[padbl 3HAHUIA

Jlekuwms 2 - NpeacTtaBneHne 3HaHUM B rpadax

M. lankun, 1. MypomueB




lNMpeactaBneHue 3HaHuM B rpagax - RDF & RDFS & OWL

XpaHeHue 3HaHun B rpadax - SPARQL & Graph Databases
OpaHopoaHOCTb 3HaHuUK - Reification & RDF* & SHACL & ShEx
NHTerpaums aaHHbIX B rpadbl 3HaHUM - Semantic Data Integration
BekTopHble npeacTtaBneHus rpados - Knowledge Graph Embeddings
BeeneHune B Teoputo rpagdos. - Graph Theory Intro

MawmnHHOe o06yyeHune Ha rpagax - Graph Neural Networks & KGs
HekoTopble npuMeHeHus - Question Answering & Query Embedding
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[padbl 3HaHWK = rpadbl + 3HaHUA

Kak npefcrtaBndatb 3HaHMA? Jlornka u cemaHTumKa
Mopaenb RDF n RDFS

Cepuanunsauun RDF

OWL, knaccbl, aKk3eMnnspbl, akCUOMbl
OHTOMOrMM Kak cxembl rpaoB 3HAHUN



[peacTaB/ieHMe 3HaHWUI - OHTONIOrnYecKoe

Spock Science Fiction Obi-Wan Kenobi

genre genre

starredin

Leonard Nimoy Star Trek Star Wars Alec Guinness
LeonardNimoy starredIn StarTrek; AlecGuinness starredIn StarWars;
played Spock. played Obi-Wan.

Spock characterIn  StarTrek . StarWars genre SciFi .



[lpeacTaB/ieHMe 3HaHWUI - CTaTUCTUYECKOE

Spock Science Fiction Obi-Wan Kenobi

genre genre

starredin

Leonard Nimoy Star Trek Star Wars Alec Guinness
Spock = [0.1,0.2,0.3] Obi-Wan = [0.05, 0.25, 0.37]
Leonard Nimoy =[0.4, 0.8, 0.1] Alec Guinness = [0.33, 0.5, 0.3]
Star Trek = [0.22, 0.34, 0.87] Star Wars = [0.18, 0.4, 0.9]

characterln = [0.1,0.1, 0.6]



3HAHUW

G = (V,E) | E & RIVIXIVI




3HAHUW

G = (V,E) | E & RIVIXIVI




3HAHUW

BepLinHbl 1 pebpa UMeKT TUMbI
(knacchbl)

Pe6pa (OTHOLLEHWNS) MOTYT UMETb
pa3Hylo 3HaYMMOCTb

Knaccbl U OTHOLLEHUA UMEOT
NNOrMYecKnim cmblicn

CeTeBasi CTPyKTypa rpada - 6onee
eCTEeCTBEHHbIN Crocob
npeAcTaBfsATb 3HAHUSA O MUpE

dopmanbHas ceMaHTUKa



dopmanbHada ceMaHTuKa

I(Musician writes songs) ® CEMaHTMKa nepeAaeT CMbICN CMBOJIOB HEKOTOPOro
hopManbHOro UM ecTeCTBEHHOIo A3bIKa



dopmanbHada ceMaHTuKa

I(Musician writes songs) ®

Musician L 3writes.Song e

CeMaHTUKa NepefaeT CMbIC/T CUMBOJIOB HEKOTOPOro
hopManbHOro UM ecTeCTBEHHOIo A3bIKa

CDopMaanaﬂ CeéMaHTUKa nepenaet CMbiCJ1 A3blKOB B
MaTeMaTn4eCKnNX TepMnHax
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dopmarnbHasi ceMaHTHKa

I(Musician writes songs) ®

Musician L 3writes.Song e

C(x), &, V,
3R.C, VR.C

3) |_|) |—|J

CeMaHTUKa NepefaeT CMbIC/T CUMBOJIOB HEKOTOPOro
hopManbHOro UM ecTeCTBEHHOIo A3bIKa

CDopMaanaﬂ CeéMaHTUKa nepenaet CMbiCJ1 A3blKOB B
MaTeMaTn4eCKnNX TepMnHax

dopmanbHas formka npegocTaBasgeT MaTeMaTUYeCKUi
annaparT A/ MHTeprnpeTaLnmn A3bIKoB
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dopmarnbHasi ceMaHTHKa

I(Musician writes songs) ®

Musician L 3writes.Song e

C(x), &, V,
3R.C, VR.C

3) |_|) |—|J

CeMaHTUKa NepefaeT CMbIC/T CUMBOJIOB HEKOTOPOro
hopManbHOro UM ecTeCTBEHHOIo A3bIKa

CDopMaanaﬂ CeéMaHTUKa nepenaet CMbiCJ1 A3blKOB B
MaTeMaTn4eCKnNX TepMnHax

dopmanbHas formka npegocTaBasgeT MaTeMaTUYeCKUi
annaparT A/ MHTeprnpeTaLnmn A3bIKoB

O

o O O O

[MponosnuymoHanbHasa fiornka
Jloruka npepgukaTtoB
MopganbHas noruka

Jlornka nepsoro nopsagka
JleCKpuUnuUUoHHbIE NOrUKK
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dopmarnbHasi ceMaHTHKa

I(Musician writes songs) ®

Musician L 3writes.Song e

C(x), &, V,
3R.C, VR.C

3) |_|) |—|J

CeMaHTUKa NepefaeT CMbIC/T CUMBOJIOB HEKOTOPOro
hopManbHOro UM ecTeCTBEHHOIo A3bIKa

CDopMaanaﬂ CeéMaHTUKa nepenaet CMbiCJ1 A3blKOB B
MaTeMaTn4eCKnNX TepMnHax

o

TeopeTuko-MmopenbHasa ceMaHTUKa (ceMaHTuKa TapcKkoro)

dopmanbHas formka npegocTaBasgeT MaTeMaTUYeCKUi
annaparT A/ MHTeprnpeTaLnmn A3bIKoB

O

o O O O

[MponosuymoHanbHas oruka
Jlornka npegunkaTos
MoganbHasa normka

Jloruka nepBoro nopsigka

[ eCKpUMNLUMOHHbIE JIOrUKHK
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Bbipa3autenbHOCTb VS C/TIOXHOCTb

Bbicokas Bbl pPa3nTesiIbHOCTb

v KoMnnekcHble
yTBEPXAEHUSA
v/ boraTtaga noruka

- YacTo anroputMumyecku
HepaspeLlnMbl
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Bbipa3autenbHOCTb VS C/TIOXHOCTb

Bbicokas BblpasuTesibHOCTb Huskas BblpasnTesibHOCTb

v KomnnekcHble v [lna npocTbix 3agad
yTBEPXAEHNSA v TlonnHomMmuanbHas

v/ boraTtas noruka CNNOXXHOCTb

- YacTo alIropuTMNYECKH - Cno)kHble yTBEpPXAEHUNA

HepaspeLwunmbil HeAOCTYMHbI
First-order Description Propositional

logic (FOL) logics (DL) logic (PL)
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Semantic Web Layer Cake

The Semantic Web Technology Stack
(not a piece of cake...)

Npest nornyeckoro
npeacTaBfieHuUs
3HaHuM B CeTun
nerna B OCHOBY

KoHLenumu
SemanticWeb 7

Most apps use only a subset of the stack

Querying allows fine-grained data access

Standardized information exchange is key




Semantic Web Layer Cake

The Semantic Web Technology Stack

The Web Platform (not a piece of cake...)
e URI/IRI .
apps use only a subset of the stack B
. HTTP fmrylng.allov.n‘ﬂm-g‘nlmdftuu:c:u ~ §
PY Un iC Ode Formats are necessary, but not too Impomnl’\” §
. -

Auth

Linked Data uses a small
selection of technologies

basoBble cpeacTBa nepegayn
NHpOpMaLNKM B CETMW. g,
Bce cywHocTun asnatotcsa URI

http://example.com/ITMO University
https://www.wikidata.org/wiki/Q1342013 17



Semantic Web Layer Cake

Formats
e XML
e Turtle
e JSON-LD
e RDFa

dopmaTbl cepnanusaumm
MoZesien BbICLLUNX YPOBHEN

The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows fine-grained data access

Standardized information exchange is key

Formats are necessary, but not too important

/[ / i/

The Web is based on the Web __-~*"

CREPW LIRS ‘
l"
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Semantic Web Layer Cake

The Semantic Web Technology Stack
Information Exchange SRk picse alcaks )

e RDF (Resource Description e+ st
Framework) Querying allows fine-grained data access

Biancardinad ko . hange is key
Formats are necessary, but not too important

CREPW LIRS ‘
l"

The Web is based on the Web -~

BeoauT 6a3oByto rpadoByto

MOZENb NPEACTABNEHNSA SHAHUM  tiesoss s o N
B NG

B BUAE TPUNJIETOB

<subject> <predicate> <object>
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Semantic Web Layer Cake

Models & Rules & Logic

RDFS

OWL

SKOS

RIF , SWRL, SPIN
Description Logics
SROIQ(D), SHOIN(D)

Jlornyeckue pacwmnpeHuns RDF ¢
60/blLEN BbIpa3nTENbHOCTbIO

The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows fine-grained data access

Standardized inf i hange is key

Formats are necessary, but not too important

APPLICATIONS

The Web is based on the Web -~

=
s

. /7 /

Linked Data uses a small
selection of technologies
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Semantic Web Layer Cake

The Semantic Web Technology Stack
Querying (not a piece of cake...)

e SPARQL

Most apps use only a subset of the stack

- @
e Cypher Oueryingstows tn-gramed s csuss .
Standardized information exchange is key ;
. G re m I i n Formats are necessary, but not too Imporunl:’ g ’
The Web is based on the Web -~ oy ... i
PG

f13bik 3anpocoB K RDF rpacam Losas o s

selection of technologies

%.
7

<
")_~'
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Semantic Web Layer Cake

The Semantic Web Technology Stack

Security & Proof & Trust SRk picse alcaks )
. SHACL, ShEx Most apps use only a subset of the stack ’
Y Vo I D anrlwl lllov.us‘ ﬂnoq.nlmd .Luu u:co::y : g
. Provo Formats are necessary, but not too lmpomnl:’ é ’
The Web is based on the Web .- P ... -

CpepfcTBa obecrneyeHus psossesems -
NOCTOBEPHOCTY W

KOPPEKTHOCTU 3HaHW . .

22



RDF - Resource Description Framework

RDF Triple

Definition 2.1.1 Let U, B, L be disjoint infinite sets of URIs, blank nodes, and literals, respectively.
A tuple (s,p,0) € (U U B) X (U) X (U VU BU L) is denominated as an RDF triple, where s is called
the subject, p the predicate, and o the object. (s,p,0) is a generalized RDF triple when (s, p,0) €
(UUB)X (U)X (UUBU L). An element U U B U L is called an RDF term.

<object1>

<predicate>

: 23
<subject>



RDF - Resource Description Framework

<object1> e Mopenb onncaHua pecypcos

e Pecypcbl yHUKaNbHO
naeHTupunumpyrotcs URI nnn
nutepanamu

<predicate>

<subject> <object>

24



RDF - Resource Description Framework

URIs:
e :ITMO_University
e University
e rdfitype
e :founding_date

N

ITMO_Universit -— = ‘Uni [
_Univ |y‘\I ORI :/ University

25



RDF - Resource Description Framework

URIs:
e :ITMO_University
e University
e rdfitype
e :founding_date

Entities:

rdf:type

ITMO_University :University

Entities

26



RDF - Resource Description Framework

URlIs:

e :ITMO_University

e University

e rdfitype

e :founding_date
Entities:
Predicates:

e rdf:type

e :founding_date

ITMO_University :University

27



RDF - Resource Description Framework

URIs:
e :ITMO_University
e University
e rdfitype
e :founding_date

Entities:

Predicates:
e rdf:type
e :founding_date

:ITMO_University University | jterals: _

28



RDF: URI

e Uniform Resource Identifier - cnoco6 HasHauYeHUs1 yHUKanbHbIX MAEHTUHUKATOPOB
abCTPaKTHbIM U peasibHbIM CyLHOCTSIM U npeankaTam (RFC 3986)

e URL-nopo6Hble ngeHtndukatopbl gnsa Content Negotiation

e [lpedukcbl ana cokpaweHus ctpok (hitp://prefix.cc)

https://en.ifmo.ru/en ifmo:ITMO
http://example.org/ITMO _University ex:ITMO University
http://dbpedia.org/resource/ITMO_University dbr:ITMO_University
https://www.wikidata.org/wiki/Q1342013 wd:Q1342013

e OpaHa ¥ Ta Xe CYLHOCTb MOXXeT 6bITb NO-pa3HOMY NpeAcTaB/ieHa B pa3HbIx rpadax
(interlinking & alignment problem)

29


http://prefix.cc

RDF: Literals

e Jlutepanbl - CTPOKK, Yncna u XSD-onpeaeneHHbie TUMbI

e XopoLUni TOH U peKoMeHaaLms - Ha3HayaTb CTPOKaM Tar i3blka

e B pacwumpeHusix RDF MoXxHO co3faBaTb CO6CTBEHHbIE NUTEpPasibHble TUMbI
(“uncna, pensawmecs Ha 2")

e JlnTepanbl He MOryT 6bITb cy6bekTOM RDF-Tpunneta

30



RDF: Blank Nodes

e HeumeHoBaHHbIE BEPLUNHbI - aHOHUMHO 3alaHHbI€ CYLLIHOCTH 6e3 URI nnu JinTeparsa

o V|CI'IOJ'Ib3yI-OTCFI B T.4. 014 1Orm4eCKnMxXx akCmMom “ pemd)leau,MM

:ITMO_University

31



RDF Graph

ITMO_University :University

<http://example.org/ITMO_University> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://example.org/University> .
<http://example.org/ITMO University> <http://example.org/founding_date> “26.03.1900” .
<http://example.org/ITMO_University> <http://example.org/locatedIn> <http://example.org/Saint_Petersburg> .

32


http://example.org/ITMO_University
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://example.org/University
http://example.org/ITMO_University
http://example.org/founding_date
http://example.org/ITMO_University
http://example.org/locatedIn
http://example.org/Saint_Petersburg

RDF Vocabulary

RDF Vocabulary e RDF nossonsert:
o [enaTb yTBepXAEHUS O MPUHALNIEXXHOCTU pecypca K MHOXEeCTBY
rdf:type o HasHauyaTb pecypcaM aTpubyTbi-nuTeparnbl
rdf:property
rdf:subject e Habop kntouyeBbix croB - npegukatoB (RDF vocabulary)
rdf:predicate o ®dopMasibHas CeMaHTuKa onpe/iefieHa B cTaHaapTe
rdf:object
"ji:flrit e Jlornyeckasi MoZesb, He 3aBUCSLLAA OT CMHTaKCcMca
rdf:res
~df:value o Ho ecTb nonynsipHbie cepuannsaLmm
i m Turtle (.ttl)
rdf:nil )
. JSON-LD (.jsonld)
rdf:1list
= XML/RDF (.rdf)
m N-Triples (.nt)
m N3(.n3)
m TriG (.trig), TriX (.trix)

33



Cepuanusauun RDF: Turtle nttps:

@prefix ifmo: <http://en.ifmo.ru/> .
@prefix ex: <http://example.org/> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

ifmo:ITMO University rdf:type ifmo:University ;
ifmo:locatedIn ex:Saint_Petersburg ;
ifmo:foundedIn “26.03.1900”""xsd:date

ifmo:ITMO_University ifmo:University

WWw.w3.or

TR/turtle
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http://en.ifmo.ru/ITMO_University
http://example.org/
http://www.w3.org/2001/XMLSchema#
https://www.w3.org/TR/turtle/

Cepunanusauyun RDF: JSON-LD ://3son-1d.or

"@graph” : [ {
"@id" : "ifmo:ITMO_University",
"@type" : "ifmo:University",
"foundedIn" : "26.03.1900",
"locatedIn” : "ex:Saint_Petersburg"
L
"@id" : "urn:x-arq:DefaultGraphNode",
"@context" : {
"foundedIn" : {
"@id" : "http://en.ifmo.ru/foundedIn",
"@type" : "http://www.w3.0rg/2001/XMLSchema#date"
s
"locatedIn" : {
"@id" : "http://en.ifmo.ru/locatedIn”,
"@type" : "@id"
s
"ex" : "http://example.org/",
"rdf" : "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#",
"xsd" : "http://www.w3.0rg/2001/XMLSchema#",
"ifmo" : "http://en.ifmo.ru/”

}

ifmo:ITMO_University ifmo:University
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https://json-ld.org/spec/latest/json-ld/

RDF Schema (RDFS)

RDES Vocabulary e RDFS nosBonsieT:
o 06bABNATb KN1laccbl ¢ NoMoLWbto rdfs:Class
rdfs:Class o CospaBaTb 9K3eMMNJIsApbl K/1acCoB C NOMOLLUbIO rdf:type
:University rdf:type rdfs:Class .
:ITMO rdf:type :University .
rdf:type
ifmo:I[TMO_University ifmo:University
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RDF Schema (RDFS)

RDES Vocabulary e RDFS nosBonsieT:
o 06bABNATb KN1laccbl ¢ NoMoLWbto rdfs:Class
rdfs:Class o CospaBaTb 9K3eMMNJIsApbl K/1acCoB C NOMOLLUbIO rdf:type
:University rdf:type rdfs:Class .

rdf:Property :ITMO rdf:type :University .
rdfs:range .%J‘ S
rdfs:domain kg

rdf:type

I TMO :University
o 06bABNATb NpeanKaTbl, X 06n1acTb onpeaeneHns n obnacTb
3HayeHun c nomMolbto rdf:Property, rdfs:domain, rdfs:range

:locatedIn rdf:type rdf:Property .
:locatedIn rdfs:range :Place .
:locatedIn rdfs:domain :University .
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RDF Schema (RDFS)

RDES Vocabulary e RDFS nosBonsieT:
o 06bABNATb KN1laccbl ¢ NoMoLWbto rdfs:Class
rdfs:Class o CospaBaTb 9K3eMMNJIsApbl K/1acCoB C NOMOLLUbIO rdf:type
:University rdf:type rdfs:Class .

rdf:Property :ITMO rdf:type :University .
rdfs:range ! S
rdfs:domain

rdf:type

I TMO :University
o 06bABNATb NpeanKaTbl, X 06n1acTb onpeaeneHns n obnacTb
3HayeHun c nomMolbto rdf:Property, rdfs:domain, rdfs:range

:locatedIn rdf:type rdf:Property .
:locatedIn rdfs:range :Place .
:locatedIn rdfs:domain :University .

rdfs:range rdfs:domain
:locatedIn

:University
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RDF Schema (RDFS)

RDFS Vocabulary

rdfs:Class

rdf:Property
rdfs:range
rdfs:domain

rdfs:subClassOf
rdfs:subPropertyOf

e RDFS nosBonserT:

o CospgaBaTb Mepapxuio KnaccoB ¢ NoMoubto rdfs:subClassof
:University rdfs:subClassOf :Institution .

rdfs:subClassOf @

-~
ITMO :University ‘Institution

rdf:type

o CospgaBaTb Mepapxuro NnpeamKaToB C MOMOLbIO

rdfs:subPropertyOf
:city rdfs:subPropertyOf :locatedIn .
Q rdfs:range rdfs:domain
:locatedIn

:Place

:University

rdfs:subPropertyOf
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RDF Schema (RDFS)

RDFS Vocabulary e RDFS noseonsieT co3gaBaTb aHHOTaLMKM (He y4acTBYHOT B
NOrNYEecKOM BblBOAE):

rdfs:Class o

rdf:Property
rdfs:range
rdfs:domain o

rdfs:subClassOf
rdfs:subPropertyOf o

rdfs:label
rdfs:comment
rdfs:seeAlso
rdfs:isDefinedBy

rdfs:label - yenoBekouyMTaemMoe UMA pecypca
:ITMO rdfs:label “ITMO University”@en .
:ITMO rdfs:label “YHusepcuter MTMO”@ru .

rdfs:comment - TEeKCTOBbIK KOMMEHTapuUn
:ITMO rdfs:comment “A university in Russia

»

rdfs:seeAlso - cCblJIKa Ha OOBACHSOLWMIA pecypc
:ITMO rdfs:seeAlso :Universities in Russia .
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RDFS Language Model

rdfsi:@llass rdfs:Resource

o

rdfs:Literal rdfs:Datatype rdf:Property < rdf:type
////”///‘ rdfs:comment
rdfs:range
rdf :XMLLiteral rdfs:subClassOf
rdfs:domain

® instance relation

e subclass relation rdfs:subPropertyOf

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



OWL - Web Ontology Language

e OWL - ewle 60nee BbipasuTenbHoe HaaMHoXecTBO RDFS
o OcHoBaH Ha fEeCKPUNUNOHHbIX NIOrnKax

o OWL 1 (2004) SHOIN (D)

o OWL 2 (2009) SROZQ(D)

How to draw an owl

o  Knaccebl, npeaunkaTtbl U 9k3eMnaspbl kKnaccos (Mo4YTn kak B RDFS)

o Tunotesa 06 OTKPbITOM MUpPE - OTCYTCTBUE NHDOPMALMM HE TOBOPUT
0 €€ UCTUHHOCTU UITN NNOXXHOCTN
:Alice :knows :Bob .
He 3HauuT, 4yTO TONBKO AnKnca 3HaeT boba

¢} [MnoTtesa YHUKaJIbHbIX UMEH HE BbIMNOJIHAETCA - pa3J/Itina HY>KHO
YKa3biBaTb OTAEJSIbHO
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Description Logics

e Jloruka nepBoro nopsifKa ajiropuTMMYeckmu nosypaspeLumma

o  CyllecTByeT afiropuTM, COCO6HbIN 3a KOHEYHOE BpeMS NOATBEPAUTb UCTUHHOCTb
HEKOTOPOro BbICKa3blBaHMA B laHHOW TeOpMK, a HaYe MOXET paboTaTb 6ECKOHEYHO J0TO.

e OKCMpecCUBHOCTb 1 - paspeLlnMocTb |

e [lony4yeHune paspeLlMMbIX NOTUK - XOTA 6bl 0(e") - TpebyeT yMeHbLIaTb
3KCMPECCUMBHOCTb

e JleCKpUNUMOHHbIE NOTNKK MO3BOMIAIOT NONYYUTb AOBOJIbHO 3KCMPECCUBHDIE,
HO a/ITOPUTMUYECKM pa3peLLlnMble TEOPUU
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Description Logics

e Jlorvka nepBoro nopsiika anropuTMM4YecKun nosypaspelumma
o  CyuwecTByeT a/iropuTM, CMOCO6HbIV 38 KOHEYHOE BPEMS NOATBEPANUTb UCTUHHOCTD
HEKOTOPOro BbiCKa3blBaHWA B JaHHON TEOPUU, @ MHAYe MOXET paboTaTb 6€CKOHEYHO A0JIrO.

e OKCMpecCUBHOCTb 1 - paspeLlnMocTb |

e [lony4yeHune paspeLlMMbIX NOTUK - XOTA 6bl 0(e") - TpebyeT yMeHbLIaTb
3KCMPECCUMBHOCTb

e JleCKpUNUMOHHbIE NOTNKK MO3BOMIAIOT NONYYUTb AOBOJIbHO 3KCMPECCUBHDIE,
HO a/ITOPUTMUYECKM pa3peLLlnMble TEOPUU
OWL EL, OWL RL, OWL QL & OWL 2 DL & OWL 2 Full & FOL
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OWL 1

e AKCUOMbDI

o TBox: nogknaccbl C & D (H)
o RBox: nepapxua npegmkatoBR L S (H),

WHBEpPCHbIe npegukaTbl R~ (I), TPAH3UTUBHOCTbL nNpeamkatoB L™ (S)
o ABox: ¢akTbl 0 Knaccax C(a), npegmkatax R(a, b),

9KBUBAsIeHTHOCTb (a=b), pasnnuune (a # b)

e (CocTaBHble KJ1acchl

o KoHbOHKUMA C T D, AU3bIOHKUMA C U D, oTpuuaHue -C KJiaccoB
o KBaHTOpbI cywectBoBaHNA I R.C N BCEOOLHOCTU VR.C

o OrpaHun4yeHus Ha KONM4YeCcTBO npegukaTtoB =n R, =n R (N)

o HoMuHanbHble knnacecbl C = {a} (0)

e Tunbl gaHHbIX (D)
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o 0 O O O O O O O O

O O O O

CocTaBHble Kacchbil
MmeHa knaccoB A, B
KOHBrOHKUMA C 1 D,
OnsbroHKuma C U D,
OTpuuyaHue -C Knaccos
KBaHTOpbI cywecTtBoBaHMA I R.C
KBaHTOpbI BCEOOLWHOCTN VR.C
Self 3S.Self
Konunyectso npeankaTtoB =n R.C (Q)
Konunyectso npeaunkaTtoB =2n R.C (Q)
HomMmuHanbHble knacebl C = {a} (0)

MNpeaukaThbl
NmeHa npegukatoB R, S, T
[MpocTble npeaukaTtbl S, T
NHBepcCHble npegukatbl R
YHuBepcasnbHble npeaukaTbl U

O

o

o

o O O O O

o O O O O

AkcuoMmbl o knaccax (TBox)
Mopknaccbl C & D
9KBUBANEHTHOCTb C = D

Akcuombl o npeankatax (RBox)

Wepapxusi npeankatoB R, & R,

Uerm R RO RO LR
TpaHauTuBHoCcTb L* (S)
CYMMETPUYHOCTb

PednekcmsHocTb (R)
NppednekcusHocTb (R)
HecoBMecCTHOCTb

®akTbl (ABOX)

@akTbl 0 KNnaccax C(a),

®akTbl 0 npegukaTax R(a, b),
HeraTuBHble dakTbl 0 Nnpeagukate -R(a, b)
OKBMBaANEHTHOCTb (a=b),

Pasnuune (a # b) 46



OWL 2 Manchester Syntax

Musician = Jwrites.Song ™ Vwrites.Song

Class: Musician
EquivalentTo:
(writes some Song)
and (writes only Song)
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OWL 2 Turtle

Musician = dwrites.Song ™ Vwrites.Song

:Musician rdf:type owl:Class ;
owl:equivalentClass [ owl:intersectionOf (

[ rdf:type owl:Restriction ;
owl:onProperty :writesSongs ; Blank node
owl:someValuesFrom :Song |

[ rdf:type owl:Restriction ;
owl:onProperty :writesSongs ;
owl:allValuesFrom :Song] )

rdf:type owl:Class ] .
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Knaccbl B OWL

e [IpocTble UM CNoXHble (3a4atoTcs akCUOMON)
:University rdf:type owl:Class

:University
e [lBa y)Xe onpedeneHHbIX Klacca
= C U aC o owl:Thing - BCce aK3eMMNAAPbl BCEX KNacCOB
1= C 1 o o owl:Nothing - nycTtoe MHOXeCTBO
e Cno)Hble Knacchbil
Musician = Jwrites.Song M Vwrites.Song
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Idk3emMmnnapbl B OWL

e 3aparorca yepes owl:NamedIndividual

:ITMO University rdf:type :University .
:ITMO University rdf:type owl:NamedIndividual .

rdf:type

ITMO_University :University
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[lpeankatbl B OWL

:University

e (OO6bEKTHbIE: 3HaYEHUE - pecypc

rdfs:domain

:hasStudent rdf:type owl:0ObjectProperty ;
rdfs:range :Student ;
rdfs:range rdfs:domain :University .

:hasStudent

:Student
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[lpeankatbl B OWL

:University

e (OO6bEKTHbIE: 3HaYEHUE - pecypc

rdfs:domain

:hasStudent rdf:type owl:0ObjectProperty ;
rdfs:range :Student ;
rdfs:range rdfs:domain :University .

:hasStudent

:University

:Student
e JlnTepasnbHble: 3HaUeHUe - nnTeparn

rdfs:domain

:foundedIn

:foundedIn rdf:type owl:DatatypeProperty ;
rdfs:range rdfs:range xsd:NonNegativelnteger ;
rdfs:domain :University .

52



O6bekTHble npeamkaTbl B OWL

e TpaH3NTUBHOCTb owl:TransitiveProperty
TransitiveProperty(p),

p(x,y) M p(y,z) F p(x,2)

p
¢ o
U e CMMMETPUYHOCTDb owl:SymmetricProperty
SymmetricProperty(p), p(x,y) = p(y,X)
k\ d
~pP_-
/\‘P '/\

e ACMMMETPUYHOCTDb owl:AsymmetricProperty
AsymmetricProperty(p), p(x,y) ¥ p(y,Xx)

e PednekcnBHOCTb owl :ReflexiveProperty
ReflexiveProperty(p) = p(x,x)
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O6bekTHble npeamkaTbl B OWL

')“ N, e VppednekcnBHOCTb owl:IrreflexiveProperty
e’ IrreflexiveProperty(p) ¥ p(x,x)

e DyHKUMOHANbLHOCTb owl:FunctionalProperty
FunctionalProperty(p),

p(x,y) ™ p(x,z) = y=z [sameAs(y,z)]

I %j i ) =
e MHBepcHasa QYHKUMOHANbHOCTb owl:InverseFunctionalProperty
_ InverseFunctionalProperty(p),
p(x,y) ™ p(z,y) = x=z [sameAs(x,z)]
@

e HecoBMeCTHOCTb owl:propertyDisjointWith
propertyDisjointWith(p,h),

p(x,y) ™ h(x,z) = 1
54



OWL Restrictions & Rules

SuccessfulAuthor e KBanuduuumpoBaHHble OrpaHNYeHus
SuccessfulAuthor L 21 notableWork.Bestseller
o Bestseller :SuccessfulAuthor a owl:Class ;

rdfs:subClassOf [
a owl:Restriction;
owl:onProperty :notableWork;
owl:minQualifiedCardinality 1;
owl:onClass :Bestseller ] .

55



OWL Restrictions & Rules

SuccessfulAuthor o

Bestseller

hasMother

husbandOf PY

KeannguumpoBaHHble orpaHnYeHus

SuccessfulAuthor T 21 notableWork.Bestseller
:SuccessfulAuthor a owl:Class ;
rdfs:subClassOf [
a owl:Restriction;
owl:onProperty :notableWork;
owl:minQualifiedCardinality 1;
owl:onClass :Bestseller ] .

OTHoOLWeHMA Hag npegmkaTamm
hasMother(x,y) [ husbandOf(z,y) = hasFather(x,z)

MpaBuna “ecnu-to” (NpoayKuun)
o CraHpaptbl SWRL, SPIN
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Reasoning - Norm4yecknun BbIBoA HOBbIX (haKTOB

SuccessfulAuthor PY BXO,D,: RDF_rpad)
Bbixoa: RDF-rpad ¢ HoBbIMU Tpunnetamm
o Bestseller o HoBble aTpubyTbl BEPLUMH

o HoBble pebpa Mexy BepLUMHaMu

someAttribute: “True”

Explanation 1 | Display laconic explanation

e Jlornyeckoe 060CHOBaHMe KaxAoMy BbiBeieHHOMY aKTy (4ero
A HE MOXXeT CTaTUCTUYECKO-BEPOSITHOCTHbIN ML)

instanceA Type A
C EquivalentTo predicateA some A
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Reasoning - Norm4yecknun BbIBoA HOBbIX (haKTOB

SuccessfulAuthor

Bestseller

someAttribute: “True”

Explanation 1 | Display laconic explanation

Explanation for: instanceB Type C
instanceB predicateA instanceA
instanceA Type A
C EquivalentTo predicateA some A

Bxoa: RDF-rpag

Bbixoa: RDF-rpad ¢ HoBbIMU Tpunnetamm
o HoBble aTpnbyTbl BEPLUMH
o HoBble pebpa Mexay BepLuMHaMu

Jlornyeckoe 060CHOBaHWNE KaXXAoMy BbiBejleHHOMY dhaKTy (4ero
He MOXeT CTaTUCTMYECKO-BEPOATHOCTHbIN ML)

Bpems paboTbl 66ICTPO pacTeT OT pa3mepa rpada

AKTYyanbHbI pecepu:
06begMHUTb 06bACHUMOCTb CUMBOJIbHbIX BbIYUCNEHWUI U

CKOPOCTb BEPOATHOCTHbIX
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3HAHUW

ABox (Assertion Box) TBox (Terminology Box)

HanonHeHue rpada Cxema AgaHHbIx rpaga

dakTbl rpada 3HaHWUI Mopaenb NnpeaMeTHOMN 0bnacTu

OHTONOrUA:

-> CospfaHue Kak npaBunio 4yepes
CeMaHTUYEeCKYHO UHTerpaumo -  “dopmannsoBaHHas Moaenb
cyliecTByoLnx nctouyHukos (CYB/, HEKOTOPOWN 061acTu 3HAHWUH,
HECTPYKTYPUPOBaHHbIE laHHbIE) C cornacoBaHHasi C aKcrnepTamMu aToun
NOMOLLbIO CXeMbl rpada obnactun”

- UtepatuBHOE (BPY4YHYIO) UK

aBTOMaTU3nNpoBaHHOE CO34aHNe
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OHTOnormmn B Linked Open Data

671 Vocabularies in LOV
KpynHenwine oHTONOINMU:

SNOMED-CT - MmeguuymHa

FIBO - pumHaHcCbI

DBpedia Ontology - ns Bukunegum
YAGO - ns Bukunegumn

Wikidata Ontology ~ n3 Bukuneguu

MeTa-oHTOMOrUN:

e Dublin Core Terms (dcterms)

e SKOS

e DCAT

e RDF DataCube
Society Industry API Quality People Environment
Geometry General & Upper Government Events Multimedia 6 0
Academy B W3C Rec https://lov.linkeddata.es/dataset/lov



https://lov.linkeddata.es/dataset/lov
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Open World Assumption

3afaeTca BCce BO3MOXHOE 3HaHue
KapTMHa Mmpa Bce, 4TO He 3afaHo (KaK UCTUHA) - TOXb
Bce, uTo He 3afaHo (KakK UCTKHA) - Hy>XeH NCTOYHMK UCTUHBI, Hanpumep

BO3MO)XHO, UCTUHA o KonoHka B b/l
OHTONOrMM MOryT 6bITb HEMOJIHbIMK by o [lone o6bekTa
design ansa pacwmpeHus o Cnot BO ppenme

MN3HavyanbHO HenonHas

Person Age

Alice 28

Person Bob N/A




B cnepyrowien cepum

XpaHeHue 3HaHu# B rpadax - SPARQL & Graph Databases
OpaHopoaHOCTb 3HaHuUK - Reification & RDF* & SHACL & ShEx
NHTerpaums aaHHbIX B rpadbl 3HaHUM - Semantic Data Integration
BekTopHble npeacTtaBneHus rpados - Knowledge Graph Embeddings
BeeneHune B Teoputo rpagdos. - Graph Theory Intro

MawmnHHOe o06yyeHune Ha rpagax - Graph Neural Networks & KGs
HekoTopble npuMeHeHus - Question Answering & Query Embedding

O 0 N o~ W
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