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Testing configurable systems is critical
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SAT S

Any solution = valid 

The Feature Model (on binary features)
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e.g. for t=2 
 (CD, Radio)  
 (-CD, Radio)  
 (-CD, -Radio) 

Testing all configurations 
is not feasible.

Interactions = tuples of literals of size t

t-wise Interactions

# features

#
 c
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just cover all t-wise interactions
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(Complete) Pairwise-Interaction Sampling Problem

Features  

Literals 
 

Valid Interactions  

Goal: Find minimum cardinality 
set of configurations that covers 

F = {1,…, n}

L = {−n, …, − 1,1,…, n}

I ⊊ L × L

I

We call this a sample

t=2
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The Set Cover Problem

https://en.wikipedia.org/wiki/Set_cover_problem

+Challenge 1: 
Elements NP-hard to 

identify

+Challenge 2: 
Exponential number of 
potential covering sets
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We can express the problem as a SAT-formula 

(plus objective) to solve for optimality!

i-th config used

Covered by some 
config

Feature l in i-th configFeasible 
config

Bind ys to xs

Only used configs 
can cover something

Interaction I covered 
by i-th config

upper bound
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Pairwise Exclusivity

We have k-x the same 
model! 

Symmetries!!!
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Why are symmetries so bad?

x1
1 := 1 x1

2 := 1 x1
3 := 0 x1

4 := 1 …

x2
1 := 0 x2

2 := 0 x2
3 := 0 x2

4 := 1 …

x3
1 := 1 x3

2 := 0 x3
3 := 1 x3

4 := 0 …

x4
1 := 0 x4

2 := 1 x4
3 := 0 x4

4 := 1 …

xn
1 := 1 xn

2 := 1 xn
3 := 0 xn

4 := 0 …
⋮ ⋮ ⋮ ⋮

k! equivalent 
representations that 
look different to the 

solver!

10! = 3628800,  15! = 1.3076744e+12,  20!=2.432902e+18
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Mutually Exclusive Interactions

(x1 := 1, x2 := 1)
(x1 := 0, x2 := 1)
(x1 := 1, x2 := 0)
(x1 := 0, x2 := 0)

(x1 := 1, x2 := 1) (x3 := 1, x4 := 1)

Cover in first configuration

Cover in second configuration

(¬x1 ∨ ¬x2 ∨ ¬x3 ∨ ¬x4)

Cover in third configuration

Cover in fourth configuration

Find largest set of 

mutually excluding 

interactions!

Can we do more?

ohoh… isn’t that the max clique problem!?

cannot appear in same sample S
y

m
m

etry
 B

reak
in

g
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Independent Set Problem
Proven incompatibility

Could interact

Inverse of incompatibility graph

Use a Large Neighborhood Search

Result is a lower bound!
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Pairwise Exclusivity

Next problem… 
the size…

Small

Small

z

z

Medium

Medium

Medium

Medium

Medium

Medium

LARGE

LARGE

LARGE
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Optimizing only these parts has a 
large potential and only needs a 

small model!

We can shuffle the configurations 
and repeat multiple times! 

Large Neighborhood Search!
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ℱ = {1,2,3,4}
Features:

𝒟 = {{1,2}, {3,4}}
Clauses:

ℐ = { {3,4}, {1,-3}, {2,-4}, {1,3}, {-2,4}, {-1,4}, {2,4}, {1,2}, {1,-4}, {-2,-3}, {-1,-3},
{-2,3}, {-1,3}, {3,-4}, {-3,4}, {2,-3}, {1,-2}, {1,4} , {2,3}, {-1,-4}, {-2,-4}, {-1,2} }

Interactions:

S = {{1,2,-3,4}, {1,-2,3,-4}, {1,-2,-3,4}, {-1,2,3,4}, {-1,2,3,-4}, {-1,2,-3,4}}
Initial Sample: (locally optimal)

S′￼= {{1,2,-3,4}, {-1,2,3,4}, {-1,2,3,-4}}
DESTROY: Select random subset…

ℐ′￼ = {{1,2}, {2,3}, {3,4}, {2,-4}, {-1,3}, {-1,-4}}
Removal leaves uncovered: (much smaller!)

S′￼′￼ = {{1,2,3,4}, {-1,2,-3,4}}
REPAIR: Compute optimal sample for it…

S = (S∖S′￼) ∪ S′￼′￼= { {1,-2,3,-4}, {1,-2,-3,4}, {-1,2,-3,4}, {1,2,3,4}, {-1,2,-3,4} }
Build better sample: 5 instead of 6!

Repeat!

Example!
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How good are the lower bounds and solutions?
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How efficient is the algorithm?

Quick progress!



How Low Can We Go? Minimizing Interaction Samples for Configurable Systems
FOSD 2024-04-12

Dominik Krupke 18

Our algorithm needs an initial solution…

… how important is its quality?

… just use the fastest initial solution!

No serious differences
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Summary


