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ABSTRACT

A feature model (FM) is a well-known way to describe
variability in product lines—according to Berger et al. FMs
are by far the most prominent method to specify variability [5].
The House of Quality (HoQ) is a method to define relationships between customer desires (customer requirements)
and technical characteristics. It is an approach to analyze
how engineering decisions affect customer perceptions [11].
In this work we propose the combination of feature models and the House of Quality in order to leverage the syntax
and expressive power of FMs for the definition of the “how”
section of the HoQ. By using a formalized language for the
definition of the interrelation of single features and feature
groups, the analysis and comparison of variable products can
be simplified: several product instances can be compared
directly regarding the fulfillment of requirements. Furthermore the impact of selecting a single feature can be analyzed
in detail.
The result of this this work is the introduction of the basic modeling approach in section 3. Furthermore we demonstrate two use cases: The first one describes how to evaluate a single product configuration (see section 3.1). In section 3.2 the comparison of two different product configurations is explained.

Quality function deployment (QFD) is a method for quality
assurance developed for application in production processes.
One prominent tool for implementing QFD is the House
of Quality (HoQ), whose basic design principles have been
left unchanged for the last decades. Modern concepts for
handling product variability, most notably feature models,
represent intuitive means for a refurbished roof construction
of the HoQ, and thus more expressiveness in the definition
of functional requirements.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous;
H.4.2 [Information Systems Applications]: Types of
Systems—Decision support

General Terms
House of Quality, Feature Models, Requirements Engineering, Variability Modeling, Quality Function Deployment

1. INTRODUCTION
In the past few years markets have changed in terms of
altered and multiplied customer requirements, partly driven
by the ever growing availability of customer configurable and
individualizable products, and to some extent driven by selfconfident customers who demand certain functionality from
producers. Customer requirements can vary, therefore ways
have to be found to ensure that products satisfy customer requirements properly, but also engineering and management
complexity should stay at a level that is still perceivable and
manipulatable by human actors.
One method of describing customizable products can be
what is known as product line engineering (PLE), with its
inherent implications such as feature variability, configuration, etc.

2.

RELATED WORK

Feature modeling is a variability modeling approach introduced by Kang et al. for a structured Feature-Oriented
Domain Analysis [13]. It has been improved and formalized
over the last decades by e.g. converting FMs into propositional logic [3] and vice versa [9]. Binary feature models
have been extended by concepts for cardinality-based feature
models [18, 7, 4, 8]. Tools and concepts have been developed
in order to re-use feature models in different configuration
stages, such as configuration links [17]. Meta-information
was introduced to feature models in order to allow for more
complex configuration analysis and additional interpretation
possibilities [6].
With Clafer, one of the most versatile and powerful frameworks for the definition and analysis of feature models and
domain models has been presented. Clafer defines a powerful meta-model with first-class feature modeling support
[2]. The analysis algorithm implemented in Clafer allows
for multi-objective optimization in PLE [15, 1]—in that approach pareto-optimal products are derived with respect to
quality objectives like cost, performance or security that are
added as attributes to features [16].
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In the software reuse research field, part of the focus was
laid on domain analysis and engineering, which in turn relies on functional requirements engineering [10]. Marketing
and product plans relying on reusable components organized
in feature models are introduced in [14], relying on FORM
(feature oriented reuse method) [12]. While feature modeling deals with functional requirements engineering in order
to actually find out about features in a product line, the
customer view has not been considered with an evaluatory
aspect in mind, which is inherent to the House of Quality
approach.
The House of Quality as introduced by Hauser and Clausing [11] is a method based on quality function deployment
(QFD). A relationship matrix is used to relate customer
needs (requirements) with artifacts to meet them (functional
components). We are not aware of previous work dealing
with the application of feature modeling on the House of
Quality. Doing so enables a customer requirements viewpoint on feature modeling and thus a complementary source
of information for e.g. customer based analysis of product
variants.
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Figure 2: Refurbishing the roof of the HoQ: a feature model represents the engineering characteristics that are interconnected by cross-tree constraints
and the implicit constraints resulting from the tree
FM structure.

3. VARIABILITY EVALUATION
By adapting the HoQ through combining it with feature
modeling, we present a conceptual approach which brings
together variability modeling and requirements engineering.
The HoQ is a technique for correlating customer perceptions with engineering characteristics. The original HoQ, as
shown in Figure 1, consists of a few basic elements: to the
lower left are the “Customer Attributes”, which are gathered by the customer and can be seen as the requirements.
Since not every requirement is equally important for the
customer, each requirement is weighted depending on the
customer’s perception (the chimney column: “Relative Importance”). These prioritized requirements are then the rows
in the relationship matrix (to the lower right). The second
dimension of that matrix describes the engineering characteristics defined by engineers and representing the columns
of the matrix (cf. “Engineering Characteristics”). On top of
this tower there is the roof of the house, which is also representing engineering characteristics: interrelations between
technical characteristics are identified. In the original HoQ
those relations are classified as “strong positive”, “medium
positive”, “medium negative” and “strong negative” (each
characteristic is crossed with each other characteristic and
the corresponding binary relation can be weighted accordingly). The bottom of the house consists of objective measures. Measured values for arbitrary attributes are noted
here. Also values of competitor’s products can be filled in for
direct comparison. After identifying and rating all requirements and technical characteristics, the body of the house is
built: here, relationships between requirements and technical characteristics are determined. Technical characteristics
can affect requirements positively or negatively. Again, relationships are classified in the range of “strong positive” and
“strong negative”. This weighting process should be realized
in a joint effort of an engineer with the customer in order to
have a common understanding of the effect of engineering
characteristics on customer requirements.
Based on this concept of the HoQ we applied some changes
to enable the evaluation of different product configurations
from variability modeling regarding the fulfillment of customer requirements: the requirements and the importance

rating by the customer (i.e. the lower left part) is left unchanged. But instead of collecting engineering characteristics in the traditional way, a feature model is used for the
columns and the roof of the house. The traditional way
is the identification of characteristics by the engineers and
finding interrelations. FM enable modeling of more complex
effects. Figure 2 depicts how the adapted HoQ is built: the
requirements gathered in requirements engineering are depicted as rows at the bottom left (e.g. “High Bandwidth”).
Requirements prioritization is a sub-process of requirements
engineering—the gathered requirements are prioritized with
values in the interval of [1..9] as shown in the “chimney” column. The technical representation of the product is now
realized by a feature model—the set of selectable features
are the bottom line cells (e.g. “Compact”, “Splashproof”) of
the table on top of the larger mapping matrix. That table
represents the hierarchical structure of the feature model,
without revealing information about the kind of edges that
are used to connect features to their parents. The feature
model’s cross-tree constraints (as well as the constraints defined by the tree structure of the feature model) replace the
original roof of the house. The mapping between features
and requirements is shown in the larger bottom right matrix.
We define a numerical mapping of relationships as shown in
Table 1. The complete house (as visualized in Figure 2) is
the basis for the evaluation of single products.

Table 1: Numerical mapping of relationships.
Symbol

Value

++
+

2
1
0
-1
-2

--
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Meaning
Strong positive
Medium positive
Neutral
Medium negative
Strong negative

Figure 1: The original House of Quality, from [11].

3.1

Evaluation of one product

feature-evaluations, a scalar rating for the whole configuration can be determined.

The products of interest are derived by configuring the feature model. The result is a full configuration. The selected
features of a configuration stay in the configured relationship matrix, deselected features are omitted. Therefore the
columns of a configured relationship matrix are a subset of
the columns of the complete relationship matrix. Based on
the configured relationship matrix we evaluate the configuration. Figure 3 depicts an example-configuration for a mobile
phone. Based on the feature selection, every requirement is
evaluated. For each requirement (row) the multiplications
of the relative importance with the relationship rating are
summed up. The higher the value, the better the single
requirement is fulfilled by this feature selection. For comparison purposes the numeric values of all requirements are
linearly mapped to grades 1 to 5, where 1 is the best and
5 is the worst level of fulfillment. Furthermore the grades
are mapped to colors between green and red, where green
means the best level of requirements fulfillment. Like for
the requirements, the same calculation is done for each feature. For a feature a high numeric value means a strong
positive effect of this feature on the fulfillment of the customer desires. A negative value means a negative effect of
a single feature in terms of not meeting the requirements.
By summing up the requirement-evaluations (rows) or the

3.2

Comparison of products

Having different products configured, the calculated value
can be used for comparison purposes. A comparison between
the mobile phone from Figure 3 and another, more sophisticated phone, can be seen in Figure 4. To ensure comparability, the requirements and relative importance stay the
same. The two different configurations “Configuration 1”
and “Configuration 2” can be seen in the columns. Each
configuration has 2 columns. The values calculated in the
configured relationship matrix are filled in the first column.
In the second one, there is a linear mapping to values between 0% and 100% and a color mapping between green
and red. The input for this mapping are not just the values of one configuration, but the values of all configurations
selected for the comparison. This can be seen, as in Configuration 1 the requirement “Robustness” has a fulfillment
level of 32 points, which is equal 100%. The lowest value
is -36 for the requirement “Long standby time” in Configuration 2 which is equal to 0%. By summing up the values,
different configurations can be compared directly. In our example Configuration 1 has 69 points and therefore a better
evaluation than Configuration 2 with 25 points. This means,

77

Figure 3: Example evaluation of a mobile phone configuration.
that Configuration 1 meets the customer requirements better than Configuration 2 and therefore is the better choice,
even if Configuration 2 is more sophisticated from a technical view.

ments. Furthermore, the approach described in this work is
a way to compare different product variants directly. This is
especially interesting when it comes to planning a product
portfolio (e.g. which variants should be offered to certain
market segments). Another scenario is the evaluation of already existing products for different markets. This can easily be done by changing the relative importance of customer
requirements, yielding different evaluation results.
For future work further metrics and calculations could be
developed: the calculations shown here are very simple in order to introduce the proposed concept. Another issue would
be to take into account effects of feature combinations: in
our example a single feature has a specific (maybe none) effect on the given requirements. However, there might be scenarios where the combination of selected features can have
a very different effect on specific requirements, than just the
combination of each feature’s single effect.
The evaluation of products as proposed in this work is only
based on the level of requirements’ fulfillment. The objective measures at the bottom of the house are not considered
here. Since in our approach the columns of the house are the
features of the product, the objective measures can be seen
as the features’ attributes. Clafer supports multi objective
optimization based on attributed features and visualization
with support for product comparison [2][1][15]. Bringing together multi objective optimization with optimization based
on customer requirements could be investigated in future
work.

Figure 4: Comparison between different configurations, showing that configuration 1 is superior to
configuration 2 in the context of a specific customer
requirements rating (relative importance).

4. CONCLUSION AND FUTURE WORK

5.

By combining the HoQ and feature modeling we showed
a way to evaluate products concerning the level on which
they meet customer requirements. We showed first by an
illustrative example, how a single configuration can be analyzed. This method makes it possible to understand the
effects of selecting features on meeting customer require-
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