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Generating Effective Test Suite for
Multiparameter Software using ACTS Tool and its
Verification using Code Coverage Tools

Abhinandan H. Patil, Krishnan Rangrajan

Abstract— Combinatorial testing is a practical method to test software with multiple input parameters. National Institute of Standards and
Technology has developed tools which aid combinatorial testing. ACTS is one such tool which is freely available to users. In spite of this,
very few software being developed are being tested systematically. In this paper we explore the effectiveness and suitability of ACTS tool
to test software which has a multiparameter input. We chose a Java based software, College Time Table, a software which involves
multiparameter input, as system under test. We could achieve 90% coverage of instructions, line, method and 100% class coverage with
practical time and effort with ACTS tool. The process involved in getting above mentioned results is documented in this paper. Empirical
data generated with the code coverage confirms the effectiveness of ACTS generated test suite for a simple project.

Index Terms— ACTS, CT, NIST, OpenClover, CTT, Eclipse, SDLC.

1 INTRODUCTION

n a typical Software Development Life Cycle (SDLC) 50-80%

budget goes towards testing. In spite of this, 2003 National

Institute of Standards and Technoloogy (NIST) report esti-
mated a loss of 59.5 billion dollars to US economy due to inad-
equate testing [1]. In this light, software testing becomes criti-
cal. This is all the more critical as developers use pre-existing
code which are now available as part of open source projects.

Several approaches exist to enable testing. One such field of
testing is Combinatorial Testing (CT). A report by Nie indi-
cates that CT is widely adopted by industry and researchers
alike [2]. Exhaustive testing of all the possible combination of
inputs and execution paths is a laborious task involving im-
practical man hours. CT is a method that can reduce cost and
increase the effectiveness of testing. Pairwise testing is already
in practice where 2-way combination of parameters is tested.
However, as per NIST two way testing misses 10% to 40% or
more system bugs [1]. Therefore higher level interaction test-
ing is critical. New algorithms have made 4 way to 6 way test-
ing possible. Some of the rare combination of inputs trigger
the failures that would have escaped previous testing or ex-
tensive use. Such failures are known as interaction faillures.
Traditional pairwise testing targets the 2-way interaction fail-
ures and has been in practice for quite some time. Till recently
most tools would take impractically long time for generating
the 3-way through 5-way arrays as the array generation pro-
cess is mathematically complex. But the development of new
algorithms recently has made the 3-way through 5-way array
generation possible [3]. Two forms of combinatorial testing is
possible: Configuration based combinatorial testing and Input
parameter based combinatorial testing. A combination of both
can also be used. Variety of software tools are available to as-
sist CT. NIST gives few readily available tools for this pur-
pose. They are

1) Automated Combinatorial Testing of Software (ACTS).

2) Combinatorial Coverage Measurement (CCM) tool.

3) Sequence Covering Array Generator.

In this paper we take ACTS tool [4] and develop a mecha-
nism for its usage and show its effectiveness for the purpose of
CT. CCM tool is useful for measuring the combinatorial cov-
erage [5]. Sequence covering array generator is useful when
sequences are involved. We successfully use this on a software
which is free and available on SourceForge.

2 BRIEF LITERATURE SURVEY OF CT

Much work has been done on estimating the fault detection
effectiveness of CT [6]. The basic assumption of the CT is
faults are deterministic in that failure triggering combination
of input values always produce failures if it is present in the
input. There much study being done on the tools and usage of
CCM [7]. M F Johansen has used CCM to test software of in-
dustrial size in his PhD Thesis [8]. M F Johansen describes
product line testing, which is the strategic testing of the prod-
uct line to gain confidence for any configuration of it. CT has
also been applied to industrial test suites [9]. Laleh et al. talk
about input space modeling methodology, before applying CT
to a system, the input space must be modeled [10]. CT ap-
proach is unique in each paper and is evident from few papers
[11, 12]. P. Amman et al. talk about how to combine model
chekers with specification based mutation to generate the test
cases from formal software specification. Paolo et al. talk
about validation of model and test tool generated test suites
[12].

3ACTS TooL

ACTS tool is a test generation tool. It generates t-way combi-
natorial tests sets. T in t-way can range from 1 through 6. A
system in ACTS tool is specified by a set of parameters and
their values. Given any t parameters (out of all the parameters)
of system, every combination of values of these t parameters is
covered atleast one test in the test set.

ACTS makes use of several algorithms for the test generation.
The algorithms include IPOG, IPOG-D, IPOG-F and IPOG-F2.
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IPOG-D is preferred for larger systems while IPOG, IPOG-F,
IPOG-F2 work best for moderate size system.

4 OPeEN CLOVER

OpenClover is an open source code coverage tool[13]. Code
coverage is a quantitative data about code covered as a part of
test execution. It shows which part of the code is tested and
which is not tested. Typically, tester does the code coverage in
an iterative manner till the required criteria is met. Code cov-
erage is done for the following reason:

e To know whether testing is adequate.

¢ To maintain the quality of code.
Code coverage is not a replacement to code review and good
programming practice but it complements the coding activity.
There exist three types of coverage tools. They are:

e Source code instrumentation tools

e Byte code instrumentation tools

¢ Runtime information collecting tools.
Clover uses the source code instrumentating as the source
code instrumenting produces more accurate results. Types of
coverage measured by various tools are:

e Statement coverage

e  Branch coverage

¢  Method coverage.
Clover combines the above mentioned criteria viz. statement
coverage, branch coverage and method coverage criteria to
arrive at Total Percentage of Coverage (TPC).
TPC is calculated as follows:

TPC= (BT + BF + SC + MC)/(2 x B+ S+ M) x 100%
where

BT: Branches that evaluated to "true" at least once
BF: Branches that evaluated to "false" at least once
SC: Statements covered

MC: Methods entered

B: Total number of branches

S: Total number of statements

M: Total number of methods

Clover actually sees the real code structure and uses the
source code instrumentation. Only line coverage is possible
with byte code instrumentation tools. However, statement
coverage is possible with Clover as it uses the source code in-
strumentation.

4 COLLEGE TIME TABLE

College Time Table (CTT) software is a simple Java based
tool for generating small sized school or college time table
[14]. CTT utility collects the information on the fly without
expecting the details such as number of teachers, their name,
subjects etc.
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CTT is picked for demonstrating the ACTS tool usage since:

1) Practical sized code

2) Combinations of parameters are used as input and
therefore it is a suitable software to demonstrate the
functionality of ACTS.

3) We wanted to demonstrate the applicability of the
method proposed by us on a software which we had
not much detailed knowledge about.

5 METHOD INVOLVED IN GENERATING THE TEST CASES
FRoM AcTs TooL AND GATHERING THE COVERAGE
DATA

Table 1. Parameters and their values in ACTS for CTT software

Parameter Parameter values

New_Time_Table,
Save_Time_Table,
Save_Time_Table_As,

File_Operation Load_Time_Table, Null

Print_Current,
Print_All_Individuals,
Print_All_Classes,

Print_Operation Print_Master_Table

Load_Demo_Time_Table Demo_Time_Table, Null

Printer, Global_Counts,
Remove_Gaps_Doubles,
Freeze_Cell, Multi_Freeze,
Clear_Freeze,

Find, Next_Find,
Find_And_Replace, Wizard-
01, Insert_Row,

Swap_Time_Table,
Wizard-02, Delete_Row

Time_Table_Operation

Constraints:

(File_Operation != "Null") => (Load_Demo_Time_Table ==
"Null")

(Load_Demo_Time_Table !="Null") => (File_Operation ==
"Null")

ACTS tool needed for this work was downloaded from the
NIST website. CTT software which involves multiple input
parametrs and their combinations was taken from the github.
The target SUT (CTT in this case) was imported in Integrated
Development Environment (IDE) which was Eclipse. Once
chosen SUT is imported, next step is installation of the code
coverage plugin tool. OpenClover plugins are available for
many popular IDEs. The SUT (CTT) is instrumented and built.
Next step is to launch the SUT as usual.

5.1 ACTS tool usage for generating the test cases
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ACTS tool comes with user guide. User guide contains in-
formation on how the tool needs to be used. ACTS tool was
launched. The parameters and parameter values along with
relations and constraints if any need to be populated in sys-
tem under ACTS tool. Once these are populated the system
can be built. Building the system is making ACTS tool gen-
erate the test cases. Each row of the output is one test case.
To begin with certain combination of parameter and pa-
rameter values can be chosen along with constraints and
relations. All the test cases in ACTS tool can be run. At the
end of run of all the test cases, Clover would have collected
the data in the background. The open Clover data can be
exported in various output forms. In this case html format
was chosen. From the output one can infer the data such as:
¢ Instruction coverage
Branch coverage
Condition coverage
Line coverage
Method coverage
e C(lass coverage
If the required criteria of code coverage is not met, the pa-
rameter modeling the ACTS tool can be revisted and re-
fined. It is a iterative process and can be repeated till the
required coverage criteria is met.

Figure 1 summarizes the steps mentioned for this work.

Table 1. gives the final set of parameter and parameter
values along with constraints chosen for this work. The it-
erative work was concluded for 90% instruction coverage.
Results section discusses the results in detail.

Although the steps mentioned in section 5 and subsec-
tion 5.1 are specific for a given software (CIT), for a given
IDE (Eclipse) and code coverage tool (OpenClover), the
steps involved are generic in nature and can be used for
other software where combinations are involved.

Following configuration was chosen:

e Algorithm used: IPOG

e  Strength chosen: 2

e  Mode chosen: Scratch

¢ Constraint handling: CSP Solver
ACTS output statistics are as follows:

e Number of test cases: 71

e Number of covered combinations: 188

For the above mentioned configuration, ACTS took mere
0.094 seconds to generate the output to be exported in vari-
ous formats.

6 RESULTS AND RESULTS ANALYSIS

Table 2 summarizes the results of test execution for CTT pro-
ject.
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Figure 1. Process flow diagram for generating the ACTS test suite for
CTT software and measuring the coverage

Table 2. Clover coverage data for CTT software

CTT Project
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Entity Total Missed Covered

Instructions 13483 1080 91%

Branches 784 195 75%

Lines 2383 239 90%

Methods 343 40 89%

Classes 89 0 100%

Appendix B gives the visual output for the table. Detailed logs
are kept in Google docs repository [15] and they act as sup-
plementary information. As can be seen from the Table 2, class
coverage was 100% while lines, instruction and method cover-
age was around 90%. Branch coverage was around 75% for the
70 test cases. Further, only success path in the code was tested
and the error scenarios were not explored. In addition, some
dead code existed in the CTT project. As mentioned earlier,
since the vital entities were around 90% (Except branch cover-
age), the refining of parameter model in the ACTS was con-
cluded.

7 CONCLUSION

In this paper we present an implementation of use of combina-
torial testing based tool for generation of test suite. We have
used tools provided by NIST, ACTS and OpenClover. We use
Clover a tool for for measuring the code coverage. We docu-
ment the findings of generating test suite for multi parameter
software and its verification using code coverage tools. We use
as a SUT a multiparameter Java based software. We find that
the implementation can be used on any mutiparameter soft-
ware. The effectiveness of the ACTS tool generated test suite is
cross verified with traditional metrics code coverage. The doc-
umented process in this paper could achieve 90% coverage for
the vital entities of coverage metrics with practical time and
effort. The process documented in this paper could be effec-
tively used for any softwares which involve combinations of
input parameters. Since several free software are used by users
with their modifications incorporates, the method detailed in
this work provides an effective way of testing.
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APPENDIX A: ACTS TooL PoPULATED DATA FOR CTT
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APPENDIX B: OPEN CLOVER OUTPUT WINDOW
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