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called “product line” in marketing
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Software Product Line
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Evolving Software Systems, Chapter 9

9 Evolution of Software Product Lines 267

vidual products (i. e. different online shop implementations) from the assets created
in the first step in a systematic way.
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Fig. 9.1: Software Product Line Engineering (SPLE) framework

SPL engineering (SPLE) provides concepts on how to develop SPLs. A basic
SPLE framework is shown in Figure 9.1: SPLE approaches often distinguish be-
tween domain engineering and application engineering1. Domain engineering deals
with creating (and maintaining) the whole SPL. First, requirements for the SPL are
elicited and the scope of the SPL is defined, i. e. a definition which potential prod-
ucts are to be supported. The variability between potential products is captured in a
variability model. It defines the available variants, e. g. different payment methods
and shipping options in an online shop, and the allowed combinations. To allow the
creation of products the variants identified in the variability model need to be imple-
mented by reusable SPL assets. A mapping is then specified to define which variant
from the variability model is implemented by which assets.

Figure 9.2 shows example domain engineering models from an fictitious SPL for
online shop software (e-shop). The left-hand side shows the variability model. There
are several variability modeling approaches that could all be applied here, e. g. fea-
ture models [757], decision models [755] or the orthogonal variability model [688].
In this chapter we use feature models as a basis for the discussion. Other approaches
are conceptually similar [208] and could be applied in a similar fashion.

A feature is a “distinguishable characteristic of a concept (e. g. component, sys-
tem, etc.) that is relevant to some stakeholder of the concept” [207]. The example
model shows features of an e-shop such as support for a Catalog, a Search function,
and different ArticleTypes.

1 Some approaches use different terms, like core asset development and product development, but
provide essentially a similar distinction.
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Software Product Line Evolution

• Specifics

• Longer life span

• Larger size and complexity

• More interdependencies


• Assets

• Common 

• Variable 

• Specific 
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Evolving Software Systems, Chapter 9
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Feature Models

• A feature is

• a distinguishable characteristic

• of a concept

• relevant to some stakeholder


• Drawn as a tree

• or-groups, xor-groups

• requires, excludes

5

Schobbens, Heymans, Trigaux, Feature Diagrams: A Survey and

a Formal Semantics, ICRE 2006.
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Feature Model
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Evolving Software Systems, Chapter 9

268 Goetz Botterweck and Andreas Pleuss

Fig. 9.2: Example domain engineering models: A feature model (left) and associated
reusable implementation assets (right).

A feature model specifies all features supported by the SPL and the dependencies
between them. Features are structured in a tree hierarchy. Additional constraints
express further restrictions on which features can be selected or eliminated when
specifying a concrete product. Mandatory features must always be selected if their
parent is selected while optional features are facultative depending on the choices
of the user. Features can also be grouped into or-groups (if the parent is selected at
least one child must be selected) or xor-groups (if the parent is selected exactly one
child must be selected). Selecting a child feature mandates that its parent is selected
as well.

The feature model shown in Figure 9.2 specifies that each e-shop must support
a Catalog (mandatory feature) which may include a Search function (optional) and
must include an ArticleType feature (mandatory) from which at least one child has to
be selected (or-group).

In addition, cross-tree constraints can be defined between arbitrary features in the
model like requires (selecting a features requires to select another one) or excludes
(two features mutually exclude each other). In the example, a requires constraint
defines that PhysicalGoods always requires ShippingOptions to be selected.

The features in a feature model have to be implemented by reusable assets, rep-
resented by software components on the right-hand side of Figure 9.2. Additional
mappings specify which features are implemented by which assets. In practice,
these mappings are not always one-to-one but more complex. Moreover, features
are usually mapped to different types of assets which in combination specify the
complete implementation, including the product line architecture (PLA [130]), code
fragments, test cases, and documentation.

During application engineering (see Figure 9.1), concrete products are developed
based on the assets provided by the SPL. A product is defined by a product config-
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7

van Ommering, Software Reuse in Product Populations, IEEE TSE, 2005.

where we see a large variety of analogue transmission
standards for video, audio and data, and a move toward
digital standards.

These main axes can be further subdivided into subaxes.
Traversing Fig. 2 clockwise, we see various levels of image
and sound quality, usually coupled to price and/or region.
We see addition of data services such as Teletext, Closed
Captioning and Electronic Program Guides, and of user
interfaces, starting with simple menu structures, and going
to animated or even three-dimensional experiences.

The third quadrant shows the relation to analogue and
digital storage devices such as classical (tape-based) video
recorders, DVD players/recorders, and hard disk recorders.
Such devices are initially available as separate boxes, but
can be integrated into a television. Finally, the fourth

quadrant shows the connectivity of a TV with other
consumer devices and the rest of the world, from a simple
and proprietary P50 protocol to modern protocols such as
1394, USB, and TCP/IP.

2.3 Lead Time

The third challenge is the development time of new
products. Traditionally, new types of television are intro-
duced on a yearly base, synchronized with annual events
such as Christmas, and with major sport events such as the
World Championship Soccer and the Olympic Games.
Many other consumer products have introduction cycles
of 6 months instead of one year, for instance digital cameras
and graphic cards for personal computers. We have now
come to the point where we will loose shelf space in shops if
we do not have new products every 6 months.

So, lead-time must be decreased. Note that this does not
mean that we should be able to create a new product from
scratch in 6 months time. However, we should be able to
deploy our existing software base in such a way that we can
create products that are sufficiently different from previous
generations. This requires that we are able to systematically
reuse existing software, tune that to meet new product
demands, and add new functionality where necessary.

2.4 Summary

We summarize the main challenges:

. Software in televisions grows exponentially, so we
need more developers and more development time.

. The market demands more product variation (for
which we need even more developers) and shorter
introduction times.
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Fig. 1. Size of embedded software in high-end televisions.

Fig. 2. Axes of diversity.
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Conclusion

• Domain engineering "<-&"-> application engineering

• product configuration "=> derivation


• SPLs evolve on 3 levels:

• add/delete/modify single assets (common/variable/specific)

• add products (beware the feature interactions!)

• add/delete SPL; split/merge SPLs


• Q&A Sessions @ Canvas

• "=> v.zaytsev@utwente.nl 

• "=> https:"//discord.gg/n7VQAPNBPD 
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