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Abstract 

Software testing is an important means to ensure software quality. Software testing can 
be divided into unit testing, integration testing, system testing and acceptance testing. 
Functional testing is a kind of system testing. In functional testing, combination test is a 
common type of testing. This paper studies the combination test method, and analyzes 
the relationship between common testing methods. 
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1. Introduction 

Software testing is an important means to ensure software quality. Software testing can be 
divided into unit testing, integration testing, system testing and acceptance testing. Functional 
testing is a kind of system testing.And it is very important. Only through functional testing can 
we ensure that the software can meet the needs of users. Equivalence class partition and 
boundary value method are common functional testing methods, but these two methods are 
generally tested for a single input domain. If the function of the software is determined by 
multiple inputs, the combined test method should be adopted. This paper will study the 
combined test methods and analyze the relationship between these methods. 

2. Comprehensive test 

The comprehensive test method is the combination test method with the strongest test 
intensity. It will test various combinations between all input values. It is assumed that the 
function of the software is determined by N inputs, and each input has limited values N1, N2,..., 
Nn.  If comprehensive test is adopted, N1 * N2 *... * Nn test cases need to be tested. Obviously, 
when the value of N1 * N2 *... * Nn is too large, the test workload will be large. It will be a great 
challenge to test completely by hand. Although this test method is the most perfect test. It is not 
feasible in most cases. 

3. Single factor coverage 

Testing each value of each input is single factor coverage. For example, the function of a 
software is determined by four inputs, named by INPUTA, INPUTB and INPUTC. INPUTA is 
taken from {A1, A2, A3}, INPUTB from {B1, B2, B3, B4}, and INPUTC from {C1, C2, C3}. Using the 
single factor coverage method, the process of designing test cases is as follows. 

First, take an arbitrary value from inputa, inputb and inputc to form the first test case.It is tese 
case1{A2,B4,C1}. Next, a new test case is designed from the values not covered, and an arbitrary 
value is taken each time. There are test case2{A1,B3,C2} and test case3{A3,B2,C3}. At this time,  
B1 is not covered. Take an arbitrary value from INPUTA and INPUTC respectively and match it 
with B1, We can have test case4 {A3, B1, C3}. The test cases designed above meet the single 
factor coverage. 
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Obviously, single factor coverage will test each value of each input. However, the test of value 
combination is insufficient. Most software defects are caused by the combination of two values, 
so we must test all the combination of two values.  

4. Orthogonal design of experiments 

Orthogonal design of experiments is not a unique method of software testing. Orthogonal 
design of experiments is a method to guide multi-disciplinary scientific research experiments. 
The orthogonal test method is used to guide the experiment. Each parameter affecting the 
experiment is called factor, and the possible value of each factor is called level. Because 
scientific experiments are also experiments on the level of pairwise combination as much as 
possible, which is the same as the problem faced by software testing. Orthogonal table is the 
basis of orthogonal test method. Orthogonal table does not need to be constructed by ourselves.  

For example, the experiment we want to carry out has three factors A, B and C.And each factor 
has three levels. The required orthogonal table is shown in Table 1. 

 

Table 1 Orthogonal table 

Factors 

 

Experiment No 

A B C 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

 

By observing the orthogonal table, we can find its characteristics. 

(1) In each column, different levels appear the same number of times. 

(2) The horizontal combination in any two columns is complete and balanced.  

Orthogonal table is perfect for pairwise combination test. Orthogonal table can also be used to 
guide software testing. We only need to interpret the factor as the input of our software and the 
level as the value of the input, which can be used to guide software testing. 

For example, we are now testing the QR code scanning function of a mobile application. The 
scanning result is determined by three factors: network condition, illumination and distance. 
Their values are shown in Table2. 

Table 2 Values of the factors  

Tnfluence Factor  

Network condition 4G,3G,WIFI 

Illumination strong, weak, normal 

Distance >0.3m,0.3~1m,>1m 
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For this test, we can use the previous orthogonal table. A means network condition,B means 
illumination and C means distance. 

Although orthogonal table is a seemingly good method, orthogonal table can not meet all 
combined test.For example, A software has four inputs: A, B, C and D. If A has three levels, B has 
four levels, C has three levels and D has two levels. A mixed level orthogonal table is required. 
Such an orthogonal table does not exist. Therefore, although the orthogonal test method is 
perfect, sometimes it is not feasible. 

5. General pairwise combination test 

If there is no corresponding orthogonal table to guide us in combinatorial testing, we need a 
new method to guide combinatorial testing. We can design specific algorithms to test all 
pairwise combinations in any case. Pairwise algorithm is a good method. The pairwise 
algorithm is introduced below. 

For example, the function of a software is determined by four inputs, named by X, Y and Z. X is 
taken from {X1, X2 }, Y from {Y1, Y2 }, and Z from {Z1, Z2}. The design of comprehensive 
combined test cases is shown in the Table 3. 

 

Table 3 Comprehensive combined test cases 

Test ID X Y Z 

TC1 X1 Y1 Z1 

TC2 X1 Y1 Z2 

TC 3 X1 Y2 Z1 

TC 4 X1 Y2 Z2 

TC 5 X2 Y1 Z1 

TC 6 X2 Y1 Z2 

TC 7 X2 Y2 Z1 

TC 8 X2 Y2 Z2 

 

Now select an appropriate number of test cases from the comprehensive composite test cases 
to cover all pairwise composite tests. The algorithm is to start from the last row of the table. If 
the combined values of this row can be found in this table, this row can be deleted from the use 
case set. The selected results are shown in the Table 4. 

 

Table 4 Filter results of test cases 

Test ID X Y Z 

TC 1 X1 Y1 Z1 

TC 4 X1 Y2 Z2 

TC 6 X2 Y1 Z2 

TC 7 X2 Y2 Z1 

 

The advantage of this algorithm is that no matter how many software inputs and the number of 
values of each input. It can design test cases covering all pairwise combinations. 
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Pairwise's operation process will be very difficult if it is completely done by testers themselves. 
Fortunately, some testers have developed relevant software tools. PICT is a very popular one. 
This tool is designed by Microsoft programmers and is very convenient to use. Pict is a small 
tool that can be used without installation. First, we prepare the software input according to the 
specific format as required. It is usually created in the Notepad provided with Windows OS. 
Then run pict through DOS command, and the output result can be obtained in an instant. 

6. Conclusion 

In the functional testing stage, combination testing is a very important method to design test 
cases. In the process of selecting these combination test methods, we should first consider the 
actual situation, such as how many software inputs are there and what the values of each input 
have. Then select the corresponding combination test method. Some test methods are perfect, 
but the test workload is too large to be feasible. If we can use orthogonal table, it is the best. If 
there is no suitable orthogonal table, the general pairwise combination test method can only be 
used. 
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