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e software variability is ubiquitous, vision of SPLs
e research and industry interact with each other Education

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

train
practitioners

teach state
of the art
train

e Q: How did you learn about SPLs? researchers

A: University course? Thesis/diploma?

Job/industry? (Something else?) R h transfer Ind
I n r
e Q: (How) do you teach SPLs? esearc inspire ustry
A: Lectures? Exercises? Projects?

Tools? (Something else?)

= Teach variability! But this is hard without material . ..
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Open Challenges

e clone-and-own leads to maintenance issues

= outdated or incorrect information, scope creep, licensing issues
e many courses remain unpublished

= loss of knowledge, lack of accountability

e limited reusability, as most published courses either
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o do not release sources, or
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Our Contributions and Goals

Authors Year University Open?
Thiim, Kehrer, and Kuiter 2024 6 universities ()
Contributions

e A course on SPLs with slides for twelve lectures
=> open license, no clone-and-own, IATEX sources on GitHub

e Discussion of scope, architecture, and design
= to justify our design decisions

e Review of topics in existing courses and books

= for choosing suitable literature and creating new material

e Preliminary evaluation with 64 students
= in Bern, Ulm, Wernigerode, Magdeburg, and Paderborn

Goals

G; Connect research, industry, and education

= recent citations, reading opportunities, open challenges
Gy Invite contributions (implied by G;)

= open educational resources for flexibility and accountability

Gz Address a broad audience (implied by G)
= typical course format, modern teaching methods

Gy Focus on practical skills (implied by G; and G3)
= focus on modeling, implementation, and analysis topics
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) . ) Springer ) Sp'
12 English lectures, 90 minutes each (1 semester)
theory-focused practice-oriented
Literature
two well-known, practical books [Apel et al.]
chosen as accompanying literature [Meinicke et al ]
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Part I: Ad-Hoc Approaches for Variability

. Introduction
. Runtime Variability and Design Patterns

. Compile-Time Variability with
Clone-and-Own

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

chnische
Universitat
Braunschweig

Elias Kuiter et al.

Part II: Modeling & Implementing Features

. Feature Modeling

. Conditional Compilation
. Modular Features

. Languages for Features

. Development Process

1b. Challenges of Product Lines
Software Clones
Feature Traceability
Automated Generation
Combinatorial Explosion
Feature Interactions
Continuing Change and Growth

Summary

b UNIVERSITAT

U eern

Part I11: Quality Assurance and Outlook

9. Feature Interactions
10. Product-Line Analyses
11. Product-Line Testing

12. Evolution and Maintenance

1c. Course Organization
What You Should Know
What You Will Learn
What You Might Need
Credit for the Slides
Summary
FAQ

1. Introd ut
Software Product Lines | Thomas Thiim, Timo Kehrer, Elias Kuiter | April 19, 2023
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Lecture Design

4. Feature Modeling

4a. Feature Models and Configurations
Recap: Software Product Lines
Features Have Dependenc

Specifying Valid Configurations

Feature Models
Discussion of Feature Models
Summary

4b. Transforming Feature Models

4c. Analyzing Feature Models

Structure

three blocks, interactions, FAQs

= sandwich principle
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Lecture Design

4. Feature Modeling 1. Introduction

4a. Feature Models and Configurations
Recap: Software Product Lines

1a. Introduction to Product Lines

ez (i endere 1b. Challenges of Product Lines

Software Clones
Feature Tra

Specifying Valid Configurations
YT —

F Model Automated
ture Model
FmmEE Combinatorial Explosion

Discussion of Feature Models
Feature Interactions
Summary
Continuing Change and G

. Summary
4b. Transforming Feature Models

1c. Course Organization

4c. Analyzing Feature Models

Structure Challenges
three blocks, interactions, FAQs balance promises and challenges
= sandwich principle = common thread
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Feature Models
Discussion of Feature Models

Summary
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4c. Analyzing Feature Models

Structure

three blocks, interactions, FAQs

= sandwich principle
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1. Introduction

1a. Introduction to Product Lines

1b. Challenges of Product Lines

Software Clones

Combinatorial Explosion
Feature Interaction
Continuing Change and G

Summary

1c. Course Organization

Challenges

balance promises and challenges

= common thread
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Compile-Time Variability
Runtime Variability

Clone-and-

Build Systems

(o al Compiaion)
Preprocessors
Components/Services

Frameworks with Plug-Ins

Feature Modules/Aspects  yes
Further Criteria

interfaces between features? code dupli

Implementation Techniques

compared in several dimensions

= practical focus
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4. Feature Modeling 1. Introduction Implementing Features

Compile-Time Variability

e [z (Mol et (Centige e 1a. Introduction to Product Lines Runtime Variability [T T ———
Recap: Software P Lines vaiaie)

endencies Clone-and-Own

1b. Challenges of Product Lines

igurations Software Clones Build Systems
o Condvions Compiaon
ature Traceability ! Pstor)
- [o—
Automated G
Feature Models )
Combinatorial Explosion Components/Services

Feature Interactions

Discussion of Feature Models

Summary . Frameworks with Plug-Ins

Summary

4b. Transforming Feature Models Feature Modules/Aspects

5 1c. Course Organization Further Criteria
4c. Analyzing Feature Models

interfaces between features? code dupli

Structure Challenges Implementation Techniques
three blocks, interactions, FAQs balance promises and challenges compared in several dimensions
= sandwich principle = common thread = practical focus

+ UVL, model counting, KConfig, microservices, evolution of Linux, feature-model complexity, ...
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What do these examples have in common? The Project Cartoon
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Evaluation

Research Questions RQ;: General Reception

RQj; How do students receive our course in general? 100%

RQ2 How do they receive our course compared to ... % =] ? . @ ’
RQ3.1 ... other courses at the same faculty? o : : : )
RQ2.2 ... a previous course on SPLs o

at the same faculty? g
A
40%
Methodology
20%

o collected feedback from 6 student evaluations

e participants: 5 universities, 64 students % Siructure Material  Difficulty Motivation Knowledge Satisfaction

e unified and normalized Likert scale feedback Quality Criteria

e quality criteria: course
=> structure, material, difficulty + Pacing

e quality criteria: self-assessment
=> motivation, gain in knowledge, satisfaction
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Evaluation

Research Questions RQ;: General Reception

RQ; How do students receive our course in general? 100%

RQ2 How do they receive our course compared to ... % = ? . @ E
RQ3.1 ... other courses at the same faculty? or ‘ B . :
RQ2.2 ... a previous course on SPLs o

at the same faculty? g
A

40%
Methodology

20%
e collected feedback from 6 student evaluations
e participants: 5 universities, 64 students % Siructure Material  Difficulty Motivation Knowledge Satisfaction
e unified and normalized Likert scale feedback Quality Criteria
e quality criteria: course o well-received by the majority of students

=> structure, material, difficulty + Pacing ) ) i
. . o English challenging for non-native speakers
e quality criteria: self-assessment

= motivation, gain in knowledge, satisfaction e some lectures have too much content
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Quality Criteria

e comparison performed at 4/6 universities
e students rate our course 11%-17% better

e 13/23 differences statistically significant
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RQ3.1: Comparison to Faculty RQ3.: Comparison to Previous Course
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e comparison performed at 4/6 universities
e students rate our course 11%-17% better
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RQ3.1: Comparison to Faculty
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RQ3.1: Comparison to Faculty

100%

mé? E@ Eé = ?% ?@

60%

Score

40%

207% [[] our Course

D Courses at Faculty

0% ) o, o iefe g
Structure  Material  Difficulty Motivation Knowledge Satisfaction

Quality Criteria

e comparison performed at 4/6 universities
e students rate our course 11%-17% better

e 13/23 differences statistically significant

RQ3.: Comparison to Previous Course
100%
80%

60%

Score

40%

20% * Our Course
¢ Previous Course
0% ) e o Cpefe g
Structure  Material  Difficulty Motivation Knowledge Satisfaction

Quality Criteria

e comparison performed at Ulm University
e students rate our course 4%—-9% better

e differences not statistically significant

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

Thanks to ...

All Contributors
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All Lecturers, Tutors, and Supporters
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Adoption Challenges

e version control: full accountability on GitHub

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

e customization: IATEX sources with annotations (\ifuniversity{}) and options (e.g., handout, dark mode)
e underrepresented topics: we welcome contributions to fill gaps (e.g., management topics)

e exercise sheets: under (re-)development
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