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ABSTRACT

One of the challenges for students is to come up with appropriate test cases to test
the applications they develop. The challenge for instructorsisto come up with a small
test suite, yet one that is adequate to thoroughly test student’s projects. This paper
describes two testing techniques to aid instructors in reducing test cases, while still
ensuring effective testing. The first technique uses input-output analysis and identifies
rel ationships between inputs and outputs to generate aminimal test suite. The second
technique selects certain inputs as critical points and testsin their vicinity. Themain
point of this paper isto compare the test suite generated by applying these techniquesto a
large class project to the test suite developed by students in the course using traditional
approaches. While the first technique has the potential to uncover errors, resultsin this
study show that only the latter technique uncovers errors that the students miss with
traditional approaches.

INTRODUCTION

One of the challenges for studentsis to come up with appropriate test cases to test
the applications they develop. Even ateam of studentsin asenior or graduate level
course may find it difficult. Software testing becomes even more challenging as
software complexity increases, as it doesin a semester team project, especialy today
when students work on more projects that involve visual programming environments that
enable complex graphical user interactions. Students are taught the techniques for
random testing, black-box testing and white-box testing, but use them with varying
degrees of success. Regardless of which techniqueis applied, they are taught that one of
their goals should be to reduce test case inputs without diminishing the efficacy of the
tests.

The challenge for instructorsis to come up with atest suite to thoroughly test
student’ s projects — knowing that the students’ test suites will miss some errors.
Obvioudly, instructors want to reduce the number of test cases they use, because of time
constraints. However, reducing test cases alone does not ensure effective or successful
testing. This paper describes two testing techniques to aid instructors in reducing test
cases. Combining the two schemes ensures that the number of test casesis kept at a
manageable level, yet preserves the efficacy of the test. The first technique uses input-
output analysis and identifies relationships between inputs and outputs to generate a
minimal test suite [5]. The second technique selects certain inputs as critical points and



testsin their vicinity [7]. The main point of this paper isto compare the test suite
generated by applying these techniques to alarge software engineering class project to
the test suite developed by graduate students in the course using traditional approaches
they are taught.

BACKGROUND

Studies have shown that no association was found between the size of the test
suite and the testing success [8]. Depending on the program size and complexity, it may
not even be possible to test al the cases (i.e., due to combinatoria explosion). Black-box
testing can identify important areas of the program to test based on the specifications [8].
The general perception about black-box testing isthat the tester or the automated system
must select numerous test cases to become as effective as awhite-box test. However, no
concrete evidence has been shown that white-box tests or formal methods are aways
more effective than black-box tests. For example, white-box testing methods are not
effective when it comes to web applications because of their dynamic nature[1]. In
addition, the costs of such rigorous testing can be exorbitantly high compared to black-
box testing.

Menzies and Cukic [4] show that asmall number of randomly selected tests are
just as effective as alarger set of tests for small-scale projects. Schroeder and Korel [5]
take thisidea a step further, but without using randomly-selected test cases. Thelir study
conducted an automated input-output analysis (i.e., determined rel ationships between
inputs and outputs) that would reduce the number of tests, yet still maintain the
effectiveness of the tests. Schroeder and Korel [5] mention two approaches to
determining input-output relationships, namely structural analysis (requires access to the
source code) and execution-oriented analysis (requires program documentation or
interviews of the developers of the code). Our study anal yzes the specification document.
Once the relationships have been obtained, minimal test cases are derived, although it
should be noted that the minimal test set might not be the optimal minimal test set [5]. It
should also be noted that Schroeder and Korel’s[5] study was conducted on an
application that had a small set of inputs (i.e., 3 input variables and 8 input values). In
contrast, our study had 76 input variables and 168 input values.

Another approach is to focus on the most likely areas that will uncover faults.
Frankl et al., [2] suggest that some insight about the failure points will determine what
type of testing technique needs to be implemented. The authors suggest that if the tester
has foresight about the potential failures, specific testing techniques can be devised.
Local exhaustive testing is such atechnique that indirectly reduces the number of test
cases|[7]. Wood et d.., [7] describe a procedure that identifies certain inputs as “ critical”
and focuses on all inputs close to those data values. This critical point should be
something an instructor with his years of experience can identify.

An interesting point to keep in mind is that in both testing methods, the
assumption is that the only errors uncovered are solely due to input. However, external
failures, such asafailed library load, insufficient memory, and write-protection errors on
disks, are notoriously obscure and areignored in this study [6].



METHOD

This study is applied to a project completed by ateam of five studentsin a
graduate software engineering class. (Unfortunately, the other team of students did not
complete their project in time.) The system functions similar to an application for a car
rental agency. Activitiesinclude making and canceling reservations, maintaining service
reports, keeping track of available cars, etc. Visual Basic 6.0 and Microsoft Access were
used for developing the system. Graphical user interfaces (GUIs) were primarily used for
user inputs and for outputs. This section describes the testing approach to a software
application project, modeled after two separate techniques by Schroeder and Korel [5]
and by Wood et al. [7]. It compares thistest suite to the students’ test suite.

GUI input text-boxes or dialog windows represent input variables of the problem

domain [5]. Input values are the actual datathat are entered into atext-box or dialog
window for an input variable. Input values can also be entered by selecting aradio
button or a check box.
The basic idea behind this approach is to go through every interface beginning from the
login screen and main menu to the logout screen to determine all paths. Since thisis not
an error-testing suite, al input data generated must be valid functional values that would
not result in an error based on the specifications.

A large software application may have many input variables. Hence, for the first
step, only two data values are chosen for each input variable. The second step vectorizes
(or combines) related information as one input variable. For instance, let us say an
application requires the name and address of aperson. Instead of counting the name and
address separately as two input variables, the name and address are combined as one
input (string). This significantly reduces the number of input variablesto test. Some of
the input variables may contain dependencies (i.e., password is dependent on username).
Some of the dependent data would be invalid (i.e., correct username but wrong password
or vice-versa) and is eliminated, thus only atest suite with valid input is obtained. The
last step determines critical points. These critical points are areas where more errors are
prone to occur, and ensures that any errors overlooked in the input-output analysis are
found. Theinstructor isresponsible for deciding which points serve as critical inputs.
Table 1 summarizes the steps taken:

Tablel. Stepsin obtaining minimal number of test cases.

Action

Create a minimum of two data values for each input variable.

Combine (or vectorize) related input variables (ex. Customer Name, address,etc.).

Sum up the number of total input variables and input values.

Calculate the total number of input value combinations (feasible and infeasible combinations).

Eliminate the infeasible paths to obtain a reduced test suite.

Derive aminimal test suite by retaining key test cases and purging redundant or recurring input.

.\‘.@.U".b.‘*’!\’!—‘|5§
7

Determine critical points (such as input points that would be expected of producing more errors)
and conduct testing around those data values.




RESULTSAND ANALYSIS

The MAVIS Rent-A-Car software and itsinterfaces are briefly described herein.
Theinitial interface isthe login screen where either the manager or the employee has to
login with the username and the associated password. Once the correct data has been
entered in the login interface, the main menu options are shown. Figure 1 illustrates the
main menu interface that the employees can access. The only difference between the
manager and the employeesis that the manager can also access the last four options (i.e.,
print reports, update car inventory, update rental rates and update employees). From this
interface any one of the 13 choices (including “LOGOUT”) can be made, 12 of which
take the user to the subsequent corresponding screens.

Figure 2 shows an interface that contains several input variables that are closely
related. Not vectorizing inputs resultsin 13 input variables (the RAF number and
customer id are already given and need not be entered). With vectorization, this interface
has only 3 input variables. Vectorizing certain inputs does not compromise testing
efficiency in these instances, because, the data entered are just supplementary
information that has no bearing or effect on the overall testing process.
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Figure 1. Main menu options. Figure2. Customer reservation form.

Input-output analysis identifies 76 input variables and 168 input values. (A tree
structure can be used to show all the combinations.) The combination of al paths,
feasible and infeasible, resultsin avery large number (2.1516 x 10%) of test cases.
Fortunately, a significant number of these are infeasible. Only three main test subsets are
created (i.e., for the manager, service representative and an agent). These test subsets
include 9258 possible combinations (5202 (manager) + 2028 (service representative) +
2028 (agent)), already a significant reduction in test cases. Another more arduous
approach is to compute the infeasible paths, then compute the feasible paths (feasible =
total —infeasible combinations). Thus, we know that the infeasible number is very close
t0 2.1516 x 10”°. Note that the manager’s test subset has more combinations since there
are more main menu options for the manager.

A test set of 9258 test casesis still quite huge, so aminimal set is generated. The
technique identifies the first interface with the largest number of input variables. Thisis
the main menu screen, which contains 13 input variables. Since thisis the stage at which
all other interfaces branch out, thisis used as the defining part of the minimal set. The
tree structure is pruned, so that branches executing the same function are cut.



The minimal set for tasks both managers and employees can perform consists of
14 input paths. Tests were designed were one employee was assigned to perform about
half of the tasks, while the other employee performed all but one of the remaining tasks.
Finally, casesto test the ability of the manager to perform manager tasks and the one
remaining employee task were designed. Thisinvolved 12 input pathways. The
assignment of atest path to the type of employee eliminates repetition of the same test
path with another employee or manager. This procedure resulted in 26 test cases.

The minimal test suite did not uncover any errors in the case study system. The
reason for this could be that each test data point has input values that are valid and the
students’ application handles valid input correctly. (Thiswas an exceptional group of
students.) Finding the absolute minimal set is an NP-complete problem [5]. Therefore,
even though this study arrived at aminimal set, it remains to be seen if thereisan even
better optimal minimal set.

While the combination of these techniques has the potentia to uncover errors,
resultsin this study show that only the latter technique uncovers errors that the students
miss with traditional approaches. The second method of local exhaustive testing does
catch errors not discovered by the input-output analysis technique and not discovered by
the students’ test suite. The course instructor determined that the critical points were
those inputs where dependencies occurred (i.e., one input is dependent on another and
interchanging these data values would generate errors). These critical points are
username-password and date-time data. In this testing technique, both valid and invalid
test cases were applied. Note that if the application takes appropriate measures to catch or
circumvent inappropriate input, then an error does not exist. A test is successful only if it
catches an error not handled by the application. For example, in the application, the
username and password must match in order for alogin to be successful. The students
application caught al errors involving mismatched username and passwords (i.e., invalid
entries). In other words, either awrong username or password prevented the user from
progressing to the next screen. Nine test cases were designed using the critical point test
technique for username-password. Testing did not discover any errors for these input
variables.

Date and time for areservation were supposed to be checked when the “check
availability” and “make reservation” tasks are performed. Fourteen test cases were
designed and eight of the tests were successful. The errors discovered involved time
conflicts (for example, the time a car was returned occurred before the time a car was
picked up when the date of rental and date of return were the same).

The test suite designed by the graduate students using traditional approaches
uncovered atotal of 14 errors, but most of these were invalid entry errors (i.e., where the
user entered invalid data and the software did not catch it). However, their test cases did
find errorsthat this study did not discover. For instance, one of the errors found in the
system alowed the user to pick up acar not reserved for that date. Another error the
students' test suite found was that the daily rate remained the same even after applying
the “update daily rate” option. Other errors the software engineering team discovered
included awrong calculation of the final rental amount and the “cancel” button remaining
inactive in the service report interface. Using the combined input-output analysis and
critical point test technique, the errors found by the test cases were primarily due to the
dependencies mentioned earlier.



CONCLUSION

This paper compares the test suite generated by applying input-output analysis
and local exhaustive testing techniques to alarge class project to the test suite devel oped
by students in the course using traditional approaches. Using input-output analysis and
local exhaustive testing should enhance the effectiveness of the testing process (i.e.,
uncover more errors). Another aim of the input-output analysis method is to enhance the
efficiency of the testing process by reducing a huge number of test casesto aminimal set.
The larger test suite designed by the graduate students using traditional approaches did
find errors that the input-output analysis method did not discover, but most of these were
invalid entry errors.

Local exhaustive testing is used to ensure that errors overlooked by input-output
analysis may be caught. This method did catch errors not discovered by the students' test
suite. In addition, if invalid data and additional critical points were implemented, new
errors might have been uncovered.
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