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Abstract This article presents a compiler test suite “CF3,” which targets arithmetic optimization, especially con-

stant folding, of C compilers. While Orange3 is a random test system which has detected bugs in the latest versions

of GCC and LLVM/Clang, it may generate, for some compilers, many long error programs which detect the same

bugs repeatedly. A new test suite CF3 is based on an obervation that most of the error programs which Orange3

found on GCCs have been reduced to small programs, each consisting of a single expression with 3 operations. CF3

consists of 10,985 files, which cover all the possible expression patterns build up with 3 operations, and each file

contains 100 cases to test optimization for the expression pattern with different types and initial values of 4 variables.

Experiments on GCC and LLVM/Clang show that CF3 detects more error program patterns than Orange3 within

the same computation time.
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2 testgen2 Orange3

testgen2 [1] Orange3 [8] (24h)

#err #pat (#err)

GCC-4.3 0 8 (52)

GCC-4.4 0 6 (43)

GCC-4.5 0 5 (29)

GCC-4.6 0 16 (37)

GCC-4.7 0 5 (41)

GCC-4.8 0 2 (4)

GCC-4.9 0 0 (0)

Target: x86 64-apple-darwin13

,

, . ,

,

.

Orange3 , .

,

.

• .

• .

• .

• static, volatile .

• .

2 (b) , (a) .

1475 13

. 390 , (b)

9 1 , 1 3

. , ,

static volatile .

, 1

,

. ,

, ,

.

2 , testgen2 Orange3 , GCC 4.3

4.9 ( x86 64-apple-darwin13)

. testgen2 #err , testgen2

. testgen2 GCC

. Orange3 #pat

Orange3 24

, #err

. GCC

, ,

1 1

. , ,

,

.

3. Orange3

, Orange3 ,

. ,

0001: #include<stdio.h>
0002: #define OK() printf("@OK@")
0003: #define NG() printf("@NG@")
0004:
0005: volatile unsigned char x0 = 15U;
0006: static volatile signed int x2 = -7421;
0007: unsigned long long x3 = 428827LLU;
· · · · · ·
0580:
0581: int main(void) {
0582: static signed char x1 = 2;
0583: static const signed char x5 = 1;
0584: static volatile signed long x9 = -3533585L;
· · · · · ·
0805:
0806: t0 = ((x1044<<((x942%(((x1140+k2232)
0807: >>x1885)+k2233))+k2234))*t352);
0808: t1 = (((x494+k1627)>>x1626)%((x1113
0809: +k1629)>>((x478>>x800)+k1628)));
0810: t2 = (((x252%(x387-x1550))+k1729)
0811: >>(((x995+k1727)>>x1027)+k1728));
· · · · · ·
1138: t390 = (t277>>((x876+k1812)>>
1139: ((x613<<((x456/x142)+k1810))+k1811)));
1140:
1141: if (t0 == 24U) { OK(); } else { NG(); }
1142: if (t1 == 0) { OK(); } else { NG(); }
1143: if (t2 == 0LU) { OK(); } else { NG(); }
· · · · · ·
1473: if (t390 == 0) { OK(); } else { NG(); }
1474:
1475: return 0;
1476: }

(a) Orange3

01: #include<stdio.h>
02: #define OK() printf("@OK@")
03: #define NG(fmt,val) printf("@NG@")
04:
05: int main(void) {
06: volatile int x1430 = 31;
07: volatile int x495 = 1;
08:
09: t136 = (x495%(((int)2>>x1430)+(int)2147483647))
10:
11: if (t136 == 1) { OK(); } else { NG(); }
12: return 0;
13:}

(b) (a)

2 Orange3

3 C

Version Target

LLVM-GCC 4.2 i686-apple-darwin10

GCC 4.0 i386-apple-darwin10

GCC 4.2 i386-apple-darwin10

GCC 4.4 i686-linux-gnu

GCC 4.4 x86 64-apple-darwin13.4

, Orange3

.

, 3 5 .

,

.

Orange3 1 ,

. 4

. #pat

, (#err)

. ,
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4 (Orange3 )

op static volatile global

( ) #pat (#err) 1 2 3 4 ( )

LLVL-GCC-4.2 (i686-apple-darwin10) 53 (150) 100 % 0 % 12 % 40 % 25 % 23 % 1, 3, 0, 2, 8, 23% 10% 18%

GCC-4.0 (i386-apple-darwin10) 79 (162) 100 % 0 % 8 % 35 % 20 % 37 % 1, 2, 0, 3, 31, 2% 6% 11%

GCC-4.2 (i686-apple-darwin10) 21 (37) 100 % 0 % 8 % 42 % 32 % 18 % 1, MAX, 0, 3, 2, 0% 10% 15%

GCC-4.4 (i686-linux-gnu) 37 (94) 100 % 0 % 15 % 46 % 22 % 17 % 1, 2, 31, 0, 8, 25% 50% 25%

GCC-4.4 (x86 64-apple-darwin13.4) 14 (37) 100 % 0 % 10 % 45 % 33 % 12 % 1, 0, 2, 8, −1, 10% 30% 23%
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0001: #include<stdio.h>
0002: #include<stdint.h>
0003: #include"test1.h"
0004:
0005: static volatile int32 t t0 = 0;
0006: uint64 t x6 = 31LLU;
0007: uint64 t x10 = 31LLU;
0008: int32 t t2 = 1;
0009: int8 t x17 = 127;
0010: volatile int8 t x23 = 2;
0011: · · ·
0111:
0112: void f0(void) {
0113: int32 t x1 = -1;
0114: volatile int64 t x2 = 31LL;
0115: uint8 t x3 = 255U;
0116: uint8 t x4 = 1U;
0117:
0118: t0 = (((x1+x2)%x3)<x4);
0119:
0120: if (t0 != 0) { NG(); }
0121: }
0122:
0123: void f1(void) {
0124: volatile int8 t x5 = 2;
0125: uint8 t x7 = 255U;
0126: uint16 t x8 = 1U;
0127: static int32 t t1 = 1514369;
0128:
0129: t1 = (((x5+x6)%x7)<x8);
0130:
0131: if (t1 != 0) { NG(); }
0132: }
0133:
0134: void f2(void) {
0135: uint64 t x9 = 2LLU;
0136: static int16 t x11 = 2;
0137: static int64 t x12 = -1LL;
0138:
0139: t2 = (((x9+x10)%x11)<x12);
0140:
0141: if (t2 != 1) { NG(); }
0142: }
0143: · · ·
1302: void f99(void) {
1303: signed long long x437 = 1LL;
1304: signed char x438 = 31;
1305: volatile signed char x439 = 31;
1306: signed short x440 = -1;
1307:
1308: t99 = (((x437+x438)%x439)<x440);
1309:
1310: if (t99 != 0) { NG(); }
1311: }
1312:
1313: int main(void) {
1314: f0();
1315: f1();
1316: f2();
1317: · · ·
1413: f99();
1414: return 0;
1415: }

(a)

#define NG() printf("@NG@ /%s", func )

(b) test1.h

3 CF3

5.

CF3 , Orange3

Perl .

CF3 ,

. 6 .

, Mac OS X, Ubuntu Linux .

1 2 31 MIN MAX

int8 t

uint8 t � �
int16 t �
uint16 t

· · ·
5

6

CPU time CF3 Orange3

(Target) [s] #pat #pat (#err)

LLVM-GCC-4.2 (a) A 10896 18 22 (42)

GCC-4.0 (a) A 5396 11 13 (40)

GCC-4.2 (a) A 5562 9 7 (10)

GCC-4.4 (b) C 5893 8 7 (23)

GCC-4.4 (c) B 6264 13 2 (6)

LLVM/Clang-3.2 (d) C 1962 18 9 (30)

LLVM/Clang-3.3 (a) C 2887 13 4 (5)

TCC-0.9.26 (d) C 129 0 0 (0)

GCC-4.9 (c) B 8988 0 0 (0)

Target a: i686-apple-darwin10, b: i686-pc-linux

c: x86 64-apple-darwin13, d: i386-linux

CPU A: Core 2 Duo 2.12GHz, B: Core i7 3.90GHz

C: Core i5 2.60GHz

(Target) , , time ,

( ) . CF3 #pat ,

CF3 .

Orange3 #pat (#err) , CF3 Orange3

.

, 5 3

Orange3 .

, LLVM/Clang-3.2

LLVM/Clang-3.3 Orange3

. TCC , CF3, Orange3
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.

6.

, C

CF3 .

GCC-4.4 LLVM/Clang-3.3 ,
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.

, 1

.

,

.

,

.

(25330073) .
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