
1

Conflict Detection and Diagnosis in Configuration

Conflict Detection and Diagnosis in Configuration

Alexander Felfernig*, Stefan Reiterer†,  Florian Reinfrank*,  Gerald Ninaus*, and Michael Jeran*

*Graz University of Technology, Graz, Austria
†SelectionArts, Graz, Austria



2

Conflict Detection and Diagnosis in Configuration

Contents

• Anomalies
• Conflict Detection

• Simple Conflict Detection
• QuickXPlain

• Diagnosis
• HSDAG
• Duality of Conflicts and Diagnoses
• FastDiag



3

Conflict Detection and Diagnosis in Configuration

Anomalies

• Parts of a knowledge base that 
conform to a defined pattern of 
unintended structures [Chandola et al., 2009].

• Anomaly detection:
• Automated testing and debugging 

(minimal subsets)
• Redundancy detection (maximal subsets)
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Working Example: Knowledge Base

/*should be: replacement of c1*/

/*should be disabled, but still active*/
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Minimal Conflicts

Definition (Minimal Conflict Set). A conflict set CS = {ca, 
cb, . . ., cz} is a subset of C such that inconsistent (B ∪
CS). AC = B ∪ C represents the set of all constraints in the 
knowledge base (AC = {c1, c2, . . ., cn}), B represents the 
background knowledge (no conflict elements are assumed 
to be included in B), and C represents the set of 
constraints subject of conflict search. A conflict set CS is 
minimal if there does not exist a CS’ ⊂ CS that has the 
conflict property.
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Minimal Conflicts
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Working Example: Minimal Conflicts

• Assumption: C = AC, i.e., B = {}

• CS1 = {c1, c4, c5}

• CS2 = {c1, c2, c5}

• inconsistent({c1, c4, c5} ∪ B)

• inconsistent ({c1, c2, c5} ∪ B)

• Two algorithms to determine minimal conflicts:
• Simple Conflict Detection
• QuickXPlain
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Simple Conflict Detection

Best Case:

Worst Case:
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Simple Conflict Detection: Execution
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QuickXPlain

Best Case:

Worst Case:
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QuickXPlain
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Runtime of Conflict Detection Algorithms



13

Conflict Detection and Diagnosis in Configuration

Diagnosis (Task)

Definition (Diagnosis Task). A diagnosis task can be 
defined by the tuple (C, AC) where AC = B ∪ C, B is the 
background knowledge, and C is the set of constraints 
to be analyzed.

Definition (Diagnosis). A diagnosis for a given 
diagnosis task (C,AC) is a set of constraints  ⊆ C 
such that B ∪ C −  is consistent. A diagnosis  is 
minimal if there does not exist a diagnosis  ‘ ⊂  with 
the diagnosis property. Finally, a minimal diagnosis  is 
denoted as minimal cardinality diagnosis if there does 
not exist a minimal diagnosis with |  ‘| < |  |.
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Minimal Diagnoses
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Hitting Set Directed Acyclic Graph 
(HSDAG)
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Duality of Conflicts and Diagnoses
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FastDiag

Best Case:

Worst Case:
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Runtime of Diagnosis Algorithms
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Diagnosis as Optimization Problem

• Each constraint ci is represented by a variable xi [0,1]
• Conflict sets CSj are represented by constraints csj
• Example: cs1: x1 + x4 + x5  1

• Optimization function:
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Diagnosis as Optimization Problem

cs1: x1 + x4 + x5  1
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Solution Space: Predefined Instances



22

Conflict Detection and Diagnosis in Configuration

Exercises
1. Given the following set of constraints AC={x1=1, x1=2, 

x2=x1, x3=x2, x3>2} (dom(xi)=[1,2,3]). Determine the 
complete set of minimal conflicts on the basis of Simple 
Conflict Detection.

2. For the identified minimal conflict sets determine the 
corresponding complete set of minimal diagnoses (on 
the basis of HSDAG).

3. Show how to use the HSDAG concept to determine the 
complete set of minimal conflicts from the diagnoses 
determined in 2 (duality of diagnoses and conflicts).

4. For the minimal conflict sets (from 1. and 3.), show how 
to represent a diagnosis as an optimization problem.
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Thank You!
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