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Motivating Example: Cloud-based Distributed Mobile Multiplayer Game

How to test a cloud-based SPL with…

• a variable number of users?

• a variable amount of resources?

• a variable composition of subsystems?
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Background and Motivation

Source: https://www.nintendo.de/Spiele/Nintendo-Switch-Spiele/Everybody-1-2-Switch--2392520.html



Product-based Analysis?
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Background and Motivation

Number of valid configurations 12



Constructs of Cardinality-based Feature Models [1,2]
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Cardinality-based Feature Models



Constructs of Cardinality-based Feature Models [1,2]
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Cardinality-based Feature Models



Product-based Analysis? – No, thank you...
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Background and Motivation

Number of valid configurations 1.226



Product-based Analysis? – No, thank you... Infeasible
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Background and Motivation

Number of valid configurations 3.108.084



Product-based Analysis? – No, thank you... Infeasible Impossible
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Background and Motivation

Number of valid configurations ∞



Research Questions

(RQ1) How to define reasonable sampling criteria 
for CFMs?

(RQ2) How to perform automated sample 
generation for CFMs?
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Constructs of Cardinality-based Feature Models [1,2]
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Cardinality-based Feature Models



Configurations of Cardinality-based Feature Models
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Cardinality-based Feature Models

Excerpt from the CFM

“local” interpretation: 
invalid

Instance-based configuration



Configurations of Cardinality-based Feature Models
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Cardinality-based Feature Models

Instance-based configuration Excerpt from the CFM

“global” interpretation: 
valid



Research Challenges

RC 1: 
Infinite configuration spaces in the unbounded case. 

RC 2: 
Excessively large configuration spaces in the bounded case.

RC 3: 
Non-convex configuration spaces. 

8. Februar 2024Sampling Cardinality-Based Feature Models 13



RC 1: Infinite configuration spaces:
Impose finite bounds on a-priori infinite configuration spaces.
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(RQ1) How to define reasonable sampling criteria for CFMs?



RC 1: Infinite configuration spaces:
Impose finite bounds on a-priori infinite configuration spaces.
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(RQ1) How to define reasonable sampling criteria for CFMs?

0,1



RC 1: Infinite configuration spaces:
Impose finite bounds on a-priori infinite configuration spaces.
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(RQ1) How to define reasonable sampling criteria for CFMs?

0,1



RC 1: Infinite configuration spaces:
Impose finite bounds on a-priori infinite configuration spaces.
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(RQ1) How to define reasonable sampling criteria for CFMs?

1,𝑀𝑀

𝑀𝑀 = 1 ∗ 1 ∗ 8 = 8



RC 1: Infinite configuration spaces:
Impose finite bounds on a-priori infinite configuration spaces.
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(RQ1) How to define reasonable sampling criteria for CFMs?

0,1 1,8



RC 2: Excessively large configuration spaces:
Use Multiset-based Configuration Semantics.
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(RQ1) How to define reasonable sampling criteria for CFMs?

≠
n = number of subtree compositions
k = number of subtree clones



RC 2: Excessively large configuration spaces:
Use Multiset-based Configuration Semantics.

8. Februar 2024Sampling Cardinality-Based Feature Models 20

(RQ1) How to define reasonable sampling criteria for CFMs?

Instance-based configurations:
𝑛𝑛 + 𝑘𝑘 − 1

𝑘𝑘
16 + 2 − 1

2 + … + 16 + 8 − 1
8

= 734.638

≠
n = number of subtree compositions
k = number of subtree clones

Multiset-based configurations:
𝑘𝑘 ∗ 8 ∗ (𝑘𝑘 + 1)

2 ∗ 8 ∗ 3 + ⋯+ 8 ∗ 8 ∗ 9
= 1.200

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇2,𝐵𝐵𝐵𝐵2,𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃6 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇2,𝐵𝐵𝐵𝐵2,𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃6=



RC 3: Non-convex configuration spaces:
Employ concepts from boundary interior tests.
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(RQ1) How to define reasonable sampling criteria for CFMs?

0,1 1,8

2,2 4,8



RC 3: Non-convex configuration spaces:
Employ concepts from boundary interior tests.
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(RQ1) How to define reasonable sampling criteria for CFMs?

1,8

2,2 4,8

Value Schema Reason

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇2 Minimum, Borders Gap

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇4 Borders Gap

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇8 Maximum



One-Wise Sampling (RQ1):
Sample for the Running Example

Multiplayer 
Game

Inter Team 
Communication

Broadcast Unicast Team Player Intra Team 
Commuication

WiFi BT

1 1 0 1 2 2 1 0 2

1 1 1 0 4 4 1 2 2

1 1 1 0 8 64 1 0 8

1 1 0 1 8 64 1 8 0
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Samling cardinality-based feature models



Automated Sample Generation for CFMs (RQ2):
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Samling cardinality-based feature models

Restricted Clafer Instance-Generator

CardyGAn Bound Analyzer [6]

Value Schema Reason

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇2 Minimum, Borders Gap

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇4 Borders Gap

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇8 Maximum



Future Work

Develop fully-fledged tool support for:
• Modelling CFMs
• Sampling CFMs 
• Handling interval gaps

Build upon the proposed one-wise sample criterion:
• Pairwise / k-wise sample criteria

Overcome the lack of example models:
• Conduct case studies
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Conclusion and Outlook



Sampling Cardinality-Based Feature Models
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• Impose finite bounds

• Make interval gaps explicit

• Use the global interpretations of CTCs

• Sample multiset-based instances

Employ concepts from boundary interior tests:

• Sample global boundaries
• Sample around gaps

Conclusion and Outlook

{𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇2,𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃6,𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊2}

Team

2

4

8

2,2 4,8

1,8
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Conclusion and Outlook
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