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Description Logics

Class of Knowledge Representation formalisms

@ concepts: interpreted as sets of objects
@ roles: interpreted as binary relations on objects

@ set of constructors: build complex concepts from atomic ones |
Example |

HappyFather =

Male 1 (FhasChild.Blue) 11
(3hasChild. )M
(VhasChild.Happy U Rich)




Description Logic System

Description language

@ logic-based, formal
‘ semantics
el z o ALE:
-A,CND, Ar.C, Vr.C
7 e ALC: ~C,CND, CU
= D, dr.C, Vr.C

.

‘ Standard inferences
@ Subsumption: C C D

@ Instance: C(a)

-




Nonstandard inferences

Most specific concept (msc)

C = msc(a) iff
Q@ ac? (a is an instance of C)
Q@ ifac D then CC D (C is least)

4

Least common subsumer (Ics)

D = les( Gy, G) iff
QO G,GCED (D subsumes both C; and ()
Q@ ifC,GC Ethen DC E (Dis Ieast))




Bottom-up Construction

Bottom-up Construction Steps

@ User selects similar ABox
individuals

@ Automatic generalization of
individuals into concept
descriptions (compute msc)

—— © Automatic extraction of

commonalities (compute LCS)

® @ 4 @ User inspects the concept, modifies
e ) it and adds it to the terminology
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@ There are KBs based on very expressive DLs
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@ Still support the Bottom-up Approach
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@ There are KBs based on very expressive DLs

@ Allow the user to extend, maintain, restructure these KBs.

@ Still support the Bottom-up Approach

.

@ LCS computation
restricted to

inexpressive DLs :
@ But allow using names

° .LCS yle.lds nothing from a TBox defined in
interesting for DLs ——

with disjunction y

@ Use a less expressive DL
for LCS computation




LCS w.r.t. a background terminology

User Terminology

@ refines the background
terminology

@ less expressive DL (ALE)

o ALE (T)-concepts: concept
descriptions containing
names defined in 7 )

o ALC-TBox T :={A=PUQ}
o without using names from 7 lcs yre(7)(P, Q) = T

Background Terminology 7 !

@ basic notions of the
application domain

@ expressive DL (ALC)

o with using names from 7 Ics g2¢(7)(P, Q) = A

@ more specific result

.
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LCS of ALE (7T )-concepts w.r.t. an ALC-TBox

Let T be an ALC-TBox. The LCS of ALE (T )-concept
descriptions w.r.t. T always exists and can effectively be computed.

@ Proof based on the role depth of concept descriptions
(max. nesting of ¥ and 3 restrictions)

v

Brute-force approach ‘

lcs of ALE(T)-concepts Cy, ..., C, bounded by role depth k
@ compute the set of all ALE(T)-concept descriptions of role
depth kK + 1
@ check which of them are common subsumers of Cq, ..., C,
w.rt 7

@ build the conjunction of them

A




Good common subsumer

Problems with the brute-force approach ‘

@ a very large number of concept descriptions must be
considered, not feasible

@ it is not crucial to use the least common subsumer
@ using it may even result in over-fitting

@ instead, use a "good” common subsumer )

Good common subsumer ‘

@ a common subsumer which is not too general
@ modify the LCS algorithm

@ use only subsumption information from the background
terminology, not the concept definitions




LCS computation

LCS algorithm for ALE

lesace(C,D) = I_I A Tl |_| -B ...

A€&names(C)Nnames(D) —Bé&names(C)Nnames(D)

where names(C) is the set of concept names in top level conjunction




LCS computation
LCS algorithm for ALE ‘

lesace(C,D) = I_I A Tl |_| -B ...

A€&names(C)Nnames(D) —Bé&names(C)Nnames(D)

where names(C) is the set of concept names in top level conjunction

GCS algorithm for ALE
@ more information from the background terminology can be
incorporated
@ take the smallest conjunction that subsumes both

|_| -B and |_| ATl |—| -B’
A€names(C) —Benames(C) A’Enames(D) —B’ €names(D)




Hierarchy of conjunctions of (negated) names

subsumption hierarchy of conjunctions of concept names and
negated names

o requires 22" subsumption tests for n concepts

.

@ each subsumption test is expensive
@ can we compute it without checking all pairs of conjunctions
for subsumption?

\.
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Formal Concept Analysis, Attribute Exploration Algorithm
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Formal Concept Analysis

Formal Concept Analysis ‘

applied lattice theory for data analysis/knowledge processing

represent objects/attributes in a cross-table; formal context
classify objects according to their attributes; formal concept

order and represent them in a lattice; concept lattice

query and process the knowledge by means of this lattice

Attribute Exploration ‘

@ interactive algorithm to compute the concept lattice

@ based on implications between attributes

@ produces a minimal representation of the concept lattice




Using Formal Concept Analysis

Hierarchy of conjunctions of (negated) names with AE

o define a formal context whose concept lattice is isomorphic to
this hierarchy [Baader95, BaaderMolitor02, BaaderSertkaya04]

@ a decision procedure for subsumption can act as the expert

Attribute exploration with background knowledge ‘

@ avoid asking too many questions to the expert

@ incorporate background knowledge

e AM-A— L

@ CC7 D implies =D Cy —C

o CC7 D implies C — D on FCA side




Experimental Results

Experimental results ‘

@ depend heavily on the shape of the TBox, not just the size
218

e for 9 concept names (2*° conjunctions), 50 minutes
@ several seconds for a handcrafted TBox with more concepts
@ background knowledge decreases calls to the expert

@ but increases overall time, since the expert is highly optimized

@ reasoning with background is unoptimized

.




Conclusion and Future Work

@ bottom-up approach for KBs in very expressive DLs

@ but LCS is restricted to inexpressive DLs

@ LCS w.r.t a background terminology

@ brute-force approach not feasible; instead of LCS, use GCS
@ hierarchy of conjunctions of (negated) names using FCA

4

@ test attribute exploration with/without background knowledge

@ cost and gain of using more background knowledge

@ how good is our GCS?

\,
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