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Figure 3: For each subject system and size of partial fea-
ture assignment, we show in each bar the share of partial
feature assignments that are directly observable, indirectly
observable, non-observable, and the share of partial feature
assignments that have no valid representative con�guration.
The absolute numbers of partial feature assignments of each
type are included in the corresponding bar, and the total
number of partial feature assignments of the corresponding
size and system is shown right next of the bar.

the literature. We extracted all features and feature interactions
from these models (i.e., the individual terms in the model), and
computed the observability of these partial feature assignments.
Our results are summarized in Table 2. We see that the number
of partial feature assignments used in the blackbox performance
models (|P |) ranges from only a few partial feature assignments
(P������SQL includes only three) to a few hundred partial feature
assignments (L����2 includes 220). Regarding size, we see that the
majority of the models contain partial feature assignments of sizes
up to three. The only exception is O���, which includes partial
feature assignments of size up to �ve. An interesting fact is that,
while the number of features in the subject systems (|F |) ranges
from 14 to 60, the number of valid con�gurations (|V|) ranges only
between 180 and 6 480. That is, the valid con�guration spaces are
highly constrained. In terms of time for computing the observability
of the partial feature assignments contained in the blackbox models
(Time [s] column), it ranges from less than a second to a few hours,
except for O���, where the computation time is signi�cantly higher.
This is due to the fact thatO��� includes partial feature assignments
of size up to �ve, which consequently leads to a signi�cantly higher
number of partitions that have to be checked.

While all models include only partial feature assignments that
have, at least, one valid representative (|PV |), the number of di-
rectly observable partial feature assignments (|DO |) is signi�cantly
lower, even zero for half of the models. The number of indirectly
observable9 partial feature assignments (|IO |) is zero in all models.
That is, the vast majority of the partial feature assignments used in
our subject blackbox models are non-observable (|¬O|), which is a
surprising result that we discuss in Section 6.

Summarizing our �ndings for RQ3, we conclude that the major-
ity of features and feature interactions used in state-of-the-art
blackbox performance models are not observable.

6 DISCUSSION
In this section, we discuss the implications of our results, potential
threats to validity, and related work.

6.1 Research Questions
Deciding which partial feature assignments of a con�gurable soft-
ware system are blackbox observable is a combinatorial problem,
since the number of partial feature assignments grows exponen-
tially with the number of features, in the worst case. That is, the
time needed to compute the observability of all partial feature
assignments of a con�gurable software system may be easily in-
tractable in practice. However, as our �rst major result shows, even
for non-trivial feature models, the observability of partial feature
assignments of sizes up to three can be computed in reasonable
time, which covers all pair-wise and triple-wise feature interactions.
As most testing analysis methods stay within those bounds [1],
we consider the decision procedure for observability e�ectively
computable, despite the worst-case computational complexity (see
Section 3).

9Recall, to improve the interpretability of the numbers, we report the number of
generally observable partial feature assignments that are not directly observable.
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Figure 3: For each subject system and size of partial fea-
ture assignment, we show in each bar the share of partial
feature assignments that are directly observable, indirectly
observable, non-observable, and the share of partial feature
assignments that have no valid representative con�guration.
The absolute numbers of partial feature assignments of each
type are included in the corresponding bar, and the total
number of partial feature assignments of the corresponding
size and system is shown right next of the bar.

the literature. We extracted all features and feature interactions
from these models (i.e., the individual terms in the model), and
computed the observability of these partial feature assignments.
Our results are summarized in Table 2. We see that the number
of partial feature assignments used in the blackbox performance
models (|P |) ranges from only a few partial feature assignments
(P������SQL includes only three) to a few hundred partial feature
assignments (L����2 includes 220). Regarding size, we see that the
majority of the models contain partial feature assignments of sizes
up to three. The only exception is O���, which includes partial
feature assignments of size up to �ve. An interesting fact is that,
while the number of features in the subject systems (|F |) ranges
from 14 to 60, the number of valid con�gurations (|V|) ranges only
between 180 and 6 480. That is, the valid con�guration spaces are
highly constrained. In terms of time for computing the observability
of the partial feature assignments contained in the blackbox models
(Time [s] column), it ranges from less than a second to a few hours,
except for O���, where the computation time is signi�cantly higher.
This is due to the fact thatO��� includes partial feature assignments
of size up to �ve, which consequently leads to a signi�cantly higher
number of partitions that have to be checked.

While all models include only partial feature assignments that
have, at least, one valid representative (|PV |), the number of di-
rectly observable partial feature assignments (|DO |) is signi�cantly
lower, even zero for half of the models. The number of indirectly
observable9 partial feature assignments (|IO |) is zero in all models.
That is, the vast majority of the partial feature assignments used in
our subject blackbox models are non-observable (|¬O|), which is a
surprising result that we discuss in Section 6.

Summarizing our �ndings for RQ3, we conclude that the major-
ity of features and feature interactions used in state-of-the-art
blackbox performance models are not observable.

6 DISCUSSION
In this section, we discuss the implications of our results, potential
threats to validity, and related work.

6.1 Research Questions
Deciding which partial feature assignments of a con�gurable soft-
ware system are blackbox observable is a combinatorial problem,
since the number of partial feature assignments grows exponen-
tially with the number of features, in the worst case. That is, the
time needed to compute the observability of all partial feature
assignments of a con�gurable software system may be easily in-
tractable in practice. However, as our �rst major result shows, even
for non-trivial feature models, the observability of partial feature
assignments of sizes up to three can be computed in reasonable
time, which covers all pair-wise and triple-wise feature interactions.
As most testing analysis methods stay within those bounds [1],
we consider the decision procedure for observability e�ectively
computable, despite the worst-case computational complexity (see
Section 3).

9Recall, to improve the interpretability of the numbers, we report the number of
generally observable partial feature assignments that are not directly observable.
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the literature. We extracted all features and feature interactions
from these models (i.e., the individual terms in the model), and
computed the observability of these partial feature assignments.
Our results are summarized in Table 2. We see that the number
of partial feature assignments used in the blackbox performance
models (|P |) ranges from only a few partial feature assignments
(P������SQL includes only three) to a few hundred partial feature
assignments (L����2 includes 220). Regarding size, we see that the
majority of the models contain partial feature assignments of sizes
up to three. The only exception is O���, which includes partial
feature assignments of size up to �ve. An interesting fact is that,
while the number of features in the subject systems (|F |) ranges
from 14 to 60, the number of valid con�gurations (|V|) ranges only
between 180 and 6 480. That is, the valid con�guration spaces are
highly constrained. In terms of time for computing the observability
of the partial feature assignments contained in the blackbox models
(Time [s] column), it ranges from less than a second to a few hours,
except for O���, where the computation time is signi�cantly higher.
This is due to the fact thatO��� includes partial feature assignments
of size up to �ve, which consequently leads to a signi�cantly higher
number of partitions that have to be checked.

While all models include only partial feature assignments that
have, at least, one valid representative (|PV |), the number of di-
rectly observable partial feature assignments (|DO |) is signi�cantly
lower, even zero for half of the models. The number of indirectly
observable9 partial feature assignments (|IO |) is zero in all models.
That is, the vast majority of the partial feature assignments used in
our subject blackbox models are non-observable (|¬O|), which is a
surprising result that we discuss in Section 6.

Summarizing our �ndings for RQ3, we conclude that the major-
ity of features and feature interactions used in state-of-the-art
blackbox performance models are not observable.
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threats to validity, and related work.

6.1 Research Questions
Deciding which partial feature assignments of a con�gurable soft-
ware system are blackbox observable is a combinatorial problem,
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tially with the number of features, in the worst case. That is, the
time needed to compute the observability of all partial feature
assignments of a con�gurable software system may be easily in-
tractable in practice. However, as our �rst major result shows, even
for non-trivial feature models, the observability of partial feature
assignments of sizes up to three can be computed in reasonable
time, which covers all pair-wise and triple-wise feature interactions.
As most testing analysis methods stay within those bounds [1],
we consider the decision procedure for observability e�ectively
computable, despite the worst-case computational complexity (see
Section 3).
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the literature. We extracted all features and feature interactions
from these models (i.e., the individual terms in the model), and
computed the observability of these partial feature assignments.
Our results are summarized in Table 2. We see that the number
of partial feature assignments used in the blackbox performance
models (|P |) ranges from only a few partial feature assignments
(P������SQL includes only three) to a few hundred partial feature
assignments (L����2 includes 220). Regarding size, we see that the
majority of the models contain partial feature assignments of sizes
up to three. The only exception is O���, which includes partial
feature assignments of size up to �ve. An interesting fact is that,
while the number of features in the subject systems (|F |) ranges
from 14 to 60, the number of valid con�gurations (|V|) ranges only
between 180 and 6 480. That is, the valid con�guration spaces are
highly constrained. In terms of time for computing the observability
of the partial feature assignments contained in the blackbox models
(Time [s] column), it ranges from less than a second to a few hours,
except for O���, where the computation time is signi�cantly higher.
This is due to the fact thatO��� includes partial feature assignments
of size up to �ve, which consequently leads to a signi�cantly higher
number of partitions that have to be checked.

While all models include only partial feature assignments that
have, at least, one valid representative (|PV |), the number of di-
rectly observable partial feature assignments (|DO |) is signi�cantly
lower, even zero for half of the models. The number of indirectly
observable9 partial feature assignments (|IO |) is zero in all models.
That is, the vast majority of the partial feature assignments used in
our subject blackbox models are non-observable (|¬O|), which is a
surprising result that we discuss in Section 6.

Summarizing our �ndings for RQ3, we conclude that the major-
ity of features and feature interactions used in state-of-the-art
blackbox performance models are not observable.

6 DISCUSSION
In this section, we discuss the implications of our results, potential
threats to validity, and related work.

6.1 Research Questions
Deciding which partial feature assignments of a con�gurable soft-
ware system are blackbox observable is a combinatorial problem,
since the number of partial feature assignments grows exponen-
tially with the number of features, in the worst case. That is, the
time needed to compute the observability of all partial feature
assignments of a con�gurable software system may be easily in-
tractable in practice. However, as our �rst major result shows, even
for non-trivial feature models, the observability of partial feature
assignments of sizes up to three can be computed in reasonable
time, which covers all pair-wise and triple-wise feature interactions.
As most testing analysis methods stay within those bounds [1],
we consider the decision procedure for observability e�ectively
computable, despite the worst-case computational complexity (see
Section 3).

9Recall, to improve the interpretability of the numbers, we report the number of
generally observable partial feature assignments that are not directly observable.
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the literature. We extracted all features and feature interactions
from these models (i.e., the individual terms in the model), and
computed the observability of these partial feature assignments.
Our results are summarized in Table 2. We see that the number
of partial feature assignments used in the blackbox performance
models (|P |) ranges from only a few partial feature assignments
(P������SQL includes only three) to a few hundred partial feature
assignments (L����2 includes 220). Regarding size, we see that the
majority of the models contain partial feature assignments of sizes
up to three. The only exception is O���, which includes partial
feature assignments of size up to �ve. An interesting fact is that,
while the number of features in the subject systems (|F |) ranges
from 14 to 60, the number of valid con�gurations (|V|) ranges only
between 180 and 6 480. That is, the valid con�guration spaces are
highly constrained. In terms of time for computing the observability
of the partial feature assignments contained in the blackbox models
(Time [s] column), it ranges from less than a second to a few hours,
except for O���, where the computation time is signi�cantly higher.
This is due to the fact thatO��� includes partial feature assignments
of size up to �ve, which consequently leads to a signi�cantly higher
number of partitions that have to be checked.

While all models include only partial feature assignments that
have, at least, one valid representative (|PV |), the number of di-
rectly observable partial feature assignments (|DO |) is signi�cantly
lower, even zero for half of the models. The number of indirectly
observable9 partial feature assignments (|IO |) is zero in all models.
That is, the vast majority of the partial feature assignments used in
our subject blackbox models are non-observable (|¬O|), which is a
surprising result that we discuss in Section 6.

Summarizing our �ndings for RQ3, we conclude that the major-
ity of features and feature interactions used in state-of-the-art
blackbox performance models are not observable.

6 DISCUSSION
In this section, we discuss the implications of our results, potential
threats to validity, and related work.

6.1 Research Questions
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ware system are blackbox observable is a combinatorial problem,
since the number of partial feature assignments grows exponen-
tially with the number of features, in the worst case. That is, the
time needed to compute the observability of all partial feature
assignments of a con�gurable software system may be easily in-
tractable in practice. However, as our �rst major result shows, even
for non-trivial feature models, the observability of partial feature
assignments of sizes up to three can be computed in reasonable
time, which covers all pair-wise and triple-wise feature interactions.
As most testing analysis methods stay within those bounds [1],
we consider the decision procedure for observability e�ectively
computable, despite the worst-case computational complexity (see
Section 3).
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the literature. We extracted all features and feature interactions
from these models (i.e., the individual terms in the model), and
computed the observability of these partial feature assignments.
Our results are summarized in Table 2. We see that the number
of partial feature assignments used in the blackbox performance
models (|P |) ranges from only a few partial feature assignments
(P������SQL includes only three) to a few hundred partial feature
assignments (L����2 includes 220). Regarding size, we see that the
majority of the models contain partial feature assignments of sizes
up to three. The only exception is O���, which includes partial
feature assignments of size up to �ve. An interesting fact is that,
while the number of features in the subject systems (|F |) ranges
from 14 to 60, the number of valid con�gurations (|V|) ranges only
between 180 and 6 480. That is, the valid con�guration spaces are
highly constrained. In terms of time for computing the observability
of the partial feature assignments contained in the blackbox models
(Time [s] column), it ranges from less than a second to a few hours,
except for O���, where the computation time is signi�cantly higher.
This is due to the fact thatO��� includes partial feature assignments
of size up to �ve, which consequently leads to a signi�cantly higher
number of partitions that have to be checked.

While all models include only partial feature assignments that
have, at least, one valid representative (|PV |), the number of di-
rectly observable partial feature assignments (|DO |) is signi�cantly
lower, even zero for half of the models. The number of indirectly
observable9 partial feature assignments (|IO |) is zero in all models.
That is, the vast majority of the partial feature assignments used in
our subject blackbox models are non-observable (|¬O|), which is a
surprising result that we discuss in Section 6.

Summarizing our �ndings for RQ3, we conclude that the major-
ity of features and feature interactions used in state-of-the-art
blackbox performance models are not observable.

6 DISCUSSION
In this section, we discuss the implications of our results, potential
threats to validity, and related work.

6.1 Research Questions
Deciding which partial feature assignments of a con�gurable soft-
ware system are blackbox observable is a combinatorial problem,
since the number of partial feature assignments grows exponen-
tially with the number of features, in the worst case. That is, the
time needed to compute the observability of all partial feature
assignments of a con�gurable software system may be easily in-
tractable in practice. However, as our �rst major result shows, even
for non-trivial feature models, the observability of partial feature
assignments of sizes up to three can be computed in reasonable
time, which covers all pair-wise and triple-wise feature interactions.
As most testing analysis methods stay within those bounds [1],
we consider the decision procedure for observability e�ectively
computable, despite the worst-case computational complexity (see
Section 3).

9Recall, to improve the interpretability of the numbers, we report the number of
generally observable partial feature assignments that are not directly observable.
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TABLE II
STATISTICS OVER GENERAL OBSERVABILITY IN STATE-OF-THE-ART PERFORMANCE-INFLUENCE MODELS

System |V| |F| |P| |PV | Max Size |DO| |IO| |¬O| Time [s]

BROTLI 180 30 166 166 2 0 0 166 21.85

FASTDOWNWARD 347 60 41 41 3 0 0 41 144.22

HSQLDB 864 29 21 21 3 0 0 21 201.26

LRZIP2 1 440 27 220 220 3 0 0 220 6 777.10

MARIADB 972 21 35 35 3 4 0 31 275.07

MYSQL 972 21 25 25 3 4 0 21 144.08

OPENVPN 512 24 13 13 2 1 0 12 13.64

OPUS 6 480 31 66 66 5 0 0 66 309 561.33

POSTGRESQL 864 18 3 3 1 2 0 1 0.01

VP8 2 736 27 40 40 3 0 0 40 30 887.61

Z3 1 024 14 18 18 3 2 0 16 40.78

For each subject system, we list the number of valid configurations (|V|), features (|F|), partial feature assignments (|P|), partial feature
assignments with, at least, one valid configuration (|PV |), and the maximal size of partial feature assignments. The right part of the table
lists the number of partial feature assignments that are directly observable (|DO|), indirectly observable (|IO|), non-observable (|¬O|), as
well as the overall time in seconds needed to compute the observability of the partial feature assignments.

This begs the question of how reliable explanations based
on influences of individual features and feature interactions
actually are. Consider the following example, for illustration.

Example VI.1 Let us assume a configurable software system
with three features e, r, and s, and two configurations c1 =
{e 7! >, r 7! >, s 7! >} and c2 = {e 7! >, r 7! >, s 7! ?}.
The observed performance of c1 is 10s and of c2 is 5s. A
performance model with a minimal prediction error that is
consistent with these two observations is ⇧ = 5·e+ 5·s. Note,
however, that only the partial feature assignment @s = {s 7!

>} is observable, whereas @e = {e 7! >} is not. That is, the
influence of feature e on the performance of the system cannot
be reliably inferred from ⇧. It is important to note, though,
that a blackbox performance model is not necessarily wrong
if it includes non-observable features and feature interactions.
Still, inferring and relying on their influences has to be taken
with a grain of salt.

Putting our results into perspective, our experiments suggest
that non-observable features and feature interactions are preva-
lent in practice and need to be considered when interpreting
blackbox models and analysis results in this field. Our notion
of observability and our effective decision procedure raise the
question of whether state-of-the-art blackbox analysis methods
and models can be used to reliably explain the behavior of
configurable software systems. This, in turn, may provide the
foundation for the development of more interpretable black-
box analysis methods and models for configurable software
systems.

Influence of Constraints on Observability. One important
point to highlight is that it is actually expected that config-
urable software systems only have a small share of observable
partial feature assignments. The share of observable partial
feature assignments tends to decrease with the number of
constraints in the feature model. This is similar to the share of

valid configurations, which also decreases with the number of
constraints. In fact, one common property of all configurable
software systems is that the share of valid configurations in the
configuration space is small. Therefore, we expect the share
of observable partial feature assignments in the space of all
partial feature assignments to be small, as well.

To illustrate this, consider our subject system PKJAB as
a representative example (see Table I). Even though it has
only 12 features, the share of valid configurations is small and
consists of less than 2% of the total of possible configurations.
For illustration, we compute the share of observable partial
feature assignments of size up to three in the PKJAB feature
model, and compare it to the share of valid configurations. To
understand the influence of constraints on observability, we
compute the share of observable partial feature assignments in
variations of the PKJAB feature model, where some (or all)
constraints are removed. We start from a version of the PKJAB
feature model with no constraints, and add each constraint in
a stepwise manner, until we arrive at the actual feature model
that was used in our experiments. Figure 4 shows the results
of computing observability for each step. Not surprisingly,
everything is observable and all configurations are valid on
the initial model (0 constraints). As we progress in adding
constraints, such as mandatory features and implications11,
the share of valid configurations in the configuration space
decreases. The share of partial feature assignments that are
observable also decreases, and we clearly see the distinction
in the observability ratio of 1-wise, 2-wise, and 3-wise partial
feature assignments. While Figure 4 illustrates the results for
PKJAB only, similar graphs can be obtained for other highly
constrained systems from our evaluation. In other words,
though it might be counterintuitive, at first glance, that most
partial feature assignments are non-observable, it is to be

11First, we add all mandatory features as constraints. Then, all implications
in their simplest form. While it is possible to have any other order, the general
result would not change.
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