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Abstract-The

classification

tree

methods

allows

for

the

automated test suite generation for given test objects. The
important generation of test sequence can only be done manually.
In this paper, we present an approach to use classification trees
for test sequence generation. We will use existing approaches, e.g.
from the field of researches on state machines. First results from
our work are presented in this paper, including new dependency
and generation rules.
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I.

INTRODUCTION

The classification tree methods [ 1], together with some tool
support [2], allows for the automated test suite generation for
given test objects. It allows the generation of simple test cases
only, which do not consider sequences of test inputs.
Nevertheless, many applications require test cases which are
composed by many sequential steps, so called test sequences.
The important generation of test sequence can only be done
manually. In this paper, we present an approach to use
classification trees for test sequence generation. First results
from our work are presented in this paper.
II.

STATE OF THE ART

Classification tree method is introduced in [ 1]. The method
bases on the category partition method introduced in [3].
The classification tree method describes a systematic
approach to test case design. It consists of three steps: the
definition of the system under test, the definition of constraints
and the selection of test cases. In the first phase, all aspects of
interests and their disjoint values are identified. Aspects of
interests, also known as parameters, are called classifications;
their corresponding parameter values are called classes.
Any system under test can be described by a set of
classifications, holding both input and output parameters. Each
classification can have any number of disjoint classes,
describing the occurrence of the parameter. All classifications
together form the classification tree. For semantic purpose,
classifications can be grouped into compositions.
Additionally, all classes can be refined using new
classifications with classes again. This way, these
classifications can be limited to the classes, they belong to. If
the user adds the classification cJ to the class a, then the
classes of cJ can only be selected, if a is selected. If the user
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selects a sibling-class of a, e.g. b, then the classification cl
does not apply, its classes can not be selected.
These limitations are called implicit dependencies.
In a second step, explicit dependencies can be added to the
classification tree. For any test object, there might be invalid
parameters combinations. The classification tree method allows
specifying these constraints. For example, in the classification
tree t, if the class al from classification A is selected, it can be
required that class b3 from classification B must be selected as
well. The classification tree method allows to specify any kind
of logical dependency rules, containing {AND, OR, NOT, .:::;>,
¢::?, XOR, NOR, NAND}.
The third step is the definition of test cases. The user needs
to select one class per each classification in the classification
tree without violating the existing dependency rules.
Tool support for the classification tree method is introduced
in [2]. An editor is presented allowing automatic test case
generation instead of manual test case definition. The tool
presented allows creating test suites that fulfill certain coverage
levels. The supported coverage levels are minimal
combination, pairwise combination, threewise combination,
and complete combination.
III.

ENHANCEMENT

Current tools supporting the classification tree method are
capable of generating test suites. The generation uses the
classification tree itself, dependency rules and generation rules.
The classification tree describes parameters and parameter
values of the system under test. Dependency rules contain
constraints between parameter values. They apply per test case.
Within each test case, no dependency rule must be violated.
The generation rules describe the desired coverage level for the
resulting test suite. The test suite as a whole must respect the
generation rule.
For our new approach, we want to enable test sequence
generation from classification trees. Analogous to existing
approaches, we identify three kinds of parameters for test
sequence generation, the classification tree itself, dependency
rules and generation rules. Again, the classification tree holds
all parameters and their corresponding values of the system
under test. For dependency rules, we extend existing rules to
new rules describing constraints between single test steps. Our
new rules apply per test sequence. Within each test sequence,

no dependency rule must be violated. The generation rules
describe desired coverage levels for the resulting set of test
sequences. The set of test sequences as a whole must respect
the generation rule.

A.

New Dependency Rules

Existing dependency rules allow the user to specifY
constraints between parameter values of different parameters
within one test case. With the new extended dependency rules,
it should be possible to specifY constraints between parameter
values from one test step to another. The following set of
dependency rules shall be supported (with i,j, k, n, OE N; m E

Z):
•

If class Ci from classification C is selected in test step
tm then class Cj from classification C must be selected
in the succeeding test step tn+1.

•

If C

•

If C

•

If C

•

Compositions of any (AND, OR, NOT, NAND, NOR,
XOR, ... ) combinations, e.g. if C Ci OR B bk in tm
then D NOT d; in a later tn-m.

=

=

=

Ci

in tm then C

Ci

in tm then C

Ci

in tm then C

=

=

=

Cj

in a later tn· m'

Cj

in all tn+ 1 to tn�m'

Cj

in all tn I m to tno.

=

Even for classical test case generation, it becomes crucial to
select subsets from the large set of possible test cases due to
test case explosion. For classical test case generation, this can
be done both by dependency rules and generation rules.
IV.

=

The existing dependency rules are a subset of our new
dependency rules for tn and tn-m with m O.
=

Classic dependency rules are valid for manually created test
cases, too. We want our new dependency rules to be available
for manually created test sequences as well.

New Generation Rules

Existing generation rules specifY the coverage level of the
resulting test suite. For our new generation rules, we want to
specifY the following parameters:
•

Desired coverage level.

•

(Sub-)Set of all parameter-value combination of the
classification tree.

•

Minimum and maximum number of test steps per test
sequence.

•

Set of special starting and ending parameter value
combinations.

•

Maximum number of test step repetitions.

•

Maximum number of parameter value repetitions.

Some of the new generation rules are similar to the original
generation rules, e.g. the desired coverage level or set of all
parameter-value combination.
C.

This obviously leads to numerous sequences.

IMPLEMENTATION

We identified decision trees and finite state machines as
possible internal representations.

=

B.

The input for test sequence generation consists of a
common classification tree, a set of dependency rules and a
generation rule. Together, they are used to generate an internal
representation of the sequence generation problem. Then, a set
of valid transitions and steps from one state in the internal
representation to the next one is defined, using the new
dependency rules. This results into a set of all valid passes
through the internal representation. From this set of all valid
passes, a selection is made to create subsets, using the new
generation rules. The output is then created by using all
remaining sequences.

Approach

Ideally, the approach should be as blackbox as possible.
After a user has specified the classification tree and all kinds of
rules, the approach should work autonomically. We do
however allow user interaction for advanced users to fine tune
the results.

We decided to implement the new dependency rules using
linear temporal logic (LTL) with the operators (X, G, F, U, R).
LTL-terms do fit well and fulfills most of the requirements
defined in the previous section.
For generation rules, we used computational tree logic
(CTL). CTL rules are not valid per single sequence but refer to
the hole set of generated test sequences.
Additionally, we need some approach specific rules. In
state machines, we want to limit the number of cycles. For
decision trees, this setting is not needed. All other needs in
generation rules, not addressed by CTL, will be called
approach specific rules.
The set of valid states is the set of all valid test cases. This
already can be very large. Therefore, the user starts with the
generation of classical test cases and can use these as a subset
of all valid test cases for the proceeding test sequence
generation.
The transitions of all states are then restricted by the
dependency rules, generation rules and approach specific rules.
If no dependency rules are given, all transitions are valid in our
approach. A transition remains valid as long as there is no
contradicting dependency rule. One could however define the
opposite way, only transitions specified in dependency rules
are allowed, transitions not mentioned in or contradicted by
dependency rules could be removed.
A set of valid passes through the internal representation
remains after removing all forbidden transitions. By applying
generation rules and approach specific rules, we now select a
subset. The approach specific rules can for example limit the
path length, the number of cycles, or the desired coverage
level.
The output is a set of test sequences. Together, they fulfill
the generation rule and approach specific rules, each one of
them fulfills the dependency rules.

V.

RELATED WORK

Related work falls into two parts, combinatorial and
pairwise testing on the one hand. On the other side, there is a
lot of fundamental work on test sequence generation and
validation.

A.

Combinatorial Testing

A good overview on combinatorial testing and
combinatorial test case generation is given by Grindal et al. in
[4] and by Kuhn et al. in [5]. A good survey that focuses on
combinatorial testing with constraints is given in [6].
Kuhn et al. present several different empirical studies on
the relation between fault detection and level of parameter
interaction based on error reports of different systems [7], [8],
[9]. They are resulting that a pairwise coverage had led to a
fault-coverage of 70% to 97%. A 6-wise combination had led
to a fault-coverage of 100% on all software systems under
research. They hypothesize that there is a t < n, so that the t
wise combination detects all faults. His restriction is, to support
his hypothesis, he needs to evaluate more software systems
with empirical studies.
Burr and Young do research on branch coverage by
pairwise combination of input parameters [ 10]. The system
under test is a tool for email conversion. They gain 97% branch
coverage with less than 100 test cases. A complete test would
require 27 trillion test cases.
Since finding a minimal test set for any given coverage
criterion is known NP-complete, all approaches presented are
either approximations or heuristics. They try to find a test suite
as small as possible.
Prominent tools are AETG, PICT and CASA, to name just
a few: AETG has been developed at Bellcore and is presented
by Cohen et al. [ 1 1]. AETG uses a deterministic greedy
algorithm. PICT [ 12] is a combinatorial test case generation
tool. It has been used at Microsoft since 2000. A general
constraint handling approach is presented in [6]. Their
algorithm is called covering arrays by simulated annealing
(CASA).
B.

Test Sequence Generation and Validation

Model checking aims to prove certain properties of the
execution of a program by completely analyzing its finite state
model algorithmically [ 13], [ 14]. When these mathematically
defined properties hold for all possible states of the model, then
it is proven that the model satisfies the properties. However,
when this property is violated somewhere, the model checker
tries to provide a counterexample which is the sequence of
states that leads to the situation which violates the property. A
big problem with model checking is the state explosion
problem, where the number of states can grow very quickly
when the program becomes more complex, increasing the total
number of possible interactions and/or values. Therefore, an
important part of research on model checking is state space
reduction, to minimize the time required to traverse the entire
state space. The Partial-Order Reduction (POR) method is
regarded as a successful method for reducing this state space
[ 14]. Other methods in use are symbolic model checking, where

the construction of a very large state space is avoided by use of
equivalent formulas in propositional logic, and bounded model
checking, where the construction of the state space is limited to
a fixed number of steps.
Two temporal logics are compared and debated extensively
[ 15], Linear temporal logic (LTL) and Computation Tree Logic
(CTL).
Heimdahl et al. [ 16] briefly surveys a number of
approaches in which test sequences are being generated using
model checking techniques. The common idea is to use the
counter-example generation feature of model checkers to
produce relevant test sequences.
Krupp and Mueller [ 17] introduce an interesting application
of CCTL logic for the verification of classification tree test
sequences. Using a real-time model checker, the test sequences
and their transitions are being verified using a combination of
I/O interval descriptions and CCTL expressions.
Several researchers propose other approaches for test
sequence generation. Wimmel et al. [ 18] propose a method of
generating test sequences using propositional logic. Ural [ 19]
describes four formal methods for generating test sequences
based on a finite-state machine (FSM) description. The
question to be answered by these test sequences is whether or
not a given system implementation conforms to the FSM
model of this system. Test sequences consisting of inputs and
their expected outputs are derived from the FSM model of the
system, after which the inputs can be fed to the real system
implementation. Finally, the outputs of the model and the
implementation are compared.
Bernard et al. [20] have done an extensive case study on
test case generation using a formal specification language
called B. Using this machine modeling language, a partial
model of the GSM 1 1- 1 1 specification has been built. A system
of equivalent constraints is then derived from this specification,
after which a constraint solver is used to calculate boundary
states and test cases.
Binder [2 1] lists a number of different oracle patterns that
can be used for software testing, one of which is the simulation
oracle pattern. With this pattern a simulation of the system is
done using a simplified version of the system implementation,
after which the results of the simulation are compared to the
results of the real system. We can regard the formal model of
the system as the simulation of the system, from which
expected results are derived.
Headings, or heads, are organizational devices that guide
the reader through your paper. There are two types: component
heads and text heads.
VI.

CONCLUSION

In this paper, we presented an approach for automatic test
sequence generation from classification trees. We defined new
dependency rules and generation rules. The new dependency
rules are a superset of existing dependency rules, extended by
expressions for describing constraints between several test
steps. The new generation rules contain parameters for the
definition of test amount. They can specifY the coverage levels

and and number of repetitions. This allows for the systematic
generation of test sequences for classification trees.
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