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Performance Testing of VRP Optimization of C Compilers

by Random Program Generation
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Abstract This paper proposes an automated method to test if C compilers properly perform VRP optimization.
The VRP optimization is a sophisticated variant of constant folding that replaces subexpressions into constants
at compile time, whose complex precondition may induce mis-optimization or under-optimization. The proposed
method attempts to detect under-optimization by generating a pair of C programs, where VRP optimization is ap-
plicable to one program and VRP optimization is applied to the other program at source code level, and comparing
the compiled assembly codes. The arithmetic expressions with VRP optimization opportunities are generated by
propagating value ranges in the opposite direction to that in range analysis in the optimization and by appropriately
choosing operators and operands. A test system has been implemented on top of a random test system Orange4,
which detected under-optimization in the latest version 10.2.0 of GCC.
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: int main (void) {

:intx1 = 24;

:intx2 =6;

1 int x3 = 40;

sintt =[(x1 % x2) > (x3/ 2);

: return 0;
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: int main (void) {

volatile int x1 = 24;

int x2 = 6;

int x3 = 40;

intt=(x1% x2) > (x3/ 2);
return 0;

5 intt=(x1 % 6) > 20;
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: int main (void) {

. volatile int x1 = 24;
int x2 = 6;

1 int x3 = 40;

cintt =(x1 % x2 H
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Oranged OO OO0OOODODO 5000. OO00OO0OOOO
(12)D0000. 0D0,000000000000 (DDOOO
0 +),000000000D00000O (20 10)UD0O.O
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goboooooobooooobooo.

Oranged 000000 ODOO0O [)U0O00O0OUDOOOOO
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0000,00(6[7]0000000000000,0000
000000000 VRPOOOOOOOOOOOO0OO0OO000
ooo.
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0000,100000 volatile 000000000000
000. 000000 000000000000.

00000,00000000000 n000 vOODO 2
000000.vOOOOOOODODOO0OO0O0O00000000
00 volatile 0000 00000000,n 00000000
00000.n000000 10,v00000000 (value
range) 10 000. 0000000000000000000
0000000000000000.

00000,07000000,000 [0,000vOD0O0
0000,00000000000000000000000

org.c

01:#define O0K()
02:#define NG(test,fmt,val) __builtin_abort()
03:
04:volatile unsigned long x1 = 268048037LU;
05:const volatile unsigned long x4 = 2LU;
06:volatile unsigned long x5 = 1072432214LU;
07:volatile signed int x6 = 1;
08:volatile signed long t0 = -3725799357L;
09:volatile unsigned long x10 = 13066417559506371878LU;
10:volatile unsigned long long x11 = 18446744073709551615LLU;
11:unsigned short t1 = 230U;
12:unsigned int x14 = 1U;
13:signed long x16 = 19259L;
14:signed int x17 = 1;
15:volatile signed short t2 = -1;
16:volatile unsigned char x8 = 212U;
17:static signed int x2 = 1;
18:unsigned char t3 = 0U;
19:
20:int main (void)

{

22: volatile unsigned long x7 = 13066417559506391136LU;

23: volatile unsigned long long x12 = 18446744073709551615LLU;
24: unsigned int x13 = 1615882373U;

25: volatile signed short x15 = -19258;

26: volatile unsigned char x9 = 1U;

27: static const signed long long x3 = 1LL;

28:

29: t0 = ((signed long) (((signed int) (x1<<x4))-

((signed int) (x5/x6))));

30: t1 = ((unsigned short) (((signed short) (x7%x10))*(x11>=x12)));

31: t2 = ((signed short) (((signed long long) (x13%x14)) ||
((unsigned long long) ((x15*((signed short)x14))+
((signed short) ((unsigned short) (x16-x17)))))));

32: t3 = ((x8/x9)>>((unsigned long long) ((unsigned int)
(((((signed short)t1)>=((unsigned long)t1)))*
((unsigned long) (x2*x3))))));

33:

34: if (t0 == -240066L) { OK(); } else { NG("tO0", "%1d", t0); }

35: if (t1 == 19258U) { OK(O; } else { NG("t1", "%hhu", t1); }

36: if (¢2 == 0) { 0K(O); } else { NG("t2", "%hhd", t2); }

37: if (t3 == 106U) { OK(O); } else { NG("t3", "%u", t3); }

38:

39: return 0;

40:}
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31: t2 = ((signed short) ((signed long long)OLL||((unsigned long long)
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32: t3 = ((x8/x9)>>(unsigned int)1U);
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[MIN,MAX] 0000O. 000,000000 [4,B]0 0
0000O0D00000000O0.
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000 (<)00000 (0 9(e)0,cd MAXDOOOOO
000 vOOODOOO [MIN,MAX]OODOO.OO0O,000
000 [A,B|0 000000000000000. 00 ¢O
MINOOODOOOOO [MIN,MAX]O0OODO,000000
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oooo.
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000 (11)00000 (0 9(f)0,c000000000
0vOODOOO [MIN,MAX]O0OOO.O0O0O,00000
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00 vOODOOO [MIN,MAX]O0OOODOOOODO.
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ooooooo.

e vODOOOD [A,B|0 A# BOOOOODO:

[A,B]0 00 10000000000000000000
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0000 vOO0OOOoooo.

e 0DO0ODDO [4,400000:
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0000,0000000000,000 [0,00000 [1,1]0
vOooooooo.

[-25, 36]

(int) [-12,12] (int)
n

\"

(char)‘\/‘ (int) (int)
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u(long)
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() 00 (00O nDO0O) (b) 0D (0DO vOO)
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(00D (00O nOD) (d)00D0 (00O vOo)
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(char) [0, 0]
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(int)d28 ()(char) (int) C )iy
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09 0OvOOOoOoOOO MINMAX]OOOOO
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goooooo,se-3800o0o0oouonoono,40420000
O000000000. optcl 36380000000 VRP
gooooooooobooo,opt.cO0000O0O0O00O org.cOO
gooa.

t0

v

o

(int)
(char) (int) (int) (volatile int)
char x3 = 65; char x3 = 65;
int x4 =10; int x4 = 10;
int x5 = 30; int x5 = 30;
volatile Int x6 = 6; volatile Int x6 = 6;
int t0 = (x3 + x4) < (x5 / x6); int t0 = 0, x6;

010 00000000000

org.c

01:#define 0K()
02:#define NG(test,fmt,val)
03:

__builtin_abort ()

04:int main (void)

05:

06:

07: static signed long x1 = OL;

08: unsigned int x3 = 0U;

09: const unsigned int x5 = 3U;

10: const signed short x6 = -15;

11: const signed long long x8 = 1114769886683138829LL;
12: const signed long x16 = -16559L;

13: const signed long x17 = -1L;

14: signed long x18 = 10582162649112L;

15: const signed long x19 = 31527218475511L;

16: const signed long x20 = 14L;

17: volatile signed long x21 = 29L;

18: signed long x22 = 15L;

19: signed long tO = 1403538L;

20: static const signed int x24 = 302210371;

21: static signed long long x25 = 302210371LL;

22: static const signed long x27 = -8216910278661L;
23: volatile signed long x28 = -3150890944190355132L;
24: static signed long tl = -13542L;

25: const signed long x29 = -1114738359464663318L;
26: signed long x30 = -1114717414408836919L;

27: const signed long x31 = -1114769886683138829L;
28: signed long x32 = 20945055826398L;

29: const signed long x33 = 1L;

30: signed long long t2 = 42958833LL;

31: static unsigned int t3 = 12568U;

32: static const signed long x35 = -6185L;

33: const signed long x36 = -22744L;

34: signed char t4 = 0;

35:

36: t0 = ((signed long) (((signed long) (((((unsigned char)x1)+

((signed short)x16)))/((signed long) (((x21%x22))+
((signed long) ((signed short)(((signed int)x6)-
((signed long long)x1))))))))>=(x18"x19)));

37: t1 = ((signed long) ((((signed long) (((((signed long long)x1)+
x18))+((signed long) (x27>=x28))))+((signed long) (x27-
((signed long long)x5))))<=((signed long) (x24°x26))));

38: t2 = ((signed long long) ((((signed long) (((signed long) (x21<=
((signed long)x24)))-(x32+x33)))+((signed long) (x31/
((signed char)x17))))>=((signed long) ((signed long long) (x8>>
((signed char)x3))))));

40: if (£t0 == OL) { OK(); } else { NG("tO", "%1d", t0); }
41: if (t1 == OL) { OK(O); } else { NG("t1", "%1d", t1); }
42: if (t2 == OLL) { OKQ); } else { NG("t2", "%11d", t2); }
43:

44 return 0;

45:%}

opt.c

36: t0 = OL, x21;

37: tl = OL, x28;

38: t2 = OLL, x21;

011 00000000O0O0O000000O0O0000O

4. DO0ODOOOO

4.1 O O

gbooooooboobooooboooboooboooood
000000000 Orange4[10) 00000000 ODOOO
OoO0000.00000 Perl5000,00000 Ubuntu
Linux 00 UNIXOOOOOODO. 00000000000
000 x8664 000,000000000000 GNUODOO
O0000000000D. 0000O0oDOooooUooo B9
goboooobooooooog.

goooo,oooobobooobooocoobooboobooo
0000000000.000000 Orange4 00O 0ODOODO
gobobooboooooooooooooooooobooo. od
gooobooooo,0boc0boobooboobooboooo
goo.

4.2 [ O

000000 GCCU 600000000 LLVM (Clang)
0o20000000000O0000DO0OO0.DO0OODDOO
00 -0300,100000000000000 100,0000
O200000. 00000000000 Intel Core i5-6200U
CPU@Q@2.30GHz, OS O Ubuntu 18.04.5 LTS OODO.

GCCOOOOOODOO 1000. 000 compiler 000
OUO0UO0U0UO0, #test 0000000 OOO, time [h] O
0000 (0D0000)0000D00. $Af00D00D0O000O
ooobooooooboooodoo,0o0obooo0oboooo
gooooOoOo0oOoOoooOoooooggg. gee-rs5000
uoooboouo soouooboooooooooooboooo
oooooooog. GCC-8.0.1, GCC-9.3.0, GCC-10.2.0 O
ubobobooocob ebbOobOObOOOOOOODOODO
ooo.

0000 GCc-102000000000000O0DOO00OOO
000000 12000.00000000 (org.s opt.s) OO
OO00,orgc 0000 VRPOOOOOODOOODOODO
O0. 000000 GCC-75.000 org.cO opt.c JODODO
Ubd optsdbobooobooOooboooog,bboood
00000 (000000000000 oO0O0oDO)o0ooO
00.000000 GCC Bugzilld”* 0000000000
oo0o,0000 GCccooooooooo.

000 GCc-1020000000000O0O00ODOOOOO
o0 13000.0000000000000,00 org.cOO
oboooboooooooobooOooodoooOooo. ooo
0000000 GCC Bugzilld"*" 000000000000
goboo. booboooboooobooooobooooooooa
oooooo,oo0oooobooooobooooooooooon.

LLvM 00000000 2000. 200000000000
OO0 GecOooooooooooooooooo.ooooon
oobooobboooooooooooo.

00 20 https://gcc.gnu.org/bugzilla/show_bug.cgi?id=97964
00 3 https://gcc.gnu.org/bugzilla/show_bug.cgi?id=97967
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gooooboooooobooo,bo0oo00bobobooboooo
gobodoobbooooooboooooogon.

O

goooooooobo,oooobooooobooboboood
ooooooboooooboooon.

01 D000 (GCO)
compiler  #test time [h] F#diff
GCC-5.5.0 2000 0.20 12 ad
GCC-6.5.0 2000 0.20 11
GCC-7.5.0 2000 0.20 3
GCC-8.0.1 2000 0.21 6
GCC-9.3.0 2000 0.20 6 1
GCC-10.2.0 2000 0.20 6 [
(CPU Intel Core i5-6200U CPU@2.30GHz, Ubuntu 18.04.5 LTS) [2]
org.c (GCC-10.2.0) opt.c (GCC-10.2.0) [3]
1: int main() 1: int main()
2: | 2: |
3: volatile int a = -1; 3: volatile int a = -1;
4: long b = -2; 4:
5: int ¢ = a>0; 5: a;
6: int d = bxc; 6: [4]
7: int e = 1-d; 7:
8: int t = (-1/(int)e)==1; 8: int t = 0;
9: return 0; 9: return 0;
10: } 10: } [5]
org.s (GCC-10.2.0) opt.s (GCC-10.2.0)
1: movl $1,12(%ecx) 1: movl $1,-4(%rsp)
2: movl $-1,12(%rsp) 2: movl -4(%rsp),’%eax
3: movl 12(%rsp),%eax 3
4: testl jeax,%eax 4:
5: setle %al 5:
6: movzbl %al,%eax 6
7: leal -2(%rax,’%rax),%eax 7 [6]
8: subl %eax,%ecx 8:
9: movl $-1 9:
10: cltd 10:
11:  idiv %ecx 11:
12: cmpl $1,%eax 12:
13: jg .L3 13: [7]
14: xorl Y%eax,%eax 14: xorl Y%eax,%eax
012 GCc-1020000000000O0DOO ]
org.c (GCC-10.2.0) opt.c (GCC-10.2.0)
1: int main() 1: int main(Q)
2: { 2: {
3: volatile int a = 1; 3: volatile int a = 1;
4: int b = a%2; 4: a; [9]
5: int t = 200<(short) (-50%b) ; 5: int t = 0;
6: return 0; 6: return 0;
7: } 7: }
org.s (GCC-10.2.0) opt.s (GCC-10.2.0)
1: movl $1,12(%rsp) 1: movl $1,-4(%rsp)
2: movl 12(%rsp),’%eax 2: movl -4(%rsp),’%eax
3: movl %eax,%edx 3 [10]
4: shrl $31,%edx 4:
5: addl %edx,%eax 5:
6: andl $1,%eax 6:
7: subl %edx,%eax 7
8: imul $-50,%eax,%eax 8:
9: cmpw $200,$ax 9:
10: cmpl $1,%eax 10:
11: jg .L3 11:
12: xorl %eax,%eax 12: xorl Yeax,%eax

013 GCc-10.2000000000000000

02 0000 (LLVM)

compiler #test time [h] #diff
LLVM-10.0.0 2000 0.14 0
LLVM-11.0.1 2000 0.14 0

(CPU Intel Core i5-6200U CPUQ@2.30GHz, Ubuntu 18.04.5 LTS)

5. 0 0O O

0000 CcOOoooO0oOo vRPODOOOOODODOODOO
gobooooboobooobooobooooboooo.oooaa,
0000 GCc-102.00000000000000O0O0OOO
00 VRpOOOOOOODDDDO.

0O000,0000 00,000 volatileOODODOO 100
gooooo,booooboooooooboo. og, oo
0000000000000000000 vRPOOOOODO
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