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Scalability Issues Multitude of Queries

Robot Vacuum

Maps Obstacle Detection

Sensor AI Physical

Mop Mode Camera Extra Storage

Dust storage Water storage

(AI ∨ Maps) ⇒ Camera

Mop Mode ⇒ Water Storage

Vacuum ∧ Storage ∧ ...

EMSE’23

Most systems: Few seconds of runtime

Vacuum ∧ Storage ∧ ... ∧ Mop

Vacuum ∧ Storage ∧ ... ∧ Maps

Vacuum ∧ Storage ∧ ... ∧ Camera

. . .
Vacuum ∧ Storage ∧ ... ∧ ?

51 valid configurations

17 valid configurations
21 valid configurations
42 valid configurations

AMAI’24

Type Number of Queries Repeatability

Features O(|F |) Static
O(|F |) Static
O(|F |) Static
O(|F |) Static
O(|F |) Static
O(|F |) Static
O(|F |) Static
O(|F |) Static

Partial Configurations O(|F |2) Dynamic
O(|F2|) Dynamic
O(|F |) Dynamic
O(|F2|) Dynamic

Formula 1 Dynamic
1 Dynamic
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Knowledge Compilation d-DNNF
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Coping with Expressive Constructs

Robot Vacuum

Maps Obstacle Detection

Sensor AI Physical

Mop Mode Camera Extra Storage

Dust storage Water storage

[1..2]

(AI ∨ Maps) ⇒ Camera

Mop Mode ⇒ Water Storage

sum(cost) < 15

”Dust storage”.space + ”Water storage”.space ≤ 6

{cost = 7}

{cost = 2}{cost = 4} {cost = 3}

{cost = 2} {cost = 2}

[1..3]

{cost = 3,
space = 2}

{cost = 5,
space = 4}
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Coping with Expressive Constructs

Pseudo-Boolean d-DNNF Compilation

TSE Sub.

Robot Vacuum

Maps Obstacle Detection

Sensor AI Physical

Mop Mode Camera Extra Storage

Dust storage Water storage

[1..2]

(AI ∨ Maps) ⇒ Camera

Mop Mode ⇒ Water Storage

sum(cost) < 15

”Dust storage”.space + ”Water storage”.space ≤ 6

{cost = 7}

{cost = 2}{cost = 4} {cost = 3}

{cost = 2} {cost = 2}

[1..3]

{cost = 3,
space = 2}

{cost = 5,
space = 4}

Sensor + AI + Physical ≥ 1
Sensor + AI + Physical ≤ 2∑

cost · feature ≤ 15

Pseudo-Boolean translation

∨
∧

a ∨
b ∧

b̄ ∨
∧

c d

c̄

∧
ā ∧

b̄ c

Pseudo-Boolean d-DNNF compilation
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Pseudo-Boolean Encoding Excerpt

Construct Boolean Pseudo-Boolean

optpc1..cn
∧n

i=1(ci ⇒ p) n · p +
∑n

i=1 −ci ≥ 0

mandp
c1..cn

∧n
i=1(ci ⇔ p) n · p +

∑n
i=1 −ci = 0

orpc1..cn p ⇔ (
∨n

i=1 ci ) n · p +
∑n

i=1 −ci ≥ 0

−p +
∑n

i=1 ci ≥ 0

altpc1..cn p ⇔ (
∨n

i=1 ci ∧
∧

i<j (¬ci ∨ ¬cj )) p +
∑n

i=1 −ci = 0

[a..b]pc1..cn enum([a..b]pc1..cn ) n · p +
∑n

i=1 −ci ≥ 0

−a · p +
∑n

i=1 ci ≥ 0∑n
i=1 −ci ≥ −b

f [a..b] enum([a..b]crc1,..,cb ) pb([a..b]crc1,..,cb )

ϕ(A) ⋆ ψ(A′) enum(ϕ(A) ⋆ ψ(A′)) pb(ϕ(A)) ⋆ pb(ψ(A′))
→ ci ci

→ ai = (vi , fi ) vi · fi
→ (c1 +

∑n
i=1 ki · xi )+ (c1 + c2) +

∑n
i=1 ki · xi

(c2 +
∑m

i=1 li · yi ) +
∑m

i=1 li · yi
→ . . . . . .
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Pseudo-Boolean d-DNNF Compilation Concept

Idea

Reuse trace from exhaustive DPLL on Pseudo-Boolean formula

2x + y ≥ 2 ∧ y + z ≥ 1

2x ≥ 1

⊤ ⊥

2x ≥ 2 ∧ z ≥ 1

2x ≥ 2

⊤ ⊥

z ≥ 1

⊤ ⊥

y

x x̄

ȳ

x x̄ z z̄

Figure: Trace for Exhaustive Pseudo-Boolean DPLL

∨
∧

y x

∧
ȳ ∧

x z

Figure: d-DNNF Corresponding to Traversal in Trace
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Evaluation Setup

What is the performance of pseudo-Boolean d-DNNFs?

Dataset #Models #Features
Literature 76 100–80,258
Industrial 2 612–645
Isolated Concepts 2,577 1–8,000
Synthesized Models 2,700 80–2,767

Pipelines:

• p2d: Pseudo-Boolean with p2d

• pbcount: Pseudo-Boolean with
pbcount

• d4: Boolean with d4

B

C A

B

.opb

ADD

PBCountADD1

UVL2
PB

PB1

UVLParser

B0

.dimacs
FeatureIDE

B1

.ddnnf

.ddnnf

p2d

PB2

d4

B2

#

ddnnifePB3

dd
nn
if
eB3

pbcount

ADD2
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Evaluation Performance vs State of the Art

0 10 20 30 40 50 60

Number of Solved Instances

0

500

1000

1500

2000

R
u

n
ti

m
e

in
S

ec
on

d
s

Basic Feature Models

d4-overall

p2d-overall

pbcount-overall

0 500 1000 1500 2000

Number of Solved Instances

0

10000

20000

30000

40000

50000

R
u

n
ti

m
e

in
S

ec
on

d
s

Isolated Feature Models

d4-overall

p2d-overall

pbcount-overall

0 500 1000 1500 2000 2500

Number of Solved Instances

0

2000

4000

6000

8000

10000

12000

R
u

n
ti

m
e

in
S

ec
on

d
s

Random Feature Models

d4-overall

p2d-overall

pbcount-overall

Competitive for basic feature models

Key Result

Sundermann Pseudo-Boolean d-DNNF Compilation – Knowledge Compilation 10



Evaluation Performance vs State of the Art

0 10 20 30 40 50 60

Number of Solved Instances

0

500

1000

1500

2000

R
u

n
ti

m
e

in
S

ec
on

d
s

Basic Feature Models

d4-overall

p2d-overall

pbcount-overall

0 500 1000 1500 2000

Number of Solved Instances

0

10000

20000

30000

40000

50000

R
u

n
ti

m
e

in
S

ec
on

d
s

Isolated Feature Models

d4-overall

p2d-overall

pbcount-overall

0 500 1000 1500 2000 2500

Number of Solved Instances

0

2000

4000

6000

8000

10000

12000

R
u

n
ti

m
e

in
S

ec
on

d
s

Random Feature Models

d4-overall

p2d-overall

pbcount-overall

Competitive for basic feature models

Key Result

Sundermann Pseudo-Boolean d-DNNF Compilation – Knowledge Compilation 10



Evaluation Performance vs State of the Art
0 10 20 30 40 50 60

Number of Solved Instances

0

500

1000

1500

2000

R
u

n
ti

m
e

in
S

ec
on

d
s

Basic Feature Models

d4-overall

p2d-overall

pbcount-overall

0 500 1000 1500 2000

Number of Solved Instances

0

10000

20000

30000

40000

50000

R
u

n
ti

m
e

in
S

ec
on

d
s

Isolated Feature Models

d4-overall

p2d-overall

pbcount-overall

0 500 1000 1500 2000 2500

Number of Solved Instances

0

2000

4000

6000

8000

10000

12000

R
u

n
ti

m
e

in
S

ec
on

d
s

Random Feature Models

d4-overall

p2d-overall

pbcount-overall

Substantial runtime improvements for expressive feature models

Key Result

Sundermann Pseudo-Boolean d-DNNF Compilation – Knowledge Compilation 11



Evaluation Performance vs State of the Art
0 10 20 30 40 50 60

Number of Solved Instances

0

500

1000

1500

2000

R
u

n
ti

m
e

in
S

ec
on

d
s

Basic Feature Models

d4-overall

p2d-overall

pbcount-overall

0 500 1000 1500 2000

Number of Solved Instances

0

10000

20000

30000

40000

50000

R
u

n
ti

m
e

in
S

ec
on

d
s

Isolated Feature Models

d4-overall

p2d-overall

pbcount-overall

0 500 1000 1500 2000 2500

Number of Solved Instances

0

2000

4000

6000

8000

10000

12000

R
u

n
ti

m
e

in
S

ec
on

d
s

Random Feature Models

d4-overall

p2d-overall

pbcount-overall

Substantial runtime improvements for expressive feature models

Key Result

Sundermann Pseudo-Boolean d-DNNF Compilation – Knowledge Compilation 11



Evaluation Performance: Isolated Concepts
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In some cases: From dozen features to thousands

Key Result
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Evaluation Performance: Combinations of Concepts
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Conclusion

Compilation:
p2d

Reasoning:
ddnnife
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https://github.com/TUBS-ISF/p2d
https://github.com/SoftVarE-Group/d-dnnf-reasoner
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{ā, b}

3

∧

a ∨

b c

{a}
{b, c}
{b̄, c}
{b, c̄}

1 3

No shared variables

×

deterministic (Sum for ∨)
decomposable
negation
normal
form

2Darwiche, A Compiler for Deterministic, Decomposable Negation Normal Form, AAAI’02

Sundermann Pseudo-Boolean d-DNNF Compilation – Knowledge Compilation 17



d-DNNFs Behind the Scenes

∨

a ∧
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ā b

{a, b}
{a, b̄} {ā, b}
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{ā, b}

3

∧

a ∨

b c

{a}
{b, c}
{b̄, c}
{b, c̄}

1 3

No shared variables

×

deterministic (Sum for ∨)
decomposable (Product for ∧)
negation
normal
form

2Darwiche, A Compiler for Deterministic, Decomposable Negation Normal Form, AAAI’02

Sundermann Pseudo-Boolean d-DNNF Compilation – Knowledge Compilation 17


	Introduction
	Product Lines
	Feature Dependencies

	Knowledge Compilation
	TOSEM'24


