

Hello, everyone, I am Xiao from UNL. Today I am going to talk about “combinatorial interaction regression testing”.




First of all, I will talk about our motivation, then introduce the test case generation technique and some prioritization techniques. After that, I will show our empirical study with its results. Finally, I end this talk with conclusion and future work.




What is our motivation? Let’s start from regression testing.





Here is an example of Microsoft word from 1997 to 2007.





(Though we do not know what exact test suite they use in practice, we think they followed a general rule.)
We have word97 and  its associate test suite T, and then we make some changes to the old version and get a new version. If we do a regression testing, one question is coming out: what test cases are we going to use for the new version? 





Theoretically, to retest all is the most reliable method, that is, we just reuse the whole test suite from previous version.




However, in practice, it’s infeasible in most of the time. Because we do not only make change to existing features, we also add new features, which require new test cases to be added. So the actual size of the new test suite is larger than the previous one.




As new version is coming out one after another, the test suite will grow continuously, and it may explode sometime if we keep doing this.
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Because of time and resource limitation, we do really need to prevent such size explosion.
There are some ways to do this. One is selection.
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And the other is prioritization. Our work is focusing on this technique.
We reorder test cases in order to detect as many faults as early as possible. Then if we have to stop running tests at some point, we minimize our loss.



Faults

Tests

Detects 3 faults



I will show the usefulness of prioritization in this example.
We have five test cases with original order t1, t2, t3, t4, t5 as shown in the first row. And there are eight faults as in the first column.
A “Cross” mark means that specific test case detects that specific fault.  ….
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But after reordering,  we run T3 and T5, and we can detect as many as five faults.




We should also notice that, the effectiveness of either selection or prioritization in regression testing is based on the quality of original test suite.





So one question is coming out: how do we create an original test suite?
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There is an effective and cost efficient test generation technique, it’s called Combinatorial Interaction Testing



Test Specification Language

15
g
)V



This is an example of vending machine. The table is generated from a specification.
In this example, we have four factors, and for each of the factor, there are three values.




If we do an exhaustive test, to cover all combinations between all factors, we need 81 test cases.
This size is just for a small example. As the number of factors and values grow, the size of test suite will grow exponentially.
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The table shows a test suite which contains all 2-way combinations. 





We only have nine test cases, which is much smaller than 81.




Now Let’s check whether this test suite really covers all 2-way combination of values.
For example, we select “vanilla” in “flavor” and check its combination with “sugar”. We expected it to be combined with each of the three values belonging to “sugar”










We found all of those three combinations in the test suite. You can check any 2-way combination in the same way.




Of course, we do not always use 2-way combination. We can apply higher testing strength like 3.





Let’s check the vanilla combination with sugar and milk. There should be nine triples. One of them is (v,n,o)





(v,n,one) can not be found in the 2-way CIT test suite.
So if we want to go to a higher testing strength, we will need more test cases. 
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Now you’ve already known what CIT is and it has been shown to be effective but mostly in the context of a single version
These motivated us to think about to examine it in regression testing across multiple versions.
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And also, after getting a CIT test suite, we have a second question about prioritization.

!!! But anyway, before we can answer the second question, we need to examine the effectiveness of CIT technique across multiple versions first. !!!
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All these questions go into three research questions.
Now let’s answer the first one.




Flex is a lexical analyzer and make is used to compile programs.
!!! We seeded faults both by hand and by applying mutation tools. !!!
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We got it as a benchmark in our experiment. However, it’s infeasible to get in most real testing environments just because it’s too huge.
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In flex, 2-way CIT test suite missed some faults compared to full test suite
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but all t=3 ones detected all faults
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for make, slight different, especially in v1.  t=2 arrays missed faults more regularly, same with t=3. We had to go to a higher testing strength of 5 to get better result.





!!! Now we know that CIT technique is effective in regression testing, we are going to try some prioritization techniques on it because sometimes, we can not even run the whole CIT test suite due to some restriction. !!!




We tried a standard branch coverage technique first. This technique uses … and the process is …










We do not count in duplicated branches which have been already covered in our first test case. We just care about additive ones.
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We want to try some new techniques. Because we generate the original test suite based on factor interactions, we wanted to find some prioritization methods driven by the different importance of interaction.
There is one technique proposed by Bryce and Colbourn based on Interaction Benefit. But rather than prioritizing given test suite , their algorithm is actually a re-generation process. So we tried both re-generation and pure prioritization based on interaction benefit.




Now we have a new term.
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The different is that in this case, each value has been assigned a weight.
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The different is that in this case, each value has been assigned a weight.
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The different is that in this case, each value has been assigned a weight.
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The different is that in this case, each value has been assigned a weight.
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The different is that in this case, each value has been assigned a weight.
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The different is that in this case, each value has been assigned a weight.
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The different is that in this case, each value has been assigned a weight.
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0.06 + 0.06 + 0.06 + 0.09 + 0.09 + 0.09 = 0.45



The different is that in this case, each value has been assigned a weight.
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The different is that in this case, each value has been assigned a weight.
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So far, we have some techniques for prioritization. We are asking our second research question.




Moreover, from this short summary of our prioritization techniques so far, we noticed that both of them are based on branch coverage information. 
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Therefore, we are also wondering whether we can do the prioritization without code coverage information.










Now we have a new weighting scheme based on specification, we can calculate interaction benefit in different ways, we are ready to either generate a new test suite or prioritize a given test suite.
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Like “full”, “p-full” is also a benchmark which is infeasible to get in real testing environment
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full: all combinations
t=x: unordered CA
p-t=x: pure prioritized CA (weighting scheme 3)
r-t=x: re-generated/prioritized CA (weighting scheme 3)
bp-t=x: standard coverage based 
p-tsl: pure prioritized CA (weighting based on TSL)
r-tsl: re-generated/prioritized CA (weighting based on TSL)

Valid faults are the ones whose fault detection probability between 0 and 50
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NAPFD is derived from a metric called “Average Percentage of Faults Detected”, it’s a useful and frequently used metric in regression testing experiment. It does not only measure how goodness a test suite works in detecting faults, it also measures how fast the test suite detects faults. 




As shown in the right graph, it’s the measurement of area under the bold curve.
If you want to use this metric, both the number of detected faults and size of test suite should be the same.





But in our experiment, different test suites did not have same size, nor could we run the whole test suite. Moreover, they did not always detect same number of faults.  **Specially speaking, re-generated test suite do not detect as many faults as prioritized one.

As shown on the right graph, we had to stop somewhere before the end both on x and y axis. So we have derived it ourselves.
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X axis stands for the exact number of test cases, and the y axis show the percentage of faults detected. Though size of various test suites are different, we stopped all of them when reaching the size of unordered 2-way CIT test suite. That means, some lines are incomplete in this CFC graph.

All prioritized or re-generated test suites that are in the red circle detect faults earlier than unordered test suites in the blue circle.





The result was constant in terms of NAPFD. We can see the first three data points, the un-prioritized full test suite, a t=2 test suite and a t=3 test suite, perform worse than both the prioritized and re-gen/prior test suites. 





Standard branch coverage based prioritization exhibits next best. Results of NAPFD are consistent.
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The re-gen/prio TSL finds faults earlier in flex than the prioritized TSL and both perform better than the un-prioritized
CIT suites. 






8

* 68

**

**

da

**


In our subjects, …
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