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Automated Test Data Generation Based on Branch Coverage
for Testing C Programs
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Abstract

It is well known that software testing amounts for a significant portion of software
development cost. In order to reduce the cost of software testing. a lot of researches on
automated test data generation have been performed. Sophisticated tools for performing symbolic
execution or solving a system of path constraints are required to support automated test data
generation. Developing or purchasing those tools leads to another factor of increasing the cost
involving software testing. In this paper, we propose a dynamic test data generation approach
that does not depend on symbolic execution or constraint solving at all. The proposed approach
extends Korel's path-oriented method to satisfy the branch coverage criterion effectively. We
conducted an experiment to evaluate the effectiveness of the proposed technique with a triangle
classification program to show that branch coverage can be easily achieved.
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Initialize v, Stack;

Generate random value v=(vi, vz, ..., Vn)
for input variable x=(x1, X2, ..., Xn);

execute(P, v, Stack);

while (Stack{)<) do {
_id = pop() from Stack;
if (t=minimize(_id, v) then
print( “found test data” , t);
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void HanTestGen(int id, int op_id, long x, long v) {
improved=false;
executed = false;
if (not visitedlid]) {
visitedlidl=true;
push(id);

}

if (not finishedlid]) {
dist = x—y;
case op_code {

it (dist <0) {
brlidl.for=1;
dist = y—x;

}
else brlidl.tbr=1;
case op_id {
if (dist € 0) {
brlidl.tbr=1;
dist = y—x;
}
else brlidl.fbr=1;
e.rlwld case
if (implidl)dist) {
implid]l=dist;
if (i == target_br) {

improved=true;
executed = true;

}
finishedlid] = brlid].tbr && brlidl.for;
}
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int[] minimize(int _id, intl] v) {
int t{Numofinputs];
for each input variable inv do {
delta = exploratoryMove(inv, v)
t = patternMove(_id, inv, v, delta, 1);
if (finished[_id]) return t;
}

return null;

int exploratoryMove(inv, v) {
execute(P, v/inv+SmallDelta);
if (improved) return Delta;
else {
execute(P, v/inv—SmallDelta);
if (improved) return —Delta;
}
return O;

}
int[] patternMove(int _id, int inv, int [1 v, int delta, int cnt)

if (delta==0) return null;
execute(P, v/(inv+cnt*delta));
if (finished[_id]) return v/(inv+cnt*delta);
else if (improved) {
delta = delta + cnt*delta;
return patternMove(inv, v/inv, delta, cnt+1);

else {
delta = exploratoryMove(inv, v);
return patternMove(_id, inv, v, delta, 1.0);

a3 3. 27| 84 FAS : ‘minimize’ &4
[29 3]9] ‘minimize() 5= 0 BH I
‘HanTestGen' 93l A4E FEES o] & s
T FE Hastete 49 @ vE A S [19 3)lA
£ 4 %ol ‘minimize()) e 2 Y8 Wl sl
g4 0] 5 (exploratoryMove) 3} ¥ & o] ‘& (patternMove)
S ukEEith (a9 3]9  exploratoryMove() <t
patternMove() &=l A v/inv+(-KE 48 W vol
A invel st ks ke S7HED) S
Arke onfo|t}.
3= exploratoryMove() = &2 423k dld &
wre] 48 SmallDelta ¥HE 57} = 7
o] o Wgko g FgYF|ojof sl AL o]
ol A= 44 SmallDeltaE 12 A
Z¥ebe o R gAstolol shH ¥ TDelta) S
Hkgkel . fhashe WEko s gAlo] zlg)Eofof gt}

W &4 H-Delta) HBEIh WOk 3 2 w7}
2g 3 02 1

o
oN o=

3. Off x|

o] HollA&= o Mol A 7143 Korel WS #7] 7]
HYAE GAdet7] Al 24 BH BrGen'oll thsf
TFAH oz 7ledt) o5 Hsl 4 [ 4]l U=
MID 345 402 BrGens 293t} MID 34+
ANAFE gEoz wolse] F3t ks FHdrt [1
d 5l [29 419 =2 gigh AlojaE 1Y =ZE

Bt

BrGene 4 %7] FA9 = 3 AAste] 221
Had A3k vk (x0, v0, z0)o] A Ay
SsAE 7}7@%} ] A2 (n0, nl, n2, n4, nl0, n11)7} 2
PEE & F Ak o] W 2= 19 6)(a)et Zrh

whka] 228 ol 9l ‘x<y'7t o] HEF 4 7%
S zAslojoF st} dubH o7 x<y'9 e B &
o] (branch predicate)”} 'a op b7} TR Yt 714}
2} o710 A a9k b AbEA]ol 1L op AR O]
t}, o] wf o] B7|EolZ5E [3F 1] wel Frel 0 &

=2~ = = A~
o 54 ses =58 5 9

int MID(int x, int vy, int z)
{
int midval;
midVal=z;
if (y(2) {
if (x{y) midval = vy;
else if (x{(z) midval = x;

else {
it (x)=y) midVal = vy;
else if (x)z) midval = x;

return midval;
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#define NOT_A_TRIANGLE 0
#define SCALENE 1
#define ISOSCELES 2
#define EQUILATERAL 3
int tri_type(int a, int b, int ¢) {
int type;
ifta > b
intt= a;

T O

a
b
}

ifta > o

intt=a
a=c
c=t

}

if(b ) o)
intt=">b
b=c
c=t

}

ifla+o{= c){
type = NOT_A_TRIANGLE;

}else {

type = SCALENE;
ifla ==b & b == c){
type = EQUILATERAL;
} else
if @==Db Il b==ci
type = ISOSCELES;

}
return type;

ZrgolL} o5l Ao AASE FE F “if(a
== b && b == c){ type = EQUILATERAL,; Jelse if(a
=b |l b == ) type = ISOSCELES;}"¢] [1¥ 8]3}
2ol W3 Hok

if (@ =="b){
{

it (b ==0¢){
type = 3;

} else {
goto _L;

}

}

} else {
_L: /* CIL Label */
{

if (a=="D) {

type = 2;
} else {

{

if (b==0c){

type = 2;
Yelse { ...
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