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Abstract: An extended algorithm using a divide-and-rule approach is proposed in this paper. Instead of generating test
cases by only using Boundary Value Analysis and an experience-based technique for combination of input variables with
functional dependency like the original algorithm, the extended algorithm applies both Boundary Value Analysis and
Equivalence Class Partitioning techniques as well as various techniques for combination of input values. In addition, a
new tool provides advantages when compared with the original one. It provides users with more choices in generating test

cases.
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Mot thuét toan mé rong st dung phuong phip chia d€ tri cho k§ thuat phan tich gia tri bién va phan ving

Bai bdo nay dé xut mot thuit todn md rong st dung phucng phdp chia dé tri. Thay vi tao cdc trudng hop kiém thi

chi biang cach sit dung k¥ thuat Phéan tich gid tri bién va k§ thudt dua trén kinh nghiém dé két hop cac bién dau vao
c6 phu thudc ham nhu thuit toan gbc, thuit todn md rong ap dung ca ky thuat Phan tich gid tri bién va Phan viung
tuong duong cung nhu nhiéu k§ thuét két hop khac dé két hop cac gia tri dau vao. Ngoa1 ra, mdt cong cu mbi cung
cap nhiéu wu diém hon khi so sanh véi cong cu gbc. N6 cung cip cho ngudi dung nhiéu lya chon hon trong viéc tao
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I. INTRODUCTION

Generating effective test cases to thoroughly evaluate the
functionality of developing software is a challenging aspect
of the software testing process. Numerous functional testing
methods are employed for this purpose [1-4, 6]. Among the
various techniques used in black-box testing, Equivalence
Class Partitioning (ECP) and Boundary Value Analysis
(BVA) are the most prevalent techniques for designing test
cases [5, 7, 8]. These techniques are also widely adopted
by various software testing tools to automate the creation
and evaluation of test cases.

ECP is a software testing technique that divides input
data into equivalent partitions to derive test cases. Each
partition is tested at least once to uncover error classes, re-
ducing the overall number of test cases and thus shortening
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the testing time [9].

BVA is a software testing technique that focuses on input
values at edges of their valid ranges. The assumption is that
errors are more likely to occur near these extreme values
[4, 5]. This method involves testing input values at the
minimum, slightly above the minimum, a typical value,
slightly below the maximum, and the maximum. These
values can be denoted as min, min+, nom, max-, and max,
respectively.

However, both ECP and BVA are effective for programs
with independent variables but fall when variables are
interdependent. For instance, in the NextDate function,
the variables Month and Day range from 1-12 and 1-31,
respectively. Consequently, using ECP and BVA does not
generate test cases for dates like February 28th and 29th.
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Vij K. et al. [10] developed a testing tool based on an
algorithm that uses a divide-and-rule approach to eliminate
dependencies among variables, creating independent vari-
able sets. The algorithm showed the advantages over the
traditional boundary value analysis technique.

In this paper, a new testing tool is developed based on
a new algorithm that extends the algorithm proposed in
[10]. Our extended algorithm considers the integrated use of
BVA, ECP and different techniques for combination of input
values. Section II presents the divide-and-rule approach
including the extended algorithm and an example. Section
IIT introduces the implementation of a new testing tool. The
demonstration of the new testing tool is given in Section I'V.
Finally, Section V summarizes the paper with a conclusion
and our future plans.

II. EXTENDED DIVIDE-AND-RULE APPROACH

The divide-and-rule approach was presented in detail
in [10]. The algorithm breaks the dependencies among
variables and produces multiple independent sets of vari-
ables. It ensures that variables within these new sets do
not affect each other’s boundary values. This allows for
traditional boundary value analysis to be performed on each
independent set.

In a set of interdependent variables, boundaries of a
variable are influenced by the values of other variables,
a relationship known as boundary dependency. For the
divide-and-rule approach, these variables are categorized
into the following three types: 1) dependent variables:
variables whose boundary values are affected by the values
of other variables, 2) boundary-determining variables: vari-
ables that influence the boundary values of other variables,
and 3) independent variables: variables that neither affect
nor are affected by the boundary values of other variables.

1. Extended Algorithm

The algorithm proposed by Vij K. et al. [10] can create
test cases by only using BVA and an experience-based
technique for combination of input variables. To provide
flexibility and allow users to design effective test cases, we
made some changes to this algorithm. Our extended algo-
rithm can apply BVA, ECP and some various techniques for
combination of input values. More particularly, we extend
Steps 3, 4, 6, 8,9 and 10 in the algorithm proposed in [10].
All the steps are presented in detail below.

Step 1: Categorize variables into three sets:
o D: set of dependent variables,

o B: set of boundary-determining variables,
« I: set of independent variables.
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Step 2: For each dependent variable d € D, create a set Vg4
of its determining variables. Every element in Vg 4 will also
belong to set B. The boundary values of d are influenced
by all elements in Vg 4.

Step 3: For each dependent variable d € D, create distinct
sets representing all possible boundary value ranges for d.
Label these sets d; through d,. If BVA is used, these sets
will include the boundary values (min, min+, nom, max-,
max). On the other hand, if ECP is used, these sets will
only contain the nominal values (nom). Creating these sets
in such a way that d can assume, based on its boundary-
determining variables.

Step 4: For each boundary-determining variable b € B,
create sets of values that impact the boundary values of
its dependent variable. These sets are labeled b; to by. It is
important to note that if BVA is applied, sets of values used
for each boundary-determining variable b will include the
boundary values (min, min+, nom, max-, max). In contrast,
the sets of values used for b will only contain the nominal
values (nom) when ECP is applied. The relationship be-
tween boundary-value sets (dy) and boundary-determining
sets (by) is such that if b takes a value from by, then d can
only take a value from the corresponding d,. The details of
these relationships will be outlined in Step 6.

Step 5: For each dependent variable d € D, create all
possible combinations of its boundary-determining sets.
For example, if e and f are elements of Vp, with e
having 2 boundary-determining sets (e;, e2) and f having
3 boundary-determining sets (f7, f2, f3), the possible com-
binations would be: e;f1, eif>, eif3, exfi, exfs, exfs.

Step 6: Depending on whether either BVA or ECP is
used, either a boundary-value set or a nominal-value set is
assigned to each possible combination of determining sets.
The relationship between a combination of determining sets
and a boundary value set is such that if the determining
variables e and f take values from a combination e,f,, then
the dependent variable d can only assume a value from the
corresponding d, only.

Step 7: Create all possible combinations of the boundary-
determining sets for each boundary-determining variable.
For example, if e, f, and g are elements of B with 2, 3,
and 2 determining sets respectively, this will result in 12
possible combinations.

eifigi. eif182, eif281, eif282.

eif3g1. eif382, exf181, exf182,

exf281, e2f282, e2f381, €2f382-
Step 8: For each combination created in Step 7, assign
the boundary-value sets or nominal-value sets for each
of the dependent variables according to the associations
established in Step 6.



Step 9: Assign values to all the independent variables for
each combination, generating all possible sets of indepen-
dent variables.

Step 10: Conduct traditional BVA or ECP on each set of
independent variables to create test cases.

In our study, the technique for combination of input
values is one of the following techniques: experience-based,
weak, and strong combination.

« Experience-based combination is referred to as the
combination technique applied in [10].

o Weak combination (a.k.a. 1-way) chooses one variable
value from each partition subset (i.e., equivalence
class) such that all classes are covered.

o Strong combination (a.k.a. n-way) is based on the
Cartesian product of partition subsets, i.e., testing all
interactions of all equivalence classes.

2. NextDate Example

Using the NextDate function as an example, we can
demonstrate the outcomes of each step outlined in Section
II.1. The NextDate function is a function that takes three
variables: Month, Day, and Year, and returns the date of
the day after the input date. In this function, the boundary
values for Day depends on the values of Month and Year.
Step 1: D = {Day}, B = {Month, Year},I = 0.

Step 2: Vg pay= {Month, Year}.

Step 3: If BVA is used, sets can be created as follows:
Day; = {1 ... 31}, Day, = {1 ... 30},

Day; = {1 ... 28}, Day, = {1 ... 29}.

If ECP is used, sets can be created as follows:
Day; = {15}, Day; = {15},

Day; = {15}, Dayy = {15}.

Step 4: If BVA is used, sets can be created as follows:
Month; = {1, 3, 5,7, 8, 10, 12} (31 days),
Month; = {2} (28 or 29 days),

Month; = {4, 6, 9, 11} (30 days).
Year; = {1904, 1908, 1912, ..., 2000} (leap years),

Year; = {1900, 1901, 1902, 1903, 1905, ..., 1999}.

(non-leap years)

If ECP is used, sets can be created as follows:
Month; = {7} (31 days),

Monthy; = {2} (28 or 29 days),

Monthz = {9} (30 days).

Year; = {1948} (leap years),

Year, = {1950} (non-leap years).
Step 5: Create all possible combinations of boundary-

determining sets for each dependent variable. In the case of
the NextDate function, the only dependent variable is Day.

Its determining value sets are as follows:
Month,;Year;, Month;Year>,

MonthyYear;, Month,Years,
MonthzYear;, MonthszYear>.
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Step 6: If BVA is used, assign a boundary value set or if
ECP is used, assign a nominal-value set to each combina-
tion of determining sets. Table I presents an assignment of
the value sets of Day to each combination of determining
sets {Month, Year}.

Table 1
ASSIGNMENT OF VALUE SETS OF DAY TO
EACH COMBINATION OF DETERMINING SETS.

Determining value Boundary-value set/Nominal-value
sets/Combinations sets

Month;Year; Day;

Month; Year, Day;

MonthjyYear) Dayy

Month;Year; Day;

MonthsYear) Day;

Month;Year; Day;

Step 7: The possible combinations for all determining sets
are identical to those listed in Step 5.

Step 8: Assign boundary-value sets or nominal-value sets
to each combination from Step 7. The following sets are

created:
Month;Year;Day;, Month;Year,Day;,

MonthyYear;Dayy4, MonthyYear,Days,

MonthsYear;Day,, Months;Year,Day;.
Step 9: This step is omitted due to the absence of indepen-

dent variables.

Step 10: The results, obtained by applying the testing tool,
are presented at the end of Section IV.

ITII. TESTING TOOL IMPLEMENTATION

Our automated test case generation tool was developed
in C# using the .NET framework. Screens of the modules
are provided to a user as forms. The generated test cases
are displayed in reports. Figure 1 illustrates the process of
generating test cases using our new testing tool.

The tool offers six screens to the user, with each screen
representing a different module of the testing tool. Table
IT presents a comparison of the modules between the tool
proposed in [10] and our new tool. It lists changes between
two tools.

There are eight modules in our tool. These modules
getVariables, getRelations, getNumOfSetsAndTech-
nique, getBounds, getNoms, getSetRelationsAndCom-
binationTechnique, generateBVATestCases and genera-
teECPTestCases. Each module collects input from the user
and forwards its output to the next module in sequence.

are:

In our tool, two modules getNumOfSetsAndTechnique
and getSetRelationsAndCombinationTechnique extends two
modules getNumOfSets and getSetRelations in the tool
proposed in [10], respectively. This extension allows a user
to be able to make a choice in applying BVA or ECP and
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getVariables [names of| etRelations Relationships getNumOfSetsAndTechnique

Start variables among variables| - Number of sets for every
determining and
dependent variables

- Testing technique

technique =BVA % technique =ECP

{min, min+, nom, max-, max} set for
every determining set, every dependent
set and every independent variable

M4.1:
getBounds

M4.2:
getNoms

{nom} set for every
determining set, every
dependent set and every
independent variable

l» Relationships among determining and

Ms:
getSetRelationsAndCombinationTechnique

dependent sets

. - Technique for combination of input values
technique =BVA X

Meé.1:
generateBVATestCases

BVA test cases

technique = ECP

M6.2:
generateECPTestCases

ECP test cases

Figure 1. Process of generating test cases using the new testing
tool

Table 11
COMPARISON OF THE TOOL PRO-
POSED IN [10] AND THE NEW TOOL.

Module in the tool
proposed in [10]
Module 1: getVariables
Module 2: getRelations
Module 3: getNumOfSets

Module in new tool

Module 1: getVariables (no change)
Module 2: getRelations (no change)
Module 3: getNumOfSetsAndTech-
nique (extended)

Module 4.1: getBounds (no change)
Module 4.2: getNoms (new)
Module 5: getSetRela- Module 5: getSetRelationsAndCom-
tions binationTechnique (extended)
Module 6: generateB- Module 6.1: generateBVATestCases
VATestCases (no change)

Module 6.2: generateECPTestCases
(new)

Module 4: getBounds

a combination technique (experience-based, weak or strong
combination). In addition, two new modules getNoms and
generateECPTestCases will be used by the user to collect
boundary or nominal values. The design of the modules is
briefly described below.

Module 1: getVariables. This module prompts the user to
input the names of up to 10 variables.

Module 2: getRelations. This module allows the user to
specify the relationships between variables (using check-
boxes), enabling the tool to identify boundary-determining,
boundary-dependent, and independent variables.

Module 3: getNumOfSetsAndTechnique. This module
asks the user to specify the number of sets that can be cre-
ated for each boundary-dependent, boundary-determining
and independent variables. These sets are known as
boundary-dependent, boundary-determining and indepen-
dent sets. Besides, the user is required to choose a black-box
testing technique (i.e., BVA or ECP).

Module 4.1: getBounds. This module asks the user to

provide the {min, min+, nom, max-, max} values for each
independent variable, as well as for all boundary-dependent
and boundary-determining sets.

Module 4.2: getNoms. This module asks the user to enter
the {nom} values for each independent variable, and for all
boundary-dependent and boundary-determining sets.

Module 5: getSetRelationsAndCombinationTechnique.
This module creates all possible combinations of boundary-
determining sets for each boundary-dependent variable. It
prompts the user to link each combination of boundary-
determining sets with a boundary-dependent set. For each
combination, the module displays n radio buttons, where n
is the total number of sets for the corresponding boundary-
dependent variable. In addition, the user is required to
choose a combination technique.

Module 6.1: generateBVATestCases and Module 6.2.:
generateECPTestCases. These modules create all possi-
ble combinations of boundary-determining sets. They then
match each combination with a boundary-dependent set
for each boundary-dependent variable, according to user-
defined associations and the combination technique spec-
ified in Module 5. Next, they link all combinations with
the independent variables. Finally, Modules 6.1 and 6.2
generate test cases.

IV. DEMONSTRATION OF THE TOOL

We will use the NextDate function to illustrate an appli-
cation of the tool. We follow the process of generating test
cases as introduced in Section III.

Maximum number of variables: 10
Please enter names of variables:

Variable 1 | Day
Variable 2 [ Month
Variable 3 [ Year
Variable 4 |
Variable 5
Variable 6
Variable 7
Variable 8
Variable 9

Variable 10

Submit Query

Figure 2. User Screen 1 - getVariables

Figure 2 displays User Screen 1 (getVariables), where
the user enters the variable names such as Day, Month, and
Year, then clicks "Submit Query".



Total number of varables: 3
Please enter relations between variables:

Variable 1 2 3
1. Day depends on a
2.Month  depends on a O O
3. Year depends on Od O O

Submit Query

Figure 3. User Screen 2 - getRelations

Figure 3 depicts User Screen 2 (getRelations), where the
user defines the relationships between the input variables.
For instance, Day is dependent on Month and Year.

Total number of variables: 3
Variables have the following functional dependencies:

{Day} depends on {Month, Year}
{Month} depends on no other variables
{Year} depends on no other variables

Number of Sets

Number of sets

Dependent Variables
Day

Determining Variables

Month
eu
Independent Variables =~ Number of sets
Testing technique ® BVA

O Ecp

Submit Query

Figure 4. User Screen 3 - getNumOfSetsAndTechnique

Figure 4 illustrates User Screen 3 (getNumOfSet-
sAndTechnique). This screen prompts the user to input
the number of possible sets for each boundary-dependent,
boundary-determining and independent variable. There is
no independent variable in this example. The testing tech-
nique is also chosen by the user.

« Day values can be categorized into four sets:

{Day: 1 < Day < 31}, {Day: 1 < Day < 30}, {Day:
1 < Day < 28} and {Day: 1 < Day < 29}.

Month values can be categorized into three sets:
{Month: Month has 31 days}, {Month: Month is
February with 28 or 29 days} and {Month: Month has
30 days}.

Year values can be categorized into two sets:

{Leap years: (Year mod 4 = 0 and Year mod 100 !=
0) or (Year mod 400 = 0)} and {Non-leap years: (Year
mod 4 != 0) or (Year mod 100 = 0)}.

If the BVA option has been chosen, User Screen 4
(getBounds) is displayed as shown in Figure 5. Here, the
boundary values {min, min+, nom, max-, max} for all
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Please enter the following bounds:

Independent Variables min min+ nom max- max+
Dependent Variables min min+ nom max- max+
Day [t J[2 ][5 J[s0 ][3 ]
Day: L 15 ][]
Days e ] ] ]
Day: [t ][z ][ [z ][22 |
Determining Variables min mint+ nom max- max+
Monthr [v ][5 J[7 J[w ][ |
Moot EIEZ Ik
Months [+ s J[o J[o ][ ]
Yeary [1904] [1908 | [1948 | [1996 | [2000 |
Yean [1900] [1901 | [1950 | [1998 | [1999 |
Figure 5. User Screen 4 - getBounds

the boundary-dependent and boundary-determining sets are
identified. If the ECP option has been chosen, User Screen
5 (getNoms) is displayed as presented in Figure 6. The
nominal values {nom} are specified for all the boundary-
dependent and boundary-determining sets.

Please enter the following nominal values:

Independent Variables nom

Dependent Variables nom

Day1
Day
Days
Days
Determining Variables nom

Monthi
Monthy
Months EI
Yeari
Yeary

Submit Query

Figure 6. User Screen 5 - getNoms

Figure 7 presents User Screen 6 (getSetRelationsAnd-
CombinationTechnique), where all possible combinations
of the boundary-determining variables are generated. Each
combination is linked to a boundary-dependent set. The
resulting sets are created for either BVA or ECP.
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A boundary value in
{determining variable set}
generates

A boundary value in
(dependent variable set}

=_—

For dependent variable {Day} - Total combinations: 6

{Month; Year;} ===> @ Day; ODay, ODays; O Dayy
{Month) Year;} ====> @ Day; ODay, ODays O Dayy
{Month, Year;} ====> O Day; ODay, ODay: © Dayy
{Month Year;} ===> ODay; ODay; ® Day; O Dayy
{Monthz Year;} ===> ODay; © Day, ODays O Dayy
{Month; Year;} ==—==> (ODay; ©®@Day, ODays O Dayy
Technique of i

conbin;ltion ® Exgzgfél €O Weak O Strong

Submit Query

Figure 7. User Screen 6 - getSetRelationsAndCombinationTech-
nique

{Month;,
{Month;,
{Month;,
{Month;,,
{Months;,
{Month;s, Year;, Day; }
BVA and Experience-based Combination: If the user
selects two options BVA and experience-based combination
and the boundary values collected as shown in Figure 5, test
cases generated as below. These test cases are identical to
the ones shown in [10].

Year;, Day; }
Year;, Day; }
Year;, Day, }
Year;, Day; }
Year;, Day; }

BVA and Experience-based Combination Set #1
{Month;, Year;, Day;}: (1, 1948, 15), (3, 1948, 15),
(7, 1948, 15), (10, 1948, 15), (12, 1948, 15), (7, 1904,
15), (7, 1908, 15), (7, 1996, 15), (7, 2000, 15), (7,
1948, 1), (7, 1948, 2), (7, 1948, 30), (7, 1948, 31).

BVA and Experience-based Combination Set #2
{Month;, Year;, Day;}: (1, 1950, 15), (3, 1950, 15),
(7, 1950, 15), (10, 1950, 15), (12, 1950, 15), (7, 1900,
15), (7, 1901, 15), (7, 1998, 15), (7, 1999, 15), (7,
1950, 1), (7, 1950, 2), (7, 1950, 30), (7, 1950, 31).

BVA and Experience-based Combination Set #3
{Month,, Year;, Days}: (2, 1948, 15), (2, 1948, 15),
(2, 1948, 15), (2, 1948, 15), (2, 1948, 15), (2, 1904,
15), (2, 1908, 15), (2, 1996, 15), (2, 2000, 15), (2,
1948, 1), (2, 1948, 2), (2, 1948, 28), (2, 1948, 29).

BVA and Experience-based Combination Set #4
{Month,, Year;, Days}: (2, 1950, 15), (2, 1950, 15),
(2, 1950, 15), (2, 1950, 15), (2, 1950, 15), (2, 1900,
15), (2, 1901, 15), (2, 1998, 15), (2, 1999, 15), (2,
1950, 1), (2, 1950, 2), (2, 1950, 27), (2, 1950, 28).

BVA and Experience-based Combination Set #5
{Months, Year;, Day,}: (4, 1948, 15), (6, 1948, 15),
(9, 1948, 15), (9, 1948, 15), (11, 1948, 15), (9, 1904,
15), (9, 1908, 15), (9, 1996, 15), (9, 2000, 15), (9,
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1948, 1), (9, 1948, 2), (9, 1948, 29), (9, 1948, 30).

« BVA and Experience-based Combination Set #6
{Month;s, Year;, Day,}: (4, 1950, 15), (6, 1950, 15),
(9, 1950, 15), (9, 1950, 15), (11, 1950, 15), (9, 1900,
15), (9, 1901, 15), (9, 1998, 15), (9, 1999, 15), (9,
1950, 1), (9, 1950, 2), (9, 1950, 29), (9, 1950, 30).

BVA and Weak Combination: If the user selects BVA and
weak combination options and enters the boundary values
as shown in Figure 5, test cases generated as below.

BVA and Weak Combination Set #1 {Month;, Year;,
Day;}: (1, 1904, 1), (3, 1908, 2), (7, 1948, 15), (10,
1996, 30), (12, 2000, 31).

BVA and Weak Combination Set #2 {Month;, Year,,
Day;}: (1, 1900, 1), (3, 1901, 2), (7, 1950, 15), (10,
1998, 30), (12, 1999, 31).

BVA and Weak Combination Set #3 {Month,, Yeary,
Days}: (2, 1904, 1), (2, 1908, 2), (2, 1948, 15), (2,
1996, 28), (2, 2000, 28).

BVA and Weak Combination Set #4 {Month,, Year;,
Daysz}: (2, 1900, 1), (2, 1901, 2), (2, 1950, 15), (2,
1998, 27), (2, 1999, 28).

BVA and Weak Combination Set #5 {Month;, Year),
Day,}: (4, 1904, 1), (6, 1908, 2), (9, 1948, 15), (9,
1996, 29), (11, 2000, 30).

BVA and Weak Combination Set #6 {Months, Year,,
Day;y} :(4, 1900, 1), (6, 1901, 2), (9, 1950, 1), (9,
1998, 29), (11, 1999, 30).

BVA and Strong Combination: If BVA and strong com-
bination options are selected and the boundary values are
collected as shown in Figure 5, test cases generated as
below.

o BVA and Strong Combination Set #1 {Month;, Year,
Day;}: (1, 1904, 1), (1, 1904, 2), (1, 1904, 15), (1,
1904, 30), (1, 1904, 31), (1, 1908, 1), (1, 1908, 2), (1,
1908, 15), (1, 1908, 30), (1, 1908, 31), (1, 1948, 1),
(1, 1948, 2), (1, 1948, 15), (1, 1948, 30), (1, 1948, 31),
(1, 1996, 1), (1, 1996, 2), (1, 1996, 15), (1, 1996, 30),
(1, 1996, 31), (1, 2000, 1), (1, 2000, 2), (1, 2000, 15),
(1, 2000, 30), (1, 2000, 31), (3, 1904, 1), (3, 1904, 2),
(3, 1904, 15), (3, 1904, 30), (3, 1904, 31), (3, 1908,
1), (3, 1908, 2), (3, 1908, 15), (3, 1908, 30), (3, 1908,
31), (3, 1948, 1), (3, 1948, 2), (3, 1948, 15), (3, 1948,
30), (3, 1948, 31), (3, 1996, 1), (3, 1996, 2), (3, 1996,
15), (3, 1996, 30), (3, 1996, 31), (3, 2000, 1), (3, 2000,
2), (3, 2000, 15), (3, 2000, 30), (3, 2000, 31), (7, 1904,
D), (7, 1904, 2), (7, 1904, 15), (7, 1904, 30), (7, 1904,
31), (7, 1908, 1), (7, 1908, 2), (7, 1908, 15), (7, 1908,
30), (7, 1908, 31), (7, 1948, 1), (7, 1948, 2), (7, 1948,
15), (7, 1948, 30), (7, 1948, 31), (7, 1996, 1), (7, 1996,
2), (7, 1996, 15), (7, 1996, 30), (7, 1996, 31), (7, 2000,
1), (7, 2000, 2), (7, 2000, 15), (7, 2000, 30), (7, 2000,



31), (10, 1904, 1), (10, 1904, 2), (10, 1904, 15), (10,
1904, 30), (10, 1904, 31), (10, 1908, 1), (10, 1908,
2), (10, 1908, 15), (10, 1908, 30), (10, 1908, 31), (10,
1948, 1), (10, 1948, 2), (10, 1948, 15), (10, 1948, 30),
(10, 1948, 31), (10, 1996, 1), (10, 1996, 2), (10, 1996,
15), (10, 1996, 30), (10, 1996, 31), (10, 2000, 1), (10,
2000, 2), (10, 2000, 15), (10, 2000, 30), (10, 2000,
31), (12, 1904, 1), (12, 1904, 2), (12, 1904, 15), (12,
1904, 30), (12, 1904, 31), (12, 1908, 1), (12, 1908,
2), (12, 1908, 15), (12, 1908, 30), (12, 1908, 31), (12,
1948, 1), (12, 1948, 2), (12, 1948, 15), (12, 1948, 30),
(12, 1948, 31), (12, 1996, 1), (12, 1996, 2), (12, 1996,
15), (12, 1996, 30), (12, 1996, 31), (12, 2000, 1), (12,
2000, 2), (12, 2000, 15), (12, 2000, 30), (12, 2000,
31).

Similarly, BVA and Strong Combination Set #2
{Month;, Year;, Day;}, BVA and Strong Combina-
tion Set #3 {Month;, Year;, Day,}, BVA and Strong
Combination Set #4 {Month,, Year;, Daysz}, BVA and
Strong Combination Set #5 {Months, Year;, Day,},
BVA and Strong Combination Set #6 {Month;s, Year>,
Day,} are created using the Cartesian product of the
corresponding sets.

ECP and Weak Combination: If the user selects ECP and
weak combination options and enters the nominal values as
shown in Figure 6, test cases generated as below:

ECP and Weak Combination Set #1 {Month,,
Day;}: (7, 1948, 15).
ECP and Weak Combination Set #2 {Month,,
Day;}: (7, 1950, 15).
ECP and Weak Combination Set #3 {Month;,
Days}: (2, 1948, 15).
ECP and Weak Combination Set #4 {Month;,
Daysz}: (2, 1950, 15).
ECP and Weak Combination Set #5 {Month;,
Day;y}: (9, 1948, 15).
ECP and Weak Combination Set #6 {Month;,
Day;}: (9, 1950, 15).

The process of generating test cases using the tool offers
a variety of paths designed to provide flexibility in the
choice of testing and combination techniques. Adaptive
design allows the tool to adjust its behavior, process, and
interface according to the user’s needs. Exhaustive testing is
not possible. In addition, each test case adds to the cost of
testing. Therefore, the user may need a suitable technique
to choose a subset of all the combinations.

o Year,,
Years,
Year,
Year,

Year;,

Year;,

The ECP technique allows the user to need less effort to
collect input values and reduce the number of test cases to
be executed due to just selecting one representative value
from each equivalence class (subset) as test data. When the
ECP and Weak Combination option is chosen, a minimal
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set of six test cases is created for six possible combinations
of the boundary-determining variables. One variable value
is selected from each equivalence class (one Day;, Month;,
and Year;) such that all classes are covered. However, the
ECP option ignores testing boundary values.

On the other hand, the BVA technique focuses on testing
the boundary or edge values of input ranges and thus needs
a greater number of test cases. To test every boundary value
at least once, we need five test cases {min, min+, nom,
max-, max} from each equivalence class. When the BVA
and Weak Combination option is chosen, a set of thirty
test cases is created for six possible combinations of the
boundary-determining variables. These test cases are good
enough to cover all equivalence classes and all boundary
values. Therefore, the BVA and Weak Combination option
may be more cost-effective than the BVA and Experience-
based Combination option (used in the original algorithm)
and BVA and Strong Combination option.

V. CONCLUSION

This paper addresses some limitations on the testing case
design algorithm using a divide-and-rule approach in terms
of advancement to increase the flexibility of the algorithm.
The core idea is that the extended algorithm considers
the integrated use of BVA, ECP and different combination
techniques. Applying the extended algorithm described in
this paper allows a user more options in selecting input
values and output test data sets. This may reduce the cost
of testing. The tool for automated test case generation was
developed in C# language and can be effortlessly utilized
by navigating the user interface and supplying the required
inputs. Currently, the extended algorithm supports test case
generation from numerical values. As a future direction, we
plan to employ this algorithm to verify a mixing of different
data types such as Boolean, numeric and string variables.
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