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Scalability Issues  Multitude of Queries

51 valid configurations

/)(Vacuum A Storage A ...

0,
[Maps | [Obstacle Detection

Dust storage | | Water storage

(Al'V Maps) = Camera

Mop Mode = Water Storage
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51 valid configurations
17 valid configurations
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Scalability Issues  Multitude of Queries

51 valid configurations
17 valid configurations
21 valid configurations
42 valid configurations

/)(Vacuum A Storage A ...

~—
—

Cam:erarr\E;;!torage ’—)(Vacuum A Storage A )(/\ Mop

Dust storage | | Water storage \)(Vacuum A Storage A )(/\ Maps)/'>
(Al'V Maps) = Camera

Mop Mode => Water Storage \)(Vacuum A Storage A )(/\ Camera

p
Type Number of Queries  Repeatability
Features O(|F|) Static
O(|F|) Static
O(IF|) Static
o(|F|) Static
o(|F)) Static
o(|F]) Static
O(|F|) Static
. 1 O(|F|) Stati
Most systems: Few seconds of runtime Pastial Confgurations  O({F|}) St
O(|F2|) Dynamic
y O(|F|) Dynamic y
EMSE’23 oF) Dynanic AMAI’'24
Formula 1 Dynamic
1 Dynamic
o
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Knowledge Compilation d-DNNF

—)(Vacuum A Storage A )

Dust storage | Water storage
(Al V Maps) = Camera
Mop Mode = Water Storage
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Knowledge Compilation d-DNNF

—)(Vacuum A Storage A )

Dust storage | Water storage

(Al'V Maps) = Camera

Mop Mode = Water Storage
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Coping with Expressive Constructs

Camera | | Extra Storage | [1..3]
1__2] {cost =2} {cost =2}
| Physical | | Dust storage | | Water storage |
{cost = 2} {cost = 4} {cost =3} {cost = 3, {cost =5,
space = 2} space = 4}

(Al'V Maps) = Camera
Mop Mode = Water Storage
sum(cost) < 15

"Dust storage” .space + " Water storage” .space < 6
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Coping with Expressive Constructs

O
Camera | | Extra Storage | [1.-3]

{cost = {cost = 2} {cost = 2}
Dust storage Water storage
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Mop Mode = Water Storage
sum(cost) < 15

"Dust storage”.space + " Water storage” .space < 6
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Coping with Expressive Constructs Pseudo-Boolean d-DNNF Compilation

O
Camera | | Extra Storage | [1.-3]

{cost = 2}

Sensor + Al + Physical > 1
Dust storage | | Water storage Pseudo-Bool lati o -
{cost = 2} {cost = 4} {cost = 3} {cost = 3, {cost = 5, et Boclean Tanee Sensor + Al + PhyS|Ca| S 2

space = 2} space = 4} . <
(Al V Maps) = Camera Z cost feature = 15
Mop Mode = Water Storage
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Coping with Expressive Constructs Pseudo-Boolean d-DNNF Compilation

O
Camera | | Extra Storage | [1.-3]

{cost = {cost =2}
Sensor + Al + Physical > 1
Dust storage | | Water storage Pseudo-Bool lati o -
{cost = 2} {cost = 4} {cost = 3} {cost = 3, {cost = 5, et Boclean Tanee Sensor + Al + PhyS|Ca| S 2

space = 2} space = 4} . <
(Al V Maps) = Camera Z cost feature = 15
Mop Mode = Water Storage

sum(cost) < 15 Pseudo-Boolean d-DNNF compilation

%

"Dust storage”.space + " Water storage” .space < 6
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Pseudo-Boolean Encoding  Excerpt

Construct Boolean Pseudo-Boolean
opte ¢, Niza(ci = p) np+3l,—c >0
mandZ, ., Ni=i(ci < p) np+3ly—c¢=0
oré,..c, pe (Vi a) n-p+3iil, =6 =0

P+, >0
alty, e, pe (Visia A Nigj(—6i vV =g)) p+>i,—c=0
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Pseudo-Boolean Encoding  Excerpt

Construct Boolean Pseudo-Boolean
opte .c, Ni=i(ci = p) np+3ig—6=0
mand?, ., NiZi(ci & p) n-p+3i,-¢=0
org..c, p= (Vi) np+3ly—c=0
—-p+ Z,I'):l Ci Z 0

alty, e, pe (Visia A Nigj(—6i vV =g)) p+>i,—c=0
[a.-b]% . <, enum([a..b]%, . ,) n-p+30,—c>0
_a’P+Z?:15i >0

Y- =—b

fla..b] enum([a.,b]g,._vcb) pb([a..b]g;w,cb)
#(A) x P(A') enum(p(A) x P(A')) pb(¢(A)) * pb(y(A"))
— Ci Ci
— aj = (v, f;) vi - f;
= (a+Xlki-xi)+ (a1 + )+ 200 ki xi
(2 + 221 - yi) +> 0 iy

— ... ..
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Pseudo-Boolean d-DNNF Compilation Concept

Idea

Reuse trace from exhaustive DPLL on Pseudo-Boolean formula
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Pseudo-Boolean d-DNNF Compilation Concept

Idea

Reuse trace from exhaustive DPLL on Pseudo-Boolean formula

2x+y22/\y+221|
5 =

A
& W
&

®

Figure: d-DNNF Corresponding to Traversal in Trace

Figure: Trace for Exhaustive Pseudo-Boolean DPLL
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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

Sundermann -| NF Compilation — Knowledge Compilation



Evaluation Setup

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

Dataset #Models #Features Pipelines:

Literature 76  100-80,258 .
Industrial 2 612-645 ® p2d: Pseudo-Boolean with p2d
Isolated Concepts 2,577 1-8,000 ® pbcount: Pseudo-Boolean with
Synthesized Models 2,700 80-2,767 pbcount

® d4: Boolean with d4

B
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Evaluation Performance vs State of the Art

Runtime in Seconds

Sundermann

Basic Feature Models

2000

1500 1

1000

S

(=3

(=]
|

—— d4-overall
—=— p2d-overall
—— pbcount-overall

0 10 20 30 40
Number of Solved Instances

Pseudo-Bool NF Compilation — Knowledge Compilation

50

60




Evaluation

Runtime in Seconds

Sundermann

Performance vs State of the Art

Basic Feature Models
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1" Key Result

Competitive for basic feature models
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Evaluation Performance vs State of the Art

Isolated Feature Models
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Evaluation Performance vs State of the Art

Isolated Feature Models

Runtime in Sec

v Key Result

Substantial runtime improvements for expressive feature models

100( 500
Number of Solved Instance
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Evaluation Performance: Isolated Concepts
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600
o
,, 5007 o
3 g
S 4009 . ddoverall 0
T v prdover .
é +  pbeount-overall By
£ 500 — Timeout H
g 0 | .
‘.{ liF !
04 P el
10? 10° 10? 10°
#Features #Features #Features
Sum Product Division
600
.,
, 5004 = -
< . .
£ 400 - .
] .
3009+ F - +
£ . .
£ 2001
& . .
1004 ¢ s
l . . s
L] == U = = o= 4 = = = =
0 500 1000 1500 2000 5 10 15 5 10 15 20
#Features #Features #Features

Sunderm. Pseudo-Boolea



Evaluation Performance: Isolated Concepts

Alternative Group Cardinality Feature Cardinality

— '? Key Result|

Considerably performance improvements for all but alternative
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Evaluation
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Performance: Combinations
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Evaluation Performance: Combinations of Concepts

All Constructs Just Group Card Just Feature Carc

v Key Result]
Substantially outscales for different combinations of constructs

Except Feature Card xcept Expressions Except Aggregates

Sundermann
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Conclusion
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https://github.com/TUBS-ISF/p2d
https://github.com/SoftVarE-Group/d-dnnf-reasoner




Evaluation
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CNF Encoding

n

53

=

<

Basic Feature Models

Encoding Efficiency

Isolated Feature Models

Random Feature Models

Pseudo-Boolean Encoding

udo-Boolean

Pseudo-Boolean Encoding

NNF Compilatiof

Knowledge Compilation

A A A
a7 = %
op 1% 3 o0 102
A g
A ] =}
3« g E
ST &) 4 A
“’ . [ 100 Aaa m
2 Z Z. ‘ e
A 4 ) S 4k i ‘x
A
1004
r ! 10° Ah é
i A A A A a B
10° 10" 10? 10° 10" 10? 10° 10" 10%
Pseudo-Boolean Encoding




d-DNNFs Behind the Scenes

deterministic
decomposable
negation
normal

form

2Darwiche, A Compiler for Deterministic, Decomposable Negation Normal Form, AAAI'02
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d-DNNFs Behind the Scenes

deterministic
(o5} decomposable
{a. b} {3 b} necati
gation
l l normal
2 1
form

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

Sundermann

Pseudo-Boolean d-DNNF Compilation — Knowledge Compilation



d-DNNFs Behind the Scenes

deterministic
oo decomposable
E E% No duplicates {3, b} _
7 negation
l ! normal
2 1
form

2Darwiche, A Compiler for Deterministic, Decomposable Negation Normal Form, AAAI'02
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d-DNNFs Behind the Scenes

deterministic (Sum for V)

: decomposable
E E% No duplicates {a, b} .
negation
, b
l (5) normal
{3, b}

/ form

2Darwiche, A Compiler for Deterministic, Decomposable Negation Normal Form, AAAI'02
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d-DNNFs Behind the Scenes
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d-DNNFs Behind the Scenes

deterministic (Sum for V)

decomposable
N .
o} i { negation
{o.eh normal
1 3 form

2Darwiche, A Compiler for Deterministic, Decomposable Negation Normal Form, AAAI'02
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d-DNNFs Behind the Scenes

deterministic (Sum for V)

decomposable
/ {"'_7’ c} |
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{o.eh normal
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2Darwiche, A Compiler for Deterministic, Decomposable Negation Normal Form, AAAI'02
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d-DNNFs Behind the Scenes

deterministic (Sum for V)
decomposable (Product for A)

/ {b,c} |
o —=——— 1) negation
(b€} normal
1 x 3 form

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