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Motivation

datalls complex: by Nature; N nMany: demains;

domain knewledage isiavailable, but eften implicit
OF NGt fermalized,

using domain knowledge represented in
languages with formal semantics may:

= Improve the efificiency. of data mining,

= enable easier interpretation of results,

= Improeve knewleddge reerganization.



Related research

Semantic web Knowledge discovery
www + machine readable meta-data Frequent pattern discovery
RDF Relational Data Mining
WARMR
OWL FARMER
OWL DLP Data Mining in #£Z-log
KAON2 SPADA

Frequent pattern discovery int OWL DLP knowledge bases
(Knowledge discovery in languages from the ontologicall layer of the Semantic Web)




Related work - discussion

s denerality’ relationr used, ¢-subsumption; only.
appreximation offlegical implication

s preblemwith hieranchicaly/structural
knewledge

= WOrks on restricted versioni o Al-leg (DL
compoenent is; restricted)

s either the; patterns that cani be found contain
concepts only firom| the same; level of
taxenomy: or'some concepts are replicated! in
some, lower levels of taxonomy



General preblem

Data mining:
USINg background/demain knowledge
iepresented! in expressive languages

firom thel intersection/combination
off OWIL DL and Legic Programming




Freguent patterns

Ontology

TBox ABox

Man C Client
Woman C Client
Gold C CreditCard

hasCreditCard Gold

Kowalski Kowalski | ¢123

c123
Kowalski | c456 c456

Zalewska .
Classic

c789

Kowalski

Classic C CreditCard
owa
T C YhasCreditCard.Client

Nowak

T C VhasCreditCard— .CreditCard

Zalewska

Example pattern (query)

Q(x):-Client(x), Man(x), hasCreditCard(x, y), Gold(y)

key variable (the only
distinguished one)
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Freguent patterns

Ontology
TBox ABox

Man C Client
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Reference
query

| answerset( é,Q,f]CfB)| 12 0.33
| answerset( é,Qref,ﬂﬁfB ) 3

Example pattern

Q( ):- ( ), Man( ), hasCreditCard( , y), Gold(y)

key variable (the only
distinguished one)

Q,«(x):-Client(x)

reference
concept

support(C, Q, KRB) =



Task

Given ontology © with TBex and ABOX

Findla set off gueries, #that capture the
characteristics o ABox —



Pattern discovery: task

Given
It —a knowledge base; in OWIL DLP,

a|set of patterns in the language L off gueries O
that: all'containi a reference concept €,

al minimum supporit threshold mpsup specified
Py the: User,

and assuming that gueries With sUpporit siare
frequent inf 5253 given: C IS = miasup,

the task off freguent: pattern: discovery: is to find
the set ¥ off freguent queries.



Constructing the Query Set

I.Define; the tareshold — minsup;

2.Stalt withl a refierence; query Q.=
RUN the refierence guery,, cotnt: the nUumier of

INStances;

s.Create a tree off conjunctive queriesi rooted at @,
Create new guery: by:adding new: constraint based on FBox;

Check consistency’ by reasening over I'Box (Ii- not consistent
tham do not keep! it in the, tree):

Ask Query: (iff below minsup: threshoeld tham der net keep'it in
the tree).



Constructing the Query: Set

Reference
Query

CreditCard(x) B hasCreditCard(x,y1) Foreigner(x) Man(x) § Woman(x)

CreditCard(y1) Woman(x) hasCreditCard(x,y2)

- nodes correspond to atoms of the query
- every path from the root to a node corresponds to a query



Constructing the Query: Set

B

Woman(x) hasCreditCard(x,y2)

- nodes correspond to atoms of the query
- every path from the root to a node corresponds to a query



Constructing the Query: Set
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- nodes correspond to atoms of the query
- every path from the root to a node corresponds to a query



Constructing the Query: Set
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- nodes correspond to atoms of the query
- every path from the root to a node corresponds to a query



Constructing the Query: Set
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- nodes correspond to atoms of the query
- every path from the root to a node corresponds to a query




Constructing the Query: Set

|

- nodes correspond to atoms of the query
- every path from the root to a node corresponds to a query:

q(x):-Client(x), hasCreditCard(x,y1), CreditCard(y1)



Overview! of the method

taxenemy: classification

[Or' every: predicate wWhen first appears; in
the tree compute the list of
y dccording tor TBox

= e.d. lor

admissible; Foreigner, hasCreditCard ....
s Mari(x), Forelgnen’x) > satistiable

not admissible: Woman, CreditCard...
s Man(x), Woman(x) ->unsatisfigole

use refinement rules fior tree expansion



Refinement rules; - tree expansion

o
= = =
= @ = =

1. dependent atoms of a given node (sharing variable):




Refinement rules) - tiee expansion

e

2. right brothers of a given node

J




Refinement rulesi - tree expansion




Experimental setup

s onto/ogy defined on. the basisioff relational
dataset from PKDD: Discovery: Challenge 99
(financial services), published online

: Java

: KAONZ

s recently’ published tests (among others on: our:
ontelogy): when small TBox and big ABox —
faster then other reasoning engines



Experimental results

The original method No functionality check Naive approach

Time| Cnd| Pt Pt/Cnd| Tim
2| 4,00%

12s| 418 98| 23,44%

| 5s ,
83,33%| 3s| 155 11| 7,10%

| 12s

| 99s

Cnd - Number of candidates ;- experiment interrupted due to the high computation time
Pt - Number of patterns




Conclusions & Euture work

[N OUK approeach demain knowledde can: be taken Into
consideration in'the knowledge discovery: Precess

fUrther Intensive experimentall tests needed

problem with convergence

s without UNA chains like:
G )=Client(x) 1sOwRerOn; Y, ISOWREROIX, Y2), ISOWREOI(X, Y3)) ..
where to yi, y2, ya...the same individual cani be assigned

techniques for Improving efficiency: of the exact algorithm

CORSIAEring More; expressive languages within the DIL-safe
rules approeach

heuristic algoerithms



Thank youl for'your attention!
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