heax

5: sete %hal

6: movzbl %al, Y%eax

7: addl $2, %eax

8: movl %eax, 4(%esp)
9: call printf

0700000000

ogedOodbb-eod -70, -8 00 0OO0DOOODOO, O
ooooOoooo. oo, volatileDOOOOODODODOODODO
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32000 RISCOOODO0OOOO Brownie32STD[1] OO
0000 GCC-4.2.2 (Cygwin, x86) OO DOOO0O0O. OO0
00000, testgen 0000000000 20000000
oooooobooooo.

gboooooooobooos400000000000000
000-020000000000.080,00000000
ooooooooobo.boooo0bo0 ecke30000. O
ooo0o0o0oooooooOoOoOoOooOooooon,-020
ooboooobobOoOo,ecke D 2000000000.

12013 000000000000000000000O00
go.oooooobooooogoooooboobooooooon, o
ooooooboooooocoooo.

1: #include <stdio.h>

2:

3: #define printok() printf ("@0K@\n")
4: #define printno() printf ("@NG@\n")
5:

6: int main (void)

7: {

8: int test=1, i;

9: unsigned long varl = 2605;

10: volatile short varQO = 4048;

11:

12: test += varl != 1 || 1 % varl - varl <
13: varl % varl % 4048 > varO;
14:
15: if (2605 == varl) printok();
16: else printno();
17: if (4048 == var0) printok();
18: else printno(Q);
19: if (2 == test) printok();
20: else printno();
21:
22: return O;
23: X
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gooooooobo. ooooooboooooooooooboo
00 00000000000 (D oooooUooo),ooo
00 (0 000000000000 0),0000000000
goo,0000o00o0obobocooboocoooa.
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