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ABSTRACT
This paper presents TestFul, an Eclipse plugin for the generation of tests for Java classes. It is based on the idea
of search-based testing, working both at class and method
level. The former puts objects in useful states, used by the
latter to exercise the uncovered parts of the class.
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D.2.5 [Software Engineering]: Testing and Debugging
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1.

INTRODUCTION

TestFul proposes an innovative approach for the (semi)
automatic generation of unit tests for Java classes based
on search-based approaches [8]. The generation of tests is
seen as a search problem, and thus it is tackled through
search-based algorithms (e.g., random, hill climbing, evolutionary computing). Initially these approaches were developed for procedural software, and only recently they have
been adapted to cope with object-oriented systems [9, 13].
Object-oriented systems are particularly tedious when we
want to test their features. One must put the objects in
proper states and provide the correct values for the input
parameters of the functions under test. For this reason, the
tests for object-oriented systems are conceptually composed
of two parts: the first creates the desired state of the object/system, while the second exercises the actual behavior.
Traditional search-based approaches do not take in account the internal states of objects, even if they explicitly
target stateful systems. Reaching a proper configuration of
the objects’ state can be expensive, but we must consider
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that we do not need to create a new, dedicated state for
each feature we want to exercise. The same state (configuration) can enable different features, and new interesting
states can be reached from known ones. This means that a
smart test generation solution must reuse known states for
testing as many features as possible, and it must also exploit
the newly obtained configurations to exercise other features.
These are the underpinnings of TestFul [10, 1]. It exploits
the internal state of objects to drive the exploration of the
search space (i.e., of all the possible tests). TestFul uses
both statement and branch coverage on the class under test
(CUT) and combines an evolutionary algorithm with a hill
climbing to work respectively at class and method level. The
former puts objects in useful states, used by the latter to
exercise the uncovered parts of the class.
The main features of TestFul are:
• It proposes a (semi-) automated approach: the user
is only asked for a few data used to augment the efficiency of the approach.
• It is tailored to object-oriented systems, since it
capitalizes sequences of operations able to put objects
in complex states. Instead, other works might waste
some effort by applying the divide et impera paradigm
and by focusing on different structural elements separately.
• It employs a hybrid multi-objective evolutionary algorithm to generate the best tests for a given
class. Other works either do not use any kind of guidance (i.e., random testing), or they only use the information gathered from the control-flow graph.
The first experiments confirm the validity of the approach.
We compared TestFul with state of the art approaches on
an independent benchmark, and our solution was able to
generate tests able to reach higher statement and branch
coverages than the others.
This paper presents the first release of the tool called TestFul, which is an Eclipse plug-in available as an open source
project at http://code.google.com/p/testful.

2.

KEY PRINCIPLES

At the beginning, TestFul analyzes the class under test
to figure out all the classes that might be involved in the
test (test cluster ). This is done by considering the CUT
and by transitively including the types of all parameters of
all public methods and constructors. Since abstract classes

and interfaces can be used as formal parameters, TestFul
also considers the additional classes specified by the user.
For each type contained in the test cluster, TestFul creates
a set of variables. To enable polymorphic behavior, it stores
an object of type A either in a variable of the same type or
in a variable whose type is an ancestor of A (i.e., A’s superclasses or interfaces implemented by A). Conversely, when
an object is selected from a variable of type A, it may be an
instance of A or of one of its sub-classes.
TestFul renders any test for the CUT by using a sequence
of operations on those variables. Each test starts from a
clean environment, in which all variables are not initialized;
each operation can both use the variables as actual parameter and store the result in a variable. A test is rendered by
using three kinds of operations:
• assignment assigns a primitive value —i.e., boolean,
byte, integer, long, float, double— to a variable.
• object creation creates an object by calling one of
the constructors, using variables as actual parameters,
and stores the created object in a variable.
• method invocation invokes a method, using variables as receiving object and actual parameters. If
the method returns a non-void value, it is stored in a
variable (or it is discarded). Note that if the method
mutates the state of some objects, these changes affect
subsequent operations.
Through this structure, TestFul randomly generates some
tests, which are then evolved using search-based techniques
towards the optimal ones. For this purpose, TestFul works
both at class and method level, and uses respectively an
evolutionary algorithm and a hill climb.
The former focuses on the whole class, seeking for a test
able to put objects in interesting states. To recognize these
states, we use the level of structural coverage (both statement and branch coverage) achieved by the test as heuristic.
The higher it is, the better the test is able to exercise the
class, and put objects in interesting states. The evolutionary algorithm uses this information as guidance to drive the
recombination of tests (i.e., their sequences of operations).
The latter drills down through the conditions contained in
the different methods. Its goal is to cover branches never exercised before and test features not executed yet. We only
consider conditional statements already exercised, and we
target one of the branches never taken. The condition associated with the selected branch is already evaluated by the
original test, hence we let our approach to save on effort.
The original test may contain operations that exercise features that have no impact on the selected branch. To converge faster, we reduce the test by pruning these operations.
This is achieved by using information regarding the type of
each method, its violations of the information hiding principle, and its side-effects.
As for types, a method can be: a mutator, when it may
change the object’s state (this is the default value), a worker,
when it does not change the state, but it may perform
some additional computations, an observer, when it does
not change the state and does not perform any additional
computation, or a static, when it does not belong to any
object.
A method can violate the information hiding principle by
exposing parts of its internal state, as done in the first two

class NoHiding {
private List state;
public void setState(List list) {
this.state = list;
}
public List getState() {
return this.state;
}
public static copy(List from, List to) {
to.addAll(from);
}
}

Figure 1: A class with particular methods.

methods of the class of Figure 1. In this example, the user
should specify that method getState exposes the object’s
state and also that the parameter of setState becomes part
of the state.
Moreover, a method can embed side-effects on its parameters by mutating their state or by exchanging part of them
(e.g., method copy of Figure 1). The user can specify them
by using the wizard to set the properties of the method’s
parameters.
Note that this information is not used directly during the
test generation process. Moreover, if that information is
missing or incorrect, the quality of the result is preserved,
but TestFul may take longer to generate good tests.
The search process randomly changes the test, executes
it, monitors the condition that controls the selected branch,
and calculates:
8
< +∞ ↔ condition not executed
−∞ ↔ target branch executed
distance(a⊕b) :=
: |a − b| ↔ otherwise
Where a ⊕ b is the selected condition, a and b are constants,
local variables, or field variables, and ⊕ is an admissible
relational operator. This distance (its minimum value, if the
condition is executed multiple times) is used as guidance for
the search algorithm.
If the search process is successful, the generated test has
an improved structural coverage. The evolutionary algorithm that works at class level recognizes this and uses it as
new starting point to reach even higher structural coverages.

2.1

Implementation

TestFul is fully implemented in Java. Its internal architecture is modular, to allow one to easily integrate new coverage
criteria, and organized around three modules: the instrumenter, the test generator, and the Eclipse GUI.
The instrumenter exploits SOOT [12] to statically analyze the class under test and insert the tracking code used
to measure statement coverage, branch coverage, and the
distance between the actual values used to evaluate the condition and those needed to reach a branch.
The test generator implements the TestFul approach. It
is based on jMetal ’s evolutionary algorithm [6]. It uses the
Java class-loading facility to load the instrumented classes
and ensure isolation among concurrent evaluation of tests.
The Eclipse GUI integrates TestFul with the Eclipse
Java Development Tool to provide users with a standard
development environment, and improve their user experience.

Figure 2: Class diagram of the use case.

3.

EXAMPLE

To exemplify how the tool (approach) works, we consider
a class Triangle (Figure 2) that renders triangles in an euclidean space. Even if this is a simple class, and the tool
accepts more complex ones, it owns all the elements to explain the key features of TestFul.
The class’ constructor wants three Points as parameters,
that is, the three vertexes of the to-be-created triangle, and
throws an exception if one of the parameters is null or they
do not satisfy the triangular inequality. The class also provides methods to check whether a given triangle is equilateral, isosceles, or scalene, and to compare two triangles.
The class uses interface Point to render its vertexes; this
interface offers a method to calculate the distance between
two points. Classes Point2D and Point3D implement the
interface in a two- and three-dimensional space, respectively.
To create a test for the class, we exploit the Eclipse GUI
and right-click on the class under test (CUT) in the package view. The first step of the wizard (Figure 3) shows on
the left-hand side all the classes belonging to the test cluster. TestFul checks the validity of the test cluster, that is,
whether if it can create an instance of every class in the list
to used as formal parameter of methods or constructors. In
the example, the constructor of Triangle depends on interface Point, but TestFul is not able to create any instance of
that type. For this reason, the wizard reports an error and
asks the user for concrete implementations of the interface
draw.Point. Consequently, we can add both draw.Point2D
and draw.Point3D to check whether one can mix different
coordinate systems in a single triangle. Moreover, the users
can inspect each class and modify the properties associated
with its methods and constructors. They can set the type of
the method, its violation of the information hiding principle,
and its side-effects on parameters.
As soon as the specification step is complete, and sufficient
instances can be created, the tool instruments the classes to
insert some tracking code. This will allow TestFul to gather
information about the behavior of the class under test (e.g.,
to measure branch coverage).
Finally, the users can set some constraints on the generation process. Default values are always feasible and safe, but
for example the actual generation may take too long. This
is why, given the simplicity of class Triangle, we decided to
allow the tool to run for a couple of minutes.
The generation is done in a background process, and does
not forbid the users to work on the other classes of the

Figure 3: TestFul wizard.

project in the meanwhile. Once the tests are ready, they
are saved in a project’s sub-directory as jUnit tests (a test
fragment is reported in Figure 4). Users can review them
manually or through some automatic tools, or they can use
them directly to ensure that newer versions of the class comply with the current implementation (i.e., to perform regression testing).
i_1 = 6;
i_3 = -1356361227;
p_3 = new draw.Point3D(i_1, i_1, i_3);
p3d_2 = new draw.Point3D();
assertEquals(1356361227.0,
p3d_2.getDistance(p_3));
p_2 = null;
try {
t_0 = new Triangle(p_1, p_2, p_3);
fail("Expecting a java.lang.Exception");
} catch (java.lang.Exception e) {
assertEquals("The point cannot be null",
e.getMessage());
}
Figure 4: Extract of the generated test.

4.

RELATED WORK

As for search-based techniques for the generation of functional tests, we must start with random testing [4, 5], which
is probably the most famous approach. It employs a very
simple technique since it performs a random sequence of invocations on the system under test. Notwithstanding its
simplicity, random testing can be as effective as other traditional approaches [3]. When failures are detected, random
testing tools are able to provide witnesses, which are sequences of operations able to reveal the failure.
To augment effectiveness, some works [9] also propose
adaptive random testing (ART) to ensure that generated values are equally distributed over the input domain [2]. The
idea is that the more distant those values are, the better they

reveal failures. However, empirical studies show that ART
tools do not discover failures earlier; instead, they reveal a
different set of failures.
Other approaches, such as [11], enhance traditional random testing with taboo-search or guided generation techniques since the search process is directed towards the satisfaction of a goal.
Focusing on structural testing, the goal is to maximize
the coverage for a given criterion (e.g., all branches in the
system). McMinn [8] detects two ways to tackle the problem: coverage-oriented and structure-oriented approaches.
The former rewards the tests that cover more structural elements. For example, Watkins [14] tries to achieve full path
coverage on stateless systems, but his solution is not able to
provide enough guidance to the search process, and thus it
is not able to achieve good results. The latter tackles each
uncovered structural element identified by the coverage criterion separately [7]. Before applying the search algorithm,
the system under test is analyzed to select the set of structural elements of interest. Then, the algorithm selects one
of these structural elements and uses a search algorithm to
generate a test able to reach it.
These proposals work on stateless systems: they consider
a single function invocation and generate the input parameters to reach the selected structural element. In contrast,
Tonella [13] focuses on object-oriented systems, and for each
branch of the class under test, he searches for a sequence of
operations able to prepare the state of objects and exercise
the selected branch. His work does not capitalize the state
of objects: the fitness function is the same as that used by
the approaches that operate on stateless systems, and when
a new branch is targeted, the search process re-starts from
scratch.
We also compared TestFul against some of these approaches able to work on stateful systems [1], namely jAutoTest (a
version of AutoTest [9], developed for Java), randoop [11],
and etoc [13]. Figure 5 summarizes the main results, measured in terms of branch coverage. Even with a limited
amount of time, TestFul outperforms the other approaches
and generates tests with higher branch coverage. Note that
TestFul would generate even better tests if it were run longer.

Figure 5: TestFul vs. the state of the art.

5.

CONCLUSIONS

This paper introduces TestFul, a search-based framework
for the automatic test generation for Java classes. TestFul
generates tests by working at two levels. The first level is
designed to recognize and reuse useful state configurations.
The second level exploits these objects’ states to reach uncovered branches, which in turn may put objects in new
states. Despite its efficacy, TestFul is simple and effective.
It proficient use does not require particular training.
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