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“It is a capital mistake to theorize before one has data.”
Arthur Conan Doyle, A Scandal in Bohemia (1892)
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| 33.6m |

is a

Baleanoptera musculus Animal

maxLength

33.6m

BaleanopteraMusculus L Animal 1 VmaxLength.<33.6
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From Data to Knowledge

future

eva novelty

past
experience

DIKW Pyramid, Ackoff 1989 [1] n\
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“It does not do to leave a live dragon out of your calculations,

if you live near him.”
J.R.R. Tolkien, The Hobbit or There and Back again (1937)




Traditional vs Semantic Technology

Baleanoptera musculus Unit of measurement required

maxLength: 33.6 maxLength: the maximum length given in
avglength: 26.0 metres.
maxWeight: 173 avglength: the average length given in

minPopulation:  10.000 metres.

maxPopulation:  20.000 maxWeight: maximum weight given in tons
genus: Balaenoptera genus: A genus is a taxonomic rank used
family: Balaenopteridae in the biological classification of
class: Mammalia living and fossil organisms, as
phylum: Chordata well as viruses

Natural Language / T
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Traditional vs Semantic Technology ST rizgarowre

} else if (a) {
for (; 0> 1; iwn)
if (r = t.call(e[i], i, e[1]), r === I1) break
Baleanoptera ;nyfgylus

maxLength: 33.6 e[i]), r === !11) break; . -
avglength: 26.0 4
maxWeight: 173 function(e) {
minPopulation:  10.000

maxPopulation:  20.000 p g d
genus: Balaenoptera — < ro ram co E>
family: Balaenopteridae

class: Mammalia
phylum: Chordata ) ? xoergein,

e

“string® == typeof ¢ ? (0]

3y ‘\lﬂ(tIM(.. tp .) ‘

~Software Developer -

tlength, n=n 28>0 ? Math.aan(®, r +"°n)
in t 88 tin] === @) Peturn n

Carol Kaelson/Jeopardy Productions Inc., via Associated Press



Reading vs Understanding

This sentence no verb. This sentence rides a bicycle.

Syntax Semantics

Determines how the meaning of
sentences can be constructed from the
meaning of smaller language units

Determines rules according to which
correct (well formed) sentences are

constructed.
(words).
Reading (parsing) checks only syntactic Understanding = correct interpretation
rules to find out whether the text is well
formed.

KIT
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receiver

symbolizes .+ ’ refers to
Symbol > Object

stands for

“Jaguar”
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Symbolic Knowledge Representation ==

Artificial Intelligence

Knowledge
Representation
& Reasoning

Machine Learning

Supervised Unsupervised
Learning Learning

Reinforcement Deep Learning
Learning (Neural Networks)
Planning

15

“The Goal of Al is to develop
machines that behave as
though they were intelligent.”

John McCarthy (1955)
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“90% of most Magic

merely consists of knowing one extra fact.”
Terry Pratchett, Night Watch (2002)




Ontology is the philosophical study of
the nature of being, existence, or reality, as well as the
basic categories of being and their relations...
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Calculus Ratiocinator - Gottfried Wilhelm Leibniz (1646-1716)

The only way to rectify our
reasonings is to make them as
tangible as  those of the
Mathematicians, so that we can
find our error at a glance, and

% ~

- .
when there are disputes among h
persons, we can simply say: " '
Let us calculate [calculemus],
without further ado, to see who is ‘

right.

Leibniz in a letter to Ph. J. Spener, Juli 1687

https://upload.wikimedia.org/wikipedia/commons/c/ce/Gottfried_Wilhelm_Leibniz%2C_Bernhard_Christoph_Francke.jpg



Begriffsschrift - Gottlob Frege (1848-1925)
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“In theory there is no difference between theory and practice.
In practice there is.”

Yogi Berra




An ontology 1s an

explicit, formal specification of a shared conceptualization.

conceptualization:

explicit:
formal:

shared:

according to Thomas R. Gruber: A Translation Approach to Portable Ontology Specifications. &
Knowledge Acquisition, 5(2) 199-220, 1993. N8

; N
eSS N ‘c* v\
=ne S Q‘ ;

abstract model
(domain, identified relevant concepts, relations)

meaning of all concepts must be defined
machine understandable

consensus about ontology




Miniature Example Ontology
| 33.6m |

Animal ™ Plant = @

isa
Baleanoptera musculus > Animal Plant

maxLength isa is a

Animal T Thing Thing Plant T Thing
33.6m

BaleanopteraMusculus £ Animal n VmaxLength.<33.6 ﬂ(IT
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| 33.6m |

Instances

\ “‘Moby the Blue Whale”

Loa'tcal ~ g '\S d
nkerence

hasName

Loatcal

m&‘erence ,

AtlanticOcean
he

mationsinfrastruktur
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Ontology Types and Categories

according to their level of Generality

general, cross domain ontologies;

represent very general concepts as e.g., Time, Space, Event;
Top-LeveI Ontology independent of a specific domain or problem

(Upper Ontology,
Foundation Ontology)

Domain Ontology - »  Task Ontology

fundamental concepts fundamental concepts according to a

according to a generic general activity or task; specializes

domain; specializes terms terms introduced in top-level ontology
introduced in top-level

ontology Application Ontology

specialized ontology focussed on a specific task
and domain; often a specialization of both task

and domain ontology; often specify roles played \\‘(IT

by domain entities for specific activity ( e st e

, , FIZ Karlsruhe
(according to Guarino: Formal Ontology inJnformation.Systems, 1998)
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The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows ﬂne-gralned data access

Standardized information exchange is key

— 7
-
."

Linked Data uses a small
selection of technologies




“Technology presumes there's just one right way to do things

and there never is”
Robert M. Pirsig, Zen and the Art of Motorcycle Maintenance (1974)
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Abbreviations.com
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Site

/ Object Aggregate
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| Zero-dimensional Continuant Fiat =
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One-dime
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Representation of Time SO "o

Challenges for Material Sciences

How much detail is necessary?
How much complexity is possible for scalability?
Do we need a fully-fledged temporal logic?

Is causality sufficient (if-then / antecedent - consequent)? [

Keep the application in focus




Representation of Multiple Scales

Challenges for Material Sciences

years

hours

minutes

seconds
microseconds
nanoseconds
picoseconds

femtoseconds

Characteristic Time

Molecular
Mechanics
(atoms)

A%lucm'l'u,m
echanics
(electrons)

Engineering
esign

Process

SirT:uéaJion

14 Inm

1pm

Imm

v

Im

Characteristic Length

¢

T
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Semantic Search & Retrieval AT Crzkartsrure

Application and Purpose of the Material Sciences Ontology

Evaluation
b B Y P

n L= BT
) N \

- > Ranking

Rétrieval
SS

7_'____

# Indexing

¥ ) == i b Prdcess
Text( bata .7 ™ indexCreation  — : .
Acquisition ’ -/ A
/ > - .
* J ‘:’ — .
Text/Data v . '

Transformation

&



Exploration & Recommendation T Srzeure |

Application and Purpose of the Material Sciences Ontology

o °
ML Relation Browser  Timeline

Magnus von Braun

(senior)

German Empire

Germany

James Van Allen

15 Recommended Articles:

||| | Wernher Magnus Maximilian, Freiherr von Braun (March 23, 1912 ~ June 16, 1977) was a German rocket engineer and
| { | ! (| | l space architect. He was one of the leading figures in the development of rocket technology in Germany during World War
| 1l and, subsequently, in the United States. He is credited as being the "Father of Rocket Science".In his 20s and early 30s,
von Braun was the central figure in the Nazis' rocket development program, responsible for the design and realization of
the V-2 combat rocket during World War I1. After the war, he and some select members of his rocket team were taken to
#4 Wolfgang Pauli And The Pauli Principle " the United States as part of the then-secret Operation Paperclip. Von Braun worked on the United States Army
intermediate range ballistic missile (IRBM) program before his group was assimilated by NASA. Under NASA, he served as

<4 DBpedia: Wemher von Braun

#6  Nalar uan Millar and tha Nactanhan Mosan - "

#

Willy Ley Founder Of The German Rocket Society
#2 The First Us Space Station Skylab

#

[

Hermann Oberths Dream Of Space Travel

#5 Maria Goeppert Mayer And The Nuclear Shell Model

o A
e.g. via refer.cx WordPress Plugln at http://scihi.org/
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Application and Purpose of the Material Sciences Ontology
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"Nature has given us the seeds of knowledge;

Snotskhowledge itself.”

(Lucius Annaeus Seneca 60AD)
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