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What is Ontology?

e Etymology: = §¢ '
o ov [greek] participle of ,to be” s OLASTICA A7

o i H ONTINENS
Aoyla [greek] science s b Tysiai
¢ Aitinm ¢
e (simplified) Definition: J )
o ,philosophical study of the nature of being, b Ggho,.
. fravIeds.
existence, or reality, as well as the basic , Sltsie ni
h / / / “ oE o P’.‘ fic ‘, =
categories of being and their relations.... P | gen, feounigie.
(wikipedia) SR Rliarrsur i ekt iyl
o CONFECTA
= 4] d ‘G munafij Sangal g
ion: L= 25 hardo, Gy -
e General Question: B L 1o o e &2 in Ectieha
. Chrifls Frovos
o ,what does exist or ApyD GEORGIVM STRAVS

Sargsllis ANNO. 160 &

can be said to exist?“

® General Metaphysics vs. Epistemology

Jacob Lorhard: Ogdoas Scholastica, continens Diagraphen Typicam artium: Grammatices (Latinae, Graecae),
Logices, Rhetorices, Astronomices, Ethices, Physices, Metaphysices, seu Ontologiae. Sangalli: Straub, 1606




LEXICON ¥

Fundamental Questions of Ontology QI:’IEJLT(A?ISJ(?VI;II-}II(({XM i

‘ .‘:PHILOSOPHIAE FORES .Aq\\
w Y . APERIVNTVYR, :

1. What does it mean for a being to be? sl {?f‘"mmm opera & ftudio
. : _ P HI GOCLENII
e When are two things identical? s_leoRlc;ﬁrgp'Ic.\Dzmja MAVRITIANA,
e s everything that exists also real? ‘ T L o g
e Does something exist, if it is only possible? | 27 . ”"”f;’,f,”.” PROTYNT,
® Are there non-existing things? :

2. What categories of objects do exist? /f

® Do things exist that are only unique or only
multiple (Universalia)? :

e Do things exist that are unilaterally dependent
of others (Substances)?

e Of which sort is this dependency (Causality)? K,

e Do necessary properties exist (Essences)? FRARCOFFRTI,

e How do composed things relate to their ) g SEP vié““’M““f;j;f;:lff;jlﬁj_lljf“ﬁsPemMuﬁuﬁ
components? e 3

2 A bf,'. KILT, P -
ot isenisinsnst. TRE Nt

Rudolph Goclenius: Lexicon philosophicum, quo tantam clave philosophiae fores aperiuntur, 1613 $ L



Archelogia Philofophica N vva,

Etymology OR
New Principles
e ,Ontology” first turned up in 1606

(,ontologia“ in Latin) by Jacob Lorhard i PHEIL O S GPH Y-

CONTAINING | l

(Philofophy in general. \
‘ Metaphy ficks, or Ontology.

in his book ,,0gdoas Scholastica“

® In German the term ,Ontologie” first < Dynamilogy, ora Difcourfe of Power. |
turns up in 1613 in RUdOIf Gackells chiigio Philofophi or Natural Theology, E

“ . . . “ [Phyﬁuk‘ or Natural q’bii(fopbj
Lexicon philosophicum B

By GID Eoac HA’I(VI 7,

|
® In English the term ,,Ontology” first Dr. of Phyf. and Phil. |
] . , Late Phyfiianto his Muethes Armyin Flanders,
turns up 1663 in Gideon Harvey’s B T Rl

LONDON,

JArchelogia philosophica nova” | Printed by % H. for Sammel Thomfow at the B hops-head
‘ E in §* Panls Chucch-yard, 166 3,070 9/t ¢4

Gideon Harvey. Archelogia Philosophica Nova, Or New Principles Of Philosophy.
Containing Philosophy in general. etc, 1663




Categorization of Ontology

Christian Wolff categorizes the
philosophical discipline ‘ontology’ as
being a part of metaphysics, in particular
of general metaphysics (metaphysica
generalis)

Classical ontology deals with the relation
of being and existence

©)

cf. ontological difference according to
Martin Heidegger

= separation of

categoriality and existentiality

Christian Wolff: Philosophia prima sive Ontologia, 1729
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Ontology
in Classical Greek Philosophy




Ontology in Classical Greek Philosophy

e Parmenides (6th-5th Century BC)

e Fundamental Question:
,What are the fundamental categories of existence ?“

e ontological argument against nothingness, essentially
denying the possible existence of a void

“For this mew, that That Whach Is Not exists, can never predominate. You must
debar your thought from this way of search, nor let ordinary experience i its
varety force you along this way, (namely, that of allowing) the eye, sightless as it
18, and the ear, full of sound, and the tongue, to rule; but (you must) judge by
means of the Reason (Logos) the much-contested proof whach s expounded by me.“

(Parmenides, On Nature, The Way of Truth, B 7.1-8.2)

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam



Ontology in Classical Greek Philosophy

e Socrates (469-399 B(C)

e Socratic Question/Problem
o There are only secondary sources about
Socrates available, esp. from his disciples Plato
and Xenophon
o Itis not clear whether Plato refers only to
Socrates’ ideas in his ‘Dialogues’ or if he adds his
own contributions

e Socratic Method
o structured dialog (Maieutics)
o to solve a problem,
break it down into a series of questions

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam



Ontology in Classical Greek Philosophy

Plato (427-347 BC)

World of ideal forms Physical reflections
Rational/Mind
‘o Sensory perception
‘/ \ (empeiria)
ideas objects
Essence .. @  Existence
L K
imutable mutable
imperishable perishable
recollection _)
Archetypal (anamnesis) Image
the “True” Reality physical universe

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam




© (427-347 BC)
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Ontology in Classical Greek Philosophy

e Plato (427-347 BC)
e Division between

o concept / class
(idea, ,Noosphere’, word of idea)
and

o entity (instance)
(real world objects, merely ,shadows” of ideas)

e defines a hierarchy of ideas

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam



Ontology in Classical Greek Philosophy

e Aristotle (384-322 BC)

o Metaphysics = first philosophy
o Organon (6pyavov) = logic as a tool(set) for science
o Categories = general and exhaustive account of

the things there are

“Those things therefore which are wn the voice, are symbols of the passions of
the soul, and when written, are symbols of the (passions) in the voice, and as
there are not the same letters among all men, so neither have all the same
vouces, yet those passions of the soul, of whach these are primarily the signs,
are the same among all, the things also, of which these are the symilitudes, are

[4

the same.

Aristotle, De Interpretatione, I. 16

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam



~ (384-322BC)

Aristotle’s Categories

e Aristotle defines a system of general categories for
classification of all things about which statements can be

made
/— Being —\
Substance /— Accident -\

/— Relation —\ Property

Inherence Directedness Containment

—

Movement Intermediacy

/\ /\

Quality Activity Quantity  Passivity Having Situated

Spatial Temporal

Aristotle’s categories as arranged by Franz Brentano
Johgn F. Sowa, Applications of Ontology, http://www.jfsowa.com/talks/ontology.htm



Aristotle’s Categories

Substance examples of primary substance' this man, this horse

and secondary substance (species, genera) | man, horse
Quantity how much? discrete or continuous two meters long, three pieces
Quality of what kind or description black, white, hot, sweet
Relation toward something double, half, larger
Place where? in the marketplace, at home
Time when? yesterday, last year, now
Position posture, attitude sitting, lying, standing
State condition, to have or to be armed, shod
Action to make or to do to lance, to heat, to cool
Affection passion, to suffer or to undergo to be lanced, to be heated, to be cooled

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam
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 (384-322BC)

Aristotle’s Syllogisms

® GVLA-Aoyiopo¢ [griech.] add up, gather, logical conclusion

® Core of Aristotelian logic

e (Organon, Prior Analytics)

e Set of Inference rules (deductions), all built according to the same
pattern

minor term  middle term major term

major premise Al . mortal —+———
minor premise Al .
conclusion All ‘_
su bjec't pre&icate

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam



Aristotle’s Categories Revisited

e Porphyry of Tyros (234-301/5 AD)
explains in his textbook , /sagoge” the Aristotelian categories
for beginners

® he extends Aristotelian categories by breaking down the
philosophical concept of substance into the five components
genus, species, difference, property, accident

Porphyry of Tyros
(234-301/305 AD)

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam
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Aristotle’s Categories Revisited ﬂ Plattner

Institut

IN PORPHYRIUM ODJALOGUS L.

® Inthe Middle Ages the so-called ,arbor VU | g

Porphyriana. Sl & «f&_/ NG
(Tree of Porphyry or Tree of Knowledge)

is created as visualization of the
Aristotelian categories

L gen, subalteroum

Diferentia

« geu, suballesnum
Tiflerentia

d gen. subalternnm

b species subi lerns

Nilereatia

¢ species sulaltcrng

Differeutia

d speeics subalierne

Differentia Differentia

e species & specislissima

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam



Ontology in the Middle Ages

e Maedieval Scholasticism (12th-14th century)

o Anselm of Canterbury (“credo ut intellegam™)
o Thomas Aquinas (On Being and Essence)
o  William of Ockham

e Problem of Universals:
Do Universals (Ideas) possess an ontological (real) existency?
o Realism ,Universals are real!”
VS

o Nominalism ,Universals are nothing but words and symbols!“

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam

NS

Anselm of Canterbury
(1033-1109)

Thomas Aquinas
(1225-1274)

William of Ockham
(1288-1349)



Ontology in the Middle Ages

P15\

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam
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Christian doctrine of trinity
as example for a medieval
ontology

Tritheism of Roscellin of Compiégne (ca. 1050-1125)



Ontology in the Middle Ages

e Ramon Lull (1232-1316)
applies ontology in the sense of the
Aristotelian system of categories within his
,Tree of Nature and Logic” as first
predecessor of a logical machine

® Logic according to Ramon Lull is
,the art and the science to distinguish
between truth or lie with the help of reason,
to accept truth and to reject lie.

Ramon Lull
(Raimundus Lullus)
(1232-1316)

Arbor naturalis et logicalis, aus, Ars Magna“, um 1275
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] AN ESSAY

Towards a
Ontology and Enlightenment B ...
And a

PHILOSOPHICAL
e John Wilkins (1614-1672)

finds out, that the inaccuracy of natural LANGUAGE.

language impedes scientific progress By Jous Wirkins D.D. Deanof Riron,
And Fellow of the ROT AL SOCIETT.

e He developed the idea of a universal
philosophical language with the goal to
represent the entire knowledge of the
universe.

LONDON, -
Printed for Sa: Gevrearawp, and for
FJOHN MARTY N Printer othe ROTAL

SOCIETY, 1668,
Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam e ——— s et
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Ontology and Enlightenment

e Gottfried Wilhelm Leibniz (1646-1716)
develops the idea of ,,characteristic numbers”
as a model for Aristotelian Logic, in the hope to
solve logical problems with the help of a
calculus.

It 15 obvous that of we could find characters or signs suited for expressing all
our thoughts as clearly and as exactly as arithmetic expresses numbers or
geomelry expresses lines, we could do wn all matters insofar as they are subject to Gottfried Wilhelm Leibniz
reasomng all that we can do wn arithmetic and geometry. For all investigations (1646 - 1716)
which depend on reasoning would be carried out by transposing these characters

and by a species of calculus.”

Leibniz, Preface to the General Science, 1677

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam
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Ontology and Enlightenment

e Immanuel Kant turns himself towards
Epistemology (Kritik an der ,,reinen Vernunft“)

® Fundamental Question:
,How can our mind perceive the world?“

“In hus Critique of Pure Reason, Kant arrwes al his list of categories by first e
enumerating the forms of possible judgment. On this view, objective emparical Immanuel Kant
Judgments are endowed with thewr objectinty and generality wn virtue of the a (1724-1804)
priory concepts embodied in the relevant forms of judgment. If we can wdentify all

of the possible forms of objective emprrical judgment, we can then hope to use

them as the basis to discover all of the most general concepts or categories that are

employed i making such judgments, and thus that are employed in any

cognition of objects.”

Korner 1955, 48—49

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam



Ontology and Enlightenment

e Immanuel Kant turns himself towards
Epistemology (Kritik an der ,,reinen Vernunft“)

® Fundamental Question:
,How can our mind perceive the world?“

Quantity | Quality Relation Modality
Unity Reality Substance & Accident | Possibility
Plurality Negation Cause & Effect Existence
Totality Limitation Reciprocity Necessity

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam
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Immanuel Kant
(1724-1804)






KR Ontology

Relative

Actuality Form Prehension Proposition Nexus Intention

http://www.ijfsowa.com/ontology/kronto.htm

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam
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Example for a Top-Level Ontology:
KR Ontology (John F. Sowa )

e based on Alfred North Whithead's
process philosophy and Charles
Sanders Peirce's semiotic

e provides a foundation for a
systematic characterization of the
universe and its expression in
human language

e contains 27 concepts

e organized as lattice


http://www.jfsowa.com/ontology/kronto.htm
http://www.jfsowa.com/ontology/kronto.htm
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Open Cyc

Example for a Knowledge Base:
Open Cyc (Douglass Lenat, 1984)

Intangible
Thing

Relations

Individual
Sals

Cellections

e comprehensive ontology and
knowledge base of everyday
common sense knowledge

L G ons S e ca. 240,000 entities and 2

Natural Livin Change Plans & Typas of i i
Geography Thinggl Dynamics Goals 0'9;""““:“‘1 DOrganization Mlo' aXIOmS

Chemistry Sentient Physical _@rganizational Human Political L] prOV|deS IlnkS to

Beings Ecology Agents Plan Activitis Geography

Physical - Politics & Mations 1
Artifacts Emation, 5 Plants Waretare Govermnments o D Bped Ia
Ferception = Animals and

& Balief LRE Purchasing Geopolitics O
Astronomy Saclit Shopping (@] F AF
Products & . Human 0cia £
5 Literature & . Recreation & fessio Business

Devic Behan creatio
Earth & HESE Works of Art z A:t;l,onrs Behaviour Entertainment o o WO rd N et
Solar Software g Everyday
Tra Travel & Living

& 7

Soci icati
ocial Communication

Activities

System Vehicles, Buildings Mechanica &

<t Socizl Relations
& Weapons gy, otrical Devices  Language iy

& Culture

and many more

Domain-Specific Knowledge
(e.9., Healthcare, Computer Security, Command and Control, Mortgage Banking, ...)

Domain-Specific Facts and Data

http://www.opencyc.org/

Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam
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DBpedia Ontology

T — —
Semantic Web Technologies , Dr. Harald Sack, Hasso Plattner Institute, University of Potsdam
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DBpedia Ontology

shallow, manually created
cross-domain ontology
based on most commonly
used infoboxes within
Wikipedia

685 classes and 2,795
properties

category system for
4,233,000 DBpedia
instances

http://wiki.dbpedia.org/services-resources/ontology
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OpenHPI - Course Knowledge Engineering with Semantic Web Technologies
Lecture 4: OWL, Rules, and Reasoning




