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An Interaction when Customizing Clothes

Customization of Clothes

• platforms to create and buy
clothes

• creator preselects clothes
with certain colors

• customization with pictures
in different colors

• where is the problem?

uulm Shop [myspreadshop.de]
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An Interaction when Customizing Clothes

The Problem: Unwanted Interaction of Colors The Solution: Choose Other Colors
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An Interaction when Customizing Clothes

The Problem: Unwanted Interaction of Colors The Solution: Choose Other Colors

seems that contrast is checked for each order (cf. application engineering)
and not for each published design (cf. domain engineering)
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An Interaction of Android Apps

Me Experiencing a Feature Interaction in 2012

Thomas Thüm Where Are My Constraints and What Do They Constrain? 11

Which of 3.5 million Android apps interact? Where to document? Who to blame?

Do you want to make 
this call via Skype?

Yes           No

which of those 3.5 million Android apps interact?
where to document?
whom to blame?

Skype vs BabyMonitor

• Skype app installed and used
for years

• BabyMonitor installed,
carefully tried and used for
months

• BabyMonitor can call any
other number (i.e., works
without internet)

• automatic update of the
Skype app

• update causes a question to
be asked for every call

• what is the problem?
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Feature Interactions

Feature Interaction [Apel et al. 2013, p. 214]

“A feature interaction between two or more fea-
tures is an emergent behavior that cannot be easily
deduced from the behaviors associated with the in-
dividual features involved.”
for short: interaction

Inadvertent Interaction [Apel et al. 2013, p. 214]

“An inadvertent feature interaction occurs when
a feature influences the behavior of another feature
in an unexpected way (for example, regarding the
expected control flow, program or data state, or
visible behavior).”
here simplified as: wanted vs unwanted

Feature-Interaction Problem [Apel et al. 2013, p. 214]

“The feature-interaction problem is to detect,
manage, and resolve (inadvertent) feature interac-
tions among features.”

Feature Interactions

• detection discussed in next two lectures
[Lecture 10 and Lecture 11]

• resolving interactions (see Part II)

• managing interactions (see Part III)

What’s Next?

• interactions due to the absence of features

• interactions in source code

• interactions with the base code
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A Common Interaction of Toasters

no interaction for two toasts (i.e., T1 ∧T2 shown)
and for no toasts (i.e., ¬T1 ∧ ¬T2 not shown)

unwanted interaction for one toast
(i.e., T1 ∧ ¬T2 shown and ¬T1 ∧ T2 not shown)
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Example Interactions with Preprocessors
Why is preprocessor wilderness a problem?

class Edge {
Node first, second;

//#ifdef Weighted
int weight;

//#endif
Edge(Node first, Node second) {...}
boolean equals(Edge e) {

return (first == e.first
&& second == e.first

//#ifndef Directed
|| first == e.second
&& second == e.first
) && weight == e.weight;

//#endif
}
void testEquality() {

Node a = new Node();
Node b = new Node();
Edge e = new Edge(a, b);
Assert.assertTrue(e.equals(e));

} }

class Edge {
Node first, second;

int weight;

Edge(Node first, Node second) {...}
boolean equals(Edge e) {

return (first == e.first
&& second == e.first

|| first == e.second
&& second == e.first
) && weight == e.weight;

}
void testEquality() {

Node a = new Node();
Node b = new Node();
Edge e = new Edge(a, b);
Assert.assertTrue(e.equals(e));

} }

Thomas Thüm, Reimar Schröter FeatureIDE: Taming the Preprocessor Wilderness 3

No Interaction?

• configuration for
undirected, weighted
edges

• product can be compiled

• what is the problem?
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Example Interactions with PreprocessorsWhy is preprocessor wilderness a problem?
class Edge {

Node first, second;
//#ifdef Weighted

int weight;
//#endif

Edge(Node first, Node second) {...}
boolean equals(Edge e) {

return (first == e.first
&& second == e.first

//#ifndef Directed
|| first == e.second
&& second == e.first
) && weight == e.weight;

//#endif
}
void testEquality() {

Node a = new Node();
Node b = new Node();
Edge e = new Edge(a, b);
Assert.assertTrue(e.equals(e));

} }

class Edge {
Node first, second;

Edge(Node first, Node second) {...}
boolean equals(Edge e) {

return (first == e.first
&& second == e.first

|| first == e.second
&& second == e.first
) && weight == e.weight ;

}
void testEquality() {

Node a = new Node();
Node b = new Node();
Edge e = new Edge(a, b);
Assert.assertTrue(e.equals(e));

} }
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Static Interaction

• configuration for
undirected, unweighted
edges

• product cannot be
compiled due to static
feature interaction

• field weight used for
undirected edges but
defined in feature
Weighted

• occurs whenever features
Directed and Weighted
are both not selected
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Example Interactions with PreprocessorsWhy is preprocessor wilderness a problem?
class Edge {

Node first, second;
//#ifdef Weighted

int weight;
//#endif

Edge(Node first, Node second) {...}
boolean equals(Edge e) {

return (first == e.first
&& second == e.first

//#ifndef Directed
|| first == e.second
&& second == e.first
) && weight == e.weight;

//#endif
}
void testEquality() {

Node a = new Node();
Node b = new Node();
Edge e = new Edge(a, b);
Assert.assertTrue(e.equals(e));

} }

class Edge {
Node first, second;

int weight;

Edge(Node first, Node second) {...}
boolean equals(Edge e) {

return (first == e.first
&& second == e.first

}
void testEquality() {

Node a = new Node();
Node b = new Node();
Edge e = new Edge(a, b);
Assert.assertTrue(e.equals(e));

} }
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Other Static Interaction

• configuration for directed,
weighted edges

• product cannot be
compiled due to static
feature interaction

• semicolon and bracket
missing for every
configuration with feature
Directed

• feature Directed has
inadvertent interaction
with base code
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Example Interactions with PreprocessorsWhy is preprocessor wilderness a problem?
class Edge {

Node first, second;
//#ifdef Weighted

int weight;
//#endif

Edge(Node first, Node second) {...}
boolean equals(Edge e) {

return (first == e.first
&& second == e.first

//#ifndef Directed
|| first == e.second
&& second == e.first
) && weight == e.weight;

//#endif
}
void testEquality() {
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Node b = new Node();
Edge e = new Edge(a, b);
Assert.assertTrue(e.equals(e));

} }

class Edge {
Node first, second;

int weight;

Edge(Node first, Node second) {...}
boolean equals(Edge e) {

return (first == e.first
&& second == e.first

|| first == e.second
&& second == e.first
) && weight == e.weight;

}
void testEquality() {

Node a = new Node();
Node b = new Node();
Edge e = new Edge(a, b);
Assert.assertTrue(e.equals(e));

} }
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Dynamic Interaction?

• again: configuration for
directed, weighted edges

• product can be compiled
but test fails

• not a static interaction

• defect in the base code

• no interaction at all

Detection of Interactions

• static interactions
[Lecture 10]

• dynamic interactions
[Lecture 11]

• next: interactions of more
than two features
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Higher-Order Interactions

Kinds of Interactions

• wanted and unwanted interactions

• static and dynamic interactions

• one-wise interactions (interaction of features
with the base code and faulty features)

• pair-wise interactions (between two features)

• higher-order interactions (between more than
two features)

Variability Bug Database [VBDb]

• database of known feature interactions

• operating system Linux (43 interactions)

• web server Apache (23)

• system tool Busybox (18)

• 3D printer firmware Marlin (14)

Patterns of Feature Interactions [VBDb]

Variability Bugs in Highly Configurable Systems: A Qualitative Analysis 10:25

Fig. 14. Presence conditions under which the bugs occur.

Fig. 15. Effectiveness (cost/benefit) of various testing strategies if applied to our collection of bugs.

Testing of highly configurable systems is often approached by testing one or more maximal
configurations, in which as many features as possible are enabled—in Linux, this is done using
the predefined configuration allyesconfig. This strategy allows the discovery of many bugs with
some-enabled presence conditions simply by testing one single maximal configuration. However,
if negated features occur in practice as often as in our sample, testing maximal configurations only
will miss a significant amount of bugs.

Confirmed observation 9: A one-disabled testing strategy, with a sample size
bounded by the number of features, would find 96% of bugs in our collection.

We propose a one-disabled configuration testing strategy, which considers a maximal configuration
and then disables each of the individual features one by one.

Figure 15 compares the two strategies, all-enabled (maximal) configuration testing and one-
disabled configuration testing. The sample size is the number of configurations generated by the
given formula (an upper bound). For the all-enabled strategy, this number is approximate: in prac-
tice, since feature models are underconstrained [43], a small number of configurations will suffice
for real systems (thus constant in practice). In the worst case, all-enabled degrades to one-enabled
(the dual of one-disabled), but the authors have yet to see a pathological system like that. For one-
disabled, the size of the sample is always at most |F|; the maximum occurs if all features can be
disabled independently.

The benefit is measured as bug coverage for our sample: for each strategy, we check what per-
centage of bugs in our database would be detected by them. We also add an entry for exhaustive
testing of all configurations, serving as a baseline. For exhaustive testing, the sample size is ex-
ponential in |F|. This is in practice reduced by feature constraints, but not below the exponential
growth due to sparsity of the constraints, at least not in highly configurable systems (some soft-
ware product lines, in contrast, have very small configuration spaces).

ACM Transactions on Software Engineering and Methodology, Vol. 26, No. 3, Article 10. Pub. date: January 2018.
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Interaction on Data and Control Flow [Meinicke et al. 2016]

1 boolean STATISTICS, SMILEY, WEATHER,
2 FAHRENHEIT, SECURE_LOGIN;
3 void createHtml() {
4 String c = wpGetContent();
5 if (SMILEY)
6 c = c.replace(":]", getSmiley(":]"));
7 if (WEATHER) {
8 String weather = getWeather();
9 c = c.replace("[:weather:]", weather);

10 }
11 String head = initHeader();
12 print("<html><head>" + head + "</head><body>");
13 if (STATISTICS) {
14 long time = getCurrentTime();
15 printStatistics(time);
16 }
17 print("<div>" + c + "</div>");
18 String foot = wpGenFooter();
19 print("<hr/>" + foot + "</body></html>");
20 }
21 String getWeather() {
22 float temparature = getCelsius();
23 if (FAHRENHEIT)
24 return (temparature * 1.8 + 32) + "◦F";
25 return temparature + "◦C";
26 }

4 3 2 1 0 1 2 3 4
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Line Number 

c = "It is [:weather:]" 

true:c = wpGetContent() 

c = Choice(α, "It is [:weather<img..>",  
           "It is [:weather:]") 

¬α 

 
SMILEY = Choice(α, true, false) 
WEATHER = Choice(β, true, false)  
FAHRENHEIT = Choice(ɣ, true, false) 
STATISTICS = Choice(δ, true, false)  
SECURE_LOGIN = Choice(ε, true, false) 
  

α: c = c.replace(":] ",<img..>) 

true: if (SMILEY) 

true: if (WHEATHER) 

β: weather = getWeather() 

weather = Choice(ɣ, "77°F", "25°C") 

c = Chioce(α, "It is [:weather<img..>",  
          Choice(β, Choice(ɣ, "It is 77°F", "It is 25°C"),  
              "It is [:weather:]")) 

β: c = c.replace("[:weather:]“, weather) ¬β 

head = "Hello World"  

true:print("<htmt>.."+head+"..<body>") 

true: initHeader() 

Figure 1: Feature interactions modeled after WorldPress. Example source (left), a measurement of feature interactions
(middle), and the start of a corresponding variability-aware execution trace (right); descriptions at arrows display the
executed statement with the corresponding context, boxes show changes on the state.

configuration spaces, exposing why certain approaches do
not scale for certain kinds of interactions. (4) We measure
the configuration complexity for medium-sized systems, find-
ing that essential configuration complexity is low enough
to enable configuration-complete analyses. (5) We discuss
common characteristics of interactions, providing more nu-
anced variants of current assumptions, which can, among
others, encourage more efficient analyses for configuration
spaces. The tool and further information can be found on
our website http://meinicke.github.io/VarexJ/.

2. FEATURE INTERACTIONS
A feature interaction describes the situation in which fea-
tures modify or influence another feature in describing or
generating the system’s overall behavior [15, 68], typically
observable when the combined behavior of two features dif-
fers from the individual behaviors of both features [18, 52].
For example, one feature can interfere with or overwrite the
effects of another feature. When both features are developed
independently, it can be difficult to predict such interactions.
The concept of feature interactions has gained attention in
90s when studied in the context of telecommunication sys-
tems [18]. In general, a feature interaction is a failure of
compositionality, in the sense that the developers of features
did not anticipate the interaction when combining them.

Feature interactions are a common problem in software
systems with configuration options and systems that are
composed of different modules (e.g., plugins, components);
they can lead to often behavior, bugs, and security vulnera-
bilities [1, 26, 42, 51–53]. In the remainder of the paper, we
refer to features, optional modules, and options in a software
system uniformly as configuration options and refer to a
specific combination of those as a configuration. Interactions
may occur only in specific configurations and are thus diffi-
cult to detect: A product working fine in one configuration

may exhibit unexpected behavior when changing an unre-
lated option or installing a new plugin. The exponentially
growing configuration space challenges quality assurance. At
the same time, isolating options to prevent interactions is
often not possible, because some options are designed to
interact (e.g., intentionally exchanging specific kinds of data
among plugins or apps). The challenge is to allow intended
interactions, but prevent or detect accidental ones.

As example of interactions among multiple options consider
the code excerpt in Figure 1, modeled after the WordPress
blogging software that is extensible by thousands of indepen-
dently developed plugins. Options weather and fahrenheit
interact purposefully to show the weather information in
desired format. However, options smiley and weather can
interact on the blog post’s content in unintended ways,
such that the smiley code breaks weather ’s expansion of
a ‘[:weather:]’ tag, rewriting it into ‘[:weather,’.

There are different definitions of what constitutes an inter-
action, depending on what characteristics can be observed. In-
teraction faults tend to refer to issues in which we can observe
a fault (e.g., a crash) in an execution if and only if options
are combined in specific ways [1, 26,53]. For the purpose of
our discussion, we understand as an interaction any trace or
state difference in the program that depends on two or more
options, even if it does not result in a crash or even observable
behavior. For instance, in our WordPress example, whether
and how statistics are printed depends only on option statis-
tics (not an interaction), but the value of c depends on smi-
ley, weather, and fahrenheit (data interaction) and whether
Line 24 is executed depends on both weather and fahrenheit
(control-flow interaction). We consider interactions at the low
level of data and control flow, because they are measurable
even without a specification of intended behavior. With the
degree of an interaction, we refer to the number of options
involved in the interaction; typically, interactions of higher
degree occur in fewer configurations and are harder to detect.

How do Features Interact?

• given a program with
runtime variability

• given one test case (i.e.,
concrete inputs)

• how much does the
execution depend on the
configuration?

• how many values for each
variable? (green)

• how many different
control flows? (red)

• blue color not relevant
here (minimal overhead
during simultaneous
execution)
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Execution Traces in Configurable Systems [Meinicke et al. 2016]
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Figure 2: Traces and interaction overhead of variability-aware execution for larger software. Each bar represents the
highest value per 1,000 instructions (per 10 for Elevator).

interaction degrees on data and control flow. Especially, in
the last part of the execution, data interactions similar to
benchmark B1 can be observed for a subset of the options.

Fourth, Checkstyle is a good example for a trace with
particularly few interactions. The system implements many
optional and independent checks that are not supposed to
interact. However, the trace shows that there are still high
degree interactions in Checkstyle, mostly caused by optional
caching, resulting in a similar behavior as in the benchmark
B3 in a subset of the trace. Also in Jetty (trace not shown),
we similarly observe that most options have only minimal in-
fluences on the trace; we found no interactions on data at all.

Throughout all systems, we observe essential configuration
complexity that is far lower than surface complexity may
indicate. The amount of essential configuration complexity
differs by system though from almost negligible (Checkstyle,
Jetty, GPL), to medium (Elevator, Prevayler), to significant
(QuEval). Comparing the aggregated interaction overhead
with the average number of instructions executed without
variability shown in Table 2 (cf. Sec. 3.2), we can see that
a system executing close to essential configuration complex-
ity would usually only have to execute 1 – 4 times more
instructions than an average execution of a single configu-
ration. Only QuEval had a significant interaction overhead
compared to an average execution of individual configura-
tions, but that can be explained largely by executions for
alternative options. In general, the overhead is much lower
than the overhead of factor 20 to 2135 a brute-force approach
would require and could potentially even beat some sampling
strategies that reexecute each sampled configuration.

In its current form, due to the high overhead per instruc-
tion, VarexJ cannot achieve this speedup compared to a
standard JVM.2 However, our results indicate that essential

2When compared to executing a single configuration with
VarexJ’s own interpreter, we observe performance overheads
between 1.0x (Jetty) and 9.7x (GPL) for most systems and
190x for QuEval, in line with the measured interaction over-

complexity is low and there is hope for the community to
develop efficient configuration-complete analysis techniques.

Threats to Validity. Concrete results from our measure-
ments should be generalized only carefully; our focus is on
establishing metrics for configuration complexity, not on prov-
ing characteristics of programs in general practice. External
validity is limited by the number and size of our subject
systems. As described, we selected the small programs rep-
resenting critical and paradigmatic cases, whereas we used
convenience sampling for the medium-sized systems, primar-
ily due to current technical limitations of our interpreter
and the high engineering effort to execute further and larger
systems. Our subject systems are diverse, but their charac-
teristics may not generalize for other systems.

As described, we executed each system with only one input.
Thus, we potentially miss interactions that occur only with
other inputs. Nonetheless, we execute each program’s main
method with a representative input, which in each system
covers all configuration options and a large amount of its
code as the measured line coverage in Table 2 indicates.

To interpret our results, it is important to remember,
as discussed in Sec. 2, that we define interactions as any
differences during the execution triggered by options, not
just externally visible differences or defects. This decision is
deliberate to study interactions and execution methods in
general, independent of defects they may cause.

6. DISCUSSION: CHARACTERISTICS OF
INTERACTIONS

In Section 4, we have shown that despite exponential sur-
face complexity many kinds of interactions actually have
low essential complexity, which can be exploited by suitable
sharing-based analyses. In Section 5, we have subsequently
shown that also real-world systems typically have a much
lower essential complexity than it may appear on the surface.

head. Detailed performance measurements are outside the
scope of this paper, but can be found on our website.

insights: not all features interact. some statements may lead to higher interactions than others.
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What is a Feature Interaction? – Summary

Lessons Learned

• feature interaction and feature-interaction
problem

• wanted/unwanted, static/dynamic,
one-wise/pair-wise/higher-order

• examples: customization of clothes, Android
apps, toaster, preprocessor code, runtime
variability, Variability Bug Database

Further Reading

• Apel et al. 2013, Chapter 9, pp. 213–217

Practice

Do you know further examples of feature interac-
tions?
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Strategy S1: Adapt Feature Model

Strategy S2: Orthogonal Implementation

Strategy S3: Duplicate Implementations
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Overview and Discussion

Summary

9c. How to Avoid Feature Interactions?
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Handling/Implementing Feature Interactions

Assumptions

• Interacting features have been already identified

• Interaction is a pairwise interaction (i.e., two
features)

Problem Description

• Find a strategy to handle the interaction

• Strategy does not introduce the
optional-feature problem
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Running Example: A Feature Interaction in our Graph Library

Graph

Nodes

Colored

Edges

Directed Weighted

Algorithms

ShortestPath

Optional-Feature Problem

• Domain view: Weighted and ShortestPath can
be deliberately selected independent of each
other.

• Implementation view: ShortestPath requires
Weighted due to an implementation
dependency.

Feature Module BasicGraph

class Edge {
Node a, b; ...

}

Feature Module Weighted

refines class Edge {
double weight; ...

}

Feature Module ShortestPath

refines class Graph {
List shortestPath(Node a, Node b){
Edge e1, e2;
...
if (e1.weight > e2.weight)
...

}
}
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Handling Feature Interactions: General Goals

Question

What makes a good strategy to implement coordination code for feature interactions (while solving/avoiding
the optional-feature problem)?

1. Variability

For every valid configuration (according to feature
model), we can generate a product that imple-
ments this configuration.

2. Implementation Effort

Should not require overwhelming implementation
effort (would not be attractive in practice).

3. Binary Size and Performance

Should not increase binary size or decrease perfor-
mance of products compared to an individual im-
plementation of each product.

4. Code Quality

Should not reduce code quality, which would make
the product line harder to maintain.
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Strategy S1: Adapt Feature Model – (a) Add Domain Dependency

Strategy S1a

Declare implementation de-
pendency as domain depen-
dency in the feature model.

Products

Variability Implementation effort Binary size & performance Code quality

Variants not 
possible
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Strategy S1: Adapt Feature Model – (a) Add Domain Dependency

Graph

Nodes

Colored

Edges

Directed Weighted

Algorithms

ShortestPath

ShortestPath → Weighted

Same implementation as before, but we make im-
plementation dependency explicit: ShortestPath
requires Weighted .

Feature Module BasicGraph

class Edge {
Node a, b; ...

}

Feature Module Weighted

refines class Edge {
double weight; ...

}

Feature Module ShortestPath

refines class Graph {
List<Node> shortestPath(Node a, Node b){
Edge e1, e2;
...
if (e1.weight > e2.weight)
...

}
}
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Strategy S1: Adapt Feature Model – (b) Exclude Feature Combination

Strategy S1b

Declare problematic feature
combinations as mutually ex-
clusive in the feature model.

Products

Variability Implementation effort Binary size & performance Code quality

Variants not 
possible
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Strategy S1: Adapt Feature Model – (b) Exclude Feature Combination

Graph

Nodes

Colored

Edges

Directed Weighted

Algorithms

ShortestPath

¬(ShortestPath ∧Weighted)

We may safely assume any uniform weight because
ShortestPath and Weighted are mutually exclusive.

Feature Module BasicGraph

class Edge {
Node a, b; ...

}

Feature Module Weighted

refines class Edge {
double weight; ...

}

Feature Module ShortestPath

refines class Graph {
List shortestPath(Node a, Node b){
double w1 = 1.0;
double w2 = 1.0;
...
if (w1 > w2)
...

}
}
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Strategy S2: Orthogonal Implementation

Strategy S2

Orthogonal implementation
with no dedicated coordina-
tion of interaction.

Products

Variability Implementation effort Binary size & performance Code quality

Missing behavior
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Strategy S2: Orthogonal Implementation

Graph

Nodes

Colored

Edges

Directed Weighted

Algorithms

ShortestPath

¬(ShortestPath ∧Weighted)

Calculation of shortest path ignores weights but
merely counts the number of edges on a path.

Feature Module BasicGraph

class Edge {
Node a, b; ...

}

Feature Module Weighted

refines class Edge {
double weight; ...

}

Feature Module ShortestPath

refines class Graph {
List shortestPath(Node a, Node b){
// ignore weights
...

}
}
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Strategy S3: Duplicate Implementations

Strategy S3

Multiple implementations of
a feature, with and without
coordination code.

Products

Variability Implementation effort Binary size & performance Code quality

Code replication
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Strategy S3: Duplicate Implementations

Graph

Nodes

Colored

Edges

Directed Weighted

Algorithms

ShortestPath

WeightedShortestPath UnweightedShortestPath

WeightedShortestPath ↔ ShortestPath ∧ Weighted

UnweightedShortestPath ↔ ShortestPath ∧ ¬Weighted

One of two different implementations chosen based on
selection of interacting features.

Feature Module UnweightedShortestPath

refines class Graph {
List shortestPath(Node a, Node b){
...
...
// ignore weights
...

}
}

Feature Module WeightedShortestPath

refines class Graph {
List shortestPath(Node a, Node b){
Edge e1, e2;
...
if (e1.weight > e2.weight)
...

}
}
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Strategy S4: Move Source Code

Strategy S4

Move all the coordination
code to one of the features
(or to a third one all inter-
acting features depend on).

Products

Variability Implementation effort Binary size & performance Code quality

Not efficient
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Strategy S4: Move Source Code

Feature Module BasicGraph

class Edge {
Node a, b;
double weight = 1.0;
...

}

Feature Module Weighted

refines class Edge {
...

}

Feature Module ShortestPath

refines class Graph {
List shortestPath(Node a, Node b){
Edge e1, e2;
...
if (e1.weight > e2.weight)
...

}
}
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Strategy S5: Conditional Compilation

Strategy S5

Coordination code is only ex-
ecuted if both features are
selected.

Products

Variability Implementation effort Binary size & performance Code quality

Non-modular

#ifdef F1 and F2
…
#endif
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Strategy S5: Conditional Compilation

Feature Module BasicGraph

class Edge {
Node a, b; ...

}

Feature Module Weighted

refines class Edge {
double weight; ...

}

Feature Module ShortestPath

refines class Graph {
List shortestPath(Node a, Node b){
Edge e1, e2;
...

#ifdef WEIGHTED
if (e1.weight > e2.weight) ...

#endif
...

}
}
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Strategy S6: Derivative Modules

Strategy S6

Create a dedicated module
for code that coordinates
features.

Products

Variability Implementation effort Binary size & performance Code quality

Additional module
(additional effort)
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Strategy S6: Derivative Modules

Graph

Nodes

Colored

Edges

Directed Weighted

Algorithms

ShortestPath

WeightedShortestPath

WeightedShortestPath ↔ ShortestPath ∧Weighted

Derivative module is selected only if both interact-
ing features are selected.

Feature Module ShortestPath

refines class Graph {
List shortestPath(Node a, Node b){
Edge e1, e2;
...
if (isLonger(e1,e2))
...

}
boolean isLonger(Edge e1, Edge e2){
return false;

}
}

Feature Module WeightedShortestPath

refines class Graph {
boolean isLonger(Edge e1, Edge e2){
return e1.weight > e2.weight;

}
}
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S1: Adapt Feature Model

S2: Orthogonal implementation

S3: Duplicate implementations

S4: Move source code

S5: Conditional compilation

S6: Derivative modules
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How to Handle Feature Interactions? – Summary

Lessons Learned

• Adaptation of feature model to avoid
(undesired) feature interactions.

• Strategies to implement coordination code for
known feature interactions.

• Discussion of the strengths and weaknesses of
each of the strategies.

Further Reading

• Kästner et al.: On the impact of the optional feature
problem: Analysis and case studies. SPLC 2009.

• Apel et al. 2013, Chapter 9

Practice

Looking back at our graph library and the feature
interaction between ShortestPath and Weighted .
Which strategy would you choose to handle this
interaction? Why?
Can you think of other feature interactions for the
graph library (you may also add additional fea-
tures)? Again, how would you handle them?
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9. Feature Interactions

9a. What is a Feature Interaction?

9b. How to Handle Feature Interactions?

9c. How to Avoid Feature Interactions?
The Choice of Features

Documentation of Interactions

Summary

FAQ
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The Choice of Features

John Ferguson Smart (2017)

John Carmack (born 1970) [uci.edu]

“The important point is that the cost of adding
a feature isn’t just the time it takes to code it.
The cost also includes the addition of an obstacle
to future expansion. [...] The trick is to pick the
features that don’t fight each other.”
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The Choice of Features

Henry Ford, 1909

“Any customer can have a car painted any color
that he wants so long as it is black.”

Why only black? [Apel et al. 2013]

• black color dried faster

• faster production

• more products and cheaper production
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Documentation of Interactions – Incompatibilities of Lenovo Hardware

Documentation of Remaining Interactions

• not all interactions can be prevented/fixed

• how to apply strategy S1 (see Part II) if there is no
feature model?

• what to document?

Lenovo’s Option Compatibility Matrices

• 7 Excel files for current products
+ archive for old products

• Excel file for computers contains 32 tables (series)

• table for ThinkPad X has 28 columns (models) and
> 500 rows (accessories)

• 14k cells contain > 400 different footnotes

• a footnote explains one incompatibility
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Documentation of Interactions – Incompatibilities of Lenovo Hardware

• columns
contain
notebooks

• rows contain
accessories

• X indicates
compatibility

• numbers
indicate a
known
incompatibility
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Documentation of Interactions – Incompatibilities of Lenovo Hardware

• 314: pen
requires touch
screen (cf. S1)

• 315/319/320:
extra module
needed (cf. S6)

• 316/317: fixed
in newer BIOS
versions

• 318/321: two
modules with a
different power
supply (cf. S3)
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How to Avoid Feature Interactions? – Summary

Lessons Learned

• reduction of variability

• which features are actually needed?

• documentation of interactions that cannot be
avoided

Further Reading

Apel et al. 2013

Practice

Who checks the compatibility of Lenovo products?
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FAQ – 9. Feature Interactions

Lecture 9a

• What are (inadvertent) feature
interactions? Give examples!

• Are feature interactions limited to
product lines?

• What is the feature-interaction
problem? Why is it critical for
product lines?

• What is the difference of
static/dynamic,
one-wise/pair-wise/higher-order
interactions?

• What are typical patterns of
interactions?

• How can features interact on
control flow and data?

Lecture 9b

• How to resolve feature interactions?

• What is the optional feature
problem?

• What are typical goals when
resolving feature interactions?

• Name/explain strategies to resolve
feature interactions!

• What are (dis)advantages of those
strategies?

Lecture 9c

• How to cope with feature
interactions?

• How to reduce variability?

• What are unused, unnecessary, and
shopping-list-features?

• How to document feature
interactions?
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