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Random Testing of C Compiler Optimization Performance
Based on Comparison of Assembly Codes and Execution Time

KiTaURA KoTa™  IsuHiura Naaisatl

Abstract: This article proposes a method of comparing assembly codes for performance testing of compiler
optimizers. We test compiler optimizers based on differential random testing, in which randomly generated
programs are compiled by two different compilers and resulting pairs of assembly codes are compared to see
if one of the compilers fails to perform expected optimization. In our method, discrepant pairs of code sec-
tions in the assembly codes are identified, and then the sums of the weights of discrepant instructions in the
sections are computed. If siginificant differences are detected, the codes are further compared by measuring
their execution time. A test system has been implemented on top of random test system Orange4, which has
successfully detected a regression in the optimizer of a development version of GCC-8.0.0 (latest as of May,
2017).

Keywords: compiler, optimization, random test, assembly code, measurig execution time

goooooooooooboocoooooooboooo

gobooooobooooooocoobooooooboOooo

goboooooobooooboooooooooboooon gobooooobooooooboocoooooooboooo
ooooooooooooooobooooooooooan ooboboboooooooobocoooooooooOooo
oooooooooooooooooooooooooo gobooooobooooooboocoooooooboooo
gooobooooooooboooooooooboooo

1. 0000

" ppooooooo ooooooooo 1o

Presently with Kwansei Gauin Uniersity, 2-1 Gakuen, 000000000000 DOOO0O0oDooooooon
Sanda, Hyogo, 669-1337, Japan

(© 2017 Information Processing Society of Japan 39



DA
Design Automation Symposium

000 [200000000000000000000O0
goboooobooobooobooobooobog 2
goboboooobboooooobboboooooo
gooobboooobbboooooobbooogooob
goboobooboobboobooboobboon
gooobobobboooooooobobbboooooog
goboobooboobboobooboobboob
gobooboobbooboobuooboobboob
gobooboobooboboobuooboobboon
gobooboboobooooa

ggbooobobobboboboobuooboooboo
O0000o000o0oooDooooooo cooooag
gobooboobboooboobuooboobboon
gobooboobooboboobooboobboon
gobooboobbooboobuooboobboob
0000000000000000 Boooooooo
gobooboobboooboobuooboobboob
goboooboboobooooga

000000000000 000DO000 Perls 00O
0000O0GeCCR.00(00D0DODODOODUOOODO)O
100boboooooooobboooog,ooobooob
gooo

2. DOOo0obooboobooboboo

21 OOOoO0bOOoO0OOOooOooDOd

cObDOO0O00obDOooOUOOoDoOoOOobDoogooo
0000 NULLSTONE [4] U 00U ONULLSTONE O 040
oooboooooooobob eboobobooonodg
gooboboooobbboooobobo,o00ooon
goboobboobooobo

000000000000000000000 randprog
[5] 00 O Orandprog OO volatile 0000000 0OOO
gobooboobooboboobooboobboob
goobbboooobbbooooobobbooo, oo
gobgooboobooboboobuooboobboob
goboobogoboobgon

000 [f)00000000000 cCOoUOooooo
gobooboobooboboobooboobboon
000 1(a) 000000000000 0O00O0O CcOO0OO
00 (orgc) 0000000000 OOODDOOUOOO
(opt.c) 0000000 O0OOOOOOODOOOO (org.s,
opt.s) 00 D0UDO0OOD0OUOOOOUDOOOOUDOOO
gobooboobboobooboobboooboon
00 [2)0,00000 [7J0000 CO00000000
0000000000000 0000ooooo 1(b)O
0000000000000000000 (test.c) O 20
gobooboobbooboboobuooboobboob

(© 2017 Information Processing Society of Japan

DAS2017
2017/8/30

000 (testAs, testB.s) 0000000000 OOOOO
gogboobboobboobooboobbooboon
00000000000000000 (00o000ooo
0000oooo0o0ooooO0)boooooooooo

00000000000 copoopoooooog
gogboobobobbooboobooboboobooo
gogbooobobobuooboobuooboooboon
0000000000000000000000 [O000
|00000000000 20000000000000
0000000 (DODOoOoDUoUoUooUUO)oooooo
gogbooboboobooboobobooobooboon
gogboobboobboobooboobbooboon
gogooooobogon

. ASTLARILT
*ﬁ’zl R

[ Aast AT |

| org.c | | opt.c |

| e | BN ENERE
ZI‘//*"f)l/l - l:l‘//W)b j,,\ﬂ,m,l 1:‘//\“4)1,

| org.s I‘—’| opt.s I testA.s I‘ﬁ-| testB.s |

() 00000000 [6] (b)y 0OO [2]

0 1. 000000000000000D00DOO

®

i
Al\\L

@ ;’L
|
VAN
slelgle]q @]

02 000000000000

22 J0O0OO0OOO0OOOCOOOO0

00 [26)0000000000000000000
Orange3 8]0 0000000 Orange300 COODOO
uooooooooooooooooooooooooon
uboooOoocboooooooobOOooboOoocboOooo
OO0O0OO0O0O0OD0ODOOrange3 0O0O0O0O0O0O0O0O0O0OOO
uobooOoooboooooboocoooooOooboooo
00000000000 (Dooooooooooooo
O00000)00o0o0oO0o0oOo0ooOoooooooo
ooboooooobooocooboooooooooboooo
O0000C000O0OOCOrange3 OOOOOOOOOOO
oobooooooocoooobocooooooobooooo

40



DA
Design Automation Symposium

goooobobbbbboooooooobobooooog
Oranged Q000000000000 ODOOOOOO
000000000000 D00000O000OOOrange3
0000000000000 0000000ooOifon
OO0 for 0000000000000 OOO Oranged 00O
gobooboobooboboo 3bggbos~8000
global 0OOOO, 11 ~24000 local DODOODODOO
o0obobooboooboobobog 26~34 000000
e ogoboOoobboooboooboooboonon
gobooboobboooboobuooboobboon
gobodboboobooboboobooooboo

1: #include <stdio.h>

2: #define 0K()

3: #define NG(fmt,val) __builtin_abort()
4:

5: const volatile signed int x9 = -59;
6: signed long long x10 = 8198LL;

7: signed short x11 = 18332;

8:

9: int main (void)

10: {

11: static unsigned long long x0 = 7LLU;

12: static const volatile signed long x1 = OL;
13: signed char x2 = 22;

14: unsigned long x3 = OLU;

15: static unsigned char x4 = 29U;

16: static const signed char x5 = -1;
17: static signed int x6 = 123621;

18: signed int x7 = -7293637;

19: unsigned long long t0 = 46LLU;

20: signed long t1 = 297271L;

21: unsigned long x8 = 102005473280LU;
22: signed long long t2 = OLL;

23: signed char t3 = 3;

24: signed int i;

25:

26: for( i = x9*x6; i < x5+x5; i -= x7+x3 ) {
27: t0 = x3[x0;
28: t1 = x10| Ix11;
29: if ( x1<<x1l ) {
30: t2 = x8>>x4;
31:

32: else {

33: t3 = x2[x2;
34:

35:

36: if (£3 == 22) { 0KQ); }
37: else { NG("%d", t6); }
38: return 0;
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(1)GCC-5.2.1.s (2)GCC-6.0.0.s

main: main:
movg $1, -8(lrsp) subq  $24, Yrsp
movqg -8(%rsp), %hrax xorl  %edx, %edx

movl  $425, Jeax
movg  $1, 8(Y%rsp)
movq 8(%rsp), %tri
shrq $63, Yrsi
subq  $1, Yrsi
divl  %rsi
xorl Yhedx, %edx
leaq 3(%rax), %rcx
movl $1, %eax
divqg  rex
testq ‘%rax, %rax
jne .
xorl Yeax, Y%eax
addq  $24, Yrsp
ret

.L5:

xorl Yeax, %eax call  abort

ret

0 4: 000

(1) GCC-5.2.1.s (2) GCC-6.0.0.s

main: main:

subq  $24, Yrsp subq  $24, Jrsp
movl $1, 8(%eax) movl $1, 8(%eax)
movl $1, 12(%rsp) movl $1, 12(%rsp)
movl  8(%rsp), %hedx movl  8(Y%rsp), hedx
shrl $31, %eax shrl $31, %eax

movl Jeax, Jecx
movl Yedx, %eax
andl $1, %eax

imulq %rdx, %rax
testq ‘rax, %rax

andl $1, Y%eax
imulq Y%rdx, Y%rax

testq ‘rax, jrax jbe L5
isil &gix Yheax xorl  jeax, jeax
o s N add 24, Yrs
addq $24, Yrsp retq § hrsp
ret
.L5:
-L5: call abort

call abort

0O 6: 000
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#include <stdio.h> 1: #include <stdio.h>
2: int main0()
__attribute__((noinline));
3: int main (void)
4
5: long ij;
6: for(i=0;1<10000000;i++)
7.
8 int rc = main0(Q);
9
10: return 0;
11:
int main (void){ 1% int main0(O){
return 0: 14:  return 0;
15: }

08 000000000000
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0000 900D0ob0ooooooooooooooog
O O O Intel Core i5-6200U 2.30GHzx4, RAM 7.6GiB O
0000000 Intel Xeon E3-1276 v3 2.30GHzx4, RAM
15.6GBO00O0O0O0OODOOOOOOOOO0OO0

0000000GCC-7.0.1 000000 GCC-8.0.0 (2017
O050000000000)0-030000000000
0oooogoos00 00000000000 300000
ooooooooooooooooooooooooon
00000 900000000000GCC O Bugzilla O
00O00000O000oooog *o

0 300GCC-8.0.0 0 LLVM/Clang-4.0 DO OOOO
0o000DooOoeco DO00ODOOODO s000000ODOOO
*1 https://gcc.gnu.org/bugzilla/show_bug.cgi?id=81165
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01: 0000 (Do0ooOoOoooooooon)

method | OOOO | NGO | 0000 |00OOOO
oo 5,000 90 81 14
oo 5,000 0 0 0

compiler: GCC-7.0.1 -03, GCC-6.1.0 -03

02 0000 (Doooo0oooOooooooooon)

method | D000 | NGO | 00OO0O gooao
goo 5,000 118 31 9
ooo 5,000 1 1 0

compiler: GCC-7.0.1 -03, GCC-6.1.0 -O3

0 3: GCC-8.0.0 0 LLVM/Clang-4.0000

00000 (boooo) | obooo ooooo
GCC-8.0.0 500 18
LLVM/Clang-4.0.0 500 11

compiler option: -O3
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1: void func() __attribute__((noinline));
2:

3: short x0 = 15;

4:

5: int main (void)

6:

7: long i;

8: for( i = 0; i < 100000000; i++){
9: func();

10:

11: return O;

12:

13: void func(){

14: volatile int x1 = 1U;

15: volatile char x2 = 0;

16: char t0 = 0;

17: unsigned long t1 = 2LU;

18: int i = 0;

19: if (1>>x2) {

20: t0 = -1;

21: tl = (1&(short) (x18U))-1;

23: éhile(i>(int)((1U>>t1)+
(char) (1287 (10% (25LU& (29%x0)))))){

24: i += (int) (12L/(1 !'= (int)t1));

25:

26: if(t0 !'= -1)__builtin_abort();

27: if (t0 !'= OL)__builtin_abort();

28: }

(HCcooooo

gcc-8.0.0.s gce-7.0.1.s

main: main:

subq $24, Yrsp subq $24, Yrsp
movl $1, Y%eax
movl $1, 12(%rsp)

movb $0, 11(%rsp)

movl $1, %edi
movl $1, 12(%rsp)
movb $0, 11(%rsp)
movl %edi, %eax
movzbl 11(%rsp), %ecx
sarl %cl, %eax
testl Yeax, Y%eax
je .L7
movl 12(%rsp), %ecx
movl $-1, %r9d
andl $1, %ecx
subl $1, %ecx
movslq %ecx, %r8
shrl %cl, %edi

L2 L2
movswl x0(%rip), ’%esi call abort
movl $29, %eax .L12
cltd movl 12(%rsp), %eax
divl Y%esi andl $1, %eax
movl $128, Y%eax subl $1, %eax
andl $25, %edx testl Yeax, Y%eax
leaq (%rdx,%rdx,4), ’rsi jne .L2
xorl Yedx, %edx
addq Y%rsi, %rsi
divq %rsi
movsbl %dl, ‘%edx
addl %edi, %edx

movzbl 11(%rsp), %ecx
sarl Y%cl, ‘%eax

testl jeax, jeax

jne .L12

jns .L3
cmpl $1, Yecx
je .L10
.L3
cmpb $-1, %r9%
jne .L6
testq %r8, %r8
jne .L6
addq $24, Y%rsp addq $24, Yrsp
ret ret
.L10
ud?2
L7

movl $2, %ecx
xorl Yedi, %edi
movl $2, %r8d
xorl %r9d, %r9d
jmp .L2

6

call abort

.L

(2)0ooooooo
09 goobooobooboooooobooon
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