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Abstract

Side effects of one phase of the software development
process are known to affect the subsequent phases. In this
paper we analyze such side effects with respect to two con-
secutive phases: integration testing and system testing. The
analysis is conducted based on a discrete event simulation
model and focus on effort and effectiveness of integration
testing and their effect on system testing.

1 Introduction

Testing can be used to assess how good software is, or
to find faults and thus improve the software. This paper fo-
cuses on this second use of testing, and on a specific mean-
ing of “improvement”, i.e., “making the software more reli-
able” while making better use of the available resources.
There are many testing methods, and strong opinions on
their relative merits, but empirical quantification of these
opinions is difficult and hard to generalize. Rather, dy-
namic models are able to provide valuable insight about
what we should expect from practical applications of test-
ing, and what we should measure to guide the choice of
V&V techniques that can be applied. One problem is to
choose between testing methods in terms of the project risk
that each implies, i.e., the risk of delivering a product of
sub-standard reliability. The second problem is how best to
combine different methods in the V&V of a product. There
is a dilemma between applying diverse methods to take ad-
vantage of their different strengths, and looking instead for
one best method and concentrating all resources on apply-
ing that method alone. The models explain how to resolve
this dilemma: when is it that diversity pays off even if it
means using methods that, on their own, are inferior, and
which measures are needed to support such a decision.

One of the major difficulties stifling the productivity of
software testing process is attributable to the process of soft-
ware evolution. Software systems can evolve very rapidly
during their development. Thus, the object of the test pro-

cess is liable to change very rapidly during the software test-
ing process. No software test process can begin to be ade-
quate unless the infrastructure is present to insure that the
tests being executed today, in fact, reflect the status of the
system as it is right now. The source code base may change
substantially in a very short period. As it does, the opera-
tional specifications and functional specifications must also
change to maintain complete specification traceability. A
dynamic model can again be used to analyze the best alter-
natives in a constantly changing environment. In this pa-
per we focus on the analysis of integration testing and sys-
tem testing sharing the same debugging process. A discrete
event simulation model is created for the phases and the re-
sults are analyzed.

The remainder of this paper is organized as follows. Sec-
tion 2 presents a brief description of the testing process used
in this study. A discrete event simulation model for a system
testing/debugging process is presented in Section 3 while
the results of the simulation runs are described in Section 4.
Section 5 presents the concluding remarks.

2 Testing Process

The simulation model used here was created for the test-
ing process of a specific company. Therefore a brief de-
scription of the overall testing process and severity classi-
fication used at the company is provided next. The details
of integration, system testing, and debugging are left out as
they follow the explanation of the simulation model in Sec-
tion 3.

The company applies several testing techniques to the
problem of verifying/validating its products. These include,
but are not limited to, the classic models of unit and integra-
tion testing, as well as other more specialized approaches.
The company utilizes a variety of techniques to test their
products. To some extent, the first four of these can be
arranged on a continuum of progressive complexity from
low level unit testing to high level full integration testing.
The last three are specialized for the particular product, and
fit into the middle to high end of the continuum. Progres-



sive complexity is a testing philosophy emphasizing test-
ing a product as early in the development process as pos-
sible and in the simplest controlled environment in which
the elements of the product are functional. The objective is
to facilitate the problem discovery and diagnostic process
by discovering problems in an environment with the fewest
number of unknowns.

Integration testing is accomplished by testing/debugging
merged components and then promoting the successfully-
tested merged-components to a full-build. The new internal
build is shipped to system testing where regression testing is
applied. A severity classification is applied both for integra-
tion and system testing. It has been show that the number
of defects with high severity impacts the completion time
of the system testing phase. The same result can be extrap-
olated to integration testing. The classification of defects
with respect to severity is accomplished here by the use of
five classes. Severity 1 is the most severe resulting in a tem-
porary interruption of the testing process while Severity 5
represents the least severe defects.

According to the data collected, the majority of the de-
fects fall into severity classes 1, 2, and 3 with a very small
number associated with classes 4 and 5. A similar behavior
has also been reported by Ostrand and Weyuker [5, 6]. The
collected data also shows that defects classified as severity
1 occurs only once per time unit. This behavior is expected
since severity 1 defects causes a temporary shut down of
the testing process. If debugging cannot be done immedi-
ately or if it takes long to fix the problem, this will prevent
resumption of the testing process and delay finding more
defects, including additional severity 1 defects. Severity 2
defects present a higher frequency mainly due to its larger
number and the fact that they do not cause any interruption
on the process.

3 Simulation Model

Figure 1. Top level model for integration and
system testing and the debugging process.

A discrete event simulation [1] model, implemented us-
ing the Extend 6 tool [4], for a integration testing, system
testing, and debugging process is presented in Figure 1.

As can be seen, both integration and system testing share
the same debugging process. The probabilistic distributions
used in the model are based on the behavior of actual test-
ing processes. However, specific details are left out due to
proprietary reasons.

The model for integration testing is presented in Fig-
ure 2. New test cases are generated according to a normal
distribution on the “Generate Test Cases” block on the top
of the figure. A group of test cases is held on the “Holding”
block simulating the arrival of a new component to be inte-
grated to the system. After that, the test cases are released
and the integration testing process starts for that component.
The new test cases are combined with test cases selected
from regression testing and the verification of failed test
cases originated from the debugging model. It is assumed
here that new test cases have a lower priority when com-
pared to test cases from regression and verification. All test
cases are stored in a non-preemptive priority queue. A pool
of testers is available at the “Testers” block. As soon as a
test case is available, one tester is allocated to execute and
verify the test case. The time associated with this task is
determined at “Testing” block according to a normal distri-
bution specified in the “Testing Time” block. It is assumed
here that, in general, the severity of defects has no impact on
the time required to execute and evaluate the test case. Af-
ter completing the test case, the tester goes back to the pool
and can start working on another test case. In the model, it
is assumed a 30% chance that a test will discover a defect.
Depending on the testing process organization, this percent-
age tends to decrease as the process proceeds presenting an
exponential decay. Though, we have assumed a fixed fail-
ure rate, the same decay is observed as the number of test
cases flowing through this block presents an exponential de-
cay [2, 3]. Out of the 70% of successful test cases, 20% are
selected for regression test and are sent back to the testing
queue. The other test cases are split into two groups. The
first group represents test cases that will have no effect on
system testing and the second the ones that will have an ef-
fect. A decision block with a 50% chance of going to either
one of the groups is presented in Figure 2. This percentage
represents the effectiveness of the integration testing with
respect to side effects on system testing and can be changed
to simulate distinct scenarios as described in Section 4. The
test cases affecting system testing are sent to the next phase
through the connector “Con1Out” seen in Figure 2. The
severity of the failed test cases are defined at the “Set Sever-
ity” block according to the percentage specified in the two
lower input parameters. If a severity 1 defect is determined,
the pool of testers is shut down, temporarily stopping test-
ing. The severity is then used to prioritize the debugging
process, severity 1 defects are debugged first. To simplify
the model, only three severity classes are used here. The
impact of this simplification is minimal since the number of
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Figure 2. Discrete event simulation model, implemented in Extend v6, for the integration testing
phase of a software development process.

Figure 3. Discrete event simulation model, implemented in Extend v6, for the debugging process.

severity 4 and 5 defects found on the testing process under
consideration is almost insignificant when compared to the
first three severity classes.

The model of the debugging process is show in Figure 3.
As can be seen, failed test cases from integration and sys-
tem testing are combined into a single priority queue. The
priority is based on the severity of the defects and not on
its source. That is, defects with same severity are served
in a FIFO (first come first served) strategy independent if
they are originated from integration or from system testing.
Such a scenario is analyzed in Section 4. The structure for
debuggers is the same as for testers. However, the debug-
ging time now is dependent on the severity of the defect.
The debugging time is inversely proportional to the sever-
ity class. That is, severity 1 defects present a higher debug-
ging time than severity 2 that in turn consumes more time in
debugging than severity three defects. More severe defects
generally necessitate involvement of more people, spending
more time to resolve the defect. Once a severity 1 defect has
been debugged, the testers pool is made available again and

the testing process can resume. The fixed defects are split
according to their origin, integration or system testing, and
then fed back to the respective testing queue.

A model for the system testing, presented in Figure 4,
has also been developed. The model is similar to the one
in Figure 2 as it also presents the pool of testers and failed
test cases are sent to the debugging process. There are two
major differences between the models in Figures 2 and 4.
The first is that successful test cases not selected for regres-
sion just exit the system. The second is the existence of two
regression paths, one for regression of the system testing
itself and another when a new build originated from the in-
tegration of a new component has arrived. The simulation
stops when all the test cases exit the system, i.e., all have
been successful.

4 Analysis of the Simulation Model

The availability of a dynamic model representing the be-
havior of integration and system testing as well as the de-
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Figure 4. Discrete event simulation model, implemented in Extend v6, for system testing.

bugging process allow us to analyze very distinct scenarios.
The effects of severity on the system testing phase has been
analyzed elsewhere and it is not discussed here. We are in-
terested here in the following scenarios:

� Effects of the effectiveness of integration testing on the
system testing phase.

� Distinct composition in terms of number of testers and
debuggers and its effect on their utilization ratio.

� Effects of using a priority queue for the debugging pro-
cess according to their source of defects (integration or
system testing).

In any of the above scenarios, two measurements are
considered here due to their importance in terms of schedule
and cost:

� Resource utilization - the percentage of time testers
and debuggers are not idle. Here we have not taken
into consideration if testers/debuggers are simultane-
ously working on another project.

� Completion time - the time it takes to have a successful
execution of the entire test suite.

Let us consider a scenario with 5 testers on integration,
5 on system testing, and 5 debuggers. To simulate the dis-
tinct effectiveness of integration testing the model can be
changed in the decision block presenting (0.5,0.5) proba-
bility of producing or not producing side effects on system
testing. Reducing the second value emulates an increase in
the effectiveness of integration testing, i.e. less defects go
undetected on integration and cause problems during sys-
tem testing. An increase in this value has an opposite ef-
fect. A total of a hundred simulations runs were execute
for each value of effectiveness ranging from 80% to 40%.
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Figure 5. Completion time for the entire test-
ing process for distinct effectiveness of inte-
gration testing.

Figure 5 shows the average results with respect to comple-
tion time. As it can be observed, the more effective inte-
gration testing, the shorter the completion time. A sensitiv-
ity analysis can be used to evaluate how the changes in the
percentage of effectiveness affect the completion time for
the entire process. Sensitivity values can be computed us-

ing
�������	��

���������������

��������� [7]. The results from Table 1

show a small variation in the sensitivity with respect to 80%
of effectiveness justifying the “linear” behavior presented in
Figure 5. The results for utilization ratio of testers and de-
buggers show a very small variation when the effectiveness
is changed as above.

Now let us consider scenarios with different combina-
tions of number of testers and debuggers. The number of
debuggers varies from 3 to 6 and the same variation is ap-
plied to either integration testers or system testers. When
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Effectiveness of Sensitivity Value
Integration Testing Completion Time

70% -0.50
60% -0.42
50% -0.59
40% -0.47

Table 1. Sensitivity results for completion
time when the effectiveness of integration
testing ranges from ����� to �����
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Figure 6. Difference in the debuggers’ utiliza-
tion ratio for changes in the number of in-
tegration testers and system testers as the
number of debuggers change.

changing the number of integration testers, system testers
are kept constant at 5. The same is true when the changes
are made with respect to system testers. Assume matrix� �"!$#�%&�'(& represents the utilization ratio for debuggers rang-
ing from 3 to 6 while the number of integration testers
also ranges from 3 to 6.

� �*),+-)&�'.& presents the same values
associated with system testing. Computing the difference� �"!$#�%&�'(& � � �/),+-)&�'(& produces the results in Figure 6 where it
can be seen that the difference in utilization ratio increases
as the number of testers and debuggers increase. That is,
increasing the number of integration testers has a larger ef-
fect on the utilization ratio of debuggers than increases in
the number of system testers.

When the difference above is computed for the utiliza-
tion ratio of system testers an almost constant value is ob-
served as the number of debuggers increase. However,
when the number of system testers increase, their utiliza-
tion ratio decreases and the difference when compare to in-
creases in the number of integration testers also increases.
This behavior can be observed in Figure 7.
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Figure 7. Difference in the system testers’ uti-
lization ratio for changes in the number of
integration testers and system testers as the
number of debuggers change.

Figure 8 and 9 shows the completion time associated
with changes in the number of integration and system
testers, respectively. Increases in the number of integra-
tion testers and debuggers shows a decrease in completion
time. However, increases in the number of system testers
increases the completion time. The frequency of severity 1
defects from system testing increases with more testers do-
ing system testing. Since these defects have a higher prior-
ity than severity 2 and 3, they will delay the termination of
integration testing and consequently delay the completion
time for the entire process.
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Figure 8. Completion time for changes in the
number of debuggers and integration testers.

As stated before the severity of defects determines their
priority in the debugging queue. Severity 1 defects have the
highest priority while severity 3 have the lowest. Defects of
same severity are served in a first come first served (FIFO)
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Figure 9. Completion time for changes in the
number of debuggers and system testers.

basis independent of their origin. The results of simulations
runs for this scenario are shown in the first line of Table 2.
Now let us consider scenarios where priority is given to ei-
ther defects from integration or system testing. That is, if
priority is given to integration, defects of the same severity
from integration are served first versus if they were origi-
nated from system testing. The results from Table 2 show
a clear improvement in the process when priority is given
to integration testing defects. Completion time decreases
more than 30% when prioritizing integration testing while a
increase of 13% is observed when given priority to system
testing. System testing cannot be finished before integra-
tion testing is completed. Giving higher priority to system
testing increases the delay in integration testing that conse-
quently increases the overall completion time.

Priority CT ITUR DUR STUR
Severity Only 457 0.19 0.88 0.54

Integration Test 318 0.26 0.85 0.88
System Test 516 0.28 0.67 0.56

Table 2. Different priority strategies and the
corresponding completion time (CT), and uti-
lization ratios for integration testers (ITUR),
debuggers (DUR), and system testers (STUR).

5 Concluding Remarks

The use of a dynamic model for integration and system
testing and debugging has allowed for the analysis of dis-
tinct scenarios to justify possible changes in the process.
The results have show that, under certain circumstances,
increasing work force on system testing may increase the
completion time. Only if integration testing has been al-

ready completed such changes will have a positive impact.
Since system testing depends on integration testing, invest-
ments are more justifiable for the latter. Any improvement
on integration testing will have a positive effect on system
testing and consequently on the entire process. Also, when
debuggers are the same for integration and system testing,
prioritization of defects from integration shows a consider-
able improvement in the completion time of the process.

The results produced here are based on a specific process
and therefore cannot be generalized, though some of them,
such as the priority for integration testing, seems to be true
for most of processes. The model needs to be adjusted ac-
cording to the specifics of a process. This includes not only
changes in the tasks simulated by the model but also on the
distributions associated with them.
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