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Abstract

An integral part of test-driven software development is uti-
lizing testcases to ensure the software’s quality. However,
as testsuites grow larger, they tend to grow beyond control
and are no longer easily comprehended. In this position pa-
per, we propose to employ dynamic analysis and abstrac-
tions in reconstructing scenario diagrams from such test-
suites. We discuss several challenges and suggest solutions
to tackle these issues.

1. Introduction

When implementing and maintaining software systems,
testing is of vital importance to help increase the qual-
ity and correctness of code. Test-driven development [1]
implies creating and maintaining an extensive testsuite in
order to guarantee that the various components work cor-
rectly, both individually (by means of unit tests) and as a
whole (through use of testcases).

A testing framework for Java software that is commonly
used is JUnit [2]. JUnit allows for the specification of both
unit tests and full testcases and is easy to use. A JUnit test-
case consists of several steps: the creation of a fixture, ex-
ercising the method under test, comparing the results, and
the teardown. It can be run as part of a complete testsuite.

Our goal is to help developers in the course of under-
standing and maintaining testsuites, and perhaps even dis-
cover errors or mistakes [3]. To make such testcases easy to
understand, one must come up with a visualization that is
both detailed and human readable. This involves analyzing
or tracing the testcases, applying certain abstractions and,
finally, presenting the results.

UML sequence diagrams [4] are a potentially useful
means to visualize a system’s behavior. A scenario dia-
gram is a somewhat simplified version of a sequence di-
agram that is derived from a specific scenario, i.e., con-
taining one particular control flow. Scenario diagrams pro-
vide detailed information on interactions at either the class
level or the object level, and are very readable because the
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chronological order is intuitive. However, if no abstrac-
tions are applied, scenario diagrams tend to become too
large: the complete execution of a sizeable software sys-
tem would result in a scenario diagram that contains more
information than the reader can handle.

In this position paper, we propose to use reconstructed
scenario diagrams for the purpose of making JUnit test-
suites easier to comprehend. We obtain these diagrams by
tracing the execution of a testsuite.

The next section outlines the issues and design choices
that we will encounter. Section 3 discusses several solu-
tions that we are proposing, and Section 4 describes related
work. Finally, we draw conclusions and indicate future di-
rections in Section 5.

2. Challenges

In the course of converting testsuites to scenario dia-
grams, we face several challenges. This section addresses
the most prominent issues and design choices.

Dynamic vs. static In obtaining scenario diagrams from
testcases, we can choose whether to capture the system’s
behavior by static analysis (i.e., analyzing the code) or
through dynamic analysis (i.e., tracing the execution). The
benefits of a static approach are the genericity and compact-
ness, whereas a dynamic technique offers more detailed in-
formation on important aspects such as late binding. This
is illustrated in Figure 1: this example of dynamic dis-
patch would not have been very readable in a static context
because of the lack of object identities therein. A well-
known drawback of scenario diagram reconstruction using
dynamic analysis is that one needs specific scenarios and
that the diagrams thus represent only part of a whole sys-
tem’s behavior; however, since testcases are basically sce-
narios we feel that, in this particular context, more accurate
information outweighs genericity.

Test stage separation The second issue that arises is how
to trace the various phases of the execution of a testcase,



o] o] [ ]

T T

—getPIayer()

L]

«create»

-

subclassing™

precomputeEffects()

L]

\withinBorder()
L] H
Yy
" |
! |
getinhabitant() _ | __ 4 dynamic dispatcft)

Food240 Yo

,,,,,,,,,,,, v
\

- '
tryMoveToGuesf(Food240) v
- i \ 1

| V!
meetPlayer(PlayerMove283) ‘J
setFooxﬁEaten(l)

I
I
I
I
:
|
PlayerMove283 '
|
|
|
|
|
|
|
|
|

Figure 1. Dynamically reconstructed scenario dia-
gram featuring an example of dynamic dispatch.

i.e., how we can distinguish between the test initializa-
tion, the test execution and the result validation. Tradi-
tional tools and techniques generally do not deal with this
testcase-specific problem. It is an important issue, as the
initialization and validation phases are potentially less rel-
evant and should therefore be treated separately (i.e., be put
in a separate diagram or even skipped).

Class vs. object level Another design choice concerns
whether we want to trace the interactions on the class level
or on the object level. The former is easier, whereas the
latter provides more detailed information that is especially
suitable for display in scenario diagrams.

Scalability However, despite the fact that in general the
execution of a unit testcase is relatively short, scalability
problems are inevitable. Most simple unit tests will proba-
bly fit within a single scenario diagram, whereas more com-
plex testcases induce too many interactions to simply put in
a diagram without applying any form of abstraction. There-
fore, we will need abstractions that are both efficient and
useful, i.e., we must determine which interactions are pre-
sumably irrelevant and can consequently be omitted. One
way would be for the tool to suggest several abstractions,
while ensuring the viewer remains in control of the level of
detail.

3. Techniques

We have come up with several design choices and solu-
tions to the issues discussed earlier. We are in the process

of implementing these in a prototype tool that we are using
for analyzing a range of existing test suites.

3.1. Tracing testcases

There exist several methods to obtain traces from soft-
ware systems, among which the most commonly used are
manually instrumenting code (e.g., [5]), using a debugger
or profiler, and instrumentation through aspects [6]. The
shortcomings of each of these techniques are mostly well
known and are not discussed here. We feel that using as-
pects in our framework is the most flexible solution in our
context, since it enables us to specify very accurately which
parts of the execution are to be considered, where tracing
must start and stop, and which steps need be taken after-
wards.

Aspects can trace the execution of a testcase and pro-
duce detailed information on all interactions, such as the
unique objects that are involved, the current thread, and
the (runtime) arguments in case of method and constructor
calls. Being able to distinguish between objects has certain
advantages, as it provides detailed information on object
interactions and exposes occurrences of polymorphism and
late binding. Figure 1 shows an example!.

In addition, aspects allow for the precise definition of
which objects and interactions are to be traced, and enable
us to make a distinction between the various stages in a
testcase. Among other things, this distinction offers us the
opportunity to filter the assertions in the comparison stages,
in case the viewer considers them unnecessary. Moreover,
we have a means to create separate scenario diagrams of
the various phases for the viewer to browse through.

3.2. Abstractions

In order to make large scenario diagrams easier to read,
we need several types of abstractions to reduce the amount
of information. In the context of scenario diagrams, one in-
tuitively thinks of omitting objects and classes and hiding
interactions to shrink the dimensions of the diagram. But
which messages and objects can be omitted while main-
taining the general idea of the testcase?

One technique that we propose is to limit the stack depth
of the execution. By use of a maximum stack depth, we can
hide all interactions above a certain threshold, thus omitting
messages and (potentially) the objects involved. Intuitively,
this filters low level messages that tend to be too detailed,
at least for an initial viewing. This is illustrated by Fig-
ures 2 and 3: the former diagram depicts the testcase in full
detail, whereas the latter shows only the essence. A similar

IThe scenario diagrams in this research were created using UML-
Graph [7].
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Figure 2. Reconstructed scenario diagram at a low
abstraction level.

abstraction was applied in [8], in which (in a static context)
the length of a call chain is considered.

Another abstraction method is to hide constructors if
there are too many. This is especially applicable in the
initialization stages of complex testcases. Additionally, it
would be even more useful to hide irrelevant constructors
and the associated objects, i.e., to filter them in case they
are never used later on. That way, we will presumably have
reduced the dimensions without loss of important informa-
tion.

As was briefly mentioned in Section 2, we feel that the
viewer must ultimately decide which abstractions are to be
applied and which are not. We therefore plan to conclude
the processing of all testcases with recommended scenario
diagram specifications: based on several testcase statistics
such as the amount of objects, constructors, and stack depth
frequencies, it is automatically determined which of the ab-
stractions are highly advised. Such specifications must be
subject to adjustments at the viewer’s discretion.
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Figure 3. Reconstructed scenario diagram at a high
abstraction level (with a maximum stack depth of 2).

4. Related work

There is a great deal of ongoing research regarding the
visualization of dynamic information. Among this research
is a comparison of dynamic visualization techniques by Pa-
cione et al. [9] and of trace summarization tools in particu-
lar by Hamou-Lhadj et al. [10].

On the subject of testing, an interesting research was
conducted by Gilli et al. [11], in which the authors focus
on ordering (unit) tests based on the number of methods
that are called by these tests.

With respect to reverse engineering UML scenario dia-
grams, several attempts have been made in the past. They
include both static and dynamic approaches and, as was
discussed in section 2, each of these techniques has its ad-
vantages and drawbacks.

Various approaches reconstruct scenario and interaction
diagrams based on static analysis of program code [8, 12,
13, 14]. The techniques that are used vary from mapping of
control flow graphs [13] to interprocedural dataflow anal-
ysis [8]. A comparison of various approaches is presented
in [14].

There have been various reports of dynamic approaches
in the literature as well, of which some are discussed by
Briand et al. [15]. In the same paper they present a strat-
egy that is aimed at capturing the objects, the messages that
are exchanged, conditions, and repetitions when executing
a scenario. This is accomplished through manual intrumen-
tation of the source code. The paper does not describe how
the scenarios are obtained, i.e., how they are distilled from
a use case or filtered from the reconstructed scenario dia-
gram.

Systd et al. [16] aid in the understanding of Java systems
in an environment called Shimba, which uses both static
analysis and dynamic information. They reason at the level
of classes and obtain the required information from a sys-
tem’s bytecode and by using a customized debugger. Their
focus is primarily on maintaining consistent views on both



structural (static) and behavioral (dynamic) aspects of the
system.

Riva et al. [17] combine static and dynamic analysis to
reconstruct message scenario charts. In their trace-based
approach, they provide an abstraction mechanism based on
the decomposition hierarchy that is extracted from the sys-
tem’s source code. It is not described how the scenarios are
defined, and in dealing with large diagrams, they only offer
manual abstraction techniques.

5. Conclusions

We have proposed to employ dynamic analysis and sce-
nario diagrams with the goal of aiding in the comprehen-
sion of testsuites. We have discussed the issues and design
choices that we will encounter and, through several exam-
ples, elaborated on our choices for these techniques. Dy-
namic analysis is the most logical choice for us as it pro-
vides the most details; and scenario diagrams, as long as
they are not too large, are an excellent means of showing
this detailed behavior. By means of certain metrics, a set of
recommended abstractions is determined that aims towards
presenting a scenario diagram (for each testcase stage) that
is both readable and contains the desired amount of detail.

Our next step is to implement these techniques in a
framework and to examine whether we can obtain mean-
ingful results for both interested viewers and experienced
developers. To this end, we are planning to perform at least
two case studies.

JPACMAN is a simple game consisting of 25 Java classes
and is mainly used for educational purposes. Though be-
ing a small system, it is complicated enough to give us an
indication as to the the usefulness of our approach, since
JPACMAN involves polymorphic methods and large traces.
It also has a testsuite comprising over 50 testcases.

Another case that we are currently investigating is Cro-
Mod, an industrial Java system featuring both simple unit
tests and complex testcases. By means of extensive feed-
back from the developers, we want to discover which ab-
stractions are generally required and hope to improve our
techniques.
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