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Abstract As the VLSI systems grow larger and more complicated, it becomes more difficult to manually prepare
the input patterns on simulation-based verification and debugging. In this research, we try to automatically generate
the input patterns which cause the assertion failure, by exercising concrete and symbolic simulations simultaneously
on the design descriptions in the extended system dependence graphs. Our goals are i) to promote to automate
the input pattern generation process, ii) to activate the corner-cases and discover the bugs hard to find by random
simulation, and iii) to achieve a better code coverage.
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int x, ¥:
FL_INPUT (x};
FL_ASSUME(x > 0);
Yy =x*3;
FL_ASSERT(y == 6);

Automatic Input
Fattern Generator

A SpecC design description
annotated with the definitions of
-Input variables

-assumptions (pre-conditions)
-assertions (post-conditions}

Simulation-based (dynamic)
code analysis
powered by concrete/symbolic
hybrid simulation

A set of input pattern{(s}
-to falsify assertions
-to achieve enocugh code coverage
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Fig.1 Automatic Input Pattern Generation.
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2 FLEC YV—/ 2R
Fig.2 Overview of the FLEC tool.

1: int func(int x, int y) {
1: int x, ¥y, 2;
2: int r = 0;
2: FL_INPUT(x);
3: it (x-y>0) //BI-T
3: FL_INPUT(y);
4: r=x-y;
4: FL_ASSUHE(x >= 0);
5: olse // B1-F
6: FL_ASSUME(y >= 0);
6: rey-x;
6: z = fune(x, y);
7: return r;
8 3 6: FL_ASSERT(z > 0);

3 YUTNIA—FELEDTFRAMESAR
Fig.3 A sample code and its test driver.

A3, FY—UiE, SUTOHABBESERD,

e FL.INPUT(x) ANE#M x

® FL_ASSUME(pred) HI#sk{4\ pred

® FL_ASSERT(pred) H¥k%R{#3\ pred
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AEZBILEE, M OPFERGFXERIEEVE S BANERD
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WHEEHAL THEY, ANWER =, yDEVFLNLELC, B
BRIEBEDRETS.
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/—F O i#fieT — 2 k{705, FEEENRSE2ERT
33 AT W#tEY 57 (SDG: System Dependence Graph) %
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LU, ASOERE/ONZ YTy Foigiefiis s 0y
FLARSGA VTR EHEEN TS,

Function(4): func(args=2)
Type(7): int
Argunent(§) :

Variabla(6): x
Type(7): int
Argurent(8) :
Variadblo(9): y
Type(7): int
Statenmont (10) : compound
Scopo(il):
Variable(34): r
Type(7): int
Statexent(12): if olso

Statement(20): oxprossion
Expression(21): =
Expreasion(22): r
Expression(23): -
Expression(24): x
Exprossion(25): y
Statement (26): expression
Expresoion(27): =
Expression(28): r
Expression(29): -
Exprossion(30): y

Exprossion(13): >

Exproosion(18): - Expression(31): x

Statement(32): return

Expresnion(18): x Expresoien(33): r

Expression(17): y
Expression(18): conatant
Constant(19): ({nt)0

X4 Fig.3 DRMSEOR
Fig.4 Abstract syntax tree of Fig.3.
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Path B1-T Path B1-F

2 (rn=0) 2: (r1 =0)
path-condition(B1-T): path-condition(B1-F):
3 (z-y>0) I (z-y=0)

4 (ra=x-y) 6: (ra =y—1z)

pre-condition: (z 2 0)
pre-condition: (y 2 0)
post-condition: (rz > 0)
Solve Vz,y(z 2 0){y 2 0)
(z—y>0)r =0)
(r2=z-y) (ra=y-12)
— (ra >0). — (rz3 > 0).
5 3NRBrIal—varfR
Fig.5 Symbolic simulation results of Fig. 3.

pre-condition: (x 2 0)
pre-condition: (y 2 0)
post-condition: (rz > 0)
Solve Vz, y(z 2 0)(y 2 0)
(z—y S 0)(r1 =0)
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1: void test(dnt x, int y, int z) {
2: if (x> 3) // Bt

3 if (y > 11) // B2

4: if (z==y +y) //B3
6: if (x < B) // B4

6 roach_meo();

7:}

® 6 Concolic¥Ial—¥arof
Fig.6 Example for Concolic simulation.
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input path derived next path-condition
iteration | x y z| Bl B2 B3 B4 current path-condition to solve
1 0 o0 o F - - - (x £3) (z>3)
2 10 0 o(T F - - (z>3)(y<11) (z > 3)(y > 11)
3 102 O0o|T T F - (z>3)y> 1)z, y*y) (z > 3)(y > 11)(z = 400)
4 10 20 400| T T T F |(z>3)(y>11)(z=400)(z=5)| (x> 3)(z < 5)(y > 11)(z = 400)
5 4 20 400/ T T T T |(z>3)(z<5)(y>11)(z = 400) (target reached)

On 3cd iteration, non-linear formula y * y has been replaced with the current concrete value 400.

7 6 @ Concolic 3 AN A K D
Fig.7 Example of Concolic path-guidance of Fig.6.
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MHDEEICETZETCTHERDIET.

%235, CUTE TRERO7 I U X LERVWTWAS, CUTE
BREHNRLyORAFIC, RABETHELELS LT B,
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1: behavior Test() { 9:  void main() {
2 void £(int x, int y, int 2z} { 10: int x, ¥, 2}
3 1f (x+y+z==6) 11: FL_INPUT(x) ;
4: 1£(20x475y+3+2==25) 12: FL_INPUT(y);
5 11 (~4ex-24y+20zmu-2) { 13: FL_INPUT(Z);
6 FL_ASSERT(0); 14: 2(x, ¥y, 2);
7 } 16: }

8: ) 16: };

8 SRR (1)
Fig.8 An experimental example (1).

1: behavior Fact{) {
2 int fact_rec(int 8) {
17: p * i;
3 if (8 <= 1) {
i8: }
4 return s8; 1 "
: return p;
5: } else { Fi
20: }
6: int t;
21:  void main() {
7 int p;
22: int 1, ol, 02;
8 t = 8 » fact_roc(s - 1)}
23: FL.INPUT(i);
9: roturn t;
10 3 24: FL_ASSUHE(i <= 10);
1" ' 26 o1l = fact_tor(i);
26 02 = fact_rec(i);
12:  int fact_for(int s) {
27 FL_ASSERT(o1 == 02);
13: int 1;
28: }
14: int p;
29: };
15: P=1;
18: for (i = 1; 1 <= 5; i++) {

Mo SEREME (2)
Fig.9 An experimental example (2).
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