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Abstract Despite the high testing power of unit testing, it has an infeasible input problem, which
is an impossible input for a unit in a real system. There is a technique known as Carving and Replay
(CR) that serializes the state of the program when a target function is called in system execution and
uses it as unit test case by deserializing it, to solve this infeasible input problem. However, unlike
programming languages like Java, the C programming language does not provide a serialization
method. Also, because of the C programming language’s features such as structure, union, and pointer,
it has its own challenges for applying the CR technique. In this paper, we examine the challenges and
suggest a CR tool for C programs by solving such problems with tracking the memory usage of the
program, using run-time information from dynamic analysis, and inserting a probe code by static
analysis.
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// x is input of a target program
int main(int x) {
if (0 !'= x) f(x);
return 0;
¥
// Target function
void f(int x) {
printf(“Inverse of x: %f”,

}

1/x);
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Fig. 1 Infeasible unit test case problem
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struct st {
int c;
int *k;
} st_a;
st_a.c = 3;
st_a.k = (int *)malloc(sizeof(int));
*(st_a.k) = 4;
printf(“%d\n”, *(st_a.k));
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Fig. 5 Variable of structure type that includes a pointer—
type field

function GenValueSaver(N, T)

input: N: the name of the variable to carve
T: the type of the variable to carve

output: probe code to carve the target variable

program:

1 code := emptyString

2 ...

3 if T is “struct” then

4  foreach field of “struct” do

5 newN := N + “.” + nameOfField

6 newT := typeOfField

7 code += GenValueSaver(newN, newT)
8 endfor

9 endif

10 ...
11 return code
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Fig. 6 Branch in GenValueSaver function, which generates

code to carve structure type
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union un {
int c;
int *k;
} un_a;
un_a.c = 3;
printf(“%d\n”, un_a.c);
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Fig. 7 Union-type variable
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function GenValueSaver(N, T)

input: N: the name of the variable to carve
T: the type of the variable to carve

output: source code that will be instrumented

to target program to carve the target variable

program:

1 code := emptyString

2 ...

3 if T is “union” then

4 usedField := GetUnionUsage(N)

5 foreach field of “union” do

6 if nameOfField == usedField then
7 newN := N + “.” + nameOfField
8 newT := typeOfField

9 code += GenValueSaver(newN, newT)
10 endif

11  endfor

12 endif

13

14 return code
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Fig. 9 Branch in GenValueSaver function for generating

code to carve union type
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struct st {
int c;
int *k;
} st_a;
st_a.c = 3;
st_a.k = (int *)malloc(sizeof(int));
*(st_a.k) =
void *p = &st_a;

printf(“%d\n”, *(((struct st *)p)->k));
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Fig. 10 Type casting of void pointer variable
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p - struct st *
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Fig. 11 Void pointer casting information file generated
from Figure 10

function GenValueSaver(N, T)
input: N: the name of the variable to carve
T: the type of the variable to carve
output: source code that will be instrumented
to target program to carve the target variable
program:
1 code := emptyString

2 ...
3 if T is voidPointer then

4  newT := GetVoidPointerUsage(N)
5 code += GenValueSaver(N, newT)
6 endif

7

8

return code
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Fig. 12 Branch in GenValueSaver function for generating

code to carve void pointer type
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