TU

Graz University of Technology Grazm

Maintaining Constraint-based
Configuration Systems: Challenges ahead

Florian Reinfrank, Gerald Ninaus, Franz Wotawa, Alexander Felfernig

{firstname.lasthame}@ist.tugraz.at
Institute for Software Technology

Graz University of Technology
Inffeldgasse 16b, 8010 Graz, Austria

. Florian Reinfrank Vienna, 10/09/2015




Graz University of Technology ﬁ-lc:ryz.

Outline

* |ntroduction
Simulation
Gibbs sampling
Advantages

Summary

. Florian Reinfrank Vienna, 10/09/2015 Intelligent Techniques




Graz University of Technology ﬁ-lc:rlan.

Introduction

e Constraint-based configuration knowledge bases are complex
- Hundreds of variables
- Thousands of constraints
- Billions of consistent variants
* Requirements for configuration knowledge bases
- Evaluate the configuration knowledge base
- Testing the knowledge base (is each consistent variant correct?)

- Market analysis (do the consistent variants cover the market
needs?)

- Guide the customer through the product space (avoid the no-
solution-could-be-found dilemma)
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Simulation

* Approximate the number of consistent variants
compared to all variants

 Add a set of randomly generated assignments
 Check if the set is consistent

simulation
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Simulation: Gibbs sampling

Function Gibbs (KB)
n=0
mincalls=200
threshold=0.01
verify=Double .maxValue
CC =0 // consistencychecks
While n<mincallsV verify >threshold
If isConsistent ( genRandomAssignments ( KB) )
CC.add(1)
Else
CC.add(0)
EndIf
verify =verifyChecks(CC)
n++
EndWhile
Return (consistent (CC)/|CC|)
EndFunction
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Simulation: Gibbs sampling

FunctionGibbs (KB) e S
n=0 / Function genRandomAssignments(KB)
mincalls =200 | n=Random(1,|V €KB|) |

threshold=0.01 KB'=KB

: Do n Times
verify=Double .maxValue

. v=selectRandom(V € KB)
CC =0 // consistencychecks r=selectRandom((<,<,=,#,>,>))

While n<mincallsV verify >threshold d = selectRandom (dom (v))
If isConsistent  genRandomAssignments( KB ) ) KB'.addConstraint (
CC.add(1) new Constraint (v,r,d))
Else EndDo
CC .add(0) . 5I§wn: KB’
En dIf \\ n unctuon | //
verify =verifyChecks(CC) N N
n++
EndWhile
Return (consistent (CC)/|CC|)
EndFunction
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Simulation: Gibbs sampllng

Function Gibbs (KB) ' —
n=0 / F unction genRandomAssignments ( KB )\
mincalls =200 | n=Random(1,|V €KB|) |

threshold=0.01 KB'=KB

. Do n Times
verify=Double .maxValue

. v=selectRandom(V € KB)
CC =0 // consistencychecks r=selectRandom((<,<,=,#,>,>))

While n<mincalls VvV veriﬁ/ >threshold d=selectRandom (dom ( ))
If isConsistent ( genRandomAssignments( KB) ) KB'.addConstraint (
CC.add(1) new Constraint(v,r,d))
Else EndDo
CC .add(0) | ReturnKB'
EndIf \I:\“, ndFunction ///
verify =verifyChecks(CC) —
n++ ~~_——— FunctionverifyChecks (C C ) h
EndWhile — CC,={cc,cc, ...,ccp |
Return (consistent (CC)/|CC|) CCo={CCu1aa15 Crraazs++CCa)
EndFunction return/(mean(CC,)—mean(CC,))
- EndFunction .

-
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Advantages: restriction rate

 Estimate the coverage
__number of consistent variants
coverage(C)= : :
number of all possible variants
0<coverage(C)<1
» Using for knowledge base evaluations
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Advantages: test case generation

 Boundary value analysis
» Generate random assignments
» Get the coverage of these assignments
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Advantages: test case generation

 Boundary value analysis
* Generate random assignments
» Get the coverage of these assignments

test case filter constraint coverage
t, cpuCores = 2 A usageScenario = office 0.50
t, cpuCores = 2 A usageScenario = multimedia 0.50
t, price = 799 A usageScenario = gaming 0.00
t, price = 599 A usageScenario = gaming 0.50
t, cpuCores = 4 A usageScenario = multimedia 0.50
t. cpuCores = 4 ~0.54
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Advantages: test case generation

 Boundary value analysis
» Generate random assignments
» Get the coverage of these assignments

test case filter constraint coverage
t, cpuCores = 2 A usageScenario = office 0.50
t cpuCores = 2 A usageScenario = multimedia 0.50

1

price = 799 A usageScenario = gaming m

price = 599 A usageScenario = gaming

t, cpuCores = 4 A usageScenario = multimedia 0.50

t cpuCores = 4 ~(0.54

5)
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Advantages: test case generation

» |et stakeholders evaluate the coverage

price = 799 A usageScenario = gaming

price = 599 A usageScenario = gaming

test case stakeholder correct?

t, s,
t, S, yes
t, s,
t, s, yes
t, s,
t, s,
t, s,
t, s, yes
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Advantages: test case generation

» |Let stakeholders evaluate the coverage

price = 799 A usageScenario = gaming

2
price = 599 A usageScenario = gaming 0.50

test case stakeholder correct? test case stakeholder correct?
t, s, t, s,
t, S, yes t, S,
t, S, t, s,
t, s, yes t, S, yes
t, s, t, s,
t, s, t, s,
t, s, t, s,
t, s, yes t, s, yes
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Advantages: market analysis

« Compare customers' preferences with the number of
avallable variants

=d,]uC
availability(vi,dledom(vi))—covemge({vl JUC)

B Zd‘iedom(vi) coverage({v,=d .JuC)

market analysis for the variable usageScenario

office
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50% / \
/ \
40% -\
'} \
30%
f
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f
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/ 0°

gaming multimedia

——customers' preferences ——available variants
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Advantages: session forecasting

» avoid the no-solution-could-be-found dilemma
- Rank domain elements compared to the coverage

- Approximate the number of consistent variants for
each variable without an assignment

p(djedom(vl.)):coverage({VI:dj}UC)XHVEV [dom (V)]
* rank diagnoses

- Approximate the number of consistent variants, if one
of the diagnoses is applied

p(djedom(vi))zcoverage(C/A)XHvev [dom (v )|
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Conclusion

e Approximating the number of consistent variants
compared to the number of all variants

* With Gibbs sampling you can ...

. estimate the restriction rate and evaluate the
complexity of a knowledge base

. generate test cases for boundary value analysis
.. do market analysis

. session forecasting (no-solution-could-be-found and
rank diagnoses)
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