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Overview

motivation

what are ontologies
existing formalisms
formalism transformations
my approach

results



I Motivation
* CIPHER project — which formalism for
I historical stories annotation?
- OWL
* frequently used, daml.org
- OCML

* LISP based with rules and procedural part
* time ontology, dissertation of Kamil Matousek

o
e => need of transformation

* semantic web
— multiple sources & different formalisms



I Definition of Ontology

specification of a conceptualisation.
* Borst, 1997, An ontology is a formal

specification of a shared conceptualisation.

- formal: machine-readable

- shared: rather strong requirement, should
represent consensual knowledge of a group

I * Gruber, 1996, An ontology is a explicit

* Sowa, 2000, Ontology defines the kinds of
things that exist in the application domain.



I Ontology Formalisms
* LISP based

I - KIF (SUO-KIF), Ontolingua, OCML
XML based (for semantic web)

- XOL, RDF-S, DAML-ONT, DAML+OIL, OWL

* Others
— Conceptual Graphs, Topic Maps, FCA, ...
- E-R, UML



I Ontology Formalisms for Web

RDF etc. — too free (informal) definition
easy for designer, hard to evaluate
reification — statements as resources, the

language becomes undecidable

OWL

full: compatible with RDF-S
DL: decidable reasoning is realizable,
separated classes, instances,

properties, and types
lite: minimal
useful subse

SHOE

OWL

DAMLAOIL

DAML-ONT

OIL

RDF-S

XOL

RDF

HTML

XML




I Possible Problem (in OWL Full)

<owl:Class rdf:ID="A">
<owl:equivalentClass>
<owl:Restriction>
<owl:onProperty rdf:resource=".../22-rdf-syntax-ns#type"/>
<owl:allValueFrom rdf:about="#B"/>
</owl:Restriction>
</owl:equivalentClass></owl:Class>
<owl:class rdf:ID="B">
<owl.complementOf rdf.parseType="Collection">
<owl:Class rdf:about="#A"/>
</owl:complementOf></owl:class>
<owl:Thing rdf:ID="C">
<rdf:type rdf:resource="#A"/>
</owl:Thing>



OIL — Simple Standard

* Ontology Inference Layer, year 2000
e DTD

i version="1.0" encoding="UTF-8"
<1-DTD for On\ﬂ\ugy Integraion Language oL >
<l version 2000 -

<IELEMENT

<1 Ontology container
<IELEMENT ol Dnlu\ugyconlamsr (rdfRDF)>
<= Thspart contains mela-data sbot th antloay.
formatted according [Miller et al., 1999] —>
<‘ELEMENTrd( RDF (dfDsscrpton)>
ATTLIS

et GOATA FIXED “htshwwe S org/1998102122 1 syntancrst”
xmins:dc CDATA #FIXED *http:/fpuri oclc.org/dc#
amins:dca COATA #FIXED “hli/pur orgldclqualfiers.0r

ZIELEMENT ot Descrption(dcTile, dcCreator, do;Subject,deDescription+, diPublisher,dc:Conbutor,doDate’,deType+, dFomat,dcddanifir, dc:Saurs", dcLangusges, deRelation’,dc:Rghts) | (dcqdescriptonType,rtvlue) | (deqrlsionType, valu))>

<IATTLIST rf:Des
“bout COATA MPLED.

<IELEMENT de:Title (#PCDATA)>
<IELEMENT dc:Creator («PcDATA)>
<IELEMENT dc-Subject (#P(
SIELEMENT dc Destipon (1P COATA | rdf:Description)>
<IELEMENT dc-Publisher (#PCDATA}>
SIELEMENT deContbulr (#PCDATAP

\TA)>

SIELEMENT deidentfer #7CDATAY>
SER e

<IELEMENT de-Language (#PCDAT/

SEEENGE T \ etDoscrpton)>

<IELEMENT de-Righs (i

<IELEMENT deg: descnp\mrﬂ'ype (dPCDATA)>

B EUEMENTL e plothTye i LA

<IELEMENT rdivalue (+PCDATA

<- Ontology-definitions —

SIELEMENT aiontology dafintions (alimports?, of: rule-base?, (ol lass-def | i slt-ef) >
<L Import-section with URS to other ontology-files

<IELEMENT oilimports (0il:URI)+>

<IELEMENT oil:URI (#PCDATA)>

<L Rules with URL to definition —>

<IELEMENT oil:rule-base (#PCDATA)>

<IATTLIST oilrule-base

type CDATA #REQUIRED

<I--Class-expressions
SR o e e AP T

<IELEMENT oil:AND ((%oilclass-expr), (oilclass-exr)

SIECEVENT of OR (ot Caseopr, (oot cocs oryF

<IELEMENT oil:NOT (%oilclass-expr:)>

<1 Glass-defiition —>

<IELEMENT oilclass-def (oilclass, ) oS

<IATTLIST ol classdef

e (primive | defined) primive”

31- Clas
ZIELEMENT ol cass EMPTY>
<IATTLIST oilclass

name CDATA #REQUIRED

<IELEMENT oi:documentation (#PCDATA)>
<IELEMENT oil:subclass-of (%oil-class-expr; }+>

<L Siot-definition -

<IELEMENT oil:siot-def (oi:slot, ol documentation?, oil:subslot-of?, oil:domain?, oilrange?, oilinverse?, oilproperties?)>

<IATTLIST il slot
name CDATA #REQUIRED

<IELEMENT oil:subslot-of (oil:slot)+>
<IELEMENT oil:domain (%oil:class-expr}+>

<IELEMENT oil:range (%oil:class-expr; [+>

<IELEMENT oilinverse (oilslot)>

<L Slot-properties -

SIELEMENT olbpropetes (ol ransite | oltsymmeto | altctherf>
<IELEMENT oiltransitive

<IELEMENT oil:symmetric EpTes

<IELEMENT oil:other (#PCDATA)>

<L Sot-constraint

Heavy OIL

(possible future extensions)

Instance OIL
(=tandard OIL +instances)

Standard OIL

Core OIL
(Standard OIL ~ ROFS)

<IELEMENT (oi:siot, (oil:has-value | oil y
<IELEMENT oi:has-value (%oilclass-expr;)+>

<IELEMENT oil:value-type (%ol class-expr; +>

<IELEMENT oil:cardinality (oil:number, %oil:class-expr;}+>

<IELEMENT oil:max-cardinality (oik:number, %oil.class-expr,)+>

SIELEMENT oftmin-cardinalty (flrumber, %olcass-exor) >

<IELEMENT oi er (PCDATA)>

reification




I Procedural Part, Rules, Actions

e done in LISP (by LISP)

I e OWL: under development
- e.g. ORL; A Proposal for an OWL Rules
Language, Horrocks and Patel-Schneider
- SPARQL

- KAONZ2
- FACT
- RACER



Transformations



Transformations —
Incompatibility

RDF-S (DAML, OWL) — OCML (frames)

* sub-property — hierarchy of properties
father-of is a sub-property of parent-of (all fathers
are also parents)

* instance of instance — there can be instance

of another instance
OWL system: XMLLiteral instanceOf Datatype
iInstanceOf Class
wine ontology: ChateauMorgonBeaujolais

iInstanceOf Beaujolais (instanceOf Class)
Particular bottle of CMB?



I Incompatibility

I RDF-S (DAML, OWL) — OCML (frames)

* properties without domain or range defined
* restrictions used to specify default property

values



I State-of-the-art — Practical

own ontology
- the requirement of sharing!

* big ambiguity in expressions in OWL (e.g.
ont/concept, ont#concept; owl.Class,

daml:Class), unparseable files

- only authors are able to process the ontologies
* Editors store in multiple formalisms.

- mostly only export
* LISP-based ontologies rely on procedures,

e.g. only patterns can be searched.

I * (Almost) Every project starts with building its



State-of-the-art — Theoretical

Mapping Approach

- 2" transformations

Pivot Approach

- using the most expressive formalism
Layered Approach

- for backward compatible formalisms

Family of Languages
- lattice of languages



I My Approach

* cover most important and general features
* more complex features are expressed as
combinations

I * simple formalism

Generalised Ontology Formalism



I Generalised Ontology
I Formalism

I * concepts + 6 relations

~

a b) C)
man human has-father man

d) \/‘
Adam has-father
I Abel )—@Ffath W
/

\
subclassOf

specialisation relation between a more general and a more specific concepts




Generalised Ontology
Formalism

* concepts + 6 relations

-

\_

~

a) b C)
human man human has-father man

d) (‘
man Adam has-father

I Abel )—@Ffath W
/

instanceOf

decrease of abstractness of the concept. It corresponds to the is-a in frames.



Generalised Ontology
Formalism

* concepts + 6 relations

-

\_

a)

T

man

\
b) C)
man ( human has-father man

Adam

d)

( has-father
/

has-domain
“domain of a property,” this property 1s a property of the target class



Generalised Ontology
Formalism

I * concepts + 6 relations

\_

man Adam

d)

/
a) b) c) .
human man human has-father man

( has-father
/

has-range

“range of a property”



I Generalised Ontology
I Formalism

I * concepts + 6 relations

4 N
" | human ¥ | man X I human )—@Er W
man Adam @ ( has-father
| )—@Ffath W
\_ /
propertyOf

“an assignment of a value to an instance of a property domain™



I Generalised Ontology
I Formalism

I * concepts + 6 relations

-

\
a) b) C)
human man human has-father man
d)
man Adam has-father

I Abel assignAfath Adam

has-value
“a particular value of a property”




GOF Gates, FSO

Generalised

representation |

~

* each gate
contains FSO
with specific
concepts
(class,
Instance,
property etc.),
C,.R

FF



FSO of Frames (OCML)

4 N

Slot

@ Instance

Class

Relation @




FSO of RDFS

4 n

Property XMLLiteral

/

Datatype




FSO of OWL (part)

allValuesFrom

Restriction

someValuesFrom onProperty @

hasValue

dt:Property

usd:MNonMegativelnteger

Nothing

Thing

AllDitterent Class @ ditferentFrom

-

rdts:Class

equivalentClass

distincthlembers

disjointWith

rdts:subClassOf intersectionOf

rat:List

complementOt

unionOt

equivalentProperty

rdts:subProperty




Uninformed Transformation

<owl:Ontology>
<owl:Class>
<SubclassOf>...
</owl:Class>
<owl:ObjectProperty>

mapping to g.o.

<

*

* [ oaded
without
FSO, GOF
IS mapped
to the
target
FSO.



Informed Transformation

N
KnowledgeBase> * There
exists
g, ot transform.

<owl:Ontology> <class>

<0W1:-Clasi§ubclas50f>... b etwe e n
Z)(z;;ﬁ.ocgj?lss;roperty> F S O S y n O
further

mapping Is
needed.




Tests of Inform. Trans.

Ontology Formalism Conc. Rels Time (ms)

Hist. arch. Apollo>OWL 178 205 1,051
CRM Apollo>OWL 183 281 985
Trivial OWL>Apollo 4 2 47
Wine1 OWL>Apollo 72 82 97
Wine OWL>Apollo 713 1,724 4. 543
SUMO OWL>Apollo 1,434 1,729 26,458
OpenCyc OWL>Apollo 71,939 85,919 N/A




Tests of Uninform. Trans.

Ontology Formalism Conc. Rels Time (ms)

Hist. arch. Apollo>OWL 178 205 976
CRM Apollo>OWL 183 281 903
Trivial OWL>Apollo 4 2 37
Winef OWL>Apollo 72 82 99
Wine OWL>Apollo 713 1,724 2,531
SUMO OWL>Apollo 1,434 1,729 35,560
OpenCyc OWL>Apollo 71,939 85,919partially (1.2 s

|




I Results

iIn Apollo library due to ineffective work with
memory in Apollo

* OpenCyc: loading takes ~2.5 hour due to
ineffective gate (frequent search,
complicated API of Jena2)

* OpenCyc: mapping takes 1.2 sec (simple
structure)

* SUMO: mapping takes 32 secs (complex
structure)

I * OpenCyc OWL to Apollo — crash during save



SumatraTT for Testing

Sumatra GUI - project file: fhomefaubrechf/Sumatra2fprojectsjtests/test-GOF-LU
Project Edit Schema Tools Window About

i ¥ Defaunt | £ DataMining L core | 5 Datasources i KM | T
EFE O
3 I

: &= : > | [|=> ||
— NIET N IE T IS 2-

: i
| '’ i
Modules E
§. ToGraphviz 3 : FastFork
'y FromDaML | |

-3 FromOwljena
= ToHypergraph
<  ToPrefuse
i- ToProlog

-3 FromOwIRdfs ey
= ToOwlRdfs]ena
3 FromDAML]ena

phy ToDAML]ena
‘3 FromBabelFish




Conclusion

1)Generalised Ontology Formalism
- GOF allows for comparison of formalisms (by
FSO)
— covers wide range of possible situations (not
restricted to currently known formalisms)

2)informed/uninformed transformation
- FSO expressed by means of GOF

— universal concept principle
* allows to change types — class, property, instance
* transformation can be lossy, if there is no possible
way to convert some features



I Conclusion

ontology migration
- OWL, OCML (Apollo)
- SUMO, Cyc

I 3)successful methodology evaluation on upper



Thank you for your attention.

\_4

Questions?



I Reviews, Common

- my first work with math. definitions

- but the domain requires formal description in
order to find common platform for ontology
sharing/transformations

* slightly varying shapes of relations
— only graphviz and TeX are able to display all the
types, no interactive vector editor offering these
types, number of common arrow types for three
programs is less than 6
- my fault: not mentioned in the text

I e mistakes in mathematics



I Doc. Ing. J. Paralic, Ph.D.

web

- HTML: one standard, multiple versions

- IM, VOIP: multiple non-cooperating standards

- if common standard will be accepted, s. w. will
have significant influence on everyday life

e operations on GOF model in all supported
formalisms
- UNION, DIFF (detect changes, A-B U B-A),
SUBSET
— diff: works, used during testing, but results are in

GOF (need some explanation, in which the
ontologies differ)

I * feasibility of common standard for semantic



I Prof. RNDr. M. Demlova, CSc.

I * ontology grammar — formalism grammar

* more results
- memory is not important (linearly dependent on
source size)
- gate implementations dependent on used library
— only interesting point is the mapping engine
(from GOF graph to FSO)

* non-polynomial due to ambiguity in rules (e.g.
instanceOf for class/instance and
property/assignment)

* small isolated cases

* used for its simplicity and ability to find best mapping,
can be replaced



I Prof. Demlova (cont.)

- implementation is straightforward (e.g. usually
linear both time and space complexity)

* only interesting point is mapping from GOF

to FSO (decides types of concepts)

- FSO provides a set of valid relations (e.g. Class
sublassOf Class, Instance instanceOf Class)

— used NP algorithm, problematic are small groups
of nodes

- From OWL to

- SUMO, 1.434 concepts, 32 secs

- OpenCyc, 71.939 concepts, 1.2 sec

I * more practical results



Doc. Ing. Z. Zdrahal, CSc.

history:

e 1957 artificial intellige~~~ Hrrhrduginmans
“Machines already tl / \m
(e.g. Advice Taker) N

* 1969 expert systems
* 1984 Cyc project — ht /ev- |.,\

* semantic web require /| m/ .\W,
* ontology VARVANVANE RN

- what is the essence of things, categorlsatlon

- back to philosophy... 5" century B.C.
* Aristotle: Truth, Beauty, Virtue, and Justice
e Socrates: ten categories




Comparison with Languages

Formal Languages

symbol

alphabet (finite set
of s.)

string (f. sequence
of s.)
language (set of
strings)

grammar (V,T,P,S)
language generate
by grammar...

Ontologies

* concept

* set of used
concepts, C
ontology, Q
+

+

formalism



Comparison with Languages

Formal Languages Ontologies

symbol * concept

alphabet (finite set ¢ set of used

of s.) concepts, C

string (f. sequence e ontology, 2

of s.) e formalism, F
language (set of e formalism grammar,
strings) 14

grammar (V,T,P,S) < formalism (set of
language generated  ontologies) has

by grammair... common set of
featiires aiven bv



I Formal Definitions

description of a “language” from a set of
ontologies

emphasis on syntactic transformation
formalism grammar

ontology

ontology formalism

I * need to distinguish formalism as a



Formalism Grammar Definition

Y=(C,R,S, . )

- C_= set of formalism concepts

_ RF = set of formalism relations

_ SF = set of structural restrictions on relations

between ontology concepts
- - _ = language to specify additional restrictions

- .= language to specify actions



Ontology Definition

Y=(CR ¢, ¢,S A
— C= set of concepts
- R = set of relations

- ¢_=function ¢ : C — C_
- ¢_=function ¢ R —> R_

— S = set of restrictions
- A = set of actions



I Ontology Formalism Definition

common sets of formalism concepts and

* A formalism is a set of ontologies with
I relations.



I class-a, property, class-b

(uniform for GOF)
* when migrated to OCML, class-a, class-b,
subclass-b become classes, property

becomes slot, instance-a/b become
Instances I class-a P—@;y — @ class-b

and assignment ¢ ?

|S tl’anS|ated |5ubc|ass-b
iInto assignment
|nt0 SlOt Iinstance—a >—@n-r;nt instance-sb

I * various shapes are only for our orientation




I Discussion

- needed e.qg. for diff of two ontologies in the same
formalism
- representation of diff

* need for speed optimisation, simple gates for
fast load/save

* rule handling

e evaluation in GOF

* further mathematical research(?)

* border between structural and procedural
restrictions

I * formalism-specific information preservation



APPENDIX



Visualisation

* gates exporting to visualisation tools
GraphViz, Prefuse, HyperGraph,
TouchGraph, Wilmascope
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@ historical_architecture

@ [@ architectonic_work
o [!. construction_element
[® aedicule
[® archivaolte
@ [@ base
[@ =cotia
[® torus
[® capital
@ [® column
[® half_calumn
[® console_corbel
[® door_surround
[® ear
@ [@ entablature
[® architrave
[® cornice
[® friese
[@ quttae
[® kevstone

[!. pedestal
@ [@ pediment_fronton

[® pediment_scrolled
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| -|architectonic_work
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] art_nouveau_palace
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