
1

Configuration Knowledge Representation and Reasoning

Configuration Knowledge Representation 
and Reasoning

Lothar Hotz §, Alexander Felfernig*, Markus Stumptner†,  Anna Ryabokon‡,  and Claire Bagley+

*Graz University of Technology, Graz, Austria
‡University of Klagenfurt, Klagenfurt, Austria

†University of South Australia, Adelaide, Australia
+Oracle Coropration, USA

§HITeC e.V., University of Hamburg, Hamburg, Germany



2

Configuration Knowledge Representation and Reasoning

Contents

• Constraint Satisfaction Problems
• Static Constraint Satisfaction
• Dynamic Constraint Satisfaction
• Generative Constraint Satisfaction

• Graphical Knowledge Representations
• Feature Models
• UML Configuration Models
• Formalization of UML Configuration Models



3

Configuration Knowledge Representation and Reasoning

Constraint Technologies

„Constraint technologies are one of 
the closest approaches computer 
science has yet made to the Holy 

Grail of programming: a user states 
the problem, the computer solves it“ 

[Freuder, 1997]
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Constraint Satisfaction Problem (CSP)

Definition (Constraint Satisfaction Problem –
CSP). A constraint satisfaction problem (CSP) can
be defined by a triple (V, D, C) where V is a set of
finite domain variables {v1, v2, . . . , vn}, D
represents variable domains {dom(v1), dom(v2), . .
. , dom(vn)}, and C represents a set of constraints
defining restrictions on the possible combinations
of variable values ({c1, c2, . . . , cm}).
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Solution for a CSP

Definition (CSP Solution). A solution for a
given CSP = (V, D, C) is represented by an
assignment S = {ins(v1), ins(v2), . . . , ins(vn)}
where ins(vi) dom(vi). S is required to be
complete; that is each variable of the CSP
definition has a value in S and is consistent
(i.e., S fulfills the constraints in C).
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Configuration Task

Definition (Configuration Task). A configuration
task can be defined as a CSP (V, D, C) where V =
{v1, v2, . . . , vn}, D = {dom(v1), dom(v2), . . . ,
dom(vn)}, and C = CKB REQ. CKB represents
the configuration knowledge base (the configu-
ration model) and REQ represents a set of user
(customer) requirements.
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Configuration (Solution)

Definition (Configuration). A configuration
(solution) S for a given configuration task (V, D,
CKB REQ) is represented by an assignment
S = {ins(v1), ins(v2), . . . , ins(vn)} where ins(vi )

dom(vi) and S is complete and consistent with
the constraints in CKB REQ.
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A Simple Configuration Task: 
Map Coloring

All regions y ≠
x that are direct
neighbors of x
must have a
different color
(different from
the color of x)
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Corresponding Configuration Task

V = {WA, NT, SA, Q, NSW, V, T}

D = {dom(WA)={r,g,b}, dom(NT)={r,g,b}, 
dom(SA)={r,g,b}, dom(Q)= {r,g,b}, dom(NSW)={r,g,b}, 
dom(V)={r,g,b}, dom(T)={r,g,b}}

CKB = {WA  NT, WA  SA, NT  SA, NT  Q, SA  Q, 
SA  NSW, SA  V, Q  NSW, NSW  V}

REQ = {WA = r }
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Graphical CSP Representation
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Graphical CSP Representation
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CSP Solution Search: Forward Checking
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Dynamic Constraint Satisfaction

• Reasoning over variables states

• Only active variables are part of the solution

• Activation constraints determine activity 
status of a variable

• HighResolution (Camera) = yes → 
active(HighResolution).

[Mittal and Falkenhainer, 1990]
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Generative Constraint Satisfaction (GCSP)

• Representational limits of discussed 
approaches

• Component-oriented representation not 
possible (only variables and constraints)

• Not applicable if number of components 
depends on the preferences of a user

• Need for „on the fly“ generation of 
components
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Generative Constraint Satisfaction (GCSP)
PC P DESCRIPTION:
P.name := [String];
P.price := [Integer];
P.usage := {’internet’,’scientific’,’multimedia’};
P.efficiency := {’A’,’B’,’C’};
P.PORTS := {screen-of-pc-1[Screen], screen-of-pc-2[Screen],

hdunit-of-pc-1[HDUnit], ...};
P.screens := <screen-of-pc-1,screen-of-pc-2>;
P.mb := <mb-of-pc-1>;
P.hdunits := <hdunit-of-pc-1,hdunit-of-pc-2>;

P.efficiency = P.mb.efficiency; /* Example constraint*/
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Solution Search (GCSP)
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Graphical Knowledge Representations

• Need to improve maintainability of 
configuration models

• Approach: graphical knowledge 
representations

• Automated translation into executable 
representation

• Examples:
• Feature Models
• UML Configuration Models
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Feature Models
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Semantics of Feature Models
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UML Configuration Model
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UML Configuration Model: Constraints
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UML Configuration Model: 
Formalization of Product Structure
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UML Configuration Model: 
Formalization of Constraints
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Exercises
1. Explain the concept of forward checking on the basis 

of an example.

2. Translate the Mobile Phone feature model into a 
corresponding CSP-based representation.

3. Implement the Mobile Phone feature model with the 
CHOCO constraint solver (http://choco-solver.org)

4. Develop a feature model for a product domain of your 
own choice (not discussed in lecture).

5. Translate the following UML Model (next slide) into a 
logic-based representation.
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Exercises (UML Model)
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Thank You!
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