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Abstract Testing is very important and time consuming in the development of high-quality software
systems. This paper proposes an automatic testing tool JUTA for unit testing of Java programs. The
approach is based on sharp analysis of the programs. JUTA firstly employs the Java optimization
framework Soot to parse a single Java method into byte code and translates it into a control flow graph
(CFG). It then performs depth-first or breadth-first search on the CFG to extract paths from it. Some
techniques such as path length restriction are used to prevent path number explosion. Finally JUTA
analyzes the paths based on the combination of symbolic execution and constraint solving. The goal of
path analysis lies in two folds. It can generate a set of test cases satisfying the test criterion such as
statement coverage. The test set typically has small number of test cases that are all executable. In
addition to test generation for dynamic testing, it can also be used in static testing. JUTA can reveal
certain kinds of errors from the source code automatically if the user provides proper assertions to
describe the errors. The experimental results show that this tool is efficient for both dynamic and

static testing.

Key words Java unit testing; dynamic testing; static testing; program analysis; symbolic execution
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public int foo(int i.int j){ @
/*S%[ int good=TRUE;
[ Six ] i(G>2) &8 G301 (S)
[ %Sy JT s
[ % S3 %/ if(i+2 % j<5) @
[ %Sy *] good =FALSE;
) (84
/% Fx%[ return good;
> (&)

Fig. 1 A piece of example code.
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Fig. 3 Framework of JUTA.
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Soot FHIFE AR 4(b) Frs .

public static int func(int x){ public static int func(int) {

int y=—1; int x.y.temp$0,temp $1;
if(x>0) x: =@ parameter( :int;
y=1; y=-1;
else if x>>0 goto label0;
y=2; goto labell ;
return y; labelO:nop;
} temp $0=1;
y=temp $0;
goto label2;
labell :nop;
temp $1=2;
y=temp $1;
label2 :nop;
return y;
}
(a) (b)
Fig. 4 Java source code and the corresponding Jimple

code. (a) Java source and (b) Jimple code.
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2.4.3  Bhi I S R W) 2 4k 3.2 EENR

2 A5 MR 20 52 B AR I 45 I R0
11T i A A T AN 5 2 2 o2 B AR, R R
R R ER 2y AR B AT PR A e A A AR
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AT RE SCHY W DU £ A e b B 25 T 2l 250
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Table 1  Comparison Between the Backends of Static and
Dynamic Testing

F 1 FBENRE AN G5 &
Module

Static Testing Dynamic Testing

Path Generation Partial Path Complete Path

Assertion Insertion  Insert User Written —
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Table 2 Unit Test Generation
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Function o(G) |F| O]
triDiv 6 11 3
reminder 2 5 1
bubbleSort 4 33 2
binarySearch 3 5 1
insertSort 4 9 1
ged 4 4 1
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public static int[ | bubbleSortBad(int [ | arr,int size){
int temp;
for(int i=0;i<size—1;i ++)
for(int j=0;j<=size—i—1;j ++)
[ B C<=TREZCA " x|
ifCarr[j+1]<<arr[jD{
| % block 4 x /
temp=arr[j];
arr(jl=arr[j+1];
arr[j+1]=temp;
y

return arr;

-

Fig. 5 Faulty code of buble sort.
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Table 3 Test Data for Array Index Out of Bounds
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Test Path Test Data
1 size=2,arr[0]=1,arr[1]=0,arr[2]=0
2 size=2,arr 0]=1,arr[1]=0,arr[2]=1
3 size=2.arr[0]1=0,arr[1]=1,arr[2]=0
4 size=2,arr[0]=0,arr[1]=0,arr[2]=0
4 MHXIE
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Research Background

Program correctness is one of the most important issues for computer scientists and engineers. For the past ten years, we
have been working on the automatic test data generation for programs, and on finding bugs in programs through static
checking.

Building on our previous works, we propose an automatic testing tool for Java unit testing in this paper. This tool
generates a set of paths from the flow graph of a Java unit program. Then, based on the symbolic execution technique, it
computes a set of test data that satisfies the statement or branch coverage criteria from the path set, or analyzes the program’s
behavior with user-written assertions. Compared with other testing tool on Java programs, our method is more accurate and
thus more automatic to some extent. Our experimental results show that the method is quite accurate and efficient.
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