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Software Product Lines | Thomas Thüm, Elias Kuiter, Timo Kehrer | April 23, 2023



5. Conditional Compilation

5a. Features with Build Systems

How to Implement Features?

Problems of Ad-Hoc Approaches for Variability

Features with Runtime Variability?

Features with Clone-and-Own?

Recap: Clone-and-Own with Build Systems

Introducing Features to Build Systems

The Linux Kernel

Discussion

Summary

5b. Features with Preprocessors

5c. Feature Traceability
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How to Implement Features?

Given a feature model for graphs . . .

Graph

Nodes

Colored

Edges

Directed Weighted

Algorithms

ShortestPath

ShortestPath → Weighted

. . . we can derive a valid configuration

{G}
{G ,C}
{G ,D}
{G ,C ,D}

{G ,W}
{G ,C ,W}
{G ,D,W}
{G ,C ,D,W}

{G ,W , S}
{G ,C ,W , S}
{G ,D,W , S}
{G ,C ,D,W , S}

How to Generate Products Automatically?
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Goals

• descriptive specification of a product (i.e., a
configuration, a selection of features)

• automated generation of a product with
compile-time variability

Focus of Lecture 5 – Lecture 7
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Problems of Ad-Hoc Approaches for Variability – Features with Runtime Variability?

public class Config {
public static boolean COLORED = true;
public static boolean WEIGHTED = false;

}

class Graph {
...
Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
if (Config.WEIGHTED) { e.weight = new Weight(); }
nodes.add(n); nodes.add(m); edges.add(e);
return e;

}
Edge add(Node n, Node m, Weight w) {
if (!Config.WEIGHTED) {
throw new RuntimeException();

}
Edge e = new Edge(n, m);
e.weight = w;
nodes.add(n); nodes.add(m); edges.add(e);
return e;

}
}

class Node {
Color color; ...
Node() {
if (Config.COLORED) { color = new Color(); }

}
void print() {
if (Config.COLORED) {
Color.setDisplayColor(color);

}
System.out.print(id);

}
}

class Edge {
Weight weight; ...
Edge(Node a, Node b) {
this.a = a; this.b = b;

}
void print() {
a.print(); b.print();
if (Config.WEIGHTED) { weight.print(); }

}
}
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Problems of Ad-Hoc Approaches for Variability – Features with Runtime Variability?

How to? – Preference Dialog

• implement runtime variability

• compile the program

• run the program

• manually adjust preferences
based on configuration

How to? – Command-Line Options / Configuration Files

• implement runtime variability

• compile the program

• automatically generate command-line options /
configuration files based on configuration

• run the program
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Problems of Ad-Hoc Approaches for Variability – Features with Runtime Variability?

public class Config {
public final static boolean COLORED = true;
public final static boolean WEIGHTED = false;

}

How to? – Immutable Global Variables

• implement runtime variability

• automatically generate class with global
variables based on configuration

• compile and run the program

What is missing?

• automated generation:
for preference dialogs

• no compile-time variability / same large binary:
for all except immutable global variables

• very limited compile-time variability:
for immutable global variables
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Problems of Ad-Hoc Approaches for Variability – Features with Clone-and-Own?
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How to?

• implement separate project for each product
(i.e., branch with version control)

• download project / checkout branch based on configuration

• run build script, if existent

• compile and run the program

What is missing?

• compile-time variability only for implemented products

• no automated generation:
for clone-and-own (with version control systems)

• automated generation based on build script and extra files:
for clone-and-own with build systems

• no free feature selection (i.e., configuration)
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Recap: Clone-and-Own with Build Systems [Kuiter et al. 2021]

Case Study: Anesthesia Device

• C application

• targets embedded devices
(ESP32)

• configurations are hard-coded as
build scripts

Production Device: OLED, Clock

Prototype: OLED Display Prototype: LCD, Real-Time Clock
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Introducing Features to Build Systems [Kuiter et al. 2021]

How to Implement Features with Build Systems?

• step 1: model variability in a feature model

• step 2: in build scripts, in- and exclude files based on
feature selection

• step 3: pass a feature selection at build time

⇒ one build script per group of related features

Anesthesia Device

Monitoring

Display

LCD OLED

Wi-Fi

HTTP Server

History Libraries

Storage

NVS FRAM

RTC

Battery

History → Storage ∧ RTC Anesthesia Device

History

Wi-Fi

OLED

LCD

HTTP Server

Display

Monitor

RTC

FRAM

FRAM

RTC

Libraries

Battery

Anesthesia Device
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The Linux Kernel – KConfig for Feature Modeling

Part of the x86 Architecture [linux/arch/x86/Kconfig]

config 64BIT
bool ”64-bit kernel” if ”$(ARCH)” = ”x86”
default ”$(ARCH)” != ”i386”
help
Say yes to build a 64-bit kernel (x86 64)
Say no to build a 32-bit kernel (i386)

config X86 32
def bool y
depends on !64BIT
# Options that are inherently 32-bit kernel only:
select GENERIC VDSO 32
select ARCH SPLIT ARG64

config X86 64
def bool y
depends on 64BIT
# Options that are inherently 64-bit kernel only:
select ARCH HAS GIGANTIC PAGE
select ARCH SUPPORTS INT128 if CC HAS INT128

KConfig Language [kernel.org]

• configuration language used in embedded/OS
development (e.g., Linux, Zephyr, ESP32)

• similar to UVL, but has many quirks (e.g.,
tristate features, select)

• transformation into formula or feature model
possible, but not trivial [Oh et al. 2021]

A BDD for Linux?
The Knowledge Compilation Challenge for Variability

Thomas Thüm
University of Ulm, Germany
thomas.thuem@uni-ulm.de

Figure 1: Excerpt of a feature model for Linux 2.6.33.3 with 6,467 features and 3,545 cross-tree constraints in FeatureIDE.

ABSTRACT
What is the number of valid configurations for Linux? How to gen-
erate uniform random samples for Linux? Can we create a binary
decision diagram for Linux? It seems that the product-line com-
munity tries hard to answer such questions for Linux and other
configurable systems. However, attempts are often not published
due to the publication bias (i.e., unsuccessful attempts are not pub-
lished). As a consequence, researchers keep trying by potentially
spending redundant effort. The goal of this challenge is to guide
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the exchange between researchers and practitioners.
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1 MOTIVATION
What is the holy grail of the product-line community? A binary
decision diagram for Linux.

Linux is an operating system with thousands of configuration
options (cf. Figure 1). These options cannot be arbitrarily combined,
as every option typically comes with constraints with respect to
several other options. Constraints are specified in KConfig [21],
but can be translated into feature models or propositional logic [11,
32, 34, 37, 40, 49, 57, 65, 68, 71, 77, 81–83]. Whenever we analyze
the Linux kernel for errors, ignoring those constraints would lead
to false positives. That is, tools would report errors for invalid
configurations, which cannot be used to compile a kernel. Hence,
these constraints are crucial for any kind of analysis of Linux.

A binary decision diagram (short BDD) is data structure repre-
senting a propositional formula. While there are multiple represen-
tations of propositional formulas, BDDs can have the advantage of
reducing NP-complete problems into more tractable problems (aka.
knowledge compilation) [14, 31]. For instance, checking whether a
formula represented as a BDD is satisfiable is an operation with
constant effort. While operations on BDDs might scale well, the
downside of BDDs is that their construction can be intractable.
The main reason for the scalability challenge is that the variable
ordering heavily influences the size of the BDD and they tend to
explode for most variable orderings.

Why do we argue that a BDD for Linux is the holy grail of the product-
line community?

First, it seems to be a challenging task. To the best of our knowl-
edge, no one has been able to create a BDD for Linux so far. In
recent work, we tried to create a BDD for hundreds of large feature

Thomas Thüm, Elias Kuiter, Timo Kehrer SPL – 5. Conditional Compilation – 5a. Features with Build Systems 11

https://github.com/torvalds/linux/blob/0326074/arch/x86/Kconfig
https://www.kernel.org/doc/html/latest/kbuild/kconfig-language.html
https://dl.acm.org/doi/abs/10.1145/3468264.3468578
https://raw.githubusercontent.com/SoftVarE-Group/Papers/main/2020/2020-SPLC-Thuem.pdf
https://raw.githubusercontent.com/SoftVarE-Group/Papers/main/2020/2020-SPLC-Thuem.pdf


The Linux Kernel – MenuConfig for Configuration

make menuconfig

• configures KConfig models

• generates a .config file

• widely used to configure Linux

• still: it is possible to create invalid
configurations and products
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The Linux Kernel – KBuild as Build System

Feature Model with KConfig [linux/arch/x86/Kconfig]

config X86 32 ...
config X86 64 ...

config IA32 EMULATION
bool ”IA32 Emulation”
depends on X86 64
help Include code to run legacy 32-bit programs under a 64-bit

kernel. You should likely enable this, unless you’re 100% sure
that you don’t have any 32-bit programs left.

KBuild [kernel.org]

• a style for writing Makefiles in Linux

• defines goals with Make variables
• obj-y (≈ 8%): static linkage (= include feature)
• obj-m (< 1%): dynamic linkage (= as module)
• obj- (0%): no linkage (= exclude feature)
• obj-$(...) (≈ 91%): conditional compilation

• full power of Make ⇒ hard to comprehend

Feature Mapping with KBuild [linux/arch/x86/Kbuild]

# link these subdirectories statically:
obj-y += entry/ # entry routines
obj-y += realmode/ # 16-bit support
obj-y += kernel/ # x86 kernel
obj-y += mm/ # memory management

# link these depending on a configuration option:
obj-$(CONFIG IA32 EMULATION) += ia32/
obj-$(CONFIG XEN) += xen/ # paravirtualization

# in the real code, kconfig is (unintuitively?) overridden:
obj-$(subst m,y,$(CONFIG HYPERV)) += hyperv/

Recurse into Subsystems [linux/arch/x86/ia32/Makefile]

# ia32 kernel emulation subsystem
obj-$(CONFIG IA32 EMULATION) := ia32 signal.o
audit-class-$(CONFIG AUDIT) := audit.o

# IA32 EMULATION and AUDIT required for audit.o:
obj-$(CONFIG IA32 EMULATION) += $(audit-class-y)
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The Linux Kernel – KBuild as Build System

Interactive Linux Kernel Configurator

Feature Model and Example Configuration

config AUDIT ... # configured as NO
config IA32 EMULATION ... # configured as YES
config HYPERV ... # configured as MODULE
config XEN ... # configured as NO

Feature Mapping

obj-y += entry/ realmode/ kernel/ mm/
obj-$(CONFIG IA32 EMULATION) += ia32/
obj-$(CONFIG XEN) += xen/
obj-$(subst m,y,$(CONFIG HYPERV)) += hyperv/
obj-$(CONFIG IA32 EMULATION) := ia32 signal.o
audit-class-$(CONFIG AUDIT) := audit.o
obj-$(CONFIG IA32 EMULATION) += $(audit-class-y)

Feature Mapping for Example Configuration

obj-y += entry/ realmode/ kernel/ mm/
obj-y += ia32/
obj- += xen/
obj-y += hyperv/
obj-y := ia32 signal.o
audit-class- := audit.o
obj-y +=

i.e., entry, realmode, kernel, mm, ia32, hyperv,
ia32 signal.o are compiled
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Discussion

Advantages

• compile-time variability
⇒ fast, small binaries with smaller attack
surface and without disclosing secrets

• automated generation of arbitrary products
⇒ free feature selection

• allows in- and exclusion of individual files or
even entire subsystems
⇒ high-level, modular variability

Challenges

• not reconfigurable at run- or load-time

• build scripts may become complex, there is no
limit to what can be done (e.g., you can run
arbitrary shell commands on files)
⇒ hard to understand and analyze

• no simple inclusion and exclusion of individual
lines or chunks of code
⇒ high-level use only!
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Features with Build Systems – Summary

Lessons Learned

• ad-hoc variability is lacking

• features with build systems allow for automated
generation of products and free feature
selection

• build systems include entire files, not lines or
chunks

Further Reading

• Apel et al. 2013, Chapter 5.2.1, pp. 105–106
— brief introduction to variability in build scripts

• Apel et al. 2013, Chapter 5.2.3, pp. 107–108
— variability in build scripts of the Linux kernel

Practice

What are differences of the following two
implementation techniques for variability?

(a) clone-and-own with build systems
(b) features with build systems
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5. Conditional Compilation
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Granularity of Variability

Granularity of Variability

• Depending on the implementation technique,
variability can be introduced at different levels
of granularity.

• A level of granularity refers to
• the hierarchical organization of

implementation artifacts (e.g., through the
file system),

• the hierarchical structure of an
implementation artifact (e.g., given by its
syntax)

Granularity Levels in Java

modules > libraries > packages > classes > mem-
bers > statements > parameters

What we have seen so far?

• Coarse-grained: Clone-and-own with version
control (entire variants)

• Medium-grained: Clone-and-own with build
systems (file level)

• Medium-grained: Features with build systems
(file level)

• Medium-grained: Design patterns for variability
(class or member level)

• Fine-grained: Runtime parameters (statement
level)

What is missing?

Yet no approach supporting fine-grained compile-
time variability!
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What is a Preprocessor? [Apel et al. 2013, pp. 110–111]

Preprocessor

• tool manipulating source code before
compilation (i.e., at compile time)

• preprocessors are used:
• to inline files (e.g., header files)
• to define and expand macros

(cf. metaprogramming)
• for conditional compilation

(e.g., remove debug code for release)

Preprocessor

• the C Preprocessor (CPP) is used in almost
every C/C++ project

• preprocessors are typically oblivious to the
target language as they operate on text files
(e.g., the C Preprocessor can also used for
Fortran or Java)

• conditional compilation is a very common
technique to implement product lines
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CPP – The C Preprocessor

CPP Directives [cppreference.com]

file inclusion

• #include

text replacement

• #define

• #undef

conditional compilation

• #if, #endif

• #else, #elif

• #ifdef, #ifndef

• new: #elifdef, #elifndef

Example Input Example Output (Simplified)

Why simplified?

• preprocessed file can get
very long due to to
included header files

• preprocessors typically do
not remove line breaks to
not influence line numbers
reported by compilers

Thomas Thüm, Elias Kuiter, Timo Kehrer SPL – 5. Conditional Compilation – 5b. Features with Preprocessors 20

https://en.cppreference.com/w/cpp/preprocessor
https://link.springer.com/book/10.1007%2F978-3-319-61443-4
https://link.springer.com/book/10.1007%2F978-3-319-61443-4


Munge – A Simple Preprocessor for Java [Meinicke et al. 2017]

Example Input and Output Munge

• preprocessor for
Java

• written in Java

• about 300 LOC

Call of Munge on Command Line
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Antenna – An In-Place Preprocessor for Java [Meinicke et al. 2017]

Example Input and Output Antenna

• preprocessor for
Java

• written in Java

• has been used for
Java ME (micro
edition) projects

Call of Antenna on Command Line
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In-Place and Out-of-Place Preprocessors [Meinicke et al. 2017]

In-Place Preprocessor

• input file manipulated

• lines commented out where necessary

• often: better support in IDEs

Antenna, . . .

Out-of-Place Preprocessor

• separate output file generated

• lines deleted where necessary

• often: worse support in IDEs

CPP, Munge, . . .
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Preprocessors in FeatureIDE [Meinicke et al. 2017]

Demo Video

• preprocessing with
Antenna on
command line

• feature modeling

• warnings for
unreferenced
features

• content assist
proposing feature
names

• configuration and
automated
regeneration

• (first 2 min relevant
here)
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Discussion of Preprocessors

Powerful Preprocessors

we can annotate

• complete files (i.e.,
Java classes)

• members (e.g., fields,
methods)

• (parts of) statements

• parameters

• . . .

• single characters

and automatically gen-
erate variants

everyone happy?

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
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Discussion of 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));

} }

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

Syntax Error

missing ) and semicolon!

Powerful Preprocessors

can produce syntactically
ill-formed programs:

• errors may appear only
for certain
configurations,

• are hard to find, and

• are more likely than
for other techniques

[more in Lecture 5c]
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Discussion of 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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Type Error

weight undefined!

Powerful Preprocessors

can produce ill-typed pro-
grams:

• errors may appear only
for certain
configurations,

• are hard to find, and

• are more likely than
for other techniques

[more in Lecture 10]
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Discussion of 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

|| 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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Runtime Error

assertion failed!

Powerful Preprocessors

can produce programs
with unwanted behavior:

• errors may appear only
for certain
configurations,

• are hard to find, and

• are more likely than
for other techniques

[more in Lecture 11]
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Problem: Source-Code “Obfuscation”

Observations on Readability

• Mixing two languages (C and #ifdefs, or Java
and Munge, ...)

• Control flow difficult to understand

• Long annotations hard to find

• Extra line breaks destroy layout

Problem: Undisciplined Annotations

• the preprocessor language (e.g., #ifdefs) does
not care about the preprocessed language (e.g.,
C)

• allows for “undisciplined” preprocessor usage
(precise definition later)

• considerably worsens readability

Can you read this source code? [Liebig et al. 2011; xterm]

#if defined( GLIBC )
// additional lines of code

#elif defined( MVS )
result = pty search(pty);

#else
#ifdef USE ISPTS FLAG
if (result) {

#endif
result = ((∗pty=open(”/dev/ptmx”, O RDWR))<0);

#endif
#if defined(SVR4) || defined( SCO ) || \

defined(USE ISPTS FLAG)
if (!result)
strcpy(ttydev, ptsname(∗pty));

#ifdef USE ISPTS FLAG
IsPts = !result;

}
#endif
#endif
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Discussion of Preprocessors

Advantages

• well-known and mature tools, readily available

• easy to use
⇒ just annotate and remove

• supports compile-time variability

• flexible, arbitrary levels of granularity

• can handle code and non-code artifacts
(uniformity)

• little preplanning required
⇒ variability can be added to an existing
project

Challenges

• scattering and tangling
⇒ separation of concerns?

• mixes multiple languages in the same
development artifact

• may obfuscate source code and severely impact
its readability

• hard to analyze and process for existing IDEs

• often used in an ad-hoc or undisciplined fashion

• prone to subtle syntax, type, or runtime errors
which are hard to detect [Lecture 9–Lecture 11]
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Preprocessor-Based Product Lines in the Wild [Liebig et al. 2010]
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Figure 2: a) plot LOC/NOFC; b) plot LOC/LOF with the average of variable source code in all software
systems; c) plot NOFC/LOF

consequently, the complexity of feature expressions is low. A
lower complexity is preferable, because feature expressions
that consist of a high number of feature constants impair
program comprehension.

In addition to the scattering and tangling degree, we meas-
ured the average depth of nested #ifdefs (Figure 3 c; AND
metric). Notably, in all software systems, the average AND
is approx. 1, which means that nesting is used moderately
(i.e., the number of nested #ifdefs does not grow with the
number of feature constants – NOFC metric). A lower AND
is preferable, because the programmer has to be aware of
outer #ifdefs when reasoning about inner code. We also
determined the maximum number of nested #ifdefs in a file.
Two projects (freebsd and gcc) reached a maximum number
of 24. The rest of the systems remained at 2 to 9. We argue
that high numbers of nested #ifdefs are not manageable,
impair program comprehension, and increase the potential
for errors. Furthermore, a high AND may reduce the po-
tential for refactorings. Since a nested #ifdef depends on
the enclosing one, the dependency between both #ifdefs has
to be taken into consideration when a refactoring should be
applied.

Refactoring
3. At which level of granularity are extensions ap-
plied? The data reveal that programmers use fine-grained
extensions (e.g., statement or expression extensions) infre-
quently.9 The overall occurrence of these extensions is
1.8±1.8% on the average. Two projects use them slightly
more frequently: (1) lighttpd with 6% statement extensions
and (2) vim with 6% expression extensions. Although specific
modularization techniques have been proposed for implement-
ing fine-grained extensions [30, 14, 26], their usefulness seems
to be limited.
Most extensions occur at the global level (GL metric;

46±12%): enclosing functions, type declarations/definitions,

9Less than 1% of the extensions did not match the patterns
of our GRAN metric.

or (re-)definitions of feature constants. These extensions
can be realized by SPL implementation techniques, such
as aspects or feature modules, in which the introduction of
functions or types is supported [6].

Beneath the global level the second largest set of extensions
occur at the function and block level (FL and BL metric;
33±9% and 19±7%): enclosings (e.g., an if-block or a state-
ment) inside a function. Both extension types are harder
to apply, because extensions can appear at every point of a
function, and not all proposed techniques provide particular
patterns for matching them. The most promising SPL imple-
mentation technique is the aspect, which enables extensions
beneath the function or type level by addressing particular
extension points. However, the data do not reveal whether
an implementation technique is applicable and workarounds
for refactorings using either feature modules or aspects may
be necessary [17, 29].
4. Which types of the extension occur? Our data re-
veal that 89±6% of the extensions are heterogeneous (HET
metric). Homogeneous extensions (HOM metric) add up to
5±5% and the combination of both extension types (HEHO
metric) makes up to 4±2%. Aspects are well known for their
ability to implement homogeneous extensions [5]. We ob-
served that 5% of the extensions would benefit from aspects;
89% would suffice with simpler mechanisms, such as mixins
or feature modules; for the rest of the extensions a combina-
tion of aspects and feature modules would be profitable [5].

The data coincide with an analysis conducted by Apel [4],
which revealed that most extensions are heterogeneous. Apel
analyzed the use of AspectJ rather than cpp, but the results
are similar.

Threats to Validity
Limitation to a single language. Programming lan-
guages provide different mechanisms for the implementation
of SPLs. For example, C++ provides template metapro-
gramming, which can replace most cpp macros for SPL
implementations [11, 31]. We limit our analysis to C to make
the results of the analyzed software systems comparable.
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Figure 2: a) plot LOC/NOFC; b) plot LOC/LOF with the average of variable source code in all software
systems; c) plot NOFC/LOF

consequently, the complexity of feature expressions is low. A
lower complexity is preferable, because feature expressions
that consist of a high number of feature constants impair
program comprehension.

In addition to the scattering and tangling degree, we meas-
ured the average depth of nested #ifdefs (Figure 3 c; AND
metric). Notably, in all software systems, the average AND
is approx. 1, which means that nesting is used moderately
(i.e., the number of nested #ifdefs does not grow with the
number of feature constants – NOFC metric). A lower AND
is preferable, because the programmer has to be aware of
outer #ifdefs when reasoning about inner code. We also
determined the maximum number of nested #ifdefs in a file.
Two projects (freebsd and gcc) reached a maximum number
of 24. The rest of the systems remained at 2 to 9. We argue
that high numbers of nested #ifdefs are not manageable,
impair program comprehension, and increase the potential
for errors. Furthermore, a high AND may reduce the po-
tential for refactorings. Since a nested #ifdef depends on
the enclosing one, the dependency between both #ifdefs has
to be taken into consideration when a refactoring should be
applied.

Refactoring
3. At which level of granularity are extensions ap-
plied? The data reveal that programmers use fine-grained
extensions (e.g., statement or expression extensions) infre-
quently.9 The overall occurrence of these extensions is
1.8±1.8% on the average. Two projects use them slightly
more frequently: (1) lighttpd with 6% statement extensions
and (2) vim with 6% expression extensions. Although specific
modularization techniques have been proposed for implement-
ing fine-grained extensions [30, 14, 26], their usefulness seems
to be limited.
Most extensions occur at the global level (GL metric;

46±12%): enclosing functions, type declarations/definitions,

9Less than 1% of the extensions did not match the patterns
of our GRAN metric.

or (re-)definitions of feature constants. These extensions
can be realized by SPL implementation techniques, such
as aspects or feature modules, in which the introduction of
functions or types is supported [6].

Beneath the global level the second largest set of extensions
occur at the function and block level (FL and BL metric;
33±9% and 19±7%): enclosings (e.g., an if-block or a state-
ment) inside a function. Both extension types are harder
to apply, because extensions can appear at every point of a
function, and not all proposed techniques provide particular
patterns for matching them. The most promising SPL imple-
mentation technique is the aspect, which enables extensions
beneath the function or type level by addressing particular
extension points. However, the data do not reveal whether
an implementation technique is applicable and workarounds
for refactorings using either feature modules or aspects may
be necessary [17, 29].
4. Which types of the extension occur? Our data re-
veal that 89±6% of the extensions are heterogeneous (HET
metric). Homogeneous extensions (HOM metric) add up to
5±5% and the combination of both extension types (HEHO
metric) makes up to 4±2%. Aspects are well known for their
ability to implement homogeneous extensions [5]. We ob-
served that 5% of the extensions would benefit from aspects;
89% would suffice with simpler mechanisms, such as mixins
or feature modules; for the rest of the extensions a combina-
tion of aspects and feature modules would be profitable [5].

The data coincide with an analysis conducted by Apel [4],
which revealed that most extensions are heterogeneous. Apel
analyzed the use of AspectJ rather than cpp, but the results
are similar.

Threats to Validity
Limitation to a single language. Programming lan-
guages provide different mechanisms for the implementation
of SPLs. For example, C++ provides template metapro-
gramming, which can replace most cpp macros for SPL
implementations [11, 31]. We limit our analysis to C to make
the results of the analyzed software systems comparable.
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Preprocessor-Based Product Lines in the Wild [Liebig et al. 2010]
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Figure 2: a) plot LOC/NOFC; b) plot LOC/LOF with the average of variable source code in all software
systems; c) plot NOFC/LOF

consequently, the complexity of feature expressions is low. A
lower complexity is preferable, because feature expressions
that consist of a high number of feature constants impair
program comprehension.

In addition to the scattering and tangling degree, we meas-
ured the average depth of nested #ifdefs (Figure 3 c; AND
metric). Notably, in all software systems, the average AND
is approx. 1, which means that nesting is used moderately
(i.e., the number of nested #ifdefs does not grow with the
number of feature constants – NOFC metric). A lower AND
is preferable, because the programmer has to be aware of
outer #ifdefs when reasoning about inner code. We also
determined the maximum number of nested #ifdefs in a file.
Two projects (freebsd and gcc) reached a maximum number
of 24. The rest of the systems remained at 2 to 9. We argue
that high numbers of nested #ifdefs are not manageable,
impair program comprehension, and increase the potential
for errors. Furthermore, a high AND may reduce the po-
tential for refactorings. Since a nested #ifdef depends on
the enclosing one, the dependency between both #ifdefs has
to be taken into consideration when a refactoring should be
applied.

Refactoring
3. At which level of granularity are extensions ap-
plied? The data reveal that programmers use fine-grained
extensions (e.g., statement or expression extensions) infre-
quently.9 The overall occurrence of these extensions is
1.8±1.8% on the average. Two projects use them slightly
more frequently: (1) lighttpd with 6% statement extensions
and (2) vim with 6% expression extensions. Although specific
modularization techniques have been proposed for implement-
ing fine-grained extensions [30, 14, 26], their usefulness seems
to be limited.
Most extensions occur at the global level (GL metric;

46±12%): enclosing functions, type declarations/definitions,

9Less than 1% of the extensions did not match the patterns
of our GRAN metric.

or (re-)definitions of feature constants. These extensions
can be realized by SPL implementation techniques, such
as aspects or feature modules, in which the introduction of
functions or types is supported [6].

Beneath the global level the second largest set of extensions
occur at the function and block level (FL and BL metric;
33±9% and 19±7%): enclosings (e.g., an if-block or a state-
ment) inside a function. Both extension types are harder
to apply, because extensions can appear at every point of a
function, and not all proposed techniques provide particular
patterns for matching them. The most promising SPL imple-
mentation technique is the aspect, which enables extensions
beneath the function or type level by addressing particular
extension points. However, the data do not reveal whether
an implementation technique is applicable and workarounds
for refactorings using either feature modules or aspects may
be necessary [17, 29].
4. Which types of the extension occur? Our data re-
veal that 89±6% of the extensions are heterogeneous (HET
metric). Homogeneous extensions (HOM metric) add up to
5±5% and the combination of both extension types (HEHO
metric) makes up to 4±2%. Aspects are well known for their
ability to implement homogeneous extensions [5]. We ob-
served that 5% of the extensions would benefit from aspects;
89% would suffice with simpler mechanisms, such as mixins
or feature modules; for the rest of the extensions a combina-
tion of aspects and feature modules would be profitable [5].

The data coincide with an analysis conducted by Apel [4],
which revealed that most extensions are heterogeneous. Apel
analyzed the use of AspectJ rather than cpp, but the results
are similar.

Threats to Validity
Limitation to a single language. Programming lan-
guages provide different mechanisms for the implementation
of SPLs. For example, C++ provides template metapro-
gramming, which can replace most cpp macros for SPL
implementations [11, 31]. We limit our analysis to C to make
the results of the analyzed software systems comparable.
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Figure 3: a) plot NOFC/SD; b) plot NOFC/TD; c) plot NOFC/AND

Selection of the software systems. A major problem
with case studies is the selection of the objects of study be-
cause a biased selection can render the results useless. We are
aware of this problem; to minimize it, we selected a large num-
ber of software systems of different domains for our analysis.
Source code. Different coding conventions used in software
systems may lead to wrong conclusions. For this reason, we
preprocessed the analyzed software systems by eliminating
comments, empty lines, and include guards, and by applying
source code pretty printing.
Feature detection. Our analysis is limited to the source
code and to #ifdefs. But the representation, selection, and
implementation of features is not limited to #ifdefs. Addi-
tional configuration layers, like configuration scripts or tools
are also used in SPL engineering. A comprehensive analysis
of these configuration layers is out of scope. Our focus on
the source code coincides with the programmer’s point of
view in feature implementation.

We expect the amount of configurable source code to in-
crease when we include the additional configuration layers.
This traces back to the selection of files, modules, etc.
High-level and low-level features. An automated analy-
sis of the source code cannot distinguish well between high-
and low-level features. High-level features represent require-
ments of stakeholders, whereas low-level features reflect de-
sign decisions made by programmers (e.g., tracing or porta-
bility issues like different types of signed integers for different
compilers or platforms), which are not of interest to most
stakeholders [3]. Making this distinction is not possible with-
out additional expertise regarding the software systems and
the domains. Here, we are not interested in it, because we
are only looking at the usage of cpp’s variability mechanisms
at the implementation level.
Feature expression equality. We use string comparison
to check the equality of different feature expressions to de-
termine which code fragments belong to the same expression.
Our analysis misses the semantic equivalence of feature ex-
pressions like A && B and B && A. However, we found
that these occur rarely in the SPLs analyzed. In a random
inspection of 12 smaller SPLs, we found the error for not

considering the equivalence to be below 2.5%.10

Heterogeneous and homogeneous extensions. The
classification of extensions into heterogeneous and homo-
geneous is common in the software engineering literature
[5, 9]. Our tool distinguishes heterogeneous from homo-
geneous source code fragments by string comparison. Thus,
character-based, syntactic changes in the source code are not
classified correctly. The additional information we gather on
the AST does not help here, because semantically equivalent
source code fragments can differ in syntax and are thus not
recognized by a comparison of subtrees of the AST. The
problem is even more serious, because arbitrary extensions
that destroy the source code structure are possible with the
preprocessor. Generally, the problem is related to the de-
termination of code clones [7]. However, to our knowledge,
there is no code clone detection tool capable of comparing
arbitrary source code fragments for equality. A combination
of our analysis tool with code clone detection tools may lead
to more precise results. We expect a higher number of homo-
geneous extensions. Our measurement marks a lower bound
of homogeneous extensions.
Mapping of #ifdefs to AST elements. For creating an
AST and mapping #ifdefs to AST elements, we rely on the
tool src2srcml. Especially, the GRAN and TYPE metrics
rely heavily on the correctness of this mapping. The authors
of src2srcml use an extensive test suite to verify the relation
of #ifdefs and source code in the XML representation.

6. PERSPECTIVE
Our analysis provides a substantial amount of data that

is valuable for further research on language design and tool
support. The data are (1) a basis for discussions on the
feasibility of implementation techniques for implementing

10The problem arises from checking the equality of predi-
cates, a problem which is in the class of NP problems. We
used the tool Maple (http://maplesoft.com/) to check the
equivalence of feature expressions in some smaller SPL. The
equality check takes hours even for a small software system,
and the equivalence check of a large software system, such as
the Linux kernel, would take an estimated time of 13 years.
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Figure 3: a) plot NOFC/SD; b) plot NOFC/TD; c) plot NOFC/AND

Selection of the software systems. A major problem
with case studies is the selection of the objects of study be-
cause a biased selection can render the results useless. We are
aware of this problem; to minimize it, we selected a large num-
ber of software systems of different domains for our analysis.
Source code. Different coding conventions used in software
systems may lead to wrong conclusions. For this reason, we
preprocessed the analyzed software systems by eliminating
comments, empty lines, and include guards, and by applying
source code pretty printing.
Feature detection. Our analysis is limited to the source
code and to #ifdefs. But the representation, selection, and
implementation of features is not limited to #ifdefs. Addi-
tional configuration layers, like configuration scripts or tools
are also used in SPL engineering. A comprehensive analysis
of these configuration layers is out of scope. Our focus on
the source code coincides with the programmer’s point of
view in feature implementation.

We expect the amount of configurable source code to in-
crease when we include the additional configuration layers.
This traces back to the selection of files, modules, etc.
High-level and low-level features. An automated analy-
sis of the source code cannot distinguish well between high-
and low-level features. High-level features represent require-
ments of stakeholders, whereas low-level features reflect de-
sign decisions made by programmers (e.g., tracing or porta-
bility issues like different types of signed integers for different
compilers or platforms), which are not of interest to most
stakeholders [3]. Making this distinction is not possible with-
out additional expertise regarding the software systems and
the domains. Here, we are not interested in it, because we
are only looking at the usage of cpp’s variability mechanisms
at the implementation level.
Feature expression equality. We use string comparison
to check the equality of different feature expressions to de-
termine which code fragments belong to the same expression.
Our analysis misses the semantic equivalence of feature ex-
pressions like A && B and B && A. However, we found
that these occur rarely in the SPLs analyzed. In a random
inspection of 12 smaller SPLs, we found the error for not

considering the equivalence to be below 2.5%.10

Heterogeneous and homogeneous extensions. The
classification of extensions into heterogeneous and homo-
geneous is common in the software engineering literature
[5, 9]. Our tool distinguishes heterogeneous from homo-
geneous source code fragments by string comparison. Thus,
character-based, syntactic changes in the source code are not
classified correctly. The additional information we gather on
the AST does not help here, because semantically equivalent
source code fragments can differ in syntax and are thus not
recognized by a comparison of subtrees of the AST. The
problem is even more serious, because arbitrary extensions
that destroy the source code structure are possible with the
preprocessor. Generally, the problem is related to the de-
termination of code clones [7]. However, to our knowledge,
there is no code clone detection tool capable of comparing
arbitrary source code fragments for equality. A combination
of our analysis tool with code clone detection tools may lead
to more precise results. We expect a higher number of homo-
geneous extensions. Our measurement marks a lower bound
of homogeneous extensions.
Mapping of #ifdefs to AST elements. For creating an
AST and mapping #ifdefs to AST elements, we rely on the
tool src2srcml. Especially, the GRAN and TYPE metrics
rely heavily on the correctness of this mapping. The authors
of src2srcml use an extensive test suite to verify the relation
of #ifdefs and source code in the XML representation.

6. PERSPECTIVE
Our analysis provides a substantial amount of data that

is valuable for further research on language design and tool
support. The data are (1) a basis for discussions on the
feasibility of implementation techniques for implementing

10The problem arises from checking the equality of predi-
cates, a problem which is in the class of NP problems. We
used the tool Maple (http://maplesoft.com/) to check the
equivalence of feature expressions in some smaller SPL. The
equality check takes hours even for a small software system,
and the equivalence check of a large software system, such as
the Linux kernel, would take an estimated time of 13 years.
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Figure 3: a) plot NOFC/SD; b) plot NOFC/TD; c) plot NOFC/AND

Selection of the software systems. A major problem
with case studies is the selection of the objects of study be-
cause a biased selection can render the results useless. We are
aware of this problem; to minimize it, we selected a large num-
ber of software systems of different domains for our analysis.
Source code. Different coding conventions used in software
systems may lead to wrong conclusions. For this reason, we
preprocessed the analyzed software systems by eliminating
comments, empty lines, and include guards, and by applying
source code pretty printing.
Feature detection. Our analysis is limited to the source
code and to #ifdefs. But the representation, selection, and
implementation of features is not limited to #ifdefs. Addi-
tional configuration layers, like configuration scripts or tools
are also used in SPL engineering. A comprehensive analysis
of these configuration layers is out of scope. Our focus on
the source code coincides with the programmer’s point of
view in feature implementation.

We expect the amount of configurable source code to in-
crease when we include the additional configuration layers.
This traces back to the selection of files, modules, etc.
High-level and low-level features. An automated analy-
sis of the source code cannot distinguish well between high-
and low-level features. High-level features represent require-
ments of stakeholders, whereas low-level features reflect de-
sign decisions made by programmers (e.g., tracing or porta-
bility issues like different types of signed integers for different
compilers or platforms), which are not of interest to most
stakeholders [3]. Making this distinction is not possible with-
out additional expertise regarding the software systems and
the domains. Here, we are not interested in it, because we
are only looking at the usage of cpp’s variability mechanisms
at the implementation level.
Feature expression equality. We use string comparison
to check the equality of different feature expressions to de-
termine which code fragments belong to the same expression.
Our analysis misses the semantic equivalence of feature ex-
pressions like A && B and B && A. However, we found
that these occur rarely in the SPLs analyzed. In a random
inspection of 12 smaller SPLs, we found the error for not

considering the equivalence to be below 2.5%.10

Heterogeneous and homogeneous extensions. The
classification of extensions into heterogeneous and homo-
geneous is common in the software engineering literature
[5, 9]. Our tool distinguishes heterogeneous from homo-
geneous source code fragments by string comparison. Thus,
character-based, syntactic changes in the source code are not
classified correctly. The additional information we gather on
the AST does not help here, because semantically equivalent
source code fragments can differ in syntax and are thus not
recognized by a comparison of subtrees of the AST. The
problem is even more serious, because arbitrary extensions
that destroy the source code structure are possible with the
preprocessor. Generally, the problem is related to the de-
termination of code clones [7]. However, to our knowledge,
there is no code clone detection tool capable of comparing
arbitrary source code fragments for equality. A combination
of our analysis tool with code clone detection tools may lead
to more precise results. We expect a higher number of homo-
geneous extensions. Our measurement marks a lower bound
of homogeneous extensions.
Mapping of #ifdefs to AST elements. For creating an
AST and mapping #ifdefs to AST elements, we rely on the
tool src2srcml. Especially, the GRAN and TYPE metrics
rely heavily on the correctness of this mapping. The authors
of src2srcml use an extensive test suite to verify the relation
of #ifdefs and source code in the XML representation.

6. PERSPECTIVE
Our analysis provides a substantial amount of data that

is valuable for further research on language design and tool
support. The data are (1) a basis for discussions on the
feasibility of implementation techniques for implementing

10The problem arises from checking the equality of predi-
cates, a problem which is in the class of NP problems. We
used the tool Maple (http://maplesoft.com/) to check the
equivalence of feature expressions in some smaller SPL. The
equality check takes hours even for a small software system,
and the equivalence check of a large software system, such as
the Linux kernel, would take an estimated time of 13 years.
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Features with Preprocessors – Summary

Lessons Learned

• granularity of variability at file level is not
sufficient

• preprocessors facilitate fine-grained variability
within files

• a widely applied preprocessor is the C
Preprocessor

• industrial systems often combine preprocessors
and build systems for features (e.g., Linux
kernel)

Further Reading

• Apel et al. 2013, Section 5.3 Preprocessors

Practice

1. Antenna performs an in-place transformation
on implementation artifacts. What might be
the benefits of using an in-place approach? Do
you see any drawbacks?

2. The preprocessors we have seen so far are also
called lexical preprocessors. What is
emphasized by the notion of lexical and can
you think of other preprocessing approaches?

3. The literature on software product lines has
coined the term “#ifdef hell”. What could be
meant with this?

Thomas Thüm, Elias Kuiter, Timo Kehrer SPL – 5. Conditional Compilation – 5b. Features with Preprocessors 34

https://link.springer.com/book/10.1007/978-3-642-37521-7


5. Conditional Compilation

5a. Features with Build Systems

5b. Features with Preprocessors

5c. Feature Traceability

Recap: Code Scattering and Tangling

Feature Traceability Problem

Feature Traceability with Colors

Feature Commander

FeatureIDE

Virtual Separation of Concerns

CIDE

Summary

FAQ
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Recap: Code Scattering and Tangling

public class Graph {
List nodes = new ArrayList();
List edges = new ArrayList();

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nodes.add(n); nodes.add(m); edges.add(e);
e.weight = new Weight();
return e;

}
Edge add(Node n, Node m, Weight w) {
Edge e = new Edge(n, m);
nodes.add(n); nodes.add(m); edges.add(e);
e.weight = w;
return e;

}
void print() {
for (int i = 0; i < edges.size(); i++) {
((Edge) edges.get(i)).print();

}
}

}

public class Node {
int id = 0;
Color color = new Color();

void print() {
Color.setDisplayColor(color);
System.out.print(id);

}
}

public class Edge {
Node a, b;
Weight weight = new Weight();

Edge(Node a, Node b) {
this.a = a; this.b = b;

}
void print() {
a.print(); b.print();
weight.print();

}
}

public class Color {
static void

setDisplayColor(
Color c) {...}

}

public class Weight {
void print() {...}

}

What is . . .

• code scattering?

• code tangling?

• feature traceability?
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Recap: Code Scattering and Tangling

public class Graph {
List nodes = new ArrayList();
List edges = new ArrayList();

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nodes.add(n); nodes.add(m); edges.add(e);
e.weight = new Weight();
return e;

}
Edge add(Node n, Node m, Weight w) {
Edge e = new Edge(n, m);
nodes.add(n); nodes.add(m); edges.add(e);
e.weight = w;
return e;

}
void print() {
for (int i = 0; i < edges.size(); i++) {
((Edge) edges.get(i)).print();

}
}

}

public class Node {
int id = 0;
Color color = new Color();

void print() {
Color.setDisplayColor(color);
System.out.print(id);

}
}

public class Edge {
Node a, b;
Weight weight = new Weight();

Edge(Node a, Node b) {
this.a = a; this.b = b;

}
void print() {
a.print(); b.print();
weight.print();

}
}

public class Color {
static void

setDisplayColor(
Color c) {...}

}

public class Weight {
void print() {...}

}

Is it a problem for . . .

(a) single systems?

(b) runtime variability?
[Lecture 2]

(c) clone-and-own?
[Lecture 3]

(d) conditional
compilation? [Lecture 5]
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Feature Traceability Problem

Recap: Feature Traceability

Feature traceability is the ability to trace a feature
throughout the software life cycle (i.e., from re-
quirements to source code).

Recap: Intuition on Feature Traceability

find feature in product

Feature Traceability (revisited) [Apel et al. 2013, p. 54]

“Feature traceability is the ability to trace a feature
from the problem space (for example, the feature
model) to the solution space (that is, its manifes-
tation in design and code artifacts).”

Feature Traceability Problem

The feature traceability problem is the challenge
to trace a feature in software artifacts (i.e., all or
some locations).
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Feature Traceability with Colors – Feature Commander

Feature Commander

• each feature can be assigned to
a color

• color used to support feature
traceability

• features not assigned to a color
shown in a shade of grade

• visualizations based on
preprocessor directives

Demo Video

(there is no sound)
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Feature Traceability with Colors – Feature Commander

Feature Commander

• research prototype (last update
August 2010)

• only static view on the source
code

• only works for Xenomai (a
real-time core for Linux)

• further reading on experiments
with developers:
Feigenspan et al. 2013

Thomas Thüm, Elias Kuiter, Timo Kehrer SPL – 5. Conditional Compilation – 5c. Feature Traceability 40

https://www.tu-chemnitz.de/informatik/ST/research/material/xenomai/
https://www.tu-chemnitz.de/informatik/ST/research/material/xenomai/
https://source.denx.de/Xenomai/xenomai/-/wikis/home
https://link.springer.com/article/10.1007/s10664-012-9208-x


Feature Traceability with Colors – FeatureIDE

FeatureIDE [Meinicke et al. 2017]

• tool support for feature
traceability

• inspired by
Feature Commander

• color can be assigned to
features

• colors used in feature model,
configurations, package
explorer, and source code

Demo Video (last minute only)

• collaboration view

• support for colors
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Virtual Separation of Concerns [Kästner 2010]

Virtual Separation of Concerns

• annotations of code based on the underlying
structure (i.e., abstract syntax)

• disciplined annotations: only optional nodes in
the abstract syntax tree can be annotated

• tool support used to provide views and navigate
in source code

• syntactic correctness guaranteed for all
generated program variants

What is different with preprocessors?

• annotation of characters in plain text

• undisciplined annotations possible

• can lead to generation of syntactically invalid
program variants

What is different with physical separation?

• features physically separated from each other

• dedicated components, services, plug-ins
[Lecture 6]

• dedicated modules, folders, files [Lecture 7]
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Virtual Separation of Concerns – CIDE [CIDE]

What is CIDE?

• stands for Colored Integrated
Development Environment

• colors used to mark features

• based on Eclipse 3.5 and FeatureIDE

• research prototype (last update in
May 2012)

• special editors available for several
languages: ANTLR, Bali, C, C++,
C#, JavaScript, Featherweight Java,
Java 1.5, gCIDE, Haskell, HTML,
JavaCC, OSGi Manifest, Properties,
Python, and XHTML
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Virtual Separation of Concerns – CIDE [CIDE]

Why colors?

• colors replace
preprocessor directives

• features relevant for
development task are
assigned a color

• code annotated to a
feature by selection and
context menu

• features visualized by
background colors

• annotations stored
externally (no changes
outside the special editor
feasible)
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Virtual Separation of Concerns – CIDE [CIDE]

Why virtual separation?

• source code is a view on the
abstract syntax tree (AST)

• possible to hide irrelevant
features

• possible to show overlapping
features

• supporting development
despite scattering and tangling

• no need to handle separators
and logical connectors:
“,”, “||”

• efficient detection of type
errors [Lecture 10]
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Virtual Separation of Concerns – CIDE [CIDE]

view on a feature: possible to only show a single feature – in its surrounded code
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Virtual Separation of Concerns – CIDE [CIDE]

Why configuration?

• features specified in FeatureIDE feature
model

• configuration created in FeatureIDE
configuration editor

• configuration used to generate and
visualize variant

• . . .
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Virtual Separation of Concerns – CIDE [CIDE]

Why configuration?

• . . .

• view on a variant: variant visualized in
source code and project explorer

• only necessary to press CIDE button in
project explorer

• pressing it again returns to the view of
the product line
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Feature Traceability – Summary

Lessons Learned

• preprocessor variability suffers from scattering
and tangling

• feature traceability can be established with tool
support (e.g., Feature Commander)

• virtual separation of concerns is an alternative
to preprocessors (e.g., CIDE)

Further Reading

• Apel et al. 2013, Section 3.2.2 Feature Traceability

• Apel et al. 2013, Chapter 7 Advanced, Tool-Driven
Variability Mechanisms

Practice

1. Why is it beneficial to have feature traceability
even for single systems?

2. Using disciplined annotations, only optional
nodes in the abstract syntax tree can be
annotated (i.e., assigned to features); if we
remove them, no syntax error occurs. What are
examples of optional and non-optional (i.e.,
mandatory) types of nodes in Java?
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FAQ – 5. Conditional Compilation
Lecture 5a

• What are problems of ad-hoc
approaches for variability?

• How to implement features with
build systems?

• How is it different from
clone-and-own with build systems?

• How is the Linux kernel developed
in terms of feature model,
configuration, and feature mapping?

• What are KConfig, MenuConfig,
KBuild (used for)?

• What are tristate features in Linux?

• How to develop new features or
variants? Exemplify!

• What are (dis)advantages of
conditional compilation with build
systems?

• When (not) to implement features
with build systems?

Lecture 5b

• What are different levels of
granularity for variability?

• Which granularity level supported by
each techniques?

• What is a preprocessor and how
does it work?

• What are examples for preprocessors
and what are their differences?

• What is better in-place or
out-of-place preprocessing?

• What is the problem with
fine-grained variability or
undisciplined annotations?

• How to develop new features or
variants? Exemplify!

• What are (dis)advantages of cond.
comp. with preprocessors?

• When (not) to implement features
with preprocessors?

Lecture 5c

• Which implementation techniques
suffer from code scattering, code
tangling, missing traceability?

• What is feature traceability? What
is the feature traceability problem?

• What is the difference between
problem and solution space?

• How can feature traceability be
achieved for preprocessor-based
product lines?

• Can feature traceability be
automated for every potential
feature of a domain?

• What is virtual separation of
concerns? How is it different from
preprocessors or physical separation?

• What is the principle of conditional
compilation? How can it be
implemented?
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