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Abstract:

Automated test data generation is a challenging
task in software engineering research. Despite
all the advancement, software testing continues
to be the most time and resource consuming
aspect of software development. One aspect of
Automated Testing is generation of test data for
each predicate involved in the Unified Modeling
Language (UML) diagram of the modeled
software. The test data generation also needs to
consider the dependencies of each predicate on
other constraints in the model. In this paper, a
new algorithm called
Slicing_for_Testcase_Generation (STCG), based
on slicing, is proposed for automatic test data
generation. Our approach is based on
construction of sets by considering the program
dependencies which is more efficient compared
to the traditional path approach. Depending
upon the program dependencies for a given
predicate, we obtain a slice for it i.e., for a given
model and predicate our approach efficiently
generates test cases by considering only the
relevant constraints present in the model. The
implementation of our approach is presented and
experiments were carried out for various UML
diagrams. Our experimental results show that
the proposed approach is an efficient one than
the traditional path approach.

1. Introduction:

Specification, design, implementation, testing,
and maintenance are the main activities in any
software development life cycle. Model checking
of software programs has two goals: one is the
verification of correctness of the software. The
other is the discovery of errors in faulty software.
However, despite the importance and the many
resources and man-hours invested by industry
(about 30% to 50% of development effort),
testing remains quite ad hoc and error prone
[5].Testing activities are often considered to be

the most expensive, and are crucial for
establishing confidence in the software [1].
Testing can be done at an early stage in the
development process so the developer will often
find inconsistency and ambiguity in the
specification.

Testing activities consist of designing test cases
that are a sequence of inputs, executing the
program with test cases, and examining the
results produced by this execution [11]. Test case
generation is vital part of testing activity. Test
case generation is based on evaluation of a
predicate i.e. the constraint under consideration,
to generate test data satisfying the applicable
constraints [10]. Test data are developed for the
model using randomly generated values of input
variables. A test or test case is a general software
artifact that includes test case input values,
expected outputs for the test case, and any other
inputs that are necessary to put the software
system into the state that is appropriate for the
test input values. Test cases are usually derived
from software artifacts such as specifications,
design or the implementations.

The Unified Modeling Language (UML) [4] is a
language for specifying, visualizing,
constructing, and documenting the artifacts of
software systems. It is also used for business
modeling and other non-software systems [3].
The UML represents a collection of engineering
practices that have been used to model large and
complex systems [4]. As a semi-formal modeling
language, UML is widely used to describe
analysis and design specifications by both
academia and industry, thus UML models
become the sources of test generation naturally
[2].

Path-oriented approach [6] for testing is based on
the combination of symbolic execution and
constraint solving. Methods for representing
expressions and path conditions are used in this
approach. The Depth first search (DFS) or
Breadth first search (BFS) is
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the basis of test case generation in this approach.
However this approach is not very efficient. The
goal is to find values for input variables such that
a terminal state can be reached. If successful,
input test data are found (which might reveal a
bug in the model of the software) [6]. The other
approach for the test case generation involves
concept of Slicing [7]. The concept of program
slices was first introduced by Weiser [7]. A static
slice consists of those parts of program that
directly or indirectly affects the value of variable
selected at some point of interest. The variable
along with point of interest is known as slicing
criteria [8]. Korel and Laski [9] introduced the
concept of Dynamic Slicing.

A dynamic program slice contains only those
statements that actually affect the value of a
variable at a program point for a given execution.
The approach proposed in this paper extends the
concept of Slicing for test data generation.
Slicing in Test Case Generation involves
construction of Dependency Graph [12], which
considers the dependency of each predicate in
the modeling diagram of the Software to be
tested. The proposed algorithm, STCG
determines these dependencies. This algorithm
finds out all the dependencies in the diagram in
one pass by grouping all the depending
conditions in similar set while parsing the UML
model of the software to be tested. The main
advantage of our algorithm is that it generates
test data much faster as compared to path
approach [6] of generating test cases.

The rest of the paper is organized as follows. In
section 2, the basic terminology and definitions
are presented. The proposed algorithm is
discussed in detail in section 3. In section 4, we
compare the Path approach using Depth First
Search (DFS) technique with our STCG
Algorithm. We have shown that the algorithm
finds precise dynamic slices, and that it is more
time efficient than the existing algorithm
involving path approach. The implementation
details of the algorithm are discussed in section
5. Section 6 presents experimental results of our
analysis which is applied on different UML
diagrams. A detail time analysis is also provided
to support our work. Conclusions and future
works are discussed in section 7.

2. Basic Definitions:

This section discusses the basic definitions that
are used in this paper.

Boundary values: Boundary values refers to the
set of values for the variables in a predicate such

that any change in the value of any variable in
one direction makes the predicate false while
value in other direction satisfies the predicate.
For example if x<5 is the predicate, which is
satisfied when value of x is less than 5. x=4 is
the boundary value since increasing the value of
x violates the condition while decreasing the
value satisfies it. Boundary values are generated
randomly to automate the test case generation.
To obtain the boundary value from randomly
generated initial value, minimization technique is
used.

Test case generation: It refers to finding two set
of values for the variables in a Predicate P, such
that one set satisfies the predicate and another
does not. The values set satisfying the predicate
should be boundary values and the set not
satisfying the predicate should differ from the set
satisfying the predicate only in the value of one
variable by one.

Constraints: These are the mathematical
condition which determines the transition from
one node to other in the UML [4] diagram of
Software. Conditions may be combined using
AND, OR to furnish complex constraints. Nodes
in the diagram may be Object, State, Function,
Class depending upon the UML [4] diagram. To
move from one node to other constraint must be
fulfilled.

Predicate: Predicate is a mathematical condition
or expression present in the transition from one
state to another or itself. For each predicate test
case is to be generated satisfying predicate itself,
and other depending constraints on which it
depends.

Notes: These are the mathematical definitions of
variables. Notes are used to define unknown
variables or redefine known variables. For
example in x=y+z+5, x is being defined in terms
of y and z.

Independent variable: A variable whose value
does not depend on the value of other variables.
More the number of independent variables in the
predicate, faster is the generation of test cases as
number of depending constraint on predicate is
less.

Slice: Specific part of the path which contains
the constraints on which, the predicate under
consideration depends directly or indirectly.

3.1 Functionality of Slicing for Test Case
Generation (STCG) Algorithm:

In this section, we discuss a new slicing
algorithm called STCG algorithm for finding
dependencies. The STCG algorithm is given in



Table 1 and the functionality of the algorithm is
discussed below.

Initially the condition set or constraint set C and
notes (expressions) set N are null. The graph or
modeled diagram is traversed to reach the
predicate and the constraints encountered on the
way are stored in the constraint set C and notes
in the notes set N. Let for a particular predicate P
(for which test data is to be generated) the
constraint set C = {Cl, C2, C3 ....... , Cn} and
the notes set N = {NI, N2, N3 ....Nn}. The
notes in the set N are replaced in the conditions
and the predicate so that the predicate P’ and the
condition set C' = {C1’, C2', ........, Cn'} are
obtained. Now we apply the STCG algorithm to
form a set of only those constraints on which the
predicate depends. This set forms the group of
the constraints that must be satisfied in order to
generate the test cases for the predicate P.

For making groups or sets, we start with the first
condition C1' in C'" and determine the variables
in the condition. The variables along with the
condition constitute the first group G1. Now the
second condition C2' in the set C' is taken and
variables in the condition are determined. If any
of the variables contained in C2’ is present in the
set of variables of group G1, the variables of C2'

are added to the set of variables of G1 and the
condition C2' is added to the set of conditions of
the group Gl1. If none of the variables of the
condition C2' is same as the set of variables of
the group G1, a new group G2 is formed. The set
of variables of G2 contains the variables of the
condition C2' and the set of conditions contain
the condition C2'. Likewise for each condition
Cm in the set of conditions C’, if any of the
variable present in the condition Cm is also
present in the set of variables of any of the
groups, the variables are added to the set of
variables of the group and the condition is added
to the set of conditions of the group. If the
variables determined from the condition Cm are
present in more than one group, the groups are
merged to form a new group. The process is
repeated for each condition Cm in the condition
set C'.

The variables contained in the predicate P’ are
determined and the set of conditions of the
groups whose set of variables contain at least one
variable of P’ form the set of relevant conditions
R for the predicate P'. This set of relevant
conditions R is the set of conditions which are to
be satisfied in order to generate the test case for
the predicate P’.
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Table 1: Slicing for Test Case Generation (STCG) Algorithm




The condition set of R contains the constraints
on which P is dependent. Now random values
are generated for the variables contained in P’
and the conditions in the condition set of R.
These values are manipulated to obtain the
boundary values satisfying the conditions in the
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condition set of R and predicate P'. These values
give the required test case.
3.2 lllustration of the STCG algorithm:

We illustrate working process of the STCG
algorithm with an example. Consider the state
diagram of the Figure 1.
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Figure 1- Sample State Diagram

Initially the condition set C and the notes set N
are null. As we traverse the state diagram to
reach a predicate, we add the conditions to the
set C and notes to the set N. For transl8 in
Figure. 1, the predicate is j+n>100. For this
predicate the condition set C is { n>20, >0,

a+n<0, 0*d<=100, e+p<=200,>10, q+i<100, e-
>0, r<0, h+f+b<200} and the notes set N is {
I=a+m, o=b+c, p=f*g+20, q=h+20, r=j*k}. The
notes are replaced in the conditions of set C and
predicate to obtain the condition set C' as {n>20,
a+m>0, a+n<0, b+c+d<=100, e+f*g<=180, £>10,

(p=F"g+20)



h+i<80, e-g>0, j*k<0, h+f+b<200} and the
predicate P’ is j+n>100. Now using the STCG
algorithm, the groups are made. The first
condition in the set C' is n>20. The first group is
formed with variable set containing the variable
n and the condition set containing the condition
n>20. Now the second condition in the set C’ i.e.
a+m>0 is taken up. As none of the variables in
this condition is common to the existing variable

set, a new group is formed containing the
variables a and m. The corresponding condition
set contains the condition a+m>0. The third
condition is the set C' is a+n<0. The two groups
are merged to form a new group because the
variables in the condition a+n<0 are contained in

two groups.
b+c+d<=100 and e+f*g<=180.

Condition Variable Set Condition Set
n>20 n n>20
a+tm>0 n n>20
a, m a+m>0
atn<0 n, a, m n>20, a+m>0, a+n<0
b+c+d<=100 n,a, m n>20, a+m>0, a+n<0
b,c,d b+c+d<=100
e+f*g<=180 n,a, m n>20, a+tm>0, a+n<0
b,c,d b+c+d<=100
e,fg etf*g<=180
=10 n,a, m n>20, a+m>0, a+n<0
b,c,d b+c+d<=100
e,f,g e+f*g<=180, £>10
h+i<80 n, a, m n>20, a+m>0, a+n<0
b,c,d b+c+d<=100
e,fg e+f*g<=180, £>10
h, i h+i<80
e-g>0 n,a, m n>20, a+tm>0, a+n<0
b,c,d b+c+d<=100
e,f,g e+f*g<=180, £>10, e-g>0
h, 1 h+i<80
71%k<0 n,a, m n>20, a+m>0, a+n<0
b,c,d b+c+d<=100
e,f, g et+f*g<=180, £>10, e-g>0
h, i h+i<80
Ik j*Kk<0
h+f+b<200 n,a, m n>20, a+m>0, a+n<0
b,c,d,e f, g h i b+c+d<=100, e+f*g<=180, £>10, e-g>0, h+i<80
1k j*k<0

Table 2: Illustration of the STCG Algorithm

Two new groups are formed as none of the
variables are common with the existing groups.
The next condition in the set C' is £>10. The
variable f is already present in a group so it is
added to the set of variables of that group and the
condition is added to the set of conditions. The

The next two conditions are

next condition is h+i<80. As neither of h and i is
present in any of the groups, a new group is
formed. The condition e-g>0 is merged with the
group with variable set {e,f,g} as the variables
are already present in the group. The next
condition is j*k<0 and one more new group is



formed. The last condition is h+f+b<200. As the
variables contained in the condition h+f+b<200
are contained in three different groups, these
three groups are merged to form a new group as
shown in the Table 2 above. Now we have
formed groups using the STCG algorithm, we
take up the predicate P’. The predicate P’ is
j+tn>100. The wvariables contained in the
predicate P’ are j and n. The variable n is present
in the first group and the variable j is present in
the third group of the Table 2. Hence the relevant
conditions for the predicate P’ will be the
condition sets of both the groups. The relevant
conditions for the predicate P’ are n>20,
a+m>0,a+n<0, j*k<0.

Once the relevant conditions for a predicate are
found, random values are generated for the
variables {n, a, m, j, k}. These values are bought
nearer to the boundary value by reduction of its
range. The boundary values thus found is the test
case generated.

4. Comparison with DFS approach

STCG algorithm for making groups for finding
the test cases is an efficient approach than the
DFS or path approach. In Figure 1, the set of
constraint C' for the predicate P' (j+n>100) is
{n>20, atm>0, a+n<0, b+ct+d<=100,
etf*g<=180, f>10, h+i<80, e-g>0, j*k<O0,
h+f+b<200} when DFS approach is used,
whereas in case of slicing it is {n>20, atm>0,
atn<0, j*k<0}. The random values will be
generated satisfying the conditions in the
constraint set of given predicate P’ for the
variables {a, b, ¢, d, e, f, g, h, i, j, k} in case of
DFS approach in contrast to {n, a, m, j, k} in
case of slicing approach. As we can see that the
number of variables in case of DFS approach is
more than the number of variables in the slicing
algorithm, more random values generation is
amounting to more time. As the number of
conditions in DFS approach is greater than the
slicing algorithm, more constraint checking and
mathematical evaluation is involved. Hence the
slicing algorithm is more time efficient
compared to the DFS approach. This is further

enforced by the experimental results obtained
after implementing both the algorithms for the
various UML diagrams in the same environment
in the section to follow.

5. Implementation Details:

We have implemented our STCG algorithm as
well as the traditional path approach in JAVA.
The implementation involves parsing of the
Extensible Markup Language (XML) file of the
corresponding UML diagram. To achieve this,
the Document Object Model (DOM) Application
Programming Interface (API) of the JAVA is
used. For modeling in UML we have used the
Magic Draw [13] tool. The corresponding XML
codes for the diagrams were also generated by
the tool itself. By parsing the XML file we can
retrieve all predicates, conditions (constraints),
notes and other related information. The time
requirements of general path approach and STCG
algorithm were calculated and compared for
various UML Statechart, Activity, Collaboration
and Sequence diagrams [15]. The STCG
Algorithm was found to be much more time
efficient as compared to the path approach where
the relevant conditions are not extracted from the
set of conditions before the generation of final
test data.

6. Experimental Results:

A prototype is developed for generating test
cases for various UML models. Experiments
results show that STCG is more time efficient,
practical and useful than Path model. All UML
diagrams are constructed using MagicDraw [13].
These experiments were executed on a Pentium-
based machine with 512MB RAM running
Windows-XP, professional edition (Microsoft
Corporation) Operating System. We also built a
test execution module for automatically
generating  test cases  without  human
intervention. A result summary for few
experiments is presented in Table 3 and Table 4.



Test | Time in ms | Time in ms using

No. | using Path | STCG Algorithm
Approach.

1 215.83 156.50

2 228 190

3 242 175.30

4 245 193.6

5 232.3 187.2

Table 3: Time analysis for sequence diagram

7. Conclusion and Future work:

In this paper we proposed a new algorithm called
Slicing_for Testcase Generation (STCG) for
Test Case Generation from an UML diagram.
We have shown that this algorithm is more time
efficient as compared to the general DFS
Approach. The implementation of our algorithm
for various UML diagrams proves that it more
efficient compared to the Path approach using
DFS technique, irrespective of the type of UML
diagram. Also the STCG algorithm’s efficiency
increases with the complexity of the UML
diagrams since the number of constraints
required to be satisfied is enormously large. In
such situations, our proposed STCG algorithm
works in an efficient manner due to the
consideration of relevant conditions only. Such a
kind of functionality is not taken care in path
approach, which results in time penalty.

As part of future work we would like to build a
complete UML testing tool with the help of our
approach for the test case generation part.
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