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Abstract

using random programs. It generates arithmetic expressions which are longer than a previously proposed method

This paper presents an enhanced method of testing validity of arithmetic optimization of C compilers

but yet does not lead to undefined behavior . This is achived by modifying the expressions on detecting undefined
behavior during the computiation of the correct values of the expressions. The detection ability is further improved
by incorporating multiple expressions into each program. Experimental results show that a random testing system
based on our new method has higher capabilities of finding compiler bugs; it has detected more bugs than previous
method in earlier versions of GCCs and it has also revealed flaws in some latest versions of GCCs which have been

unknown so far.
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while (BUEDEIE or FEMMAN) {
SR LSO T T NER;
UL & FAT;
if (=7 —) {fifk;}

}
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1: #define MAX = 10

2:

3: int main (void)

4: {

5: int a = 60;

6: int b = 10;

7: int ¢ = 30;

8: int d = 7;

9:

10: int t0 = b * (a + d);
11: int tl = (a<< (b *d -2¢)) / a> (c* t0));
12:

13: return O;

14: %}
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1: #include <stdio.h>

2:

3: const volatile unsigned char x1 = 2U;
4: const volatile signed long long x6 = 1476669LL;
5: static const unsigned short x8 = 35U;
6:

7: int main (void)

8: {

9: int rc = 0;

10: signed long long test = 0;

11:

12: test = (((x8*(x6<<x8))>=x1)/x6);
13:

14: if (test == OLL) {

15: printf ("0K, %11d\n",test);

16: }

17: else {

18: rc = 1;

19: printf ("NG, %11d\n",test);
20: }
21: return rc;
22: }

B3 Uk [7-9] OFETHERSNDT A NIRRT T A

1: // RIX 0 < R < 1 OFEHEH (0.45 FLE)
2: node make_expression

3: {

4: = 0.0~1.0 DELIL;

5: if (r <= R)  { return Z¥His; ¥
6: else { op = HHET% 7 & AIRE;
T: left = make_expression;

8: right = make_expession;

9: return JHHEHM (op, left, right);
10: }

11: }
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1: node make_expression(n, d)

2: // EETH n, BE d 2%0R-T, #fimEdiKd
3: {

4 if (n==0 || d==0) <{ return Z¥Hix; }

5: else {

6: 1n = ZEDOEBETH (0~n-1) %7 & AITRE;
7 rn =n -1 - 1n;

8 op = HHE%E T NTRE;

9: lnode = make_expression(ln, d-1);
10: rnode = make_expression(rn, d-1);
11: return JHEHIA (op, left, right);
12: }

13: }
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#include <stdio.h>
#define OK() printf ("@0Ke@")
#define NG() printf ("@NGQ")

static signed int x5 = 10;

const volatile signed long x6 = 8L;
static signed int x8 = 2;

signed long tO = 70L;

9: signed int tl= 820;

10: signed long t2 = 9;

0 ~N O O WN -

12: int main (void)

13: {

14: signed long x1 = 100L;
15: signed int x3 = 32;

16:

17: t0 = (((x8 * (x6 << x8)) >= x1) / x6;

18: t1 = ((t0 + x3) * (x5 << x8));

19: t2 = ((x1 + t0) - t1) * x6;

20:

21: if (t0 == OL) { 0KQ); } else{ NOQ); }
22:  if (t1 == 1280) { 0KO; } else{ NOO; }
23: if (t2 == -9440L) { 0KO; } else{ NOO; }
24:

25: return O;

26: }
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int t1 = 52;

t1 /*WIFHE 256/

t2

((x8 * x0) + x2) << x4;
x3 < (x5 * (x4 % x1));

I

int tl1 = 256;

t2 = x3 < (x5 * (x4 % x1)):
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int x1 = 5; int x2 = 7;
int t = (x1 + x2 ) / x1;
if (t==2) {0KO; }
else { NGO; }

I

int x1 = 5; int x2 = 7;
int t = ( x1 + x2 );

if (t==12) { 0KO; }
else { NGO); }
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int x1 = 2; int x2 = 3;
int t = ( x1 + x2 ) * x1;
if (t==10) { 0KO; }
else { NGO); }

I

int x1 = 2; int x2 = 3;
int t = (2 + x2 ) * x1;
if (t==10) { 0KO; }
else { NGO; }

(a) FEORA

unsigned int x3 = 1;

unsigned int t = ( =3 + 2 ) * x3;
if ( t == 4294967295U ) { 0KQ); }
else { NGO; }

I

unsigned int x3 = 1;

unsigned int t = -1 * x3;

if ( t == 4294967295V ) { 0KQO; }
else { NGO; }
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long long x1 = 422337203685477580;

int x2 = 100;

int t = x1 + x2 << (x1 > 0);

if ( t == 422337203685477680) { 0K(); }
else { NGO; }

¢

long long x1 = 192056;

int x2 = 100;

int t = x1 + x2 << (x1 > 0);
if (t == 192156) { OKQ); }
else { NGO; }

(a) TR ME

long long x1 = 1; volatile int x2 = 4;

I I

int x2 = 4;

long x1 = 1;
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® 2 FEBRR (CRFEE ORE)

., = . . TERFIE [9 AFE
ALRALT (F=T v N) CPU | size g X F& [:c]?~ ) | SR [ [ 7 A P& [ =7 — () |
LIVM-GCC 4.2.1 (apple-darwinl0) | A | 10,000 | 106.8 | 200,000 | 4 3) 12.0| 3,383 33 (13)
GCC 4.2.1 (apple-darwin10) A 10,000 | 105.5| 200,000 | 4 3) 2.0 2,772| 3 3)
GCC 4.4.1 (m32r-elf) B 1,000 6.0| 47,836 | 68 (4) 6.0 5,038 428 (1)
GCC 4.4.1 (arm-elf) B 5,000 12.0 | 24,632 0 (0) 12.0| 1,718 20 8
GCC 4.4.4 (i686-pc-linux) B 3,000 12.0 | 38,981 0 (0) 12.0 | 4,505 21 [€5)
GCC 4.5.3 (i686-pc-cygwin) B 3,000 12.0 | 26,047 | 0 (0) 12.0 | 4,296 | 30 (29)
GCC 4.5.4 (i686-pc-linux) B 5,000 12.0 | 23,674] 0 (0) 12.0| 1,977 26 (26)
GCC 4.7.2 (x86_64-apple-darwini0) | A 1,000 | 144.0 | 713,851 0 (0) 68.1] 50,000 3 3)
FARNLIAT T3 v -00, -03 CPU A Core 2 Duo 2.12GHz
B Core i5-2540M 2.60GHz
# 3 EBRHEFR (Csmith [5] & D L)
) Csmith [5 RFE
2T (F=F v 1) Wi [h] [ 75 I?U(@ﬁ) FANE | =7 — () |
GCC 4.4.4 (i686-pc-linux) 12.0 9,291 | 1 (D) 4,179 | 21 (18)
GCC 4.5.3 (i686-pc-cygwin) 12.0 | 10,643 |0 (0) [ 4,172 29 (28)
GCC 4.5.4 (i686-pc-linux) 12.0 | 12,389 |1 (D[ 2,236 [ 30 (30)

FAKLIZAT Vg 7L, -00, -03

CPU Core i5-2540M 2.60GHz

# 4 FERHER (BOX, BEX0MR)

_ . T~ 77— (F
AT (F=7 v }) CPU | Kt [b] [R5 [9] [ BURO A4 éiﬁtﬁ)@%& FEURA B |
LLVM-GCC 4.2.1 (apple-darwin10) | A 12.0] 0 15 (1| 15 (3)] 33 (13)
GCC 4.2.1 (apple-darwin10) A 12.0] 0 O0)] 1 1) ] 14 (5) 3 (3)
GCC 4.4.1 (m32r-elf) B 6.0 | 68 @11 (W) [571(6) 428 @)
GCC 4.4.1 (arm-clf) B 120] 0 @ 0 (0] 35 (9] 20 (8
GCC 4.4.4 (i686-pc-linux) B 12.0] 0 2 @ 4 @ 2t 1s)
GCC 4.5.3 (i686-pc-cygwin) B 12.0] 0 (0 [10 @9 4 (3)] 30 (29)
FAKLIAT 3 -00, -03 CPU A Core 2 Duo 2.12GHz

IE-01 -foptimize-register-move
-fexpensive-optimizations -fcaller-saves
-frerun-cse-after-loop Th o7z.

3) BMEORRELNETE Y S L% 13 (a) ITRT.
Tu I MNI3EETONXN L ONBRL. 20T u s T AT,
GCC 4.7.2 U DJR#Hi 72/ N— 3 > & x86_64-apple-darwin10
PSS D)RGIIR Z — 5 8T, Ikii{t4 72 = > -00, -01, -0s,

-02, -03 D& T THIRHE L IX R /R (t = 0) ZH L.
1: #include <stdio.h>
2: #define O0K() printf ("@OK@")
3: #define NG(fmt,val) printf("@NG@ (t = "fmt")",val)
4:
5: int main (void)
6: {
7: unsigned int x104 = 6U;
8: unsigned int t = 1U;
9:
10: t = (((unsigned int)OU-(x104/(int)6))
11: /(unsigned int)5U);
12:
13: if (t == 858993459U) { OK(); }
14: else { NG("/u", t); %
15: return 0O;
16: }

13 GCC 4.7.2 TRHENZ=F—Tu /T & (F/IMETR)

6. #& B

ARGTIE, Cay 3 T OREMEELD T v 7 LT A MBI
BRARDOIMIEIRRE LTz, FBROME, GCC 4.7.2 (x86_64-
apple-darwin10), GCC 4.5.4 (i686-pc-linux) OREA % HH
THZENTE.

S8 OFREIIE, BN A~ ORI, WA 2 B, s

Core 15-2540M 2.60GHz

&, IR, if 3L, while SC~OHLHEZ & Ofh, ZHUTHE S FR/ME
DERILERH D,
Eil B
AR EATOICHTZY, L OBERH I ETHE E LIz HiG
Bfe REIZLO, B AR A LA AR OIS
Bt LET.
X ik
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