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Testing is the act of executing a system
or application, in order to show the pres-
ence of faults. The con�dence in the sys-
tem can thereby increase as faults are re-
moved. It can, however, never be used to
prove that the system is correct. The rea-
son for this is that it is generally infeasi-
ble to conduct exhaustive testing, since the
number of test cases to test all possible out-
comes is too high. It is a well-known fact in
software engineering that the cost for test-
ing of software often is 50% or more of the
development costs. Hence, methods to im-
prove testability, i.e., to reduce the e�ort
required for testing, have a very large po-
tential to decrease development costs.

In this paper, controllability and observ-
ability, (Sch�utz 1993), are considered nec-
essary prerequisites for testability. With-
out the ability to control test execution,
and the ability to observe important out-
comes such as state transitions, it is not fea-
sible to reach a high level of testability. A
system, which lacks controllability and ob-
servability, is always diÆcult to test. How-
ever, testability also depends on the num-
ber of possible execution orders (i.e., inter-
leavings of threads). An often neglected cir-
cumstance which is especially important for
distributed or real-time systems. The rea-

son for this dependency is that observability
and controllability only apply to test cases
that are actually executed. Given a cer-
tain amount of test e�ort, the test cover-
age decreases with an increase in the num-
ber of distinct execution orders and hence,
test cases. Achieving higher test coverage
(i.e., executing a higher ratio of all possible
test cases) increases the required test e�ort,
since it requires designing, executing, and
analyzing more test cases (Birgisson, Mellin
and Andler 1999).

As we have shown that testability is de-
pendent of the number of distinct execution
orders, it is a natural step to investigate the
execution environment and its impact on
the number of execution orders. Which exe-
cution orders are allowed depends to a large
degree on processor scheduling and concur-
rency control policies. In a survey and anal-
ysis of current methods for improving testa-
bility (Lindstr�om 2000), several such meth-
ods are investigated and their properties
with respect to processor scheduling and
concurrency control analyzed. Especially,
their impact on the number of distinct ex-
ecution orders is discussed. The survey re-
veals that (i) there are few methods which
explicitly address software testability, and
(ii) methods that concern the execution en-



vironment for real-time systems require or
favor a time-triggered design.
Kopetz (1991) points out that testabil-

ity depends on the architecture and must
be considered during the design phase.
The �rst comparison of time-triggered
and event-triggered systems with respect
to testability is made by Sch�utz (1993).
Sch�utz shows that the e�ort to test an
event-triggered real-time system is inher-
ently higher than that of a time-triggered
real-time system. This is due to the dy-
namic nature of event-triggered systems,
which makes the number of distinct exe-
cution orders high in comparision to time-
triggered systems.
A time-triggered design is, however, not

always suitable. The reasons to choose an
event-triggered design include the need for
a exible system in unpredictable environ-
ments. Usually there is a need for graceful
degradation. Therefore, it is an interesting
issue to investigate which properties of the
execution environment in event-triggered
systems that lead to high or low levels of
testability. Some of these properties are
identi�ed by Lindstr�om (2000) and others
remain as open problems. These properties
are used to de�ne categories, which form a
basis of taxonomy for testability.
It is important to note here that we

have no intention to discriminate between
good and bad solutions based on testability
alone. We are, however, interested in the
impact on testability from di�erent prop-
erties of the execution environment, as de-
sign is always a matter of trade-o� deci-
sions. The important thing is that these de-
cisions should be based on as much informa-
tion about the consequences of the choices
as possible.

The scheduling properties that are inves-
tigated by Lindstr�om (2000) are preemption
policy, task priority policy, and observation
policy. It is shown that there is a signi�cant
inuence on testability from the choice of
scheduling properties. One example is the
priority policy, which has two dimensions of
complexity that do have an impact on the
test e�ort:

1. Whether the task priority is unique
during the execution of the task,

2. Whether the priority ordering between
two tasks can switch during task exe-
cution (e.g., priority ceiling protocol)

A priority policy that guarantees unique
priorities during execution does not increase
the test e�ort, since for each given set of
tasks we will have exactly one distinct exe-
cution order. However, if the priorities are
non-unique, the number of potential exe-
cution orders for a set of k tasks equals k!
given a non-preemptive scheduling policy.
The proof is trivial, consider the case when
all k tasks are assigned the same priority.
In this worst case, the execution order is
totally arbitrary which means that all per-
mutations of k are possible. In a more av-
erage case, we might have a distribution of
the tasks over levels of priorities. Suppose
we have three levels of priorities, then for
each set of tasks we will have x!*y!*z! dis-
tinct execution orders, where x, y, and z are
the number of tasks in the set with priority
level 1, 2, and 3 respectively. The ques-
tion of whether priorities are guaranteed to
be unique is of signi�cant importance for
the system testability. It separates the sys-
tems into two di�erent degrees of testability
where the number of test cases either grows
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with combinations of the number of tasks
or permutations of the number of tasks.

A priority policy that allows the priority
order between tasks to be changed arbitrar-
ily during the execution has a negative in-
uence on testability. The change can be
regarded as an event that changes the ex-
ecution order for the set of current tasks.
If these changes are arbitrary, all execution
orders are possible for a given set of tasks.
Hence, this is also a property that separates
systems into two di�erent levels of testabil-
ity.
Similar results have been shown for sev-

eral other execution environment proper-
ties. The conclusion is that there is an ob-
vious impact on testability from the exe-
cution environment. Further investigations
are necessary to identify other properties
that are important for testability. It is also
of central importance to determine the mag-
nitude of inuence from the di�erent prop-
erties on testability and any interrelation-
ships between them that might a�ect their
inuence. Of course, some combinations of
properties may not be meaningful.
The completion of the initiated research

into properties that a�ect testability will
lead to a taxonomy of testability. The ben-
e�t of such a taxonomy is that it enables de-
signers of event-triggered systems to regard
testability when making informed trade-o�
decisions.
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