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Why Teach Software Product Lines?

1

VR™

1 1 ···

• software variability is ubiquitous, vision of SPLs

• research and industry interact with each other

• university education also plays an important role
[Acher et al. 2017]

• Q: How did you learn about SPLs?
A: University course? Thesis/diploma?

Job/industry? (Something else?)

• Q: (How) do you teach SPLs?
A: Lectures? Exercises? Projects?

Tools? (Something else?)
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inspire

⇒ Teach variability! But this is hard without material . . .
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CONCEPTS AND IMPLEMENTATION 

CHRISTIAN KAESTNER 

CARNEGIE MELLON UNIVERSITY 

INSTITUTE OF SOFTWARE RESEARCH 
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Product Line 
Engineering: 
Introduction 

KV Product Line Engineering (343.354) 
Dr. Roberto Lopez-Herrejon 
Dr. Rick Rabiser 

2.3.2016 

Software Engineering Institute
Carnegie Mellon University
Pittsburgh, PA  15213

[DISTRIBUTION STATEMENT A] Approved for public 
release and unlimited distribution.

Software Product Lines
Course Introduction

Lecture 1: Complexity and 
Software Product Lines

Gregory Gay
(Portions of the slides by Thorsten Berger)
TDA 594/DIT 593 - November 1, 2022

· · ·

Authors Year University Open?

Acher and Heymans 2011 Namur #
Kästner and Apel 2015 Pittsburgh #
Lopez-Herrejon and Rabiser 2016 Linz #
Donohoe and Northrop 2020 Pittsburgh G#
Gay and Berger 2022 Gothenburg  

# License unclear, no sources G# Open license  Sources available

Open Challenges

• clone-and-own leads to maintenance issues
⇒ outdated or incorrect information, scope creep, licensing issues

• many courses remain unpublished
⇒ loss of knowledge, lack of accountability

• limited reusability, as most published courses either
• have unclear licenses,
• do not release sources, or
• are tailored to a specific university or lecturer

possible reasons: time-consuming, lack of recognition
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Lecture 1: Complexity and 
Software Product Lines

Gregory Gay
(Portions of the slides by Thorsten Berger)
TDA 594/DIT 593 - November 1, 2022

· · ·

Authors Year University Open?

Acher and Heymans 2011 Namur #
Kästner and Apel 2015 Pittsburgh #
Lopez-Herrejon and Rabiser 2016 Linz #
Donohoe and Northrop 2020 Pittsburgh G#
Gay and Berger 2022 Gothenburg  

# License unclear, no sources G# Open license  Sources available

Open Challenges

• clone-and-own leads to maintenance issues
⇒ outdated or incorrect information, scope creep, licensing issues

• many courses remain unpublished
⇒ loss of knowledge, lack of accountability

• limited reusability, as most published courses either
• have unclear licenses,
• do not release sources, or
• are tailored to a specific university or lecturer

possible reasons: time-consuming, lack of recognition
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Our Contributions and Goals

Authors Year University Open?

· · ·

Thüm, Kehrer, and Kuiter 2024 6 universities  

Contributions

• A course on SPLs with slides for twelve lectures
⇒ open license, no clone-and-own, LATEX sources on GitHub

• Discussion of scope, architecture, and design
⇒ to justify our design decisions

• Review of topics in existing courses and books
⇒ for choosing suitable literature and creating new material

• Preliminary evaluation with 64 students
⇒ in Bern, Ulm, Wernigerode, Magdeburg, and Paderborn

Goals

G1 Connect research, industry, and education
⇒ recent citations, reading opportunities, open challenges

G2 Invite contributions (implied by G1)

⇒ open educational resources for flexibility and accountability

G3 Address a broad audience (implied by G2)

⇒ typical course format, modern teaching methods

G4 Focus on practical skills (implied by G1 and G3)

⇒ focus on modeling, implementation, and analysis topics
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Thüm, Kehrer, and Kuiter 2024 6 universities  

Contributions

• A course on SPLs with slides for twelve lectures
⇒ open license, no clone-and-own, LATEX sources on GitHub

• Discussion of scope, architecture, and design
⇒ to justify our design decisions

• Review of topics in existing courses and books
⇒ for choosing suitable literature and creating new material

• Preliminary evaluation with 64 students
⇒ in Bern, Ulm, Wernigerode, Magdeburg, and Paderborn

Goals

G1 Connect research, industry, and education
⇒ recent citations, reading opportunities, open challenges

G2 Invite contributions (implied by G1)

⇒ open educational resources for flexibility and accountability

G3 Address a broad audience (implied by G2)

⇒ typical course format, modern teaching methods

G4 Focus on practical skills (implied by G1 and G3)

⇒ focus on modeling, implementation, and analysis topics

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 4

https://github.com/SoftVarE-Group/Course-on-Software-Product-Lines


Our Contributions and Goals

Authors Year University Open?

· · ·
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Thüm, Kehrer, and Kuiter 2024 6 universities  

Contributions

• A course on SPLs with slides for twelve lectures
⇒ open license, no clone-and-own, LATEX sources on GitHub

• Discussion of scope, architecture, and design
⇒ to justify our design decisions

• Review of topics in existing courses and books
⇒ for choosing suitable literature and creating new material

• Preliminary evaluation with 64 students
⇒ in Bern, Ulm, Wernigerode, Magdeburg, and Paderborn

Goals

G1 Connect research, industry, and education
⇒ recent citations, reading opportunities, open challenges

G2 Invite contributions (implied by G1)

⇒ open educational resources for flexibility and accountability

G3 Address a broad audience (implied by G2)

⇒ typical course format, modern teaching methods

G4 Focus on practical skills (implied by G1 and G3)

⇒ focus on modeling, implementation, and analysis topics

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 4

https://github.com/SoftVarE-Group/Course-on-Software-Product-Lines


Books Courses

C
za
rn
ec
k
i
a
n
d
E
is
en

ec
ke
r

B
o
sc
h

C
le
m
en

ts
a
n
d
N
or
th
ro
p

G
o
m
a
a

P
o
h
l,
B
ö
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Fundamentals
SPL Definition, Delineation G#       G#       
Modeling and Configuration
Feature Modeling  # G#   G#    G#  #   
Decision Modeling # # # # # G# # # # G#  # # #
Design and Implementation
Clone-and-Own # G# G# # # # G# G# #  G# # #  
Preprocessors G# # # G# G# G#   G#  G# G#   
Quality Assurance
Feature-Model Analysis # # # # # # G# G#  G# G# # G#  
Feature Interactions # # # # # #  G# #  # # G#  
Management
Process Models       G# G# G# G# G#  G# G#
Transfer
Adoption Strategies #  G#     #   # G# #  
Case Studies · · · G#      G# G# G# G#   G# G#

# Not or barely mentioned G# Discussed partially or superficially  Discussed in breadth or depth

Existing Books and Courses on SPLs

• our review helps educators to choose suitable litera-
ture for new courses and pointers for further reading

• topics based on tables of contents, session titles of
recent conferences, and related work (excerpt shown)

• SPL books well-known in research or industry and
suitable for teaching (see online appendix for details)

Oof . . .
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Course Architecture

Format [video recordings available on YouTube]

12 English lectures, 90 minutes each (1 semester)

Literature

two well-known, practical books [Apel et al.]

chosen as accompanying literature [Meinicke et al.]

Feature-Oriented 
Software 
Product Lines

Sven Apel · Don Batory
Christian Kästner · Gunter Saake

Concepts and Implementation

theory-focused

Mastering 
Software 
Variability 
with FeatureIDE

Jens Meinicke · Thomas Thüm
Reimar Schröter · Fabian Benduhn
Thomas Leich · Gunter Saake

practice-oriented

tool support
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Course Architecture
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Course Architecture

Showcase: Three-Part Structure

• intuitive, inductive structure

• emphasis on practicality

• late introduction of feature models and process models

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 7



Part I: Ad-Hoc Approaches for Variability

1. Introduction

2. Runtime Variability and Design Patterns

3. Compile-Time Variability with
Clone-and-Own

Part II: Modeling & Implementing Features

4. Feature Modeling

5. Conditional Compilation

6. Modular Features

7. Languages for Features

8. Development Process

Part III: Quality Assurance and Outlook

9. Feature Interactions

10. Product-Line Analyses

11. Product-Line Testing

12. Evolution and Maintenance

1a. Introduction to Product Lines
Handcrafting and Customization

Mass Production

Mass Customization

Recap: The Software Life Cycle

Features and Products of a Domain

Software Product Line

Product-Line Engineering

Summary

1b. Challenges of Product Lines
Software Clones

Feature Traceability

Automated Generation

Combinatorial Explosion

Feature Interactions

Continuing Change and Growth

Summary

1c. Course Organization
What You Should Know

What You Will Learn

What You Might Need

Credit for the Slides

Summary

FAQ

1. Introduction – Handout
Software Product Lines | Thomas Thüm, Timo Kehrer, Elias Kuiter | April 19, 2023

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 8



Lecture Design

4. Feature Modeling

4a. Feature Models and Configurations

Recap: Software Product Lines

Features Have Dependencies

Specifying Valid Configurations

Natural Language

Configuration Map

Feature Models

Discussion of Feature Models

Summary

4b. Transforming Feature Models

4c. Analyzing Feature Models

Elias Kuiter, Thomas Thüm, Timo Kehrer SPL – 4. Feature Modeling – 4a. Feature Models and Configurations 2Structure

three blocks, interactions, FAQs

⇒ sandwich principle

1. Introduction

1a. Introduction to Product Lines

1b. Challenges of Product Lines

Software Clones

Feature Traceability

Automated Generation

Combinatorial Explosion

Feature Interactions

Continuing Change and Growth

Summary

1c. Course Organization

Thomas Thüm, Timo Kehrer, Elias Kuiter SPL – 1. Introduction – 1b. Challenges of Product Lines 19Challenges

balance promises and challenges

⇒ common thread

Implementing Features

Compile-Time Variability Features Product Generation Feature
Traceability

Runtime Variability no (very limited for immutable global
variables)

only fine
grained

yes
(except for preference dialogs)

no

Clone-and-Own yes
(only for implemented products)

no no (limited generation for clone-
and-own with build systems)

no

Build Systems
(for Conditional Compilation)

yes only coarse
grained

yes with tool
support

Preprocessors
(for Conditional Compilation)

yes only fine
grained

yes with tool
support

Components/Services yes only coarse
grained

no
(except pure exchange)

only coarse
grained

Frameworks with Plug-Ins yes only coarse
grained

yes only coarse
grained

Feature Modules/Aspects yes yes yes yes

Further Criteria

interfaces between features? code duplication necessary? modularization of cross-cutting concerns? . . .

Thomas Thüm, Elias Kuiter, Timo Kehrer SPL – 12. Evolution and Maintenance – 12c. Course Summary 33Implementation Techniques

compared in several dimensions

⇒ practical focus

+ UVL, model counting, KConfig, microservices, evolution of Linux, feature-model complexity, . . .

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 9
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Thomas Thüm, Elias Kuiter, Timo Kehrer SPL – 12. Evolution and Maintenance – 12c. Course Summary 33Implementation Techniques

compared in several dimensions

⇒ practical focus

+ UVL, model counting, KConfig, microservices, evolution of Linux, feature-model complexity, . . .

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 9



Lecture Design

4. Feature Modeling

4a. Feature Models and Configurations

Recap: Software Product Lines

Features Have Dependencies

Specifying Valid Configurations

Natural Language

Configuration Map

Feature Models

Discussion of Feature Models

Summary

4b. Transforming Feature Models

4c. Analyzing Feature Models
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Lecture Design

Showcase: Selected Slides

• engaging real-world examples and even memes

• recurring case studies like GPL and Linux

• when in doubt, food always works :-)

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 10



What do these examples have in common?

Customization

• aka. handcrafting

• labor-intensive production

• highly individual goods

Thomas Thüm, Timo Kehrer, Elias Kuiter SPL – 1. Introduction – 1a. Introduction to Product Lines 3

The Project Cartoon

how the
customer

explained it

how the
project leader
understood it

how the
analyst

designed it

how the
programmer

implemented it

what the beta
testers
received

how it was
supported

what the
customer really

needed

Thomas Thüm, Timo Kehrer, Elias Kuiter SPL – 1. Introduction – 1a. Introduction to Product Lines 10

Automated Generation

Features

⇒

Products

Thomas Thüm, Timo Kehrer, Elias Kuiter SPL – 1. Introduction – 1b. Challenges of Product Lines 22

Combinatorial Explosion

You sell 12467715863077199238873727490314439514330442254979827771939179959
48704895007038086596884750762683178699125554706137139296916402247707623989
44209874897359173593095443687267724538731733090205413699000686174205604563
67918358945723237769032226162401591517046144170618031438553651460038740308
01350065685324847878928481612739525762871421652053586988389048116381601881
76037581684016994400235203403150810331655621013615698057706035390621003047
84859503879593345640078833145636596752961065125514348862370489895791983097
36673417233014005250155052221813897395389431437905641732922313685681317500
13736577090793653032461175202437680317716690037543125535805521623396329598
51136594921793706790008144429927672368215556421058280378775655289115710366
15411765270568810088266268739356230116087196360830692167862459755603055689
84911737263764072946322197760823659018931644830372152412529684198481429399
31845976150777960420140955474136356692610456062245435453098479521665554338
81624352965453269483975729810951995291131521351203210051266848280468625280
93743491549098493785700223513151681610549543583465314724307138800048335461
50908606626583018430487142722274741168056675649788434938634994866281140655
10783811936753647633497463679067687695254056198006082538064697040587889733
81557729554492105622180807407879500664707776577380585585437688717627999998
83391651553343599001454221421034518120990552348929364117299309674386718291
03018536305950720000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000 car variants.

3Chico Sundermann, Michael Nieke, Paul Maximilian Bittner, Tobias Heß, Thomas Thüm, Ina Schaefer Applications of #SAT Solvers on Feature Models - VaMoS’21
Thomas Thüm, Timo Kehrer, Elias Kuiter SPL – 1. Introduction – 1b. Challenges of Product Lines 25 Timo Kehrer, Thomas Thüm, Elias Kuiter SPL – 2. Runtime Variability and Design Patterns – 2a. Configuration of Runtime Variability 10

Example: Graph Library under Version Control

2

1

6

3

2

1

6

3

2

1

6

3

Branch

Branch

Timo Kehrer, Thomas Thüm, Elias Kuiter SPL – 3. Compile-Time Variability with Clone-and-Own – 3b. Clone-and-Own with Version Control 24

Features Have Dependencies

Ordering a Waffle . . .
. . . with Sugar

. . . with Cherries

This is Nice, But . . .

• plate and sugar seem to always be
included, a fork is only included for
some orders
⇒ limitations seem arbitrary

• children get special treatment
⇒ order process is unfair

• what exactly am I paying for?
⇒ investments are unclear

In This Lecture

1. how to model and configure
features and their dependencies?

2. how to store and communicate?

3. how to analyze and understand?

Elias Kuiter, Thomas Thüm, Timo Kehrer SPL – 4. Feature Modeling – 4a. Feature Models and Configurations 4

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

Thomas Thüm, Elias Kuiter, Timo Kehrer SPL – 5. Conditional Compilation – 5a. Features with Build Systems 8

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)

Thomas Thüm, Timo Kehrer, Elias Kuiter SPL – 9. Feature Interactions – 9a. What is a Feature Interaction? 8
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Evaluation

Research Questions

RQ1 How do students receive our course in general?

RQ2 How do they receive our course compared to . . .

RQ2.1 . . . other courses at the same faculty?
RQ2.2 . . . a previous course on SPLs

at the same faculty?

Methodology

• collected feedback from 6 student evaluations

• participants: 5 universities, 64 students

• unified and normalized Likert scale feedback

• quality criteria: course
⇒ structure, material, difficulty + Pacing

• quality criteria: self-assessment
⇒ motivation, gain in knowledge, satisfaction

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 12
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• well-received by the majority of students

• English challenging for non-native speakers

• some lectures have too much content

Elias Kuiter et al. Teach Variability! – A Modern University Course on Software Product Lines 12



RQ2.1: Comparison to Faculty

Structure Material Difficulty Motivation Knowledge Satisfaction
0%

20%

40%

60%

80%

100%

Our Course

Courses at Faculty

ality Criteria

Sc
or

e

• comparison performed at 4/6 universities

• students rate our course 11%–17% better

• 13/23 differences statistically significant

Statistically inconclusive, but promising results – already demonstrates quality and adoptability.
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Conclusion

Part I: Ad-Hoc Approaches for Variability

1. Introduction

2. Runtime Variability and Design Patterns

3. Compile-Time Variability with
Clone-and-Own

Part II: Modeling & Implementing Features

4. Feature Modeling

5. Conditional Compilation

6. Modular Features

7. Languages for Features

8. Development Process

Part III: Quality Assurance and Outlook

9. Feature Interactions

10. Product-Line Analyses

11. Product-Line Testing

12. Evolution and Maintenance

1a. Introduction to Product Lines
Handcrafting and Customization

Mass Production

Mass Customization

Recap: The Software Life Cycle

Features and Products of a Domain

Software Product Line

Product-Line Engineering

Summary

1b. Challenges of Product Lines
Software Clones

Feature Traceability

Automated Generation

Combinatorial Explosion

Feature Interactions

Continuing Change and Growth

Summary

1c. Course Organization
What You Should Know

What You Will Learn

What You Might Need

Credit for the Slides

Summary

FAQ

1. Introduction – Handout
Software Product Lines | Thomas Thüm, Timo Kehrer, Elias Kuiter | April 19, 2023

Interested?

§/SoftVarE-Group/Course-on-Software-Product-Lines

Artifact: https://doi.org/10.5281/zenodo.14417094

Thanks to . . .

All Contributors

D
S E
B

Databases 

Software
Engineering

and . . .

All Lecturers, Tutors, and Supporters

You

. . . for listening (+ and teaching variability)!
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1. Introduction
Software Product Lines | Thomas Thüm, Chico Sundermann | April 18, 2023

1. Introduction
Software Product Lines | Thomas Thüm, Paul Bittner | April 16, 2024

Photo: Hannah Theile (OVGU)

1. Introduction
Implementation Techniques for Software Product Lines | Gunter Saake, Elias Kuiter | October 11, 2024

Adoption Challenges

• version control: full accountability on GitHub

• no clone-and-own: we encourage contributors to use our issue tracker and full requests

• customization: LATEX sources with annotations (\ifuniversity{}) and options (e.g., handout, dark mode)

• underrepresented topics: we welcome contributions to fill gaps (e.g., management topics)

• exercise sheets: under (re-)development
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