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Motivation Feature Dependencies
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Thomas Thüm Incremental d-DNNF Compilation – FOSD’25 – 1. Motivation 4



Motivation Plenty Analyses

Cleaner Bot

Customer

Obstacle Detection Extra Space Wet Cleaning

Software

Maps Simulation

Hardware

Camera Storage

Large Dust Storage Water Storage

Legend:

Feature

Mandatory

Optional

Or Group

Alternative Group

(Obstacle Detection ∨ Maps) ⇒ Camera

Extra Space ⇒ Large Dust Storage

Wet Cleaning ⇒ Water Storage

¬ Simulation ∨ ¬ Camera

Can we configure a robot?

Is there a robot with camera?

How many robots?

Which robots to test?

Customer ∧ Software ∧ (Maps ∨ Simulation) ∧ . . .
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Thomas Thüm Incremental d-DNNF Compilation – FOSD’25 – 2. Approach 6



Incremental d-DNNF Compilation

CD

USA

BluetoothNavigation

USB

Europe

GPSAntenna

Manual

Carbody Radio

Car 

DigitalCards 

Ports 

Gearbox

Automatic

⇒Navigation USB

Legend:

Mandatory

Optional

Or

Alternative 

Feature

V1

CD

USA

BluetoothNavigation

USB

Europe

GPSAntenna

Manual

Carbody Radio

Car 

DigitalCards 

Ports 

Gearbox

Automatic

⇒Navigation  USB

Legend:

Mandatory
Optional
Or
Alternative 
Feature

Evolve

V2

Compile

Compile
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Thomas Thüm Incremental d-DNNF Compilation – FOSD’25 – 2. Approach 6



Approach Identify Part Requiring Update
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Thomas Thüm Incremental d-DNNF Compilation – FOSD’25 – 2. Approach 8



Approach Partially Recompile & Reattach

∧

b̄ ∨

∧

c d

c̄

∧ b ∨ dCNF

Input

∧

b̄ d

compile

∨

∧

a ∨

b ∧

b̄ d

∧

ā ∧

b̄ cIncremental d-DNNF Compilation
Partial recompilation
Identify changes not requiring recompilation
Skip recompilation if inefficient
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Evaluation Experiment Design

• Goal: Examine performance benefits

• Subject systems
• Industrial feature Models
• Various domains, sizes

• Emulate realistic changes
• Remove one constraint → Compile without

→ Incrementally add removed
• Apply typical edit patterns e.g.:

• Add/remove feature
• Change feature group
• Move feature
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Evaluation Single Clause
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Evaluation Flip Group
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Evaluation Undo
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Thomas Thüm Incremental d-DNNF Compilation – FOSD’25 – 3. Evaluation 12



Conclusion & Outlook

Substantial runtime improvements for some feature models
Undo by caching performs very well

Insights

Performance highly depends on input model
Some models always need full recompilation

Limitations

How to improve for unfavourable d-DNNFs?
How to prepare the initial d-DNNF to be more favourable?
How to recognize hopeless d-DNNFs?

Future Work
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decomposable (Product for ∧)
negation
normal
form
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