[padbl 3HAHUIA

Jlekums 3 - XpaHeHne 3HaHuK B rpadax n obpaboTka 3anpocos

M. lankun, 1. MypomueB .



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

BekTopHble npeacTtaBneHus rpados - Knowledge Graph Embeddings
MawmnHHOe o06yyeHune Ha rpagax - Graph Neural Networks & KGs
HekoTopble npuMeHeHus - Question Answering & Query Embedding
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Copep)kaHue

Cneuunduka rpadoB 3HaHMI B acnekTe xpaHeHust aaHHbix (RDF / LPG) (5 MuH)

e CrtanpapT SPARQL (40 MuH)

o ba3oBbI CUHTaKCUC

o [lpocTble 3anpochbl

o  Arperauusi u punbTpbl

o SPARQL 1.1
e Tunbl XxpaHunuuy Ans rpadoB 3HaHW (MHAeKcbl, NpeacTaBneHne) (30 MuH)

o SQL-based CYB[, TpaHcnsauma SPARQL -> SQL

o  RDF stores (+HDT)

o  Graph databases (neo4j, graphdb), TpaHcnsuma SPARQL -> Cypher

o KpaTkoe uHtpo Cypher
e Apache Tinkerpop (Gremlin), GraphQL (5 MuH)



[padoBblie CYB/: RDF vs LPG

RDF LPG (Labeled Property Graph)

knows
since: 2010 Bob

since: 201 Moscow

population: 12M population: 12M

A3bik 3anpocoB.: Cypher, Gremlin, GraphQL
ATpuOyTbl NPeaMKaTOB HE OrPaHMYEHbI
Cxema rpada - He ceMaHTU4yeckas

He cnoco6bHbl K IOrM4yeckomMy BblBOAY
PasHble BuAbl rpagos: (He)
HanpaB/eHHble, B3BELLEHHbIE,
runeprpadbl

e f3bik 3anpocos: SPARQL

e ATpUOBYTbI NPeaAnKaToB OrpaHUYEHbI
RDFS/OWL

e (Cxema rpada - ceMmaHTM4yeckas

e Bo3MoXeH nornyeckui BbiBoa B
npouecce BbINOMHEHUA 3anpoca



SPARQL

SPARQL - SPARQL Protocol and RDF Query Language

[NoapasymeBaeT rpadoByto MOAENb OpraHnu3aLmm
A3bIK 3anNpocoB K ceTeBOM NPOTOKO B3anmogenctemna CYB/],

2008 - CtaHpapt W3C | ‘"”%
2013 - SPARQL 1.1 Lty

CuHTakcuc ocHoBaH Ha Turtle

[Nogaep>XuBaeT IOrM4yeckuin BbiBOA

[lo3BonsAeT KOHCTPYUpoBaTh rpadbl BO BpeMs 3anpoca

[Nlo3BonsieT NnpoM3BOANTbL heaepaTUBHbIE 3anpochl

‘ O'REILLY" Bob DuCharme



SPARQL - Basic Graph Pattern

?name ?friend ?city e [lepeMeHHble 0O6BABAAKTCA C MOMOLLBIO ? Un $



SPARQL - Basic Graph Pattern

?name ?friend ?city e [lepeMeHHble 0O6BABAAKTCA C MOMOLLBIO ? Un $

knows

?name e Llla6bnoH noarpada (graph pattern) - RDF Tpunner,
coAep)xallmn nepeMeHHyro Ha MecTe s, p, O
. ?pred - o ?name :knows :Bob

o :Alice ?predicate :Bob
o :Alice :knows ?name
o ?s ?p ?0 -Haubonee obLIMI

knows
>



SPARQL - Basic Graph Pattern

sname ?friend ?city e [lepeMeHHble 06BABASAIOTCA C NMOMOLWbIO ? UK $

knows
?name e Llla6bnoH noarpada (graph pattern) - RDF Tpunner,

coaep Kallnii NepeMeHHyto Ha MecTe s, p, O

p) . .
Alice el o ?name :knows :Bob
o :Alice ?predicate :Bob
o :Alice :knows ?name
knows

?s ?p 20 - Haubonee 06U
knows

e ba3oBbil WabnoH rpada (Basic Graph Pattern, BGP) -
KOHBIOHKLUMSA graph patterns:
I { :Alice :knows ?x .

«livesin X :livesIn ?city . }
?city



SPARQL Graph Pattern Matching

rdf:type
:ITMO — :RI

‘locatedIn (dtype

rdfs:subClassOf

:Uni

:ITMO_University
:ITMO University
:ITMO_University
:University

rdf:type
rdf:type
:locatedIn
rdfs:subClassOf

:University .
:Research_Institution .
:Saint_Petersburg .
:Educational_Institution .



SPARQL Graph Pattern Matching

rdf:type

:ITMO

‘locatedIn (dtype

rdfs:subClassOf

:ITMO University :locatedIn :Saint_Petersburg .
:University rdfs:subClassOf :Educational Institution .

SELECT ?type WHERE {
:ITMO_University rdf:type ?type .

?type

:University

:Research_Institution

10



SPARQL Graph Pattern Matching

rdf:type
:ITMO
:ITMO University :locatedIn :Saint_Petersburg .
:University rdfs:subClassOf :Educational Institution .
rdfs:subClassOf -
SELECT ?type WHERE {
:ITMO_University rdf:type ?type .
}
>type :Educational_Institution Kak cynepknacc :University
e TOXXe MOAXOANT, HO TPEBYEeTCH PUSOHUHT ANs1 MaTepuanuaaumm
:University
:Research_Institution ?

:ITMO University rdf:type :Educational Institution ‘o



SPARQL Query Structure

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .

MpedumKcbl

Tun 3anpoca
SELECT ?type ?city
BosBpallaemble

nepeMeHHble FROM <named_graph>
NcToYHUK WHEsE { e -
s rdf: e r e .
(rpac) 7P 7P
?s :locatedIn city .

?city :population num .
BGP

MoaudukaTopbl ORDER BY <> LIMIT <num> OFFSET <num>
12



SPARQL Query Structure - INpeduKcobl

MpedumKcbl

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
PREFIX dbo: <http://dbpedia.org/ontology/> .

e McnonbayroTca AnsA ynyylleHUa YNTaeMoCTH
Bo Bpemsi 06paboTKK 3anpoca npedurKc nepenncbiBaeTcs B NMoJIHbIN

URI
e Kak npaBuno, ucnonbaytorca #-URIs unu /-URIs

?’X rdf:type ?type
?X <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> ?type

?s dbo:city ?city
?s <http://dbpedia.org/ontology/city> ?city

13



SPARQL Query Structure - Tunbi 3anpocoB - SELECT

Mpedukchb SELECT - Bo3BpallaeT TabniuLy Co 3HaYeHMAMM nepemeHHbIx (projections)
5
Tun 3anpoca SELECT B8 WHERE { :Alice :knows :Bob . £s
° ?s :knows 7o . :Alice :knows :Ann . :Alice
} :Alice

BosBpallaemble
nepemMeHHble

SELECT DISTINCT - BO3BpallaeT YHMUKaJ/lbHbl€ 3Ha4YeHUA

SELECT DISTINCT ?s WHERE {

?s :knows ?o . !
} :Alice

14



SPARQL Query Structure - Tunbl 3anpocoB - ASK

Mpedukchb ASK - Bosspallaet True/False ecnu aaHHbI BGP cyuectsyet B rpade
ASK WHERE { :Alice :knows :Bob .
Tun sanpoca ?s :knows :Bob . ™ :alice :knows :Ann . True
}
BosBpallaemble
NnepemMeHHble
ASK WHERE {
:Alice :knows :John . False
}
ASK WHERE {
?s ?p 0 . True

15



SPARQL Query Structure - Tunbl 3anpocoB - CONSTRUCT

MpeduKcsbl CONSTRUCT - Bo3BpalLaeT rpad co 3Ha4YeHUsIMn NnepeMeHHbIx n3 BGP

CONSTRUCT {
Tun 3anpoca

?x :livesInCountry ?country . Alice
} WHERE {
BosBpallaemble ?X :livesInCity ?city . livesInCity
nepemMeHHble ?city :country country .
}

McxoaHbin rpag: country

:Alice :livesInCity :Saint_Petersburg .
:Saint_Petersburg :country :Russia . Russia



SPARQL Query Structure - Tunbl 3anpocoB - CONSTRUCT

MpeduKcebl

Tun 3anpoca

BosBpallaemble
nepemMeHHble

CONSTRUCT - Bo3BpawjaeT rpag co 3Ha4eHnsAMU nepemMeHHbIx s BGP

CONSTRUCT {

?x :livesInCountry ?country . Alice

} WHERE {
?X :livesInCity ?city . ‘livesInCity
?city :country ?country . ‘livesinCountry

Y

McxoaHbin rpag: country

:Alice :livesInCity :Saint_Petersburg .
:Saint_Petersburg :country :Russia . Russia

:Alice :livesInCountry :Russia .



SPARQL Query Structure - Tunbl 3anpocos - DESCRIBE

MpeduKcsbl DESCRIBE - BO3BpalllaeT onucaHue pecypca.
Peanunsayusa 3aBUCUT OT KOHKpeTHon CYB/], Yawe Bcero - naTTepH ?p 2o

Tun 3anpoca
DESCRIBE :Alice

BosBpalliaemble :Alice :knows :Bob .

nepeMeHHble DESCRIBE ?x WHERE { :Alice :knows :Ann .
?X :knows :Bob .



SPARQL Query Structure - Tunbl 3anpocos - SPARQL 1.1

Mpedukcb CrtaHpapt SPARQL 1.1 onpefenseTt HoBble TUMbl 3aMpOCOB:
e INSERT - BcTaBKa Tpunneta B rpad.

e DELETE -ypaneHue Tpunneta unv natrepHa us rpada.
Tun 3anpoca

BosBpallaemble INSERT DATA
nepemMeHHble { <http://example/bookl> dc:title "War and Peace" }

DELETE DATA
{ <http://example/bookl> dc:title "War and Peace" }

DELETE { ?person foaf:givenName 'Bill' }
INSERT { ?person foaf:givenName 'William"' }
WHERE { ?person foaf:givenName 'Bill’' }



SPARQL Query Structure - FROM

MpedumKcbl

Tun 3anpoca

BosBpallaemble
nepemMeHHble

NCcToOYHUK

(rpad)

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .

SELECT ?type ?city
FROM <graphURI>

e FROM ykasblBaeT Ha MMeHOBaHHbI rpad, K KoTopomy 6yayT
OTNPaB/ATbLCA 3aNpOoChl

e Ecnu He ykasbiBaTb FROM - BbINOSIHEHWE NO BCEM MMEHOBAHHbIM
rpacdam B CYB/]

20



SPARQL Query Structure - BGP

MpedumKcbl

Tun 3anpoca

BosBpallaemble
nepemMeHHble

NCcToOYHUK

(rpad)

BGP

Basic Graph Pattern (BGP) - KOHbIOHKUMS graph patterns,
06beAMHEeHHble MUHUMYM OfHOM 06LLel NnepeMeHHoIn (No KoTopoWn 6yaeT
npoussoantbest JOIN).

SELECT ?s ?num

WHERE {
?s rdf:type type .
&S :locatedIn city .

?city :population num .

21



SPARQL Query Structure - Solution Modifiers

MpedumKcbl

Tun 3anpoca

BosBpallaemble
nepemMeHHble

NCcToOYHUK

(rpad)

BGP

MopgudukaTopbl

MoandukaTopbl pe3ybTaToB M3MEHSAIOT BbIBOA 3anpoca:

ORDER BY ASC/DESC - COpTMpPOBKa pe3ynbTaToB No BO3pacTaHMUIo
NN yobIBaHNIO

SELECT ?x WHERE { :Alice :knows ?x . } ORDER BY ASC(?x)
LIMIT - orpaHM4YMBaET YNCO0 BbIBOAMMbIX pe3yNnbTaToB
SELECT * WHERE { ?s ?p ?0 . } LIMIT 10

OFFSET - caBuraeT BHYTPEHHUI CYETUYMK YnCa pe3ynbTaToB, 4acTo
ncnonbsyetca BMmecTe ¢ LIMIT ansa ctpaHnyHom 06paboTku

SELECT * WHERE { ?s ?p ?0 . } OFFSET 20 LIMIT 10

22



SPARQL Query Structure - Example

Mpedukebi ABTOpbI N Ha3BaHMA UX 3aMeTHbIX NPOU3BeLEHUN, OTCOPTUPOBAHHbIE NO
BO3pacTaHuto rno astopam, ¢ 10 no 110 3Ha4eHunsA

Tun 3anpoca PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
BosBpallaemble PREFIX dbo: <http://dbpedia.org/ontology/>

nepemMeHHble
SELECT DISTINCT ?author ?title

FROM <http://dbpedia.org>

NcTouHKnK
(rpac) WHEREP{ . .
?author rdf:type dbo:Writer ;
rdfs:label ?author_name ;
BGP dbo:notableWork swork .
work rdfs:label title .

MoaudukaTopsi } ORDER BY ASC(?author) LIMIT 100 OFFSET 10
23


http://dbpedia.org

SPARQL Query Structure - Blank Nodes

Blank Nodes

HenmmeHoBaHHbIe cywHocTh (blank nodes) MoryT HaxoauUTbCs B LWabfioHe
noarpada TonNbkKo Ha No3uuUnK cybbekTa UM o6bekTa, MpU 3TOM UX
Henb3a MaTepuanusoBaTtb Kak pesynbtat SELECT-3anpoca.

PREFIX dbo: <http://dbpedia.org/ontology/>
PREFIX dbp: <http://dbpedia.org/property/>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

SELECT ?name ?date
FROM <http://dbpedia.org>
WHERE {
_:X rdf:type dbo:Writer ;
dbp:award [ dbp:awardName ?name ;
dbp:awardDate ?date ]}

24


http://dbpedia.org/ontology/
http://dbpedia.org/property/
http://dbpedia.org

SPARQL FILTER

e [IpuBAsaHbl K
graph pattern

e OnepaTtopbl n
dYHKLUMM

e String, numerical,
regexp CpaBHeEHUS

e [pex3HayHas
noruka
OLEeHMBaHuA
True/False/Error

Ons dunbTpaumm graph pattern ncnonbsyetcsa kntoyesoe cnoBo FILTER

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT DISTINCT ?author ?title
FROM <http://dbpedia.org>

WHERE {
?author rdf:type dbo:Writer ;
rdfs:label ?author_name ;
dbo:notableWork ?work .
?work rdfs:label ?title FILTER (lang(?title)="en”);

dbo:numberOfPages ?numPages FILTER (?numPages > 500) .
} ORDER BY ASC(?author) LIMIT 100 OFFSET 10

25



SPARQL FILTER |

FILTER (?a = 5 & ?b < 0)
FILTER (( ?a * 2) < 100 )

FILTER (?numPages < 100 )

FILTER ( isLiteral(?a) )

Norunyeckue: ! (oTpuuanue), && (U), | | (WJTN) ana normyeckux TMnNos
MaTtemaTtudeckue: +, -, *, /, NS YUCNOBbIX TUMOB
CpaBHuUTENbHbIE: >, <, >=, <=, =, |=

YHapHble yHKumMn: isURI(), isLiteral(), isBlank(), bound()

26



SPARQL FILTER I

FILTER (?a = 5 & ?b < 0)

FILTER (( ?a * 2) < 100 )

FILTER (?numPages < 100 )

FILTER ( isLiteral(?a) )

FILTER (lang(?title)="en”)

FILTER (regex(?name,”Joe”))

FILTER (bif:contains(?a,”str”))

FILTER (NOT EXISTS
{?s :knows :Bob} )

Norunyeckue: ! (otTpuuaHue), && (M), | | (MNIN) ana normyeckunx TunoB
MaTtemaTtudeckue: +, -, *, /, NS YUCNOBbIX TUMOB
CpaBHuUTENbHbIE: >, <, >=, <=, =, |=

YHapHble yHKumMn: isURI(), isLiteral(), isBlank(), bound()
str(), lang(), datatype(), sameTerm(), langMatches()
PerynsapHble BblpaxeHua regex(string, pattern [, flag])

BcTpoeHHble cneunduyHbie gna CYB ¢dyHKUMKM, Hanpumep,
bif:contains() ona nposepku nogCcTpoku B Virtuoso

Pa6oTa c oTpuuaHuamMu: NOT EXISTS {pattern}, MINUS {pattern}
27



SPARQL FILTER Il - Example

KomM6uHauusa pazHoobpasHbiX GuUabTpoB

:John :age 32 .

:John foaf:name "John"@en .

:Tim :age 20.

:Tim foaf:name "Tim"~~xsd:string .

SELECT DISTINCT ?friend WHERE {
?friend foaf:name ?name
FILTER (regex(?name, “im”) || ?age > 25)

28



SPARQL OPTIONAL

32

foaf:m
box

john@
example.com

%
3
'OQ

‘6‘\".\-‘\‘)6

20

:John :age 32 .
:John foaf:mbox

“john@example.com”
:John rdf:type foaf:Person

:Tim rdf:type foaf:Person
:Tim :age 20.

Yy ABYX 3K3eMnndapoB 04HOrro Kjiiacca MOXeT ObITb pa3HbIX Ha6op

npeaukaToB (Mcxoaswwmx pebep)

SELECT ?s WHERE {
?s rdf:type foaf:Person.
?s foaf:mbox ?mbox. }

:John

29
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SPARQL OPTIONAL I

Y nByX 9K3eMMNSIPOB OAHOMO Kiacca MOXET 6bITb pa3HbIX Habop
npeaukaToB (Mcxoaswwmx pebep)

e SELECT ?s WHERE { -
?s rdf:type foaf:Person.

?s foaf:mbox ?mbox. } :John

32

foaf:m %
box "%
o

john@
example.com

‘6‘\".\-‘\‘&

20
® OPTIONAL no3BondeT caenaTtb HeKOTOprVI LabnoH ornunMoHaJibHbIM.
e [lo cBoen paboTe OPTIONAL rnoxoxXx Ha LEFT OUTER JOIN B SQL.
:John :age 32 .
:John foaf:mbox
“john@example.com” 5
:John rdf:type foaf:Person SELECT ?s WHERE { ’S

?s rdf:type foaf:Person.

:Tim rdf:type foaf:Person
OPTIONAL {?s foaf:mbox ?mbox.}}

:Tim :age 20.

:John

:Tim

30
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SPARQL UNION

e UNION - norndeckoe WUJ1N B 3anpocax

{BGP} e [losBonseT 06beANHATb HeCKOosbKo BGP

e Graph patterns MoryT pasnuyaTbcs
UNION

PREFIX dbo: <http://dbpedia.org/ontology/>
PREFIX dbp: <http://dbpedia.org/resource/>

{BGP}

SELECT ?influencer ?influenced WHERE {
{dbr:Stephen_King dbo:influenced ?influenced}
UNION

{dbr:Stephen_King dbo:influencedBy ?influencer}
}

31



SPARQL 1.1 - Aggregations

:John

:Tim

:age
—_—>

32

-age

20

SPARQL 1.1 -¢c 2013 roaa, HoOBble BO3MOXHOCTU ANS:
e Arperauuu pesynbtaTtoB
o min(), max(), avg(), sum(), count(), sample(),
group_concat() - arperupytowmne yHKLNK

SELECT AVG(?age) as ?av_age WHERE {
?person rdf:type :Person ;
:age ’age .

o Hanpumep, nogcuet Bcex TpunneTos B rpade

SELECT COUNT(*) as ?num
WHERE { ?s ?p ?0 . }

32



SPARQL 1.1 - Aggregations

:notable
:John Lileu1
[ ]
:notable
rdf:type Work
Wri
rdf:type @
:notable
ork
:Tim :notable
Work
:notable
Work

SPARQL 1.1 -¢c 2013 roaa, HoOBble BO3MOXHOCTU ANS:

Arperauuu pesynbtaTtoB

O

GROUP BY - ans rpynnupoBKK pesysnbTaToB
SELECT ?author COUNT(?work) as ?num WHERE {
?author rdf:type dbo:Writer ;
dbo:notableWork ?work
} GROUP BY ?author ORDER BY DESC(?num)

HAVING - orpaHu4eHue Ha graph pattern n arperauyus
SELECT ?author COUNT(?work) as ?num WHERE {
?author rdf:type dbo:Writer ;
dbo:notableWork ?work
} GROUP BY ?author
HAVING COUNT(?work) = 3
ORDER BY DESC(?num) 33



SPARQL 1.1 - Property Paths - Alternate

rdfs:label

:John ————

ﬂ'Joe),

l rdf:type
Per

T rdf:type

foaf:name

:Tim ——————

fl’TimJ}

Property Path - Bo3Mo)kHas nocnepoBaTelbHOCTb MK KOMBUHaL WS
npeankaToB Mexay AIByMS BepLUMHaMMU.

o SPARQL - nepemMeHHble B path He paspeluatoTcs

o LPG/ Cypher - nepeMeHHble paspeluaroTcs

o Alternate path -npegukaTtl |npegunkaT2
SELECT ?name WHERE {
?person rdfs:label|foaf:name ?name . }

Sequence - path gnuHown >1
Inverse path
o Negated path

34



SPARQL 1.7 - Property Paths - Sequence

:Moscow
. MO e Property Path - BO3MO)XHasi nocneaoBaTesibHOCTb UM KOMBUHaUNA
npeanKaToB Mexay ABYMS BepLUMHaAMM.
. :ViSit\q?ity -country o SPARQL - nepeMeHHble B path He pa3pellatoTcs
visitedCity o LPG / Cypher - nepemeHHble paspeLuatoTcs
o Alternate path -npegwukaTtl |npeaukar2
‘Russia
@m_@ o Sequence -path gnMHon >1
m +:>7npegukara
:Berlin :Germany m *:=0npeaunkara

m /. cTporas nocnegoBaTesibHOCTb

SELECT ?country WHERE {
?s :visitedCity/:country ?country . }

SELECT ?name WHERE {
?s :knows*/:name ?name . } 35



SPARQL 1.1 - Property Paths - Inverse

[ Property Path - Bo3MOXxHas nocnenoBaTtesibHOCTb UJTN KOM6VIH8LI,I/IFI

X y4
. npeavkKaToB MexXay ABYMS BepLUMHaMMU.
:knowx / o SPARQL - nepeMeHHble B path He pa3pellatoTcs

<knows o LPG/ Cypher - nepeMeHHble paspeLuatoTcs
Knows y3 o Alternate path -npegukaTtl | npegukat2
/ :k”°W¥ o Sequence - path gnunHon >1
yl y2

o Inverse path - MHBepcCHbIle NyTU
:Berlin

SELECT ?y WHERE {
?x foaf:knows/"foaf:knows ?y
FILTER (?x != ?y) }

36



SPARQL 1.7 - Property Paths - Negated

:Moscow
:visitedCity
?’s ™
:visit&;{?ity :coulntry
:visitedCity
‘Russia
A\
:country
—_—
:Berlin :Germany

Property Path - Bo3MoXHasi nocnegoBaTeslbHOCTb UM KOMGUHALUS
NpeavKaToB MeXAy ABYMS BEPLUMHAMM.

O

o O O O

SPARQL - nepeMeHHble B path He pa3peluatoTcs
LPG / Cypher - nepeMeHHble pa3peluaroTcs
Alternate path -npeaukatl | npegukat2
Sequence - path anuHon >1

Inverse path - HBepCHble NyTH

Negated path - ykasaHue Ha OTCYTCTBUE KOHKPETHOIro nyTu

SELECT ?country WHERE {
?s I(:visitedCity/:country) ?country . }

37



SPARQL 1.1 - Federated Querying

e ®depnepatueHble 3anpocsl (federated queries) - N03BONAOT B paMKax

QUERY OLHOro 3anpoca onpalwmsBaTb gpyrMe XpaHuiumLLa,
nogpepxusarowme SPARQL ¢ nomMoLbto K/IKO4EBOro c/ioBa
SERVICE

[ SPARQL }

SELECT ?film ?label ?subject WHERE {
SERVICE <http://data.linkedmdb.org/sparql> {
’movie rdf:type movie:film .
’movie rdfs:label ?label .
’movie owl:sameAs ?dbpedialink
FILTER (regex(str(?dbpedialLink), “dbpedia®))

}
SERVICE <http://dbpedia.org/sparql> {

?dbpedialink dct:subject ?subject .



Advanced SPARQL - Algebra

SELECT ?s WHERE { SELECT ?s WHERE {

?s dbo:director dbr:Stephen Spielberg } ?s ?p o FILTER (?p=dbo:director &&
?o=dbr:Stephen_Spielberg) }

8y



Advanced SPARQL - Algebra

SELECT ?s WHERE { SELECT ?s WHERE {
?s dbo:director dbr:Stephen_Spielberg } ?s ?p ?o FILTER (?p=dbo:director &&
?o=dbr:Stephen_Spielberg) }

(base <http://example/base/> (base <http://example/base/)
(bgp (triple ?s dbo:director (filter (&& (= ?p dbo:director) (= ?o
dbr:Stephen_Spielberg ))) dbr:Stephen_Spielberg))

(bgp (triple ?s ?p ?0))))))

FAST SLOW

40



Advanced SPARQL - Reasoning

1THO rdf:type - :ITMO University rdf:type :University .
~_idftype :ITMO University rdf:type :Research_Institution .
locatedin . :ITMO University :locatedIn :Saint_Petersburg .
o N Ui :University rdfs:subClassOf :Educational_Institution .
N (:ITMO_University rdf:type :Educational Institution .)
* rdfs:subClassOf
e CraHpgapTHbIn SPARQL He noaaep>XnBaeT PU3OHUHT - BCE TPUMIETDI
AOJKHbI 6bITb MaTepManmM3oBaHbl
SELECT ?t WHERE { e HekoTopbie CYB/l no3BoNsOT NPOU3BOANTD PUSOHUHT (JlIOrMYecKu
:ITMO_University a ?t } BbIBOAST HOBblE TPUMNJIETbI B NaMATH)
o  RDFS (subClassOf, range, domain)
o OWL2RL/AQL
o SWRL
o owl:sameAs
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Jlrogn, koTopble
yMeroT nucartb
SPARQL-3anpochbi



HOW TO STORE RDF

https://commons.wikimedia.org/wiki/File:A view of the server room at The National Archives.jpg



https://commons.wikimedia.org/wiki/File:A_view_of_the_server_room_at_The_National_Archives.jpg

RDF & Graph Databases

[Faye et al. A survey of RDF storage approaches, 2012]

RDF Storage Techniques
e [padbl HYXXHO rae-To XpaHUTb

e Native (NoSQL) vs Non-native (SQL)

Non-native Native
e RDFCYB[ vs LPG CYB/[ /\ /\
DBMS-Based XML/HTML/Web APls In-memory  Disk Based
Schema-carefree Schema-Aware Standalone  Embedded
Triple Table Property Table Vertical Partitioning

Figure 2. A classification of RDF data storage approaches 44



RDF Databases - RDBMS

:ITMO

rdf:type

————— RI

locatedIn dtype

:Uni

rdfs:subClassOf

Tpunnetbl xpaHATCcA B pensunoHHon CYB/, B Tabnuue s-p-o

[MpenmywiecTtBa:
o MoxxHo ncnonb3oBaTb Bce goctmkeHnss RDBMS 3a 40 net

HepocTtaTtku:
o Heobxoanmo TpaHcnupoBaTb SPARQL B SQL 1 o6paTHO
o CnoxHas rpadoBas aHanuTuKa
o 3¢ deKTMBHOCTb 3aBUCUT OT CNOCOb6a MHAEKCUPOBAHUS

OpraHusauus B Buge:

o Triple Table
o Property Table

45



RDF Databases - RDBMS - Triple Table

rdf:type °®
:ITMO ——— <RI

dfit
locatedIn m °
°

rdfs:subClassOf

SELECT ?city WHERE {
?s rdf:type :University ;
:locatedIn ?city. }

SELECT t2.0 AS city
FROM triples AS t1, triples AS t2

WHERE tl.p = “type’ AND
tl.0 = "University  AND
t2.p = "locatedIn’ AND
tl.s = t2.s

OpHa Tabnuua Ansa Bcex TpUNIeToB

OTHOCUTENbHO NMpoCTO peanin3oBaTtb

Bonblioe Konnyecteo self-joins npu 06paboTke 3anpocos

Oracle, 3store, Redland, RDFStore, rdfDB

S P o
:ITMO_University |rdf:type :University
:ITMO_University |rdf:type :Research_Institution
:ITMO_University | :locatedIn :Saint_Petersburg

:University

rdfs:subClassOf

:Educational Institution
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RDF Databases - RDBMS - ID-based Triple Table

e Euwe opgHa Tabnumua ansa xpaHeHus ID Bcex CcyLHOCTEN K

nTepanos
Entity ID

OTHOCUTENbHO NPOCTO peannu3oBaTb
-ITMO_Unlversity 1 9KOHOMMUSA NAaMATU U YBENMYEeHNe Npou3BoanTENIbHOCTH
rdf:type 2

: ) e bBonbwoe konnyecTeo self-joins npu 06paboTke 3anpocos

:University 3
:Research_Institution 4 S 1] o
-locatedIn 5 :ITMO_University |rdf:type :University
:Saint_Petersburg 6 :ITMO_University |rdf:type :Research_Institution
rdfs:subClassOf 7 :ITMO_University | :locatedIn :Saint_Petersburg
-Educational Institution 8 :University rdfs:subClassOf | :Educational_Institution
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RDF Databases - RDBMS - ID-based Triple Table

Ewe ogHa Tabnuua ana xpaHeHus ID Bcex cywHOCTeEN U
nuTepanos

OTHOCUTENIbHO NPOCTO peann3oBaTb
9KOHOMMSA NaMATU U YBeNTMYEHUe NPOU3BOAUTENIbHOCTU

BonbLioe konnyecTBo self-joins npu 06paboTke 3anpocos

Entity ID

:ITMO_University 1
rdf:type 2
:University 3
:Research_Institution 4
:locatedIn 5
:Saint_Petersburg 6
rdfs:subClassOf 7
:Educational_Institution 8

s p o
1 2 3
1 2 4
1 5 6
3 7 8
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RDF Databases - RDBMS - Property Table

Entity ID e KOM6UHMpPOBaHME NPeANKaTOB M MOXOXKMNX CYy6bEKTOB B OfHOM
:ITMO_University ID1 Tabnuue
e MeHbL If-join
rdf:type ID2 € € sefl-joins
e Ecnu rpad naeanbHo CTPYKTYpPUPOBaH - pensiMOHHana Tabnuua
:University ID3 e Muoro NULL
:Research_Institution 1D4 e HeTpuBuanbHasa Knactepusaums
e CnoxHas nogaep)XKa npeanKaTtos C HECKOIbKUMM 3HaYEHUSIMU
:locatedIn ID5
:Saint_Petersburg ID6 ID type :locatedIn rdfs:subClassOf
rdfs:subClassOf ID7 ID1 1D3 1D6 NULL
:Educational Institution ID8 D1 1D4 ID6 NULL
RDF4J ID type :locatedin rdfs:subClassOf
Jena SDB D3 NULL NULL ID8
RDFSuite
Astore ID4 NULL NULL NULL 1o




RDF Databases - Native

In-memory  Disk Based

i

Standalone Embedded

Jena TDB
AllegroGraph
GraphDB
Stardog
RDF3X
Virtuoso

HaTuBHble RDF xpaHunuiia paboTatoT HanpsMyo ¢ rpadoBbiM
npeacTaB/ieHUEM AaHHbIX
In-memory - faHHble LeIMKOM pacnosioXeHbl B onepaTUBHOM
namsaTn
o BbicoKasi CKOpPOCTb paboTbl
o HapexHocTtb
Disk-based - xpaHAT AaHHble Ha XXeCTKUX AUCKax
o Standalone - He 3aBUCAT OT KOHKPETHOIO NPUTOXKEHUS U
MOTYT 6bITb UCNOSIb30BaHbl CTOPOHHUMM CEpPBMUCaAMM
o Embedded - nporpaMmMHO NpuBsizaHbl K KOHKPETHOMY
NPUJTOXKEHUIO U HE MOTY ObITb UCNOJIb30BaHbI 4151 APYrUX
cepBuCOB
B+ Tree - based
LSM Tree - based
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RDF Databases - Native - B+ Trees - RDF-3X

= Six separate indexes
— (SPO, SOP, OSP, OPS, PSO, POS)
— Stored in the leaf pages of the clustered B+ tree

Triple Index

? = -
SPO SopP PSO 2var - <P> - <O>

<S> -var? - <O>

<S> - <P> -var?
POS OSP OPS

?var - <P> - var?

SPO
SOP
PSO

POS
OSP
OPS

[Neumann et al. RDF-3X: a RISC-style engine for RDF, 2008] o1



RDF Databases - Native - B+ Trees - RDF-3X

SPARQL

?X- <Capital> - <Kuala Lumpur>

<Malaysia> - ?X- <Kuala Lumpur>

[Neumann et al. RDF-3X: a RISC-style engine for RDF, 2008] 52



RDF Databases - Native - B+ Trees - RDF-3X

= Store collation order
— Neighboring indexes are very similar
— Stores the change between triples

0 1 2
0 1 3
0 1 5

‘ Compression using LZ77

(22)=0
0 1 (3-2)=1
(5-3)=2

[Neumann et al. RDF-3X: a RISC-style engine for RDF, 2008] o3



RDF Databases - Native - B+ Trees - RDF-3X

= Compression
— Stores only the change (8) between triples

(" )

B+ Tree Index
‘ Malaysia
L . 1
‘ Capital ‘ Population
r i 1 |
. KL ‘ KL ‘ Eﬁ'gur 7.1M
_J

\_
4 )

<Malaysia, Capital, K-L> Compressed B+ Tree Index
<Malaysia, Capital, KL> . 651
<Malaysia, Capital, Kuala Lumpur>

i @ @
<651, 954, 260>

r + 1 1
<651, 954, 270> D ‘ 0 ' 10 . 5 ‘ 710008
<651, 954, 275> \_ )

[Neumann et al. RDF-3X: a RISC-style engine for RDF, 2008]
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RDF Databases - Native - B+ Trees - RDF-3X

= Leaf level Compression
— Directly read triple (less decompression cost)
— Easy update
— Better concurrency control and recovery

<Previous Approach> <RISC Style Approach>

/ Chunk Level Compressed B+ Tree Index \ / Leaf Level Compressed B+ Tree Index \
651 ‘ 651

21989 21989

954
<‘ ‘ i .> 710008 Q U @ ‘710008

[Neumann et al. RDF-3X: a RISC-style engine for RDF, 2008]
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RDF Databases - Native - B+ Trees - RDF-3X

= For many SPARQL patterns
— Indexing partial triples rather than full triples would be sufficient
— SELECT ?a ?b WHERE {?a ?b ?c}

= Two-value indexes

— Two of three columns of a triple

SELECT ?a ?c
— (valuel, value2, count) WHERE {?a 7b ?c.)

— (SP, PS, SO, 0S, PO, OP)

Aggregated Indexes

Value 1 Value 2

Aggregated Indexes

= One-value indexes

. Malaysia Capital Kuala Lumpur o
= Malaysia Kuala Lumpur 4
One of three columns of a triple o5 partOf U y P
. (Va|ue’ count) Malaysia Religion Islamic — bl 2
Malaysia Islam 5

[Neumann et al. RDF-3X: a RISC-style engine for RDF, 2008] o6



RDF Databases - Native - LSM Trees

Index Block Data Block B+ MeaneHHo o6pabaTbiBatOT 3anNncK U yaaneHus
[:)keymﬁseﬂ »( ey valuel Log-structured merge (LSM) trees onTumMnsnpoBaHbl nop

3anucu 1 yganeHus

e B LSM npoctble Data Blocks moryT 6b1Tb B+ fiepeBbsimu
Data Blocks - oTcopTupoBaHHble CUCKM
Peannsaunu: RocksDB, Hbase, Stardog

| key2:offset2 : }[ J
| key3:offset3 : b[ key3]
| key4:offsetd : T [ J

value3

[ )
[ value2 ]
[ )
[ )

valued

Memory Disk

) . Flush ) =
() ( J[reeees > | L ) J[| Lo J [ | L J( )
L2 J( ) e )( J [ [ Gl IER )
L J( ) L (. )| Cer ) )| | Qe J( )
(G ) Leere ) J | | Cere ) IEEBI J

Writes 1 | Reads

* i ‘Reads

https://medium.com/databasss/on-disk-io-part-3-Ism-trees-8b2da218496f
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RDF Databases - Native - LSM Trees - Compaction

e ( i
| [ | I |

(NN | A | § Y e Y | | A |

https://medium.com/databasss/on-disk-io-part-3-Ism-trees-8b2da218496f
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RDF Databases - Native - LSM Trees - Summing Up

Alex: (phone: 111-222-333, ts: 100)

John: (phone: 333-777-444, ts: 200)

Sid: (phone: 777-555-444, ts: 100)

Alex: (phone: 555-777-888, ts: 200)

—,

Alex: (phone: 555-777-888, ts: 200)

Nancy: (phone: 777-333-222, ts: 200)

Sid: (phone: 777-555-444, ts: 100)

Nancy: (phone: 777-333-222, ts: 200)

https://medium.com/databasss/on-disk-io-part-3-Ism-trees-8b2da218496f

John: (DELETE, ts: 200) /
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RDF Databases - HDT

HDT - ognH n3 cambix adpekTnBHbIX hopmaToB no cxxaTtuto RDF rpados

Header - MeTagaHHbIe O rpade

Dictionary - cnoBapb, HazHavarLWKIn yHUKanbHble nageHtTudukartopbl BceM RDF terms
Triples - cxxaToe npeacTaBneHune rpada

Logical and physical metadata
describingthe RDF data set. It
serves as an entrance pointto the
information.

‘/ Mapping between elementsin the
dataset anduniquelDs,thus
A[ contributing to compactness.

I iol Structure of the data after the 1D
"p as replacement, in a compressed form.

http://www.rdfhdt.org/hdt-internals/
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RDF Databases - HDT - Header

MeTagaHHblI€:
e lcxogHbin pasmep
e KonuyectBo TpUnaeToB

e KONMYecTBO YHUKANbHbIX
npeaukKaToB

e WVHdbopmauus 06 aBTope
n nyé6nukaumm

e CcCbINIKM Ha 06BbEKTbI
dictionary wn triples

61
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RDF Databases - HDT - Dictionary

2 <../pagel>
3 <../page4d>
____5 __________
3 <../examplel>
0O 4 “Labell”"@en
5 “Label2"@en
6 “Label3"@en
"1 </reference>
2 <../#label>
3 <../#broader>
4

<../#subject>

http://www.rdfhdt.org/hdt-internals/

ttp: A w3 .0rgf2000/01/rdf-sch emadlabel

h
“Labell" @en

broperty/reference
“Label2" @en

hitp:fAawnw w3 orgf2000/0 1/rdf-sch emadtl abel

“Label3” @en

Jlekcukorpaguyeckas copTMpoBKa 6e3 Ay6/MKaToB
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RDF Databases - HDT - Triples

63
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RDF Databases - HDT - Triples - Adjacency Lists

Array 2 3 1 2 4 3

Bitmap 1 0 1 0 0 1

64
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RDF Databases - HDT - Triples Model

http://www.rdfhdt.org/hdt-internals/

Array P
Bitmap P

Array O
Bitmap O
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RDF Databases - HDT - Search by Subject

(2,2,7)

(S 5 5 Array P 2 3 1 2 4 3
rer- Bitmap P 1 0 1 0 0 1
(S,P?) P
7
(S,P,0)
Bitmap O 1 1 1 1 0 1 1 66

http://www.rdfhdt.org/hdt-internals/
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RDF Databases - HDT - Search by Predicate

(2,2,7)

Array P 2 3 1 2 4 3
(?,R?) .
Bitmap P 1 0 1 0 0 1
Bitmap O 1 1 1 1 0 1 1 67

http://www.rdfhdt.org/hdt-internals/
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RDF Databases - HDT - Wavelet Tree

rank(1,7) =2

---_—r
1 2 3 4 S} 6 7 8 10

select(6,3) =9

Compact sequence of integers {0, o}

O access(position) = value at “position”, O(log 0)
Q rank(entry, position) = Number of appearances of “entry” up to “position”, O(log 0)
Qd select(entry, i) =Position where “entry” appears for i-th time, O(log 0)

68
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RDF Databases - HDT - Search by Predicate

(2,2,7)

Wavelet P 2 3 1 2 4 3
(?,R?) .
Bitmap P 1 0 1 0 0 1
Bitmap O 1 1 1 1 0 1 1 69

http://www.rdfhdt.org/hdt-internals/
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RDF Databases - HDT - Search by Object

?,2)

(?,2,0)
(2, P, 0)

opmdexGGG@OGO

\
I

70
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RDF Databases - HDT - Compression

Compression Ratio (Percent against NTriples)
0,00 2,00 4,00 6,00 8,00 10,00 12,00
! 1,43 |
1,81

LinkedMDB 220

ﬂ o34 W HDT+LZMA

W HDT+gz
DBLP B NT+lzma
6,68 O NT+gz

8 | ®HDT

Geonames
8,33

_q

DBPedia 3.7 6.67
11,25
|
2,06
2,63
Freebase 6,65
6,24
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RDF Databases - HDT - Indexing

RDF-3x HDT-FoQ
LinkedMDB 1 min 51 sec 1.91 sec
DBLP 23 min 7 sec 16.7 sec
Geonames 44 min 51 sec 44.9 sec
DBPedia 3.7 2 hour 11 min 2 min 9 sec
Freebase 7 hour 5 min 4 min 46 sec
Table 1. Client-side indexing Time.
LZMA+RDF3x HDT+LZMA
LinkedMDB 4.1 min 9.21 sec
DBLP 27 min 2.02 min
Geonames 49.2 min 3.04 min
DBPedia 3.7 3 hour 9 min 17.3 min
Freebase 8 hour 43 min 23.4 min

Table 2. Total time to start querying a dataset.

72



RDF Databases - HDT - DB Size

Dataset

LinkedMDB

DBLP

Geonames

DBPedia 3.7

Freebase

Triples

6.1M
73M
112M
296M

639M

Virtuoso

518

3982

9216

Index Size(Mb)

RDF3x

337

3252

6678

19416

34038

HDT

49

695

1028

5600

5420

HDT-FoQ
68
850
1435
6626

7713

Table 3. Total index size.




RDF Databases - HDT - Compression

LinkedMDB Geonames
16 16 -
15 15
14 14 RDF-3x
13 13 ®Virtuoso
12 12
11 11
g 10 10
g 9 9
g8 8 1
e T
£ 6 6 +—
5 1 571
4 4 —
3 4 3
& 2
| S i i A 11
0 —— + 0 » ' - ' »

sP? S?0 sn PO w? 70 sP? S?0 sn PO »P? 770

Figure 8: Time HDT is faster solving simple triple patterns, compared to state-of-the-art solutions. Higher means HDT is better.
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RDF Databases - HDT + Linked Data Fragments

SPO, SP?, §??, S?0

Original HDT

?2P?

Wavelet Tree

?PO, ?70

O-P Index

OT HDT pgo HDT-FoQ (nonHas noaaepxka SPARQL)
A TpeobpasoBatb Array P B Wavelet tree

A CreHepupoBatb O-P Index

Linked Data Fragments nogaep»usaet opraHmsaumnto SPARQL
3anpocoB K HDT - patacetam

e BbiBOAUT OTBETbI KYMYNIATUBHO MO Mepe Ux 06paboTKu

e [lepeknagblBaeT YacTb BblYUCUTESIbHOMN Harpy3Kun Ha
SPARQL - knuneHT

Linked Data Fragments

http://linkeddatafragments.orqg/

e [lognepxmnBaet peaepaTMBHOCTb - ONPOC HeCKONbKUX HDT-

MCTOYHUNKOB
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RDF Databases - HDT + Linked Data Fragments

Linked Data Fragments nogaep»usaet opraHmsaumnto SPARQL
3anpocoB K HDT - patacetam

e BbiBOAUT OTBETbI KYMYNSAITUBHO MO Mepe Ux 06paboTKM
e [lepeknagblBaeT YacTb BbIYUCUTENBHOW HArpy3kun Ha
SPARQL - knuneHT

Linked Data Fragments

e [lognepxunBaeT peaepaTMBHOCTb - ONPOC HeCKONbKUX HDT-

http://linkeddatafragments.org/ NCTOYHUKOB

The axis of Linked Data Fragments types

The Linked Data Fragments vision allows us to visualize different HTTP interfaces for Linked Data together.

high client cost high server cost
high availability low availability
high bandwidth low bandwidth

I I I
data dump subject page Triple Pattern Fragment SPARQL query result
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[padoBblie CYB/: RDF vs LPG

RDF LPG (Labeled Property Graph)

knows
since: 2010 Bob

since: 201 Moscow

population: 12M population: 12M

A3bik 3anpocoB.: Cypher, Gremlin
ATpuOyTbl NPeaMKaTOB HE OrPaHMYEHbI
Cxema rpada - He ceMaHTU4yeckas

He cnoco6bHbl K IOrM4yeckomMy BblBOAY
PasHble BuAbl rpagos: (He)
HanpaB/eHHble, B3BELLEHHbIE,
runeprpadbl

e f3bik 3anpocos: SPARQL

e ATpUOBYTbI NPeaAnKaToB OrpaHUYEHbI
RDFS/OWL

e (Cxema rpada - ceMmaHTM4yeckas

e Bo3MoXeH nornyeckui BbiBoa B
npouecce BbINOMHEHUA 3anpoca
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Labeled Property Graph (LPG) Databases

Relationships can have

properties (name/value pairs)

— Relationships are directional

:HAS CEO —
start_date: 2008-01-20 :LOCATED IN i
i il o

Relationships connect nodes
and represent actions (verbs)

name: Amy Peters e
date of birth: 1984-03-01 Nodes represent
employee ID: 1 objects (nouns)

| ——
Nodes can have

properties (name/value pairs)

https://neo4dj.com/blog/rdf-triple-store-vs-labeled-property-graph-difference/ 78



https://neo4j.com/blog/rdf-triple-store-vs-labeled-property-graph-difference/

[padoBblie CYB/: RDF vs LPG

RDF LPG (Labeled Property Graph)

bought bou
Mary Orange price: 5

bought
price: 10

bought
price: 15

e HeT NOHATUS YHMKaNbHbIX NPeaMKaToB,
paspeLleHHble aTpubyTbl 3 RDFS, OWL e  VHVKanbHble NpeaunKaTbl C

CO6CTBEHHbIMU aTPUBYyTaMM
e EcTb MMeHOBaHHbIe rpadbl

e HeT noHATMA MeHOBaHHbIX rpadoB
e [loaaepykka OrnMYeckoro BbiBoAa

e HeT nornyeckoro BbiBoAa
° Reification
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LPG - Cypher

e CrtaHpapTHbIn A3bIK 3anpocoB CYB/l Neo4j

e [loutn Bce KOHCTPYKTbI Cypher MmoryT 6bITb NpeacTaBneHbl B SPARQL

Cypher

SPARQL

MATCH (s:Person)
WHERE s.name = “John”
RETURN s;

SELECT ?s WHERE {
?s a :Person;
:name “John” }

MATCH (s:Person)-[:knows]-(friend)
WHERE s.name = “John”
RETURN s, friend ;

SELECT ?s ?friend WHERE {
?s a :Person;

:name “John” ;

:knows ?friend }

» knows
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LPG - Cypher

e CrtaHpapTHbIn A3bIK 3anpocoB CYB/l Neo4j
e [loutn Bce KOHCTPYKTbI Cypher MmoryT 6bITb NpeacTaBneHbl B SPARQL

Cypher SPARQL* (Reification)

MATCH (s:Person)-[:knows {since:2001}] -> (js) |SELECT ?s WHERE {
RETURN s; <<?s :knows :js>> :since 2001 }

knows knows

since
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Gremlin

A
= OrientDB LA
y
TITAN
S/ Gremlin
bla@égraph G=WE)
Graph Graph
Databases Processors
public class GremlinTinkerPopExample {
o Pa3pa60TaH B paMKax npoekTa Apache public void run(String name, String property) {
Tinkerpop

. Graph graph = GraphFactory.open(...);
f13blk 06xofa rpacdoB, NOHbIN MO TbOPUHTY GraphTraversalSource g = graph.traversal();

e YpoBeHb abCTpaKuun Mexay rpaoBbiMm
double avg = g.V().has("name",name).

CYB/, v aHanutnyecknmmn nnatpopmamm
o [lognepxunBaetca B Neo4dj, Amazon Neptune,
Stardog, GraphDB, Spark, Apache Giraph

http://tinkerpop.apache.org/gremlin.html

out("knows").out("created").
values(property).mean().next();

System.out.println("Average rating: + avg);
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{ e PaspaboTtaH B Facebook 6onblue kak 3ameHa REST API
e BblpasutenbHocTb No3BonseT TpaHcnmpoaTtb GraphQL B Cypher
} (Neo4j) nnu SPARQL (Stardog / GraphDB)

{ “data”: [

{
“name”: “tarkin”
)
J
{
“name”: “luke”
}s
{
“name”: “vader”
}s
{
“name”: “leia”
}s
_________________________________________________________________________________________________________________ {
(— subclassor ) (— appearstn | “name”: “han”
[ - homePlanet ] }

83
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https://www.stardog.com/docs/#_graphql_queries

B cnepyrowien cepum

OpHopopgHoCTb 3HaHuM - Reification & RDF* & SHACL & ShEx
NHTerpaums aaHHbIX B rpadbl 3HaHUM - Semantic Data Integration
BeefneHune B Teoputo rpagdos. - Graph Theory Intro

BekTopHble npeacTtaBneHus rpados - Knowledge Graph Embeddings
MawmnHHOe o06yyeHune Ha rpagax - Graph Neural Networks & KGs
HekoTopble npuMeHeHus - Question Answering & Query Embedding
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