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Abstract

Debugging, validation, and maintenance of configura
knowledge-bases are important tasks for the sutdess
deployment of product configuration systems. Cdeaisy-
based diagnosis has shown to be a promising apprmac
detecting faulty parts in the knowledge bases aqplagming
unexpected behavior of the configurator, wherebgrt{al)
configurations are used as test cases.

In this paper we show how hierarchical diagnosis be
employed to cope with the complexity of debuggilmggé
configurator knowledge bases. A framework for hienécal
diagnosis on different levels of abstraction isspreed as well
as an algorithm for the calculation of diagnosesdifferent
levels. The presented approach aims at the reusxisting
special purpose configuration systems. We show that
exploitation of hierarchies in such problem domdieeds to
significant efficiency enhancement thus broadenitige
applicability of consistency-based diagnosis.

Introduction

Knowledge-based configuration is an important appli

cation field of Al technology [19] due to increagin

The success of Al techniques in the configuratieaa
is based on highly specialized configurators ([[3]}
able to deal with large configuration problems. In
addition such systems use a restricted first-olaigical
language. Our goal is to extend such specialized
systems with diagnosis capabilities for debuggifige
work of [16] shows how such an integration of spéci
consistency-checking systems into a general diagnos
problem solver can be achieved. However, the
efficiency of the diagnosis computation dependwvitea
on the minimality of the conflict sets. Typically,
specialized configurators offer no generation afftiot
sets or provide non-minimal conflicts including rgan
additional elements. One reason for this is that in
configuration we have to deal with general claused
many dependencies between these constraints.
Therefore, dependency tracing on top of constraint
propagation will not reduce the conflicts signifitky in
practice.

In this paper we show that hierarchical abstraction
([1],[22],[15],[17]) significantly enhances the &flency

demand for configurable and mass-customized preducbf diagnosing configuration knowledge bases. Typica

[4]. The increased complexity and high change rafes

hierarchical structures in configurator knowledgesés

the products (and the corresponding knowledge pasesan be employed for diagnosis at different levels o

made adequate debugging and testing support
prerequisite for successful deployment of suchstool

granularity.
The paper is organized as follows. After giving a

Consistency-based diagnosis techniques have showmotivating example, we shortly review the framework

to be applicable not only for diagnosing electronicof
but also forknowledge bases. We present the extension of this

circuits or other hardware devices,
debugging of software systems like logic prograsis [

consistency-based diagnosis of configurator

approach with structural abstractions and show

repairing inconsistencies in databases [10] or VHDLsoundness and completeness results for diagnosis at

programs [9].

different levels. After the description of an algbm

In [6] it was shown how model-based diagnosisand results from a prototypical implementation, we
(MBD) can also be employed for error detection withindiscuss related work and present our conclusions.

knowledge bases for configuration systems.
framework is described where "positive" and "negglti
examples can be provided, where (partial or coreplet
"positive" examples should be accepted or compleyed
the configurator and "negative" ones should bectefh
The behavior of the configurator is unexpecteda if
positive example can not be completed or causes
contradiction or an intended negative example |lsefg

A

Motivating Example

For demonstration purposes we use a small fragment
for a configuration problem. After inserting a tgpl
failure, we show how consistency-based diagnosis ca
help to detect this error. We use first order secés to
ensure clear representation with precise semaniics.

accepted. For localizing possible explanations, th&e example, we have a frame, where cards of eifier
problem is mapped to a diagnosis problem, where th&/PeS (CPUS and switching modules) can be insested
sentences (constraints) of the knowledge base thkay existing named slots. The knowledge-base consists 0

part of components from the MBD terminology. the_following definitions, whereypes descr_ibes the
available component types armbrts describes the

predefined connection points for the component$.[14



types = {frame, cpu-1, cpu-2, sm-1, sm-2}; type newly introduced to the knowledge base @tfe,

ports(frame) = {cpl,cp2,smpl,smp2}. was not maintained correctly.

ports(cpu-1) = {framep}. ports(cpu-2) = {framep}.

ports(sm-1) = {framep}. ports(sm-2) = {framep}.

We use the following predicates for describing . _ )
configuration knowledge: type(ct) associates a € = {{F.SC: type(F frame) [type(Ssm-2) L7
component identifier with one of the predefinedetyp type(C,cpu-1) Ljconn(F,cp-2,C framep) [J
conn(cl,pl,c2,p2) describes that component instacte conn(F, smp-1, S, framep)}.
is connected on popil with another componen on Note, that the partial example cannot be complaged
p2. Attribute valuations of components are describgd g correct configuration (See [6] for the usagsmefa-

a predicateval/3 which is omitted here (see [6] for an tive examples). Following the consistency-based ap-
example). In addition, definitions are containedproach from [6] the minimal conflicts (sets of
describing which components can be connected vigonstraints causing a contradiction with the exanpl
which ports in general and other domain-independent

constraints, like that one port can be connected to {CtFy, CtS} and{CtF,, CtCs, CtCy}

exactly one other port and connections are symmetri

The user provides a positive example with cpe-1
and a switching modulam-2:

induce the minimal diagnoses explaining the unetqaec
In addition, the following constraints for the indtlual  behaviour
component types have to hold: {ab(CtF,).}

"CtF,: If thereisa cpu-1 on cp2, there must be a sm-1 {ab(CtS,). ab(CtCs).} {ab(CtS)). ab(CtC,).}

on one of the switching module ports.”, more formally ) ) )
In other words, if these sets of constraints (doesgs)

LIC,F : type(F frame) [/ type(C,cpu-1) [J are considered abnormal and are canceled, theaparti
conn(F,cp2,C.framep) L7 L(SP): type(Ssm-1) L/ configuration can be completed by the configurator.
conn(F,P,Sframep) /P [/{smp1, smp2}. Note, thatCtC, is not contained in any minimal

. . conflict set and that the assumption of having madi
For sake of brevity, we only describe the other . . S
X . . conflict sets available for the HS-DAG generation is
constraints without formal representation. - . . -
B _ T very strong for the configuration domain for diféert
CtS;: If there is a switching-module sm2 on smpl  reasons: First, there are many interdependencies

there must be also one sm+-2 on smp2.” between the constraints, so a dependency analysis o

"CtC,: If thereis a CPU of any type connected to any tracing will not suffice. Second, for the configticm

cpu-port, at least one switching module of type sm-1 or ~ domain, tools (e.g., [12]) with specialized infecen
sm2 must be connected to smpl or smp2." mechanisms Generative Constraint Satisfaction [7])

and limited explanation facilities (and costly castf

"CtC,: A CPU of type cpu-2 on port cpl requires  minimization) are employed for effective calculatiof
switching modules of type sm2 on both ports smpl,  configurations. In addition, the constraint langeiagust
smp2.” be expressive enough for the domain, i.e., thedaggs

"CtCs:A CPU of type cpu-1 on cp2 requires a CPU of constructs exceed the (_expressivenesHmm-claL_lsgs.
the type cpu-2 on cpl." Consequently, the conflicts returned_ b_y the spe_mdl
theorem prover are large and non-minimal, leading to
high search complexity during the HS-DAG generation,
type(c1,cpu-1) type(s1,sm-2) because overlaps in the conflict sets minimize fiene
from techniques like conflict reuse. One could argu
that we should minimize the conflicts before usiimgm
during HS-DAG generation. However, note that the
computation of additional minimal conflicts is clgst
because conflicts with many redundant elements may
contain several minimal conflicts, such that
minimization requires a number of consistency ckeck
which is not linear in the number of elements o th
non-minimal conflict.
] . _ . Following a hierarchical approach, we will try to
Figure 1 Partial example configuration analyze the system on a coarse level with smaller

Let us assume, th&ltF, is faulty and too restrictive, complexity, i.e., we do not diagnose individual
because also switching modules of tgme2 should be constraints but whole groups of related constraitfts

allowed. This situation came about becasrae2 was a ~ We group the constraints (indicated by the namefen
example) and assume all contained constraints to be

‘cpl H cpZ‘ ‘smlesmpZ‘

type(fl,frame)




faulty if a group is "abnormal”, the minimal diages
will be
{ab(frame).} {ab(sm). ab(cpu).}

A faulty constraint is simply not considered for
consistency checking, i.e., we don’t consider fault

models.
Given this result which can be calculated fast hgvi

only 3 diagnosable components, the user can ddcide

use the result as a pointer to faulty group omeefihe
diagnoses to the next level. When refining one nthais

Definition (Consistent configuration): Given a
configuration problem (DD,SRS,CONL), a
configuration CONF is onsistent iff DD /7 SRS [/
CONF is satisfiable. 4

To ensure the completeness of a configuration,
additional formulae for each symbol @ONL have to

be introduced t&€ONF, e.g.,

type(X,Y) 7 type(X,Y) [JCONF.

We denote the configuratioBONF extended by these
axioms withCONF . (For a detailed exposition, see [6]).

to the next level, the contained faulty groups areDefinition (Valid and irreducible configuration): Let
replaced by their elements; groups not assumedyfaul(DD,SRS,CONL) be a configuration problem. A
are still treated as one component which reduces thconfiguration CONF is valid iff DD /7 SRS /7 CONF is
number of diagnosable components. satisfiable. CONF is irreducible if there exists no other
If we extend the example to have five componenesyp Valid configuration CONF*® such that CONF*® [

(groups), each containing 10 constraints (diagriesab CONF. O

componentsn=50) and the diagnoses as before, '[heDefinition
number of theoretically possible combinations for

double-faults

(CKB-Diagnosis Problem): A CKB
(Configuration Knowledge Base) Diagnosis Problem is
a triple (DD,E',E) where DD is a configuration

gogz 1.225 Which is not reduced significantly when noyjedge base, E' is a set of positive and E™ a set of

negative examples. The examples are given as sets of

having only large non-minimal conflicts. Using the |ggical sentences. We assume each example on its own

hierarchical approach, for the top-level diagndkisre

are only 10 possible two-element combinations for 5
groups. Refining the first abstract diagnosis with

replacement of the faulty grodpame leads ton=10+4
diagnosable components and20+3 for the second
diagnosis. So, the theoretical upper limit for hrehical
approach for double faults without regarding cantfliis

Lt S

to be consistent. A

Positive examples are (partial) configurations, akhi
should be accepted by the configurator, whereas
negative examples should be rejected. Given these
example sets and the domain description cause an
inconsistency, a diagnosis corresponds to the rafrafv
possibly faulty sentences restoring the consistehty
addition, if a negative example is consistent vile
knowledge base, we have to find an exten&¥no DD
which restores inconsistency for all such negative

In the following, we will treat the approach more gyamples.

formally.

Diagnosing configurator knowledge bases

In our general framework, a configurator knowledge

base consists of a set of logical sentemesiescribing

available component types, their attributes an

connection points as well as constraints on legadyct
constellations [14]. Configuration problems areved|
according to specific user requiremen@RS. A
configuration result can be described by means séta
of ground literals containing information on compoh

instances, attribute values and connections. Thefse

possible literals is contained in a SNL.

Definition: (Configuration problem): A configuration
problem is described by a triple (DD,SRSCONL),
where DD and SRS are sets of logical sentences and
CONL is a set of predicate symbols.

DD represents the domain description, SRS the user
requirements for a configuration problem instance. A
configuration CONF is described by a set of ground
literals whose predicate symbols arein CONL.

Note that a debugging approach based on test
examples is feasible, because positive examples can
correspond to previous solutions that should 4iél
accepted using the altered knowledge base. For the
formulation of the negative examples, typically yonl

artial configurations will be manually defined tye
est engineer. Having altered or added a constriet
test engineer will provide a focused example ireotd
test the restrictiveness of the knowledge base, the
test engineer typically has in mind which product
constellations should be forbidden by the altered
constraint.
Definition (CKB-Diagnosis): A CKB-Diagnosis for a
CKB-Diagnosis Prolen (DD,E',E) is a set S /7 DD
such that there exists an extension EX, where EXisa set
of logical sentences, such that

DD - S/JEX [J€e" consistent /7e" [JE*
DD -S[OJEX [J€ inconsistent /e” [JE O

Proposition: Given a CKB-Diagnosis Problem (DD,
E', E), adiagnosis Sexists iff

be" OE e [0 ﬂ'gE'(—: ) is consistent.



From here on we refer to the conjuction of the nega names can appear in the diagnosis. We define aidmnc

negative examples &, i.e, NE= NAe” gE (- €). successors(n) to be returning the set of all direct and

Proof. see [6]. indirect successors of a nodén the tree (andl, if nis

Corollary: Sisadiagnosisiff &" [JE": DD-S/7 €  aleaf node). The functicallLeaves(N) defined on a set

[J NE isconsistent. of nodes returns the union kdaves(n) applied to every
nZ/N.

The following remark relates configuration and _ .. . . -~
diagnosis for configurator knowledge bases [6]. Definition (Abstract CKB-Diagnosis): An Abstract

Remark: Let € be partitioned in two disjoint sets C};B-I?]iagnoisfor acgnfiguratiofn prgblerp(DD,rl]E th
&' conr ande’qs Wheree'coxe is a set of positive ground and a hierarchy tree T isa set Sof nodes of T such that:

literals whose predicate symbols are in the s€@@NL  DD-allLeaves(S) [JEX De*_gonsistfant pe OE,

and €' s represents system requirements (if some ard>D—allLeaves(S) [JEX [Je inconsistent //e” [JE U
specified in conjunction with the positive example)  Definition (Minimal Abstract CKB-Diagnosis): An
Sisa diagnosis (DD, E*, EY) iff [7€" [JE" : € cone iSa AbstracF C;KB—QagnossSfor (DD,'E ,E)and T issaid
consistent configuration for to be minimal, if no subset S [/ Sis an Abstract CKB-

(NE[JDD-S, € s, , CONL). Diagnosis.0

) ) In order to ensure that by using this form of
Note that if the completeness axioms have beendadde 4 siraction for different levels no diagnostic imfation

t0 € conr thene'conr is a valid configuration for is lost, we have to show that every abstract level
?
(NEL/DD~S, € «s, CONL). diagnosis has a corresponding diagnosis at a more

Note that we defined a very general framework fordetailed level. Given these definitions, soundress
configuration and diagnosis in order to stay indefent completeness of the diagnoses at the differenidease

from e.g., specific problem solving mechanisms. ensured.
Soundness of diagnosis. Let ABSTR be an Abstract
Hierarchiesin the knowledge base CKB-Diagnosis for a configuration problef@D,E",E)

) ] o and a hierarchy tre€l then there exists &KB-
We will now show how hierarchies in the knowledgepjagnosis DIAG such that DIAG is a subset of

base can be used for calculation of diagnoses en thy|| eqves(ABSTR). Note, thatllLeaves(ABSTR) will be
different levels of abstraction. Therefore, we @88U g (non-minimal) diagnosis.

that the individual constraints from the knowledgse

are arranged into named groups which can be agafompleteness of diagnosis: Let DIAG be a CKB-
grouped, such that the structure forms a tree. ThiBiagnosis for a configuration problefdD,E" E’) and a
hierarchical structureT can be expressed using ahierarchy treeT then there exists an AbstraGKB-
function sons(n), which returns the direct successors ofDiagnosis ABSTR such thatDIAG is a subset of
a noden in the tree, i.e., the elements of a named group!!Leaves(ABSTR). Note, that{ab(root).} will be an
n (andO if nis a leaf node). We assume a groapt to ~ Abstract Diagnosis. Furthermore, if we construceesSs
exist in the tree representing the root of the.tieiee DY replacing any elemesstfrom DIAG with a direct or
leaf nodes of the tree are the individual sentefimes  indirect precedessor of thenS will also be an Abstract
DD. A function leaves(n) returns all leaf nodes for a Diagnosis.

given noden which are unden (and n itself if it is

already a leaf node). Finally, all diagnosable teists Computing diagnoses at different levels

from DD have to be contained in the tree. Note, that the

idea for the following framework is, that we coresiall Given the above definitions, we can extend the
constraints of a group to be potentially faultyaifleast standard hitting-set algorithm for model-based diis
one constraint of the group is faulty. to calculate (minimal) diagnoses at the differevels.

In the standard algorithm ([11],[16]%onflict sets are

Definition (Hierarchy tree): A hierarchy tree T for a : X L
configuration knowledge base DD is a tree, where used for focusing purposes. For the domain of diagn
' of knowledge bases [6], a conflict set is defined a

« the leaf nodes are named elements from DD, follows:
* anode"root" represents the root element of thetree,  pefinition (Conflict Set): A conflict set CS for (DD,
« inner nodes represent named constraint groups from E'E) is a set of elements from DD such that

the knowledge base, . [Je" [J E": CS[J€" [J NEisinconsistent. O
¢ the names all leaf nodes and inner nodes appear

exactly onceinthetree. 4 In order to support calculation of minimal diagresi

For hierarchical diagnosis we extend our notion ofdifferent levels of abstraction, we extend the wiéibn,
CKB-Diagnosis in a way that also constraint group S:- 8IS0 constraint groups can appear in a carsét



Definition (Abstract Conflict Set): An abstract conflict whether there exists @i [JE" such that there is

set for (DD,E*,E) and a hierarchy tree T is a set ACS an inconsistency. In this case an (abstract)

of elements from T such that conflict set is returned, otherwise it returns ok.
[Je" [J E': allLeaves(ACS) [Je" [JNEis (b)  SetCE(n) to be the set of examples found to be

inconsistent.U consistent in the call tdP union the examples

that were already consistent at the direct
G precedessors af.
(2) Return {H(n) | nis a node of D labeled by ok}

For the computation of minimal diagnoses for
configurator knowledge bases, the basic HS-DA
algorithm from ([11],[16]) is adapted as follows][&
noden in the DAG is labeled by a conflict SR€(n); ] o ]
edges leading away are labeled by elemgaifACS(n). Computing all minimal diagnoses

The set of edge labels on the path from the rod t0  \ye propose an iterative approach where we staft wit
noden is referred to asi(n). In addition, for each node a high-level diagnosis, which can be computed

n a setCE(n) of consistent positive examples is Stored’efficiently. The user can decide to stop at thielend

havm_g In _mmd that once an ex_ample IS alread3focus on some group(s) of constraints or can refine
consistent it will not become inconsistent aftertter these results to a more concise level. In the fdtig

(rjgmoval 0:; constraintsl.lsincefancéde ca:dhave melti 5, algorithm is presented where a tree with nodes
irect predecessors [11] - referred topmeds(n) - we | ahejeq with sets of diagnoses is generated, where

combine the set€E from all direct predecessors for ;-1 successor node one of the diagnoses of teatpar
such a nqde. : ) , . _.__is refined. First, an initial set of top-level disgses (in
Accordm_g to the idea .Of |terat|\_/e|y quStant'at'ngcontextroot of hierarchy tred) is generated. Then, the
abstract diagnoses fqllqwlpg the hierarchical St."E tree is generated in breadth-first manner, whereéezh
of the PrOb'e”." We.W'” initially compute a set bigh diagnosis of the parent still containing a constrai
Ievell diagnosis which can then be. reflneql to a mor%roup, node a child node is generated and diagn®sis
detailed level. Consequently, the diagnostic atbari oo med in the context of that diagnosis. Not the
hasblan a((jjdltlo_na_l mputdp:;rameter (Icont_ext) beiﬁ node is only refined if the considered diagnosisnas
problem description and the examples, 1.e., anratist already somewhere else in the tree. The algorithds e
diagnosis that was already calculated on a highef .\, more nodes can be refined. Furthermore, ifane

abstraction level. Fc_thhe calculatiqn of diagnaseshe only interested in leading diagnoses, the searchbea
next level of detail, the constraint groups frome th limited, e.g., to a given cardinality

higher-level diagnosis are replaced by their susmes

nodes according to the hierarchy. The usage of the standard diagnosis algorithm

Accordingly, given an abstract diagnosD as guarantees that the computed diagnoses are camedct

context, the diagnosable components (in terms gpinimal. Furth_ermore, the _result of every refinemen
model-based diagnosis typically denotedCGBMPS ) step characterizes the candidate space. Thesedesmdi

for the refined diagnoses are given as follows: spaces include all minimal diagnoses. It follovsittno
« If AD = [J, only elements fronsons(root) can be minimal diagnosis is excluded during refinement.

contained in the diagnoses. Algorithm (sketch):

o If fADd;édQ, only elerE.er;wts cafn be conttalphecil in therootnode_diagnosmz diagnose(DD,E*,E", T, )
refined diagnoses, which are fraons(root) that are St E' = E' —{e' [JE'| & consistent with DD}

not in AD, direct successors from elements frab,

: :label refine
and leaf nodes containedAD. ) refinable = set of diagnoses from current leaf nodes
Note, that we have to talsens(root) into account for containing constraint groups.

the detail-level diagnosis, because additional gsoU it efinable= /7 goto :end; endif
leading to minimal diagnoses can appear in theildeta ¢, oi| 4 /7 refinable '

Iexel_dlag??ﬁes,bwthlcr; IWerle hidden by the minimgalit calculate diagnosis o = diagnose(DD,E* E™, Td)
criterion at the abstract level. if o not already in tree

Algorithm: Diagnosisin abstraction context (schema) create child node for d labeled with d’
In: (DD,E",E"), T, an Abstract Diagnosi&D endif
Out: a set of refined diagnosep endfor

(1) Use the hitting set algorithm to generate anptli  goto :refine
HS-DAG D for the collectiorF of abstract conflict :label end
sets for (DD,E",E), T, AD). Compute the DAG in  The following figure shows the tree of diagnoses fo
breadth-first manner in order to generate diagnosethe example of Section 2.
in order of their cardinality.
€) Every theorem prover callP(DD - H(n), E" -
CE(preds(n)), E, T, AD) at a noden tests



diagnose(DD EE-, 2) the diagnoses leverages the problem of computdtiona
| complexity. When considering our simple examplerfro
Section 2, components will only be considered as on
single diagnosable element and will never be exgdnd
diagnose(DD,EE-{cpu.sm)) {Ponose(DD,EE: frame) to a more detailed level if they are not in anytedut
diagnosis. Therefore, even larger and complex
‘ (Cts, CtQy ‘ S ‘(”ameH (CtR) knowledge bases remain diagnosable within an

/ /< / acceptable computation time of a few seconds, lsecau

(cpu, sm) |(frame

(cpu, sm)‘

Not refinable Redundant additional constraints within the correct parts thé
_ _ ~ (dreadyintree) knowledge base only influence the costs of the
Figure 2 Tree of diagnosis for example problem  consistency checks but not those of the diagnostic
process.
Experimental results In addition, we conducted experiments with real-

o world examples from the domain of private
In order to test the applicability of our approaghee  telecommunication systems. The tests showed tteat th

implemented a prototype using the industrial stteng results from the diagnostic process are suitable fo
software librarylILOG Configurator [13]. Using this  debugging and validation purposes.

package of C++ libraries, a configuration problesn i Complexity issues
formulated in terms of aGenerative Constraint ) ) )
Satisfaction Problem (GCSP) [7]. This enhancement of For a simple analysis of the reduction of the
the basic CSP mechanism allows the number gfomputational compl_exny when using a hlerar_thcal
variables of the problem to be dynamically changed@PProach, let us consider the search space fondsg
and the number of employed components may not beandidates for both approaches. Given a setn of
known beforehand. The domain description with thediagnosable components, i.e., configuration coimdsa
additional constraints and the examples are expdessWhere we want to find diagnoses of cardinakiythe
using calls to the library. In the context of ti@®P, a Ccomputational complexity iI&().
conflict set is a set of constraints from the knedge If we are given a two-level hierarchy where the
base, which, if canceled, makes the configuratiordiagnosable components are distributed aygroups,
problem satisfiable. Using this library, the seafmhan the number of groups determines the computational
arbitrary solution for a configuration problem cae  complexityO(g") for the first level.
done very efficiently, depending on the problem |t we want to refine one of the diagnoses, the
domain. However, no adequate explanation mechanismgnstraint groups are replaced with the contained
which would be helpful for the calculation of (mimél)  elements from the next level and the average numiber
conflict sets are provided. elements for two levels will be/g. Given a numbes, s

We implemented the diagnostic algorithm both far th o | <g, describing the number of constraint groups in
flat approach from [6] and the extended hierardhicaye apstract diagnosis, the number of diagnosable
algor.ithm present.ed in this paper. Note,.that. whsing components for the next level (g/g)*s + (g— ). The
this I|brar){, a basic two-level hierarchy, Le.samment . mper of remaining constraint groups, which wese n
Of. constraint types to component types, s alregidgn ) the abstract diagnosis and are therefore natadf is
with the problem formulation and does not causetg — 9. This finally leads to the complexity of
additional modeling efforts. o((N/g)*s + (g-9))").

The effective computation time for the diagnosiskta The possible achievable benefits from the hieraadhi

depends on sgveral factprs, €.g., numbgr of canstra abstraction depend on several factors: First, tiraber

types, cardinality of the d|a_gn_osg§ or th_e tmeetd one of needed detailization steps depends on the nuofber

individual example for satisfiability. Diagnosis dfe o -

simple example problem can be done nearlyeX|st|ng diagnoses (the upper bound) and the

) . ! ) ; - distribution of elements from the detailed diagreose

instantaneously with both algorithms; the idenéfion . 4
among constraint groups. In the best case, allildeta

of two triple faults in a setting with about twertpes . . .
. I . level diagnoses are included in one (or a few)rabst
of constraints and about hundred constraint ingsue . . . .
diagnosis, whereas in the worst case all detailed

done in a few seconds on a standard PC runningia noses correspond to different abstract diagiose
Windows NT with both algorithms, whereby our g P g

- . -~ _However, it can be reasonably assumed that onlyl sma
unoptimized prototype does not calculate minimal

. 2, . - fractions of the knowledge base are faulty after
conflict sets nor utilizes domain dependent heigsst maintenance. Another factor is how the constraames
However, for larger knowledge bases (containinguabo '

. rgrouped, i.e., how many constraints for an indiaidu
hundred types of constraints and component types a roup exist. In the worst case. each aroun conti
hundreds of constraint instances), the usage of t P : ’ group

hierarchical (interactive) approach with refinemenft element leading to additional overhead when usireg t



hierarchies. In good cases, only groups of smadl are  approach of [16] offers an appealing way for this

contained in the abstract diagnoses. integration which was extend by our work in order t
Finally, the assumption that only large, non-minima employ hierarchies.
conflicts are available following the argumentatioh [15] uses also hierarchies for improving the

Section 2 (dependencies, expressiveness of configfficiency of diagnosis but applies a differentiontof
uration  language, and specialized inferencaliagnosis by defining a diagnosis as a logical
mechanisms) is an important factor. In cases, nmahim consequence of a theory.
conflicts can be easily computed, the hierarchical Different approaches to diagnosis which avoid the
approach will lead to additional overheads whencomputation of conflict sets were proposed by [3i a
diagnoses at the detailed levels are needed. Csalyer [17]. They improve the underlying theorem proving
the more the conflicts contain irrelevant elemeth®, algorithms such that diagnoses can be computed
better the hierarchical approach reduces the codtple efficiently. Note, that our goal was to reuse spkoed
Note, that conflicts are also used for focusingtbe problem solvers which are optimized to solve comple
abstract level by mapping the detail-level conflito  configuration problems. The incorporation of these
the current abstraction level. diagnosis techniques without degrading the perfocea
of the configurators remains an interesting opsnées

Related work _
Model based diagnosis techniques were initially Conclusions
developed for the identification of faults in phyai The demand for Al-based product configuration

devices, e.g., electronic circuits. Later, theshibiques technology is steadily increasing. For the validatand
were adopted for diagnosis and debugging of softyar maintenance tasks, only limited support can beddan
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