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Knowledge-based Systems ‘ﬁbaSe Lab
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Knowledge-based Systems %aSe Lab

Domain
Modeling and Automated
Data Reasoning
Acquisition

“Expert Systems” traditionally based on the logic programming
paradigm.

In the wake of Semantic Web Technologies, Description Logics
have emerged as alternative dominant paradigm.

Description logics underlie the W3C standard “Web Ontology
Language” (OWL).
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Description Logics %ase Lab

« Unary and binary predicates only (classes = concepts
properties =roles)

e Conjunction, disjunction, negation and restricted quantifiers to
form complex class expressions

« SubClass relationships (i.e., implications between complex
classes)

 Role chains (concatenation of binary predicates)
 Variable bindings are severely restricted.

Result:

 Decidable logics, with complexities known.
 Variable-free notation.

« Some are P-complete; some are 2NExpTime
 Very efficient reasoners available.
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Semantic Data Models %ase |_ab
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Ontology and Knowledge Graph
9y J P aSe Lab
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RDF Knowledge Graph

RDF uses Web-referencable identifiers.

E.g., :ag422yt6 expands to a full URI (for Magnus Carlsen).
Under best practices, it even dereferences.

-G.— hasECOCode opeE22vn ["Carlsen, Magnus"]

haskame

Tol38yFae performedB agd 2 2yte

providesAgentRole

[ :gam‘lgeﬂz]:
providesAgentRole
rol92z01m performedBy—m a7 9yl 2

hasResult haskame

"7 encodedASSAN res23tuT7h ["ﬂmand,*ﬁiswanathan"]
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Ontologies & Knowledge Graphs %359 Lab
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Theresa May <

British Prime Minister

tmay.co.uk

Theresa Mary May is a British politician
who has served as Prime Minister of the
LUnited Kingdom and Leader of the
Consenvative Party since July 2016, the
second woman to hold both positions.
Wikipedia

Born: October 1, 1956 (age 60),
Eastbourne, United Kingdom
Height: 5" 8"

Party: Conservative Party
Spouse: Philip May (m. 1280)

Education: St Hugh's College, Oxford
(1974-1977)

Previous offices: Home Secretary
(2010-2016), MORE ~
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Website Directions

StHugh's College is one of the
constituent colleges of the University of
Cheford. Itis located on a 14.5-acre site
an 5t Margaret's Road, to the north ofthe
city centre. Wikipedia

Address: St Margaret's Rd, Oxford QX2
GLE, UK

Principal: Elish Angiolini
Phone: +44 1365 274900
Founder: Elizabeth Wordswaorth
Founded: 1386

Hamed for: Hugh of Lincoln
Undergraduates: 432 (2011-2012)
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Hugh of Lincoln, also known as Hugh of
Awalon, was a French noble, Benedictine
and Carthusian monk, bishop of Lincoln
in the Kingdom of England, and Catholic
saint. Wikipedia

Born: 1140, Avalon, France

Died: Movember 16, 1200, London,
Lnited Kingdom

Feast: 16 Movember (R.C.C.); 17
Movember (Anglican)

Major shrine: Lincoln Cathedral
Attributes; a white swan

Patronage: sick children, sick people,
shoemakers and swans

People also search for

Little Saint Thomas William
Hugh of More Howard,  —
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PN o It e
Schema.or ¢ ik
" hd = EducationalCrganization
= CallegadrUniversity

e Collaboratively launched in 2011 by Google, =
Microsoft, Yahoo, Yandex. + GommenCrganizsin
2011: 297 classes, 187 relations

2015: 638 classes, 965 relations

« Simple schema, request to web site providers to
annotate their content with schema.org markup.
Promise: They will make better searches based _
on this. s

e 2015: 31.3% of Web pages have schema.org L
markup, on average 26 assertions per page.

= Entertainment
= AdultEntert

Ramanathan V. Guha, Dan Brickley, Steve Macbeth:
Schema.org: Evolution of Structured Data on the
Web. ACM Queue 13(9): 10 (2015)
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‘IIHI‘I“ Main Page Discussion
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Welcome to Wikidata 7

the free knowledge base with 29,012, 184 data items that anyone can edit

multilingua Introduction « Project Chat » Community Portal = Help

///

v AN

i welcome! Ml Learn about data

Wikidata is a free and open knowledge base that can be
read and edited by both humans and machines.

Wikidata acts as central storage for the structured data
of its Wikimedia sister projects including Wikipedia,
Wikivoyage, Wikisource, and others.

Wikidata also provides support to many other sites and
services beyond just Wikimedia projects! The content of
Wikidata is available under a free licensed , exported
using standard formats, and can be interlinked to other
open data sets on the linked data web.

MNew to the wonderful world of data? Develop and improve
your data literacy through content designed to get you up
to speed and feeling comfortable with the fundamentals in
no time.




Linked Data “baSe Lab

A bit older but somewhat more expressive: Linked Data on the W@

Number of Datasets 2017-01-26 1,146

2014-08-30 570
2011-09-19 295
2010-09-22 203
2009-07-14 95
2008-09-18 45
2007-10-08 25
2007-05-01

IEIBEEIEEBIBII triples and counting?

LOD Laundromat




Information as RDF graph

LOTR hasAuthor Tolkien .
Hobbit hasAuthor Tolkien .
LOTR hasCharacter Bilbo.

Hobbit hasCharacter Bilbo .
Tolkien bornin SouthAfrica.

authorOf

Orange bornin

Free State

hasCharacter

authorOf

hasCharacter

Bilbo
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DBpedia: LOTR page

http:fupload wikimedia. orgfwikipedia/commonsAhumbBA2 m_lotr_cover_design.jpg/200px-Jrt_lotr_cover_design.jpg
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Linked Data: Volume

Geoindexed Linked Data — courtesy of Krzysztof Janowicz, 2012
http://stko.geog.ucsb.edu/location_linked data SC




Some Linked Datasets 2014 aSe |.
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»
Some Linked Datasets 2017 Czbase Lab

Legend

Government

Publications
Social Networking

—ncoming Links
Emm———=Qutgoing Links

by Andrejs Abele, John P. McCrae, Paul
Buitelaar, Anja Jentzsch and Richard
Cyganiak. http://lod-cloud.net/

fi )
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Trees of Life

Domain
Modeling and Automated
Data Reasoning
Acquisition

Phylogenetic tree: Reconstructed evolutionary history/lines of
descent using organismal traits etc.

“Phyloreferencing” uses ontological representations and
automated reasoning for this purpose.
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Semantic Data Management %ase Lab

Domain
Modeling and Automated
Data Reasoning
Acquisition

Data *management*: SWT promises:

If information is structured *well*, then this significantly reduces
data management cost (discovery, reuse, repurposing, integration,
revision).

Use of standards.
Best practices.
Data and ontology quality principles.

WRIGHT STATE
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Reasoning for Curation “base Lab

Domain
Modeling and Automated
Data Reasoning
Acquisition

Reasoning as atool for Data Management:

Data Curation by identifying e.g.
— Inconsistencies
— violations of schema/model

WRIGHT STATE
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N
Data Science %aSe Lab
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Curation Analytics
SN
D —
R Highly >
Data Data St“:th“red Data Stafistical
: ata I
Curation ~_data _~ Analytics Inferences
D —
Expert - duced
Knowledge Induce
9 Knowledge oroperties”
(i 11

WRIGHT STATE

UNTVERSITY July 2017 — NeSy’17, London, UK — Pascal Hitzler 24



Data Science ‘ﬁbaSe Lab
Data Data @

Curation Analytics

Semantic Web Technologies simplify the data curation part.

 Easier integration of different sources.

 Clearer relationship between data organization and expert
knowledge (i.e., data easier to understand).

 Easier discovery of relevant data.

B il
e
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Induced properties %ase Lab
TN

w @
Examples: Data Statistical

Analytics Inferences

~_

“induced
« Scene depicted by an image. properties”
 Event detection (from multi- and social media).
« Recommender systems (e.g., in acomplex disaster scenario).

 Risk assessment (e.g., indicators for an epidemic).

In most cases, you would like to know much more about what you
Induced.
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Induced properties %ase Lab
TN
N

In most cases, you would Data Statistical

like to know muc;h more Analytics Inferences

about what you induced. S
“iInduced
properties”

Two interesting cases:
1) Explanations for the inference.
2) Post-processing by knowledge-based systems.

Y
N

Automated Deductive
Reasoning

Inferences
e.qg., —
disaster recommendations “Things that follow

by necessity”
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Semantic Data Science Pipeline %ase Lab

Semantic Data Automated
Data Analytics Reasoning
Management (enrichment) (deduction)

[T L 0 1055555
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»
Masataro Asal, Alax Fukunaga %ase Lab

At NeSy’'17 8. Problem Description

We do not h

ave SYMBoO
So we cannot
T '

LS nor ACTION MODELs
apply existing AMA methods!

.

! —
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Reasoning on inferred properties %aSe Lab

Data Automated
Analytics Reasoning
(enrichment) (deduction)

We can hardly ever get this to work seamlessly,
even in seemingly simple scenarios.
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Find all publications from MIT %ase La

Dataset with publication data Dataset with affiliation data
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Automated Alignments Ctb
) aSe Lab
Most systems can do only equivalences. @
Va(SomeOrganization(x) <— Organization(x))

VaVy(affiliatedWith(zx, y) «+— hasAffiliation(x, y))

Moreover, almost all of the performance of current systems is
based on string similarity metrics.

[Cheatham and Hitzler, ISWC 2013]
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Property subsumption

“baSe Lab

Detecting property subsumptions is still in infancy.
VaVy(title(z, y) — hasName(zx,y))

VaVy(name(x,y) — hasName(x,y))

[Cheatham, Hitzler OM 2014]

System (Class Prec|Class Rec|Class Fms|Prop Prec|Prop Rec|Prop Fms
AML 0.86 0.62 0.72 1.00 0.20 0.33
AMLback 0.86 0.64 0.73 1.00 0.24 0.39
CIDER_CL 0.46 0.59 0.52 0.07 0.22 0.11
HerTUDA 0.84 0.56 0.67 0.26 0.20 0.23
HotMatch 0.81 0.57 0.67 0.24 0.20 0.22
TAMA 0.87 0.55 0.67 0.14 0.07 0.09
LogMap 0.82 0.65 0.73 0.62 0.28 0.39
. .. , ] 0.66 0.00 0.00 0.00
System Precision|Recall| F-measure 0.67 0.39 0.96 0.99
PropString (prec) 1.0] 0.26 0.41 | 0.73 0.32 0.26 0.29
PropString (rec) 0.34 0.5 0.4 g'g? 8'88 E'gg g'gg

‘ . ; Y ; L : . .
SGﬁ' TF_[DF '::I-z-| D.zi‘ D. 22 ﬂ.ﬂﬂ D.:JD ﬂ.ﬂg ﬂ.D—]:
Table 4. Results on the OAEI Conterence track| o.e66 0.26 0.22 0.24
| YAMIT 0.82 0.71 0.76 0.68 0.57 0.62
WRIGHT ST Average 0.79 0.60 0.68 0.36 0.18 0.21

Table 1. Performance of the top 2013 OAEI competitors on classes versus prope



We need mapping rules %aSe Lab

Publication

asAuthorList

AuthorList

rest

author

@ hasName
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Ontology Acquisition %
9y A aSe Lab
« How to build a *good* ontology for an application domain? @

— If done by humans, it's a very evolved process.

— Can we support this by inductive inferencing?

 E.g., by extracting structure from texts or data?

WRIGHT STATE
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Knowledge base population %aSe Lab

%

Given ontology and (separate) data or text corpora,

create a knowledge graph from the data/text corpus which adheres
to the ontology as schema.

Add-on: Do it with sufficient quality such that you can meaningfully
reason over the ontology+knowledge graph afterwards.

WRIGHT STATE
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Potential applications

 Voice control of your phone for all tasks
as a “personal assistant”.

 Health care recommender system.

 Generally, Watson-like systems.
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Thanks!
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