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Model-Based Software Regression Test Suite Reduction
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Abstract—In this paper, we present a model-based regression test
suite reducing approach that uses EFSM model dependence analysis
and probability-driven greedy algorithm to reduce software regression
test suites. The approach automatically identifies the difference
between the original model and the modified model as a set of
elementary model modifications. The EFSM dependence analysis is
performed for each elementary modification to reduce the regression
test suite, and then the probability-driven greedy algorithm is adopted
to select the minimum set of test cases from the reduced regression test
suite that cover all interaction patterns. Our initial experience shows
that the approach may significantly reduce the size of regression test
suites.
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1. INTRODUCTION

URING software maintenance of large software systems,

their specification and implementation are changed
sometimes to fix defects, to enhance or change functionality, to
add new functionality, or to delete the existing functionality.
Regression testing is the process to validate that the changes
introduced in a system are correct and do not adversely affect
the unchanged portion of the system. During regression testing,
previously developed test cases are deployed for revalidating a
modified system, but also new test cases are frequently
generated. Regression testing tends to consume a large amount
of time and computing resources, especially for large software
systems. To minimize time and effort spent on testing and
re-testing a software product, there has been a significant
amount of research on the design of effective regression testing
techniques to reduce the cost of regression testing [1]-[3].

In recent years, model-based test generation techniques have
been developed. These techniques are appropriate for
state-based systems that can be modeled using formal
description languages like Extended Finite State Machine
(EFSM). These techniques are used to automatically generate
system-level test suites from system models even for large
software systems. The system models are frequently modified
to reflect changes in specifications. When the system model is
changed, selective regression test generation techniques are
used to generate regression test suite (RTS) to test the modified
parts of the model. The size of these regression test suites may
be very large even for relatively small systems. Therefore,
regression test suite reduction is important, especially, in
situations executing regression tests is very time and resource
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consuming for large software systems [4].

In this paper, we present a novel approach of model-based
regression test reduction that uses EFSM model dependence
analysis and probability-driven greedy algorithm to reduce a
given regression test suite. The approach automatically
identifies the difference between the original and modified
system models by identifying a set of elementary modifications
(EMs): elementary addition of a transition and elementary
deletion of a transition. For each elementary modification,
regression test reduction strategies that use EFSM dependence
analysis are used to reduce the regression test suite by
eliminating repetitive test cases. The probability-driven greedy
algorithm is adopted to select the minimum set of test cases
from the reduced regression test suite that cover all interaction
patterns (IPs). Our initial experience shows that this approach
may significantly reduce the size of regression test suites.

I1. STEP1: REGRESSION TEST SUITE REDUCTION BY EFSM
DEPENDENCE ANALYSIS

The presented regression test suite reduction approach
accepts as inputs: the original model, the modified model, and a
given regression test suite. The regression test suite may be
generated using model-based regression test generation
technique. The presented regression test suite reduction
approach is independent of the way the regression test suite was
originally created. The goal of the approach is to reduce the
given regression test suite using EFSM dependence analysis
and probability-driven greedy algorithm.

We use an EFSM to model requirements of the system under
test. Each requirement of the system under test can be mapped
onto the EFSM model. In our discussion, usually, a requirement
is specified as a sequence of transitions, and a function is
mapped to (a part of) a transition of the EFSM model. Any
changes to requirements or functions will be mapped to
changes to transitions in the EFSM model. Hence, once an
EFSM model is created to represent requirements of a given
system under test, testing changed requirements or functions is
equivalent to testing changed transitions in the EFSM model.
An EFSM is represented as a directed graph where states are
represented as nodes and transitions as directed edges between
states. In the EFSM model, data dependence (DD) and control
dependence (CD) may exist between transitions. Dependence
analysis focuses on interactions between transitions in the
model. Data dependence captures the notion that one transition
defines a value for a variable and the same or some other
transition may potentially use this value. Control dependence
captures the notion that one transition may influence the
traversal of another transition. DDs and CDs in an EFSM model
are graphically represented in a Static Dependence Graph
(SDG). In SDG, nodes represent EFSM transitions and directed
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edges represent EFSM data and control dependencies.

When a model is modified, three types of model-based
regression testing need to be performed: 1) Testing the effects
of the model on the modification, 2) Testing the effects of the
modification on the model, and 3) Testing the side-effects of
the modification on the unmodified parts of the model. The goal
of these three types of regression testing is to test the different
interactions or interaction patterns between functional elements
of the model with respect to a transition that represents an
elementary modification. Since there are three types of
regression testing, three types of IPs related to each EM are
introduced:

1) An affecting interaction pattern (Affecting IP),
2) An affected interaction pattern (Affected IP), and
3) A side-effect interaction pattern (Side-effect IP)

The Affecting IP captures interactions between model
elements that affect the modification. The Affected IP captures
interactions between model elements that are affected by the
modification. Finally, the Side-effect IP captures interactions
between model elements that occur because of indirect effects
introduced by the modification. The original SDG changes
accordingly when an original EFSM model is modified. Given
a test case, the three IPs can be computed: the Affecting IP, the
Affected IP, and the Side-effect IP.

For each given test case, during the traversal of the test case
within the modified SDG, up to 3*N IPs are computed, where
N is the number of EMs. Two test cases are considered to be
equivalent with respect to a transition corresponding to an EM
if, during traversal of the EFSM model, these tests exhibit the
same [P of certain type with respect to the transition. Only those
test cases that at least one of its 3*N IPs does not exist for any
other test cases in the reduced test suite are included in the
reduced RTS.

In Xie’s work, her algorithm takes one EM and calculates IPs
for the first test case in a given RTS [5]. If there is an IP
calculated, this test case will be selected. All calculated IPs will
be categorized by their types (Affecting IP, Affected IP, and
Side-effect IP). Then the algorithm takes the next test case and
calculates IPs with respect to the EM. This test case will be
selected only if a unique IP (has not been calculated before) is
calculated. Newly calculated IPs will be categorized by their
types, too. The calculation and selection procedure will be
repeated until all EMs and all test cases in the given RTS have
been processed.

III. STEP2: REGRESSION TEST SUITE REDUCTION BASED ON
PROBABILITY-DRIVEN GREEDY ALGORITHM
In classical greedy algorithm, greedy choice is in effect
random. Let4={4,,...4,}. The greedy choice can be viewed as
implicitly based on a probability assignment on the subsets,
such that

P(A |U)> P(4, |U) S| A AU 4, AU ik €l,....n} (1)

In general, this assignment can be improved. If there is only
one subset Ajin A that covers an element U; in U, that subset

will be certainly included in any cover of U, not matter what
size the subset has. By extension, probability of a subset A;
covering an element U; to be included in a cover decreases in
the number of alternatives, i.e. the number of subset A, such
that Ay covers Uj.

Rampone’s probability-driven greedy algorithm formalizes
the underlying probability distribution as follows [6]: Let
A={4,...,4,} and U ={U,....U,,} For each element U; and each
subset A;, the probability of A; given Uj is defined as:

P U = I4U) Y14 ) 2

wherei, k €{l,...,n}and j € {L,...,m} .

IA; (Uj) is the characteristic function of the A;, that is 1 if
U, €4 and is 0 otherwise. By taking the mean on U, the
probability of A; with respect to the ground set U is:

P4, |U) = (1/m)3 P(4,|U ) 3)

j=1

where i€{l,...,n}and j € {l,...,m} .

Equation (3) is applied to define a greedy approximation
algorithm for set covering problem (SCP) as follows: choose
the subset A; whose probability with respect to U is the
maximum, delete the elements of A; from U, and repeat this
process until the ground set U is empty.

We need to select the minimum set of test cases that cover all
IPs. This is an SCP problem. We can adopt the
probability-driven greedy algorithm as a solution. In Stepl,
relationships between test case and its construct IP can be
tracked in a table as Table 1.

TABLEI
TEST CASES VS. COVERED IPS
Test Case #1 Test Case #2 ... Test Case #n
P, 0 1 0
P, 1 0
1P, 1 o .. 1

We adapt Rampone’s probability-driven greedy algorithm to
select the minimum set of test cases from the given RTS that
cover all IPs generated in Stepl. In our case, the universe U is
the set of IPs generated in Stepl. Each test case in the given
RTS covers several IPs, which is a subset A; of U. Therefore,
the RTS is the family A of subset of U.

Refer to (2), in our test suite reducing approach, Uj is an IP,
which is represented by a row of Table I, m is the number of
calculated IPs, which equals to the number of rows of Table 1.
A; is a test case in the given RTS, which is represented by a
column of Table I, n is the number of test cases in the given
RTS, which equals to the number of columns of Table I.

IV. CASE STUDY

We use the simplified ATM EFSM model shown in Fig. 1 as
an example. There were 5 states and 8 transitions in the original
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EFSM model. Suppose the set of EMs to be applied on the
EFSM model contained two EMs: m1: adding ty; m2: deleting
t6. Notice that transition ts qummy is added to replace the deleted
transition to indicate that the Deposit input is consumed in state

PIN,|
[(p = pin) antgp ()cmemprs <3))

S, and contains an empty sequence of actions. The modified
EFSM model is shown in Fig. 2. The given RTS contained 93
test cases.

Continue/Print(b); Display menu

Dis ]ay €rTor; Wlthdmwa!(w)f
attempls = attempis+1; b b-
ompt for PJN
! PIN *
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Fig. 1 EFSM model of a simplified ATM system

PIN(p) Continue/Print(b);Display menu
[(p != pin) and (attempts < 3))/
Display error; Wimdrawal(w)/
attempts = attempist1; b=b-w
Prompt for PIN " /
Card\(pin, b)/ pm(p) epositd)/
— Prompt for PIN =pin) <ty =™ S,
@ ) attempis = Dlspiay menu 4 Tedimmy
PIN(p
= pin) and (artempts = 3))/ Bal c."
® D:s‘; 33‘, en'u(r P EWEJecl D“ ‘”]": 5
Eiect card; I isplay(
3

L,

Fig. 2 Modified EFSM model of the simplified ATM system

At Stepl, 21 IPs with respect to addition of ty and deletion of
t¢ are calculated; the 15 test cases contained in reduced RTS are
listed in Table II. Relationships between test cases in the
reduced RTS and IPs covered by the test cases are obtained. At
Step2, the probability-driven greedy algorithm is adopted to
solve the test cases selection problem as an SCP problem. After
Step2, the 5 test cases contained in reduced RTS are listed in
Table III.

The reduced RTS contains only 5.38% of test cases in the
given RTS, while Xie’s reduced RTS contains 16.13% of the
test cases. Chen’s reduced RTS contains 8.60% of the test
cases, and more time and computing resources are needed [7].
These results show that, for the same EFSM model, same set of
EMs and same RTS, our regression test suite reducing method
reduced the size of the given RTS more effectively.

V.CONCLUSION

In this paper, we have presented an approach of model-based
regression test reduction. At Stepl, the approach identifies the

difference between the original model and the modified model
as a set of elementary modifications. For each elementary
modification, for each test in the regression test suite,
interaction patters are identified based on the EFSM
dependence analysis. These patterns are used to reduce the
regression test suite. At Step2, we adapt probability-driven
greedy algorithm to select the minimum set of test cases from
the reduced RTS that cover all IPs. Our initial experience shows
that the approach may significantly reduce the size of
regression test suites.
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TABLE I
THE REDUCED RTS AFTER STEP1

Test Caset# in Given RTS Transition Sequences in the Test Case

2 Tty s by o 7 T

3 t1 t4 ts 17 todummy o t7 ts

4 1 14 toqummy ts t7 18

5 1t todummy ts t7 o t7 tg

6 t1 t todummy ts5 7 toqummy to t7 ts

7 )t todummy to t7 t5 t7 tg

8 )ty toqummy to U7 ts t7 to t7 g

17 titatstrtstyto ty ty

18 ty ty t5 t7 ts t7 toqummy to t7 tg

19 ) ts t5 67 todummy ts t7 15

20 )ty ts 67 toqummy ts t7 to t7 tg

21 ty ty ts t7 teqummy ts t7 todummy to t7 tg
33 ) ty teqummy ts 17 5 17 todummy to g tg
46 t1 t4 toqummy to t7 ts t7 5 t7 3
47 1t togummy to t7 ts t7 t5 17 to t tg

TABLE 11T
THE REDUCED RTS AFTER STEP2

Test Case# in Given RTS Transition Sequences in the Test Case

B3]

5 1ty toqummy ts t7 to t7 tg

18 t ta ts t7 ts t7 (odummy to t7 s

21 1ty ts t7 teqummy ts 67 todummy o t7 s

33 t ta todummy ts 17 ts 17 todummy to T tg

46 )ty toqummy to U7 ts 7 ts t7 g
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