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1 Introduction
! Automatic test generation: select a small 

number of tests to cover all test aspects to 
the greatest degree. 

! The combinatorial design approach for 
testing has been studied and applied widely 
for its efficiency and effectiveness with a 
quite small test suite. 
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Combinatorial Testing
! R. Mandl defined the concept of pair-wise 

testing for the first time in 1985. 
! require that every combination of valid values 

of arbitrary two system parameters be covered 
by at least one test. 

! use the Orthogonal Latin Squares to generate 
tests in the Ada compiler testing. 
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Combinatorial Testing
! D. Cohen, et al. provided the AETG system for 

pair-wise, triple, or n-way combinations of a 
system�s parameters. 

! Y. Lei, et al. offered PAIRWISE TEST.
! We proposed an algorithm for pair-wise testing 

based on the NETWORK model.
! Toshiaki Shiba et al. also suggested two different 

algorithms GA and ACA for n-way testing. 
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Combinatorial Testing
! Because the problem of generating a 

minimum test suit for combinatorial testing 
is NP-complete[4], none of these methods 
can assure that the generated test suites are 
the best. 

! In most cases, the sizes of the test suites 
generated by them are approximately equal. 
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Combinatorial Testing

! D.R. Kuhn et al. investigated the 
applicability of combinatorial testing. In 
their experiments:
! about 20~40% software failures were caused by a 

certain value of one parameter, 
! about 20~40% software failures were caused by a 

certain combination of two parameters,
! and about 20% software failures were caused by a 

certain combination of three parameters.
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N-way Combinatorial Testing
! Pair-wise testing is fit for most general 

applications.
! In some safety-critical situations, testers 

may require N-way Combinatorial testing:
! every combination of valid values of arbitrary n

(n≥2) parameters be covered by at least one test. 
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2 Concepts of N-way Testing
! Suppose a system has k parameters, each of 

which has a suite of discrete values. 
! In most conditions, it is too expensive to test 

all the combinations of all parameters. 
! It is a more practical method to generate a 

small test suit to cover all the possibility to the 
greatest degree.
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Pair-wise Testing
! Definition 1 Suppose A is a m×k matrix, and column j

represents parameter Pj, whose element is from finite 
symbol set Tj (j = 1, 2,�, k). If column i and column j are 
arbitrary two columns in A that satisfy: all the 
combinations of symbols between set Ti and set Tj appear 
in the ordered pairs formed by column i and column j, A is 
called a pair-wise test table, which satisfies the pair-wise 
coverage criterion. Every row of A is a piece of test, and m
is the number of test cases.
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N-way Testing
! Definition 2 Suppose A is a m×k matrix, and column j

represents parameter Pj, whose element is from finite 
symbol set Tj(j = 1, 2,�, k). If column i1,i2,�,in are 
arbitrary n(2≤n≤k) columns in A that satisfy: all the 
combinations of symbols between set T1 , set T2 ,�, set Tn
appear in the combinations formed by column i1, column
i2,�, column in, A is called a n-way test table, which 
satisfies the n-way coverage criterion. Every row of A is a 
piece of test, and m is the number of test cases. 
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Theorem 
! Theorem 1 Suppose a system has k

parameters P1,P2,�,Pk, and every 
parameter Pi has ti(i = 1,2,�,k) values, then 
there exists an n-way test table A whose 
rows satisfy: r≥max(ti1×ti2 ×� ×tin),  
(1≤i1≠i2�≠in≤k) .
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Theorem
! Theorem 2 Suppose a system has k

parameters, and every parameter Pi has ti (i
= 1,2,�,k) values, where t1≥t2≥�≥tk, then 
the n-way test table A of the system has 
coverage p for the all combinations of 
arbitrary m n≤m≤k parameters: 

p ≥(t1 × t2 × … × tn)/ (t1 × t2 × … × tm).
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3 N-way Testing Algorithms
! We propose two different test generation 

algorithms based on the combinatorial 
design for the n-way testing.
! Generate Tests using Greedy Algorithm (GA-N)
! Generate Tests in Parameter Order (IPO-N)
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3.1 Generate Tests using 
Greedy Algorithm (GA-N)
! This test generation method for n-way 

testing is extended from AETG for pair-
wise testing.
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3.1 Generate Tests using 
Greedy Algorithm (GA-N)
! Process (Greedy algorithm)

! Firstly, construct a set Uncover that contains all the 
combinations of valid values of arbitrary n parameters. 

! Secondly, generate one test such that it can cover most 
combinations in Uncover. Add the test into the n-way 
test table M, and delete the combinations covered by it 
from Uncover. 

! Finally, generate tests continuously in the same way 
until Uncover is empty.
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3.2 Generate Tests in 
Parameter Order (IPO-N)
! This test generation method for n-way 

testing is extended from PAIRTEST for 
pair-wise testing 
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3.2 Generate Tests in 
Parameter Order (IPO-N)
! Process 

! Firstly, construct n-way test table M for the first n
parameters. 

! Secondly, extend M by another parameter to assure that
every combination of valid values of n parameters in M
is covered by at least one test. 

! (1) horizontal growth: extend each existing test by one value of 
the new parameter, 

! (2) vertical growth: add new tests to satisfy the n-way coverage 
criterion.

! Extend M continuously, until it contains all the 
parameters. 
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4 Effectiveness Analysis
! To evaluate the efficiency of the algorithms, 

we implemented two automatic test 
generators based on them. 

! We experimented with a computer 
consisting of a PIII processor of 733Mhz, 
and obtained some empirical results. 
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Empirical Data: IPO-N & GA-N
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IPO-N Exceeds GA-N
! When n equals 2, the tests generated by GA-N are 

usually a few more than IPO-N, and the consumed 
time is also a little more, and the difference is not 
distinct. 

! When n equals 3, the tests generated by GA-N are 
much more than IPO-N, and the consumed time is 
also more in evidence. 

! Some other experiment results also show that IPO-
N exceeds GA-N at the test number and the 
consumed time, when n is above 3.
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Empirical Data: Related Methods
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IPO-N Performs Well
! The experimental results also suggest that GA-N need to 

be optimized carefully.
! IPO-N can generate the smallest test suites for some 

systems such as X2, X4, X5 and X6, and in other cases the 
sizes of test suites generated by IPO-N are only a bit more 
than the smallest ones. 

! These results seem to indicate that IPO-N is an effective 
algorithm, which performs well with respect to the size of 
generated test suites.
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5 Conclusions
! We propose two different test generation 

algorithms based on combinatorial design 
approaches for the n-way combination 
testing, and suggest the algorithm IPO-N 
may be more feasible based on the 
empirical results.
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5 Conclusions
! As shown in Table 1, with the increase of n, 

the number of tests increases rapidly, and 
the time consumed for the test generation 
grows sharply. 

! We are searching novel algorithms for the 
n-way combination testing to improve the 
performance of test generators.
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