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Abstract

In the 21st century our society is becoming more and more
dependent on software systems. The safety of these sys-
tems and the quality of our lives is increasingly dependent
on the quality of such systems. A key element in the man-
ufacture and quality assurance process in software engi-
neering is the testing of software systems. Empirical re-
sults show that 2-way or pair-wise testing is efficient for
various types of software systems. But software failures
may be caused by interactions of more than two param-
eters. In this paper, we propose recursive technique to
generate test cases for 3-way testing when all parameters
can take the same number of values. 3-way testing re-
quires that for a given number of input parameters to the
system, each possible combination of values for any three
parameters be covered by at least one test case.

1 Introduction
Software testing is expensive and time consuming. Given
the different input parameters with multiple possible val-
ues for each parameter, performing exhaustive testing
which tests all possible combinations is practically impos-
sible. Generating an optimal test set which will effectively
test the software system is therefore desired. Pair-wise
testing is known for its effectiveness in different types
of software systems [1, 3]. But software failures may be
caused by interactions of more than two parameters. A re-
cent NIST study by Rick Kuhn indicates that failures can
be triggered by interactions up to 6 parameters. Increased
coverage leads to a higher level of confidence. But the
number of test cases may increase rapidly as the degree
of interactions increases. For example, assume that each
parameter has 10 values. Then pairwise testing requires
atleast 100 test cases, 3-way testing atleast 103 test cases,
4-way testing atleast 104 test cases. Thus test generation
algorithms must be more sensitive in terms of both time
and space requirements. To illustrate the concept of 3-way
testing, consider a system with four two-valued parame-
ters, i.e., parameter A has values A0 and A1, parameter

B has values B0 and B1, parameter C has values C0 and
C1, and parameter D has values D0 and D1. For parame-
ters A, B,C, and D, (A0, B0, C0, D0), (A0, B0, C1, D1),
(A0, B1, C0, D1), (A0, B1, C1, D0), (A1, B0, C0, D1),
(A1, B0, C1, D0), (A1, B1, C0, D0), (A1, B1, C1, D1) is
the only 3-way test set of size 8.

2 Main Results

A covering array CA(N ; t, k, s) is an N × k array on s
symbols such that every N×t sub-array contains each or-
dered subset of size t from s symbols at least once, where
t is the strength of the array. Covering arrays are used to
generate software test cases to cover all t-sets of compo-
nent interactions. For our purpose, N is the number of
test cases, k the number of parameters, s the number of
values of each parameter, t the degree of interaction. For
pair-wise or 2-way testing t = 2 and for 3-way testing
t = 3. An orthogonal array OA(t, k, s) is an st × k ar-
ray on s symbols such that every st× t sub-array contains
each ordered subset of size t from s symbols exactly once.
For example,

A =



0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1


is a CA(8; 3, 4, 2) as well as an OA(3, 4, 2). Note that
the rows of CA(8; 3, 4, 2) have been considered as the
test cases for 4 2-valued parameters in the previous il-
lustration of 3-way testing. In practice, a common situa-
tion is systems with large number of parameters, each of
which has only few possible values. Thus, construction of
test cases for an arbitrary number n of s-valued parame-
ters for 3-way testing is an interesting combinatorial open
problem.
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A recursive construction for a covering array is a
method for constructing a covering array from one or
more covering arrays with smaller parameter sets. We
will now describe one recursive construction that shows
how to square the number of columns in 3- wise cov-
ering arrays. Let A be a 3-wise covering array with k
columns, N rows, s levels, and let Ai be the i-th column
of A. Let B = B[i, j] be an orthogonal array of strength
2 with T (k)+1 columns and symbols from {1, 2, . . . , k},
where T (k) − 1 is the number of mutually orthogonal
Latin squares of size k. If k is prime or prime power then
T (k) = k. The full table of mutually orthogonal Latin
squares appears in [2]. We will construct a block array C
with k2 columns and T (k) + 1 rows. Each element in C
will be a column of A. Let AB[j,i] be the block in the i-th
row and j-th column of C.
Now we will illustrate how to construct recursively a 3-
wise covering array with 16 columns from a 3-wise cov-
ering array with 4 columns. Consider the above men-
tioned CA(8; 3, 4, 2). Let Ai be the i-th column of A,
i = 1, 2, 3, 4. Take an orthogonal array B = B[i, j]
of strength 2 with 5 columns, 16 rows, and entries from
{1, 2, 3, 4}, i.e., Bt =

1 2 3 4 2 1 4 3 3 4 1 2 4 3 2 1
1 2 3 4 3 4 1 2 4 3 2 1 2 1 4 3
1 2 3 4 4 3 2 1 2 1 4 3 3 4 1 2
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4


where Bt denotes the transpose of B. Then C =
C[i, j] = AB[j,i] =

A1 A2 A3 A4 A2 A1 A4 A3 A3 A4 A1 A2 A4 A3 A2 A1

A1 A2 A3 A4 A3 A4 A1 A2 A4 A3 A2 A1 A2 A1 A4 A3

A1 A2 A3 A4 A4 A3 A2 A1 A2 A1 A4 A3 A3 A4 A1 A2

A1 A2 A3 A4 A1 A2 A3 A4 A1 A2 A3 A4 A1 A2 A3 A4

A1 A1 A1 A1 A2 A2 A2 A2 A3 A3 A3 A3 A4 A4 A4 A4


is a 3-wise covering array with 16 columns and 40 rows;
that is, C is a CA(40; 3, 16, 2). Thus the number of test
cases in 3-wise covering test suit with k2 columns is no
more than T (k) + 1 times the the number of test cases in
3-wise covering test suit with k columns.
Consider T , an arbitrary 3-tuple of members of
{1, 2, . . . , s}. Let C̄ be a sub-matrix of C induced by an
arbitrary choice of 3 columns. It can be shown that T is
a row of C̄. The columns of C̄ correspond to 3 columns
of Bt. Let B̄t be the sub-matrix of Bt induced by those
3 columns. We can always find a row in B̄t with distinct
values. This would guarantee that T is a row in C̄ using
the properties of the base array A.

Algorithm TestGenerator generates test cases for 3-way
testing. Inputs to TestGenerator are the number of param-
eters n and the value s for each parameter and outputs

are test cases. It may be noted that the algorithm makes
use of covering array of small parameters from Charlie
Colbourn’s CATables: http://www.public.asu.edu/ ccol-
bou/src/tabby/catable.html

Algorithm: TestGenerator
Input: The number of parameters n and the value s.
Output: Test cases for 3-way testing.
1. Find the smallest integer k greater than or equal to

√
n

2. Take one 3-wise covering array CA(N ; 3, k, s) from
Charlie Colbourn’s CATables.
3. Construct an orthogonal array OA(2, T (k) + 1, k) of
strength two.
4. Construct a 3-wise covering array C =
CA(N ; 3, k2, s) using the technique described be-
fore. Let C̄ be a sub-matrix of C induced by an arbitrary
choice of n columns. The rows of C̄ are the test cases for
n s-valued parameters.

3 Conclusions
In this paper, we have proposed a recursive test genera-
tion strategy for 3-way testing. As an illustration, consider
the case of generating test cases for 24 2-valued parame-
ters. Here n = 24 and hence k = 5. We make use of
a covering array CA(10; 3, 5, 2) and an orthogonal array
OA(2, 6, 5). The following table shows the number of
test cases obtained by TestGenerator.

Systems for 3-way testing No. of test cases
16 2-valued parameters 40

17-25 2-valued parameters 60
121 2-valued parameters 72
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