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e (Cnocobbl UHTErpauum AaHHbIX B rpadbl
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o Global-as-View
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Semantic Data Integration

Integration System

IS = <0, S, M>
O - MHOXXeCTBO KOHLENTOB B 00OLLIEe cxeme

S - MHOXXeCTBO UCTOYHMKOB AlaHHbIX

M - MHOXXeCTBO OTO6paXXeHui (ManmnuHroB)
- Global-as-View
I I - Local-as-View

a a a - Global-and-Local-as-View

|
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Semantic Data Integration

am tunis
Financial Rating
(C.R) (C.R)
grossGDP avgTemp euClimate ngmilgr |
C,R C,R Inancia
(C.R) (C,R) (C,R) (€1, C2)
grossGDP  rdf:type rdf:Property .
avgTemp rdf:type rdf:Property . ) )
rating rdf:type rdf:Property . amF1vanc1al rdf:type rdf:Property .
grossGDP  rdfs:subPropertyOf rating . euClimate rdf:type rdf:Property .
tunisRating rdf:type rdf:Property .

avgTemp rdfs:subPropertyOf rating .
euroCity rdf:type rdfs:Class .
amCity rdf:type rdfs:Class .
afCity rdf:type rdfs:Class .

similarFinancial rdf:type rdf:Property .

Mo6anbHas oHTONOINA JlokanbHasi cxeMa UCTOYHUKA 13



Semantic Data Integration - Global-as-View

Global-as-View: onpegeneHue cywHocTten g LEENI7 oHTonornm O B

TepMnMHaXxX NOKaJibHbIX NCTOYHUKOB S

amCity(C) - amFinancial(C,R)

grossGDP(C,R) - amFinancial(C,R) grossGDP avgTemp
euroCity(C) - euClimate(C,R) Sl SA
avgTemp(C,R) - euClimate(C,R)

grossGDP(“Tunis”,R) :- tunisRating(“financial”, R) am
avgTemp(“Tunis”, R) :- tunisRating(“climate”, R) e
afCity(“Tunis”)

amCity(C1) - similarFinancial(C1,C2) w%ﬁﬂe
amCity(C2) - similarFinancial(C1,C2)

grossGDP(C1,R) - similarFinancial(C1,C2), amFinancial(C2, R)

similar
Financial
(C1,C2)



Semantic Data Integration - Global-as-View - Queries

Global-as-View: onpeaenenue cywHocTen [giLlENIE )7 oHToNnornm O B
TEPMUHAX NOKasbHbIX NCTOYHMKOB S

query(C) :- grossGDP(C,R), amCity(C)

query _1(C) :- amFinancial(C,R), similarFinancial(C,C2)
query 2(C) :- similarFinancial(C,C2), amFinancial(C2,R), similarFinancial(C1,C2)

ANropuTMmUYEcKas CNoXHOCTb nepenucbiBaHma GaV: rossore )t )
euroCity(C) :- euClimate(C,R)
. avgTemp(C,R) :- euClimate(C,R)
PY EXPTIME - 6e3 OrpaqueHMM Ha MannuHM grossGDP(“Tunis”,R) :- tunisRating(“financial”, R)
avgTemp(“Tunis”, R) :- tunisRating(“climate”, R)
® P-c orpaHnM4eHMAMU Ha neperimcbiBaHUA amCity(C1) i~ similarfinancial(C1,C2)

amCity(C2) :- similarFinancial(C1,C2)

grossGDP(C1,R):- similarFinancial(C1,C2),
amFinancial(C2, R)
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Semantic Data Integration - Global-as-View - Queries

Global-as-View: onpeaenenue cywHocTen [giLlENIE )7 oHToNnornm O B
TEPMUHAX NOKasbHbIX NCTOYHMKOB S

e [lofIMHOMKWANbHasA CNOXXHOCTb NMepenunucbiBaHUS e Ecnmcxema UCTOYHMKOB 4acTo
3alrnpocoB MNMpu HEKOTOPbIX OorpaHN4YeHnAx MeHSIeTcs, a rnobanbHasa cxemMa HeT

° VlCI'IOJ'IbSyI-OT, Korga rnobanbHas cxema
MEHSIETCS, @ CXeMa UCTOYHUKOB CTabubHas
16



Semantic Data Integration - Local-as-View

Local-as-View: onpegeneHune cyuHOCTEN NOKaNbHbIX NCTOYHUKOB S B
TepMuHax [N )7 oHToNnornm O

am tunis
Financial Rating
(C,R) (C,R)
grossGDP avgTemp euClimate F§imi|§r |
(C,R) (C,R) (C,R) (g$n8|26;
amFinancial(C,R) :- amCity(C), grossGDP(C,R)
euClimate(C,R) :- euCity(C), avgTemp(C,R)

tunisRating(“financial”,R) :- afCity(“Tunis”), grossGDP(“Tunis”, R)
tunisRating(“climate”,R) afCity(“Tunis”), avgTemp(“Tunis”,R)
similarFinancial(C1,C2) amCity(C1),amCity(C2),grossGDP(C1,R),grossGDP(C2,R)
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Semantic Data Integration - Local-as-View

Local-as-View: onpegeneHune cyuHOCTEN NOKaNbHbIX NCTOYHUKOB S B
TepMuHax [N )7 oHToNnornm O

quer‘y(C) .- gPOSSGDP(C, R) B amCity(C) amFinancial(C,R) :- amCity(C), grossGDP(C,R)
euClimate(C,R) :- euCity(C), avgTemp(C,R)
tunisRating(“financial”,R) :- afCity(“Tunis”), grossGDP(“Tunis”, R)
. . tunisRating(“climate”,R) :- afCity(“Tunis”), avgTemp(“Tunis”,R)
query_1(C) :- amFinancial(C,R) similarFinancial(CL,C2)

amCity(C1),amCity(C2),grossGDP(C1,R),grossGDP(C2,R)

query 2(C) :- similarFinancial(C,C2)

AnroputMunyeckas CnoXXHoCTb nepenucbiBaHusa LaV:

e NP-hard ecnu HyxHo pewaTtb Query Containment
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Semantic Data Integration - Local-as-View - Queries

Local-as-View: onpegeneHune cyuHOCTEN NOKaNbHbIX NCTOYHUKOB S B
TepMuHax [N )7 oHToNnornm O

° V|CI'IOJ'Ib3yI-OT, Korga rnobanbHasn cxema e EcnunrnobanbHasa cxema 4yacTo
NMOCTOAHHA, a cXeMa NUCTOYHUKOB N3MEHAETCA N3MEHAETCA
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Semantic Data Integration - Global-and-Local-as-View

Global-and-Local-as-View: onpeneneHne KoM6uHaLuMn TepMUHOB (Lol LN 0)7]
oHTOoMormn O yepes KOMOMHaLNIO TEPMUHOB UCTOYHUKOB S '

amCity(C1), amCity(C2), grossGDP(C1,R), grossGDP(C2,R) :-
amFinancial(C1,R), similarFinancial(C1,C2)

V|CI'IOJ1b3yeTCF|, Korga ManmnuHrm UCTOYHUKOB S OTHOCUTEJIbHO MPOCTDbI

20



Semantic Data Integration
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e (Cnocobbl MHTErpaumun aaHHbIX B rpagdbl
e Semantic Data Integration
o Global-as-View
o Local-as-View
e ®dusnyeckana uHterpauyust ETL
o R2ML
o RML
e BupTyanbHasa nHterpaums
o ApxutekTypa Mediator-Wrapper
o ®depepaTnBHbIE 3anpochbl
o SPARQL 2 SQL
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Physical Integration (Materialization)

Transformation rules

o. > %ﬁ
Q R2RML, RML, etc

e BblgeneHne AaHHbIX e ®dusnyeckoe e 3arpyska B eguHoe
ANsA TpaHchopmMaLuun npeo6pasoBaHue B XpaHWnuLLe
RDF ¢ nomolibto (Data Warehouse)
e [loarotoBKa u ManmnuHros

OYUCTKa pJartaceToB
e PekomeHnpauun W3C

RDB2RDF
23
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Physical Integration (Materialization) - R2ZRML

R2RML - pekomeHgaumsa W3C ansa co3gaHnsa oTobpaXkeHun pensumnoHHblx 6a3 B RDF

rr: http://www.w3.org/ns/r2rml#

TriplesMap

I LogicalTable I

PredicateObjectMap

| GraphMap }—+| SubjectMap | | | PredicateMap |

Generated Triples
Generated Output Dataset

https://www.w3.0rg/2001/sw/rdb2rdf/r2rml/

| RefObjectMap [——— |

Logical Table - ucxogHas 6asa
nnn view Kak pesynbrat SQL
3arnpoca

Triples Map - Ha6op npasun
AN Nnpeobpas3oBaHus CTPOK
Tabnuy B TPUNNETDI

Subject Map - cnoco6 3agaHus
URI reHepnpyemMom CyLHOCTH

Predicate-Object Map - cnoco6
reHepauuu npegukaTta u
obbekTa
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Physical Integration (Materialization) - R2ZRML

EMPNO ENAME JOB DEPTNO DEPTNO DNAME LOC
INTEGER PRIMARY VARCHAR (100 VARCHAR (20 INTEGER REFERENCES DEPT INTEGER PRIMARY VARCHAR (30) VARCHAR (100)
KEY ) ) (DEPTNO) KEY

7369 SMITH CLERK 10 10 APPSERVER NEW YORK

25



Physical Integration (Materialization) - R2ZRML

EMPNO ENAME JOB DEPTNO

INTEGER PRIMARY VARCHAR (100 VARCHAR(20 = INTEGER REFERENCES DEPT
KEY ) ) (DEPTNO)

7369 SMITH CLERK 10

@prefix rr: <http://www.w3.org/ns/r2rml#>.
@prefix ex: <http://example.com/ns#>.

<#TriplesMapl>
rr:logicalTable [ rr:tableName "EMP" ];
rr:subjectMap [

rr:template "http://data.example.com/employee/{EMPNO}";
rr:class ex:Employee;
15
rr:predicateObjectMap [
rr:predicate ex:name;
rr:objectMap [ rr:column "ENAME" ];

DEPTNO

INTEGER PRIMARY
KEY

10

DNAME
VARCHAR (30)

APPSERVER

LoC

VARCHAR (100)

NEW YORK

26



Physical Integration (Materialization) - R2ZRML

EMPNO ENAME JOB DEPTNO

INTEGER PRIMARY VARCHAR (100 VARCHAR(20 = INTEGER REFERENCES DEPT
KEY ) ) (DEPTNO)

7369 SMITH CLERK 10

@prefix rr: <http://www.w3.org/ns/r2rml#>.
@prefix ex: <http://example.com/ns#>.

<#TriplesMapl>

rr:logicalTable [ rr:tableName "EMP" ];

rr:subjectMap [
rr:template "http://data.example.com/employee/{EMPNO}";
rr:class ex:Employee;

1

rr:predicateObjectMap [
rr:predicate ex:name;
rr:objectMap [ rr:column "ENAME" ];

<http://data.example.com/employee/7369> rdf:type ex:Employee. i
<http://data.example.com/employee/7369> ex:name "SMITH". i

DEPTNO

INTEGER PRIMARY
KEY

10

DNAME
VARCHAR (30)

APPSERVER

LoC

VARCHAR (100)

NEW YORK

27



Physical Integration (Materialization) - R2ZRML

EMPNO

INTEGER PRIMARY
KEY

7369

ENAME
VARCHAR (100
)

SMITH

JOB
VARCHAR (20
)

CLERK

DEPTNO

INTEGER REFERENCES DEPT
(DEPTNO)

10

DEPTNO DNAME LOC
INTEGER PRIMARY VARCHAR (30) VARCHAR (100)
KEY

10 APPSERVER NEW YORK

<#DeptTableView> rr:sqlQuery """

SELECT DEPTNO, DNAME, LOC,
(SELECT COUNT(*) FROM EMP

WHERE EMP.DEPTNO=DEPT.DEPTNO) AS

STAFF FROM DEPT;

28



Physical Integration (Materialization) - R2ZRML

EMPNO ENAME JOB DEPTNO DEPTNO DNAME LOC
INTEGER PRIMARY VARCHAR (100  VARCHAR(20 | INTEGER REFERENCES DEPT INTEGER PRIMARY VARCHAR (30) VARCHAR (100)
KEY ) ) (DEPTNO) KEY
7369 SMITH CLERK 10 10 APPSERVER NEW YORK
<#TriplesMap2> <#DeptTableView> rr:sqlQuery """
rr:logicalTable <#DeptTableView>; SELECT DEPTNO, DNAME, LOC,
rr:subjectMap [ (SELECT COUNT(*) FROM EMP

rr:template "http://data.example.com/department/{DEPTNO}"; WHERE EMP.DEPTNO=DEPT.DEPTNO) AS
rr:class ex:Department; y :

I STAFF FROM DEPT;

rr:predicateObjectMap [ e
rr:predicate ex:name;
rr:objectMap [ rr:column "DNAME" ];

<http://data.example.com/department/10> rdf:type ex:Department.
<http://data.example.com/department/10> ex:name "APPSERVER".
<http://data.example.com/department/10> ex:location "NEW YORK".
<http://data.example.com/department/10> ex:staff 1.

15

rr:predicateObjectMap [ :
rr:predicate ex:location;

rr:objectMap [ rr:column "LOC" ];

1;
rr:predicateObjectMap [ .
rr:predicate ex:staff;
rr:objectMap [ rr:column "STAFF" ];

29



Physical Integration (Materialization) - R2ZRML

EMPNO ENAME JOB DEPTNO DEPTNO DNAME LOC
INTEGER PRIMARY VARCHAR (100 VARCHAR (20 INTEGER REFERENCES DEPT INTEGER PRIMARY VARCHAR (30) VARCHAR (100)
KEY ) ) (DEPTNO) KEY

7369 SMITH CLERK 10 10 APPSERVER NEW YORK
<#TriplesMapl>

rr:predicateObjectMap [
rr:predicate ex:department;
rr:objectMap [
rr:parentTriplesMap <#TriplesMap2>;
rr:joinCondition [
rr:child "DEPTNO";
rr:parent "DEPTNO";
15
1;
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Physical Integration (Materialization) - R2ZRML

EMPNO ENAME JOB DEPTNO DEPTNO DNAME LoC
INTEGER PRIMARY VARCHAR (100 VARCHAR (20 INTEGER REFERENCES DEPT INTEGER PRIMARY VARCHAR (30) VARCHAR (100)
KEY ) ) (DEPTNO) KEY

7369 SMITH CLERK 10 10 APPSERVER NEW YORK
<#TriplesMapl>

rr:logicalTable [ rr:sqlQuery """
SELECT EMP.*, (CASE JOB
WHEN 'CLERK' THEN ‘general-office'’
WHEN 'NIGHTGUARD' THEN 'security'
WHEN 'ENGINEER' THEN 'engineering'
END) ROLE FROM EMP """ 1];
rr:subjectMap [
rr:template "http://data.example.com/employee/{EMPNO}";
1
rr:predicateObjectMap [
rr:predicate ex:role;

rr:objectMap [ rr:template "http://data.example.com/roles/{ROLE}" ];

31



Physical Integration (Materialization) - RML

RML (RDF Mapping Language) - HaamMHoxecTBo R2RML, nogaepxxueatouiee CSV, JSON, XML
rr: http://www.w3.org/ns/r2rml#

RML copepxuT:

e [Ipoueccop npaBun
e GUI
e Banupartop

defines DB

Csv XML JSON

RML mapping rules RML processor

http://rml.io/index.html RDFE

32
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Physical Integration (Materialization) - RML

RML (RDF Mapping Language) - HaamMHoxecTBo R2RML, nogaepxxueatouiee CSV, JSON, XML
rr: http://www.w3.org/ns/r2rml#

Logical Source Tenepb cOCTOUT
N3 Tpex 4yacTeu:

Logical Source Iterator

Source - ccbiJika Ha UCTOYHUK

Reference constant
Formulation

Iterator - utepatop no

v

Triples Map Subject Map

reference NCTOYHUKY
Predicate ‘
M .
Predicate-Object H template Reference Formulation -
M \
- N Object Map dopMaT UCTOYHMKA

X Triples

Referencing i

Object Map Gin

Condition

33
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Physical Integration (Materialization) - R2ZRML vs RML

R2RML RML
Logical Table [rr:1ogicalTable Logical Source | rml:logicalSource
(relational database) (CSV, XML, JSON,HTML, ...)
Table Name | rr:tableName URI (pointing to the source) [ rm1:source
column|rr:column reference | rml:reference
(SQL) | rr:SQLQuery Reference Formulation | rml:referenceFormulation
per row iteration defined iterator | rml:iterator

34



Physical Integration (Materialization) - RML

id, stop, latitude, longitude
6523, 25, 50.901389, 4.484444
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Physical Integration (Materialization) - RML

<#Mappingl>
id, stop, latitude, longitude rml:logicalSource [
6523, 25, 50.901389, 4.484444 rml:source "http://www.example.com/airports.csv"” ;
rml:referenceFormulation ql:CSV
15

rr:subjectMap [
rr:template "http://airport.example.com/{id}";
rr:class transit:Stop
15
i<http://airport.example.com/6523> i rr:predicateObjectMap [
i rdf:type transit:Stop ; | rr:predicate transit:route;
i transit:route 25 ; ! rr:objectMap [
| :1lat 50.901389 ; § rml:reference "stop";
E :long 4.484444 . : rr:datatype xsd:int ]
15
rr:predicateObjectMap [
rr:predicate :lat;
rr:objectMap [ rml:reference "latitude" ]

15 1. 2



Physical Integration (Materialization) - RML

{
"venue":
{
"latitude": "51.0500000",
"longitude": "3.7166700"
¥
"location":
{
"continent": " EU",
"country": "BE",
"city": "Brussels"
}
}

37



Physical Integration (Materialization) - RML

<#VenueMapping>

rml:logicalSource [
rml:source "http://www.example.com/files/Venue.json";
rml:referenceFormulation ql:JSONPath;
rml:iterator "$"

15

rr:subjectMap [
rr:template

"http://loc.example.com/city/{$.location.city}";
rr:class schema:City
1
rr:predicateObjectMap [
rr:predicate wgs84 pos:lat;
rr:objectMap [
rml:reference "$.venue.latitude"

]
15 1.

{
"venue":
{
"latitude": "51.0500000",
"longitude": "3.7166700"
¥
"location":
{
"continent": " EU",
"country": "BE",
"city": "Brussels"
}
}

38



Physical Integration (Materialization) - RML
<#VenueMapping> _

rml:logicalSource [ {

rml:source "http://www.example.com/files/Venue.json"; "venue":

rml:referenceFormulation ql:JSONPath; {

rml:iterator "$" "latitude": "51.0500000",
15 "longitude": "3.7166700"
rr:subjectMap [ },

rr:template "location":

"http://loc.example.com/city/{$.location.city}"; {

rr:class schema:City "continent": " EU",
15 "country": "BE",
rr:predicateObjectMap [ "city": "Brussels"

rr:predicate wgs84 pos:lat; }

rr:objectMap [ }

rml:reference "$.venue.latitude"

];]], <http://loc.example.com/city/Brussels> rdf:type schema:City ;

wgs84 pos:lat "50.901389" ;
wgs84 pos:long "4.484444"

gn:countryCode "BE". 39

_____________________________________________________________________________



Physical Integration (Materialization) - Tools - Karma

Karma - nnatdopma gns nHterpaummn gaHubix na CSV, XML, JSON, RDB, HTML. Ectb GUI !

https://github.com/usc-isi-i2/Web-Karma

birthDeath ~ creditLine v dimensions ~

" name_
i

Jabel label
e A

sitters v

| sitter »

Frishmuth, 1880-1980 Gift of the H: 61 in.
Harriet Friends of
Whitney American Art

Joy of the
Waters

http://www.ima
waters-frishmut
harriet-whitney

Henry
Lancom Abott

BuayanbHas paspaboTka
MannuHroB

CobCTBEHHble hyHKLMU
npeobpasoBaHus
AaHHbIX Ha Python

Mo>keT cobupaTb
JaHHble ¢ HTML

RML-coBMeCTUMbIN
dopmaTt MannuHros
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Physical Integration (Materialization) - OpenRefine

OpenRefine - UHCTPYMEHT ANs oumLeHUs, TpaHchopMaLMM U 060raLleHNs TabNINYHbIX AaHHbIX.

'OPEN
Reﬁ new dups csv  Permalink
| Facet / Filter ' Undo / Redo 0

5000 records
e LOD Refine - paclunpenmne

Refresh | Reset All | Remove All ‘ Show as: rows records Show: 5 10 25 50 records
* City change (v Al v City ¥ Property ID | ¥ value v size p'nﬂ 3KCI'IOpTa B RDF
e bckas St ama it 1. Nelson Mandela Bay 9315 285032.54904554586  1.0001765946811945
2. Ekurhuleni 7546 744636.2252805027  1.0000385841139363
;::::yoj:oice — 3. Tshwane 4447 993132.4607927072  1.0000616228199126
4. Cape Town 7174 707006.1818748101  1.0001098744934072
5. Ekurhuleni 1862 931555.8733753279  1.0000623827874149
6. eThekwini 7255 308262.77349514066  1.0000589414220307
7. Manguang 5716 416583.8690035777  1.0001874125377317
8. Ekurhuleni 4464 97047.55142486499  1.000880263330981
9. Manguang 9691 326418.033482887  1.000139418211963
10.  Ekurhuleni 1062 276804.1803020492  1.0002632556584619
1. Tshwane 8495 686130.1950057426  1.0001047503245464
12 Nelson Mandela Bay 3020 681660.018777077  1.0000770240302421
= 13, Ekurhuleni 3851 261423.7935685022  1.0001542876718479
* City change 14. Nelson Mandela Bay 6749 969502.7358824114  1.0000823788087374
ot comi InameTcount 15. Manguang 9120 508610.05339258816  1.0001924801125508
e 16, eThekwini 3511 926439.7098113969  1.0000561478145276
Faisat i choiea coufts 17. Tshwane 4636 577570.4919823891  1.0001503578201196
18. Tshwane 8843 264644.9428429294  1.000327946108683 .
19.  Ekurhuleni 8442 705686.4603837691  1.0000787529042607 http://openrefine.org/
20. Johannesburg 9369 805632.3304666772  1.0000046971055092 https://github.com/sparkica/LODRefine
21. Johannesburg 4563 148092.17375155658  1.000336954092032
22. Nelson Mandela Bay 9813 483369.78910822206 1.0000523653397777 41


http://openrefine.org/
https://github.com/sparkica/LODRefine

Physical Integration (Materialization) - LinkedPipes

LinkedPipes - MHCTpyMeHT ansa pa3paboTku 1 BbinonHeHus ETL cueHapues (nannnaiHoB).
e GUI gns pa3paboTku nannnanHoB
e [OTOBble KOMMOHEHTbI A1 CTaHAAPTHbIX KENCOB https://linkedpipes.com/
e KacTtomMunsnpoBaHHble KOMMNOHEHTbI

PARQL constru () RDF to file ()

Partners O

( )Files to SCP

PARQL constru () RDF tofile ()
Funds O

SPARQL construct RDF to file ()
4 Operational prog

Input SPARQL constru RODF to file taset metadat 'w
O Allocated DCV () Distribution metadata () N
Configuration ‘

Input PARQL constru RDF to file Dataset metadata W
Paid DCV () Distribution metadata ()

Configuration

s _SPARQL constru () RDF tofile () Dataset metadata RDF to file ()
(sPARQL constru ] O () Distribution metadata ()
O Date correctioRmg!

Tt holder Files to R%/Q ROF to file ()
( graph mergef ) 42

OO0,

( )Excel to CSV( )

bular

Input

Configuration



https://linkedpipes.com/

Physical Integration (Materialization) - SPARQL Generate

SPARQL-Generate BkntovaeT mannuHrn npssmo B SPARQL 3anpoc
e MoXxHO akcrnopTtupoBaTb rotoBbin RDF cpasy HDT
e MoxHo o6pabaTbiBaTb TEKCT (regexp)

e Pacwwupenne SPARQL 1.1 https://ci.mines-stetienne.fr/spargl-generate/
- N7z
Queries  Copy URL to share this setting & Run Query _
() run automatically () return stream () debug Template
Links to the documentation of iterator functions and binding functions.
Default query Result
6 KX
7 v GENERATE { X e e A
KX
7 = ¢
J i e KX
9~  GENERATE { 8 <http://example.com/store/78>
10 <store/{?store}> ex:totalAmount ?{ sum("{?amount}"”"xsd:decimal ) } . 9 ex:totalAmount 4682.83 .
11 } GROUP BY ?store . 10
12 11 <http://example.com/store/31>
13~  GENERATE { 12 ex:totalAmount 2532.70 .
14 <statistics> ex:perDay LIST( ?bnode ) . 13
15 ?bnode ex:averageAmount ?{ avg("{?amount}"”"xsd:decimal ) } ; 14 <http://example.com/store/72>
16 ex:date ?date 15 ex:totalAmount 3583.27 .
17~ } WHERE { 16
18 } GROUP BY 2date 17 <http://example.com/store/44>
19 ORDER BY ?2date 18 ex:totalAmount 4524.08 .
20 LIMIT 10 19
21 EXPRESSIONS (fun:bnode(str(?date)) AS ?bnode) . 20 <http://example.com/store/16>
22 21 ex:totalAmount 4540.59 . 43



https://ci.mines-stetienne.fr/sparql-generate/

e (Cnocobbl MHTErpaumun aaHHbIX B rpagdbl
e Semantic Data Integration
o Global-as-View
o Local-as-View
e ®dunanyeckasa nHterpayma ETL
o R2ML
o RML
e BupTtyanbHaa uHTerpaumsa
o ApxutekTypa Mediator-Wrapper
o ®depepaTnBHbIE 3anpochbl
o SPARQL 2 SQL
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Virtual Integration

Korga matepmanusauus He
nogxoauT:

e CnunwkKom 6onbluon o6beM
NaHHbIX

e HeT gocTyna K UCXOOHbIM
AaHHbIX, TONbKO Yepes API

e JlaHHble U UICTOYHUKM YaCTO
MEeHSII0TCA -> Npeobpa3oBaHue
He BbIFOAHO
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Virtual Integration

Korga matepuanusaums He
NOAXOOMUT:

e Chnunwkom 60nblLLON 06beM
NaHHbIX

e Het gocTtyna K ucxogHbim
AaHHbIX, TOJIbKO Yepes API

e JlaHHble U UCTOYHUKM YACTO
MeHsAIoTCA -> NnpeobpasoBaHue
He BbIrO4HO

BupTyanbHasa nHTerpauus

Co3faHue eauHOW NTOrMYecKom
CXeMbl NICTOYHNKOB

EAVHbBIN A3bIK 3anpoCcoB

NCTOYHMKM onpalLunBatoTCs B
HaTUBHbIX opmMaTax

3anpocbl NepenncbiBatoTCA Ha
nety

46



Virtual Integration - Mediator-Wrapper

Query

O6paboTKa 1 pasbueHne UCXOAHOro 3anpoca
OnpeaeneHne HY>KHbIX MICTOYHMKOB AJ151 BbINOJSTHEHUS
MocTpoeHune achheKTUBHOIO naHa BbIMONHEHUS
MNpeobpasoBaHne pe3ynbTaToB B eAMHbIN popmat
PaboTaeT ¢ rnobasnbHOM CXeMOM

@:‘?} Mediator

Wrapper Wrapper Wrapper

((0
((0
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Virtual Integration - Mediator-Wrapper

Query

O6paboTKa 1 pasbueHne UCXOAHOro 3anpoca
OnpeaeneHne HY>KHbIX MICTOYHMKOB AJ151 BbINOJSTHEHUS
MocTpoeHune achheKTUBHOIO naHa BbIMONHEHUS
MNpeobpasoBaHne pe3ynbTaToB B eAMHbIN popmat
PaboTaeT ¢ rnobasnbHOM CXeMOM

@?} Mediator

Wrapper Wrapper Wrapper e [lporpaMMHbI KOMMOHEHT Haf UCTOYHUKOM
OTnpaBnsieT 3anpocbl B HATUBHOM AJ1 UCTOYHMKA
dbopmare

e PaboTaeT C yHMKanbHOM CXEMOM UCTOYHMKA

((0
({0
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Virtual Integration - Semantic Data Lake

SPARQL Query

Results

A

a

4

Source Selection
and Query Query Planning Query Execution
Decomposition

Result
conciliation

\

/ Data Integration and Semantification via mappings

| Wrapper I\Wrapper Wrapper Wrapper

Data Sources

‘o)

Privacy and Access Control

o

SPARQL kak yHuBepcasnbHbIn A3bIK

CTtagunmn o6paboTKuM 3anpoca

EnvHoe normyeckoe npeacraBfieHne
nctoyHukoB B Data Lake

Wrapper Ha Kaxxabli popmaT
MCTOYHMKA

Data Lake BmecTo Data Warehouse
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Virtual Integration - Federated Querying

SELECT DISTINCT ?s WHERE {
?s foaf:page ’page .
?s owl:sameAs ?sameas .
?s geonames:inCountry ?inCountry . }

|
Y

Source Selection
and Query
Decomposition
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Virtual Integration - Federated Querying

SELECT DISTINCT ?s WHERE {

0 ?s foaf:page ’page .
@ ?s owl:sameAs ?sameas .
@ s geonames:inCountry ?inCountry . }

|
Y

Source Selection
and Query
Decomposition

(0
(0
(0
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Virtual Integration - Federated Querying

SELECT DISTINCT ?s WHERE {

0 ?s foaf:page ’page .
@ ?s owl:sameAs ?sameas .
@ s geonames:inCountry ?inCountry . }

Source Selection
and Query Query Planning
Decomposition

A
/ -_ s - s P PEN

‘/{;b

(0
(0
(0
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Virtual Integration - Federated Querying

SELECT DISTINCT ?s WHERE {

o ?s foaf:page ’page .
@ ?s owl:sameAs ?sameas .
@ s geonames:inCountry ?inCountry . }

|
v

Source Selection
and Query Query Planning Query Execution
Decomposition

A 4

/ -— - . P - - Py

‘®

(0
(0
(0
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Virtual Integration - Federated Querying

SELECT DISTINCT ?s WHERE {

o ?s foaf:page ’page .
@ ?s owl:sameAs ?sameas .
@ s geonames:inCountry ?inCountry . }

| A

Source Selection Result
and Query Query Planning Query Execution conciliation
Decomposition

o e - _ ™

‘®

\
)

(0
(0
(0
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Virtual Integration - Query Decomposition & Source Selection

3apava - onpeaennTb peneBaHTHbIE UCTOYHMKM, COAEepIKallune ncKoMble triple pattern u
MaKCUMWU3UPOBaTb NOJIHOTY BO3BpaLLaeMbIX 3HAaUYEHUN

SELECT DISTINCT ?s WHERE { Geonames NYTimes
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Virtual Integration - Query Decomposition & Source Selection

3apava - onpeaennTb peneBaHTHbIE UCTOYHMKM, COAEepIKallune ncKoMble triple pattern u
MaKCUMWU3UPOBaTb NOJIHOTY BO3BpaLLaeMbIX 3HAaUYEHUN

SELECT DISTINCT ?s WHERE { Geonames NYTimes

Join # triples

QP4 Qr 371
‘geoN @g eo 524
@M >4&) 1,249
@1 QP>®, 8
M [OWa OM 19
@O UA, @, 20
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Virtual Integration - Query Decomposition & Source Selection

3apava - onpeaennTb peneBaHTHbIE UCTOYHMKM, COAEepIKallune ncKoMble triple pattern u
MaKCUMWU3UPOBaTb NOJIHOTY BO3BpaLLaeMbIX 3HAaUYEHUN

Geonames NYTimes

SELECT DISTINCT ?s WHERE {
-

0

® 7 geonamesinCountry nCouniry @ rrists
Join # triples FedX ANAPSID SSGS  ANAPSID SSGM
@ @ SWDF, Geo (’. @) @ SWDF @) @ SWDF, Geo
det"awdf 371 T ’ P .
.g >« e 524 @ @ SWDF, Geo, NYTimes (@) @ NYTimes (@@’ @ NyTimes
eo geo = =~ p

@iyt > hyt 1,249 ‘ @ NYTimes

‘geoN @geoNQM 8  #sec 2394 0.338 88.9
‘JeoN @nytN"yt 19  #triples 20 0 19
@O UA, @, 20
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Virtual Integration - Query Planning

3azayva - co3paTtb aDHEKTUBHbIN M1aH BbIMOJIHEHMSA 3anNpoca No BbIGpaHHbIM UCTOYHUKAM

SELECT DISTINCT * WHERE {

?s dctisubject ?01.  #Count: 115 259 581 . . .
% dbo:director 202, #Count: 385 773 e low-selective pattern : count_max >> count_min
?s dbo:genre dbr:Concert. #Count: 98 inh- H . H

?s dbo:artist dbr:Ana_Gabriel. #Count: 34 ¢ hlgh selectlve pattern' count_mln << count_max

?s dbo:genre dbr:Ranchera.} #Count: 205
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Virtual Integration - Query Planning

3azayva - co3paTtb aDHEKTUBHbIN M1aH BbIMOJIHEHMSA 3anNpoca No BbIGpaHHbIM UCTOYHUKAM

SELECT DISTINCT * WHERE {
?s dct:subject ?01.  #Count: 115 259 581
?s dbo:director ?02.  #Count: 385773

?s dbo:genre dbr:Concert. #Count: 98
?s dbo:artist dbr:Ana_Gabriel. #Count: 34
?s dbo:genre dbr:Ranchera.} #Count: 205
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Virtual Integration - Query Planning

3azayva - co3paTtb aDHEKTUBHbIN M1aH BbIMOJIHEHMSA 3anNpoca No BbIGpaHHbIM UCTOYHUKAM

SELECT DISTINCT * WHERE {
?s dct:isubject ?01.  #Count: 115 259 581
?s dbo:director ?02.  #Count: 385773

?s dbo:genre dbr:Concert. #Count: 98
?s dbo:artist dbr:Ana_Gabriel. #Count: 34
?s dbo:genre dbr:Ranchera.} #Count: 205

Plan ET, ms | Results
NLJs, (b) 634 12
SHJs, (c) timeout 0
NLJs + SHJs, (d) 243 12
MdJ-only, (f) timeout 0
MJ + SHJs, (g) timeout
MJ + NLJs, (h) 195 12
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Virtual Integration - Adaptive Query Execution

3apava - aganTupoBaTtb njiaH BbIMOJIHEHNA 3arfpoca K BHEWWHUM BO3ENCTBUAM

MnaHbl KyMynsaTUBHbIe (pe3ynbTaThl BblAAOTCA MO Mepe NOsIBAIEHUS, @ He BCe cpasy)
NCTOYHMKM MOTYT CTaTb HEAOCTYMNHbIMM

CeTeBble 3a4epPXXKHU
InHamMunyeckoe naMeHeHue rnnaHa B npouecce BbiMNoOJIHEHNA 3aripoca
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Virtual Integration - Adaptive Query Execution

3apava - aganTupoBaTtb njiaH BbIMOJIHEHNA 3arfpoca K BHEWWHUM BO3ENCTBUAM

MnaHbl KyMynsaTUBHbIe (pe3ynbTaThl BblAAOTCA MO Mepe NOsIBAIEHUS, @ He BCe cpasy)
NCTOYHMKM MOTYT CTaTb HEAOCTYMNHbIMM

CeTeBble 3a1ePXKKU

[lMHamMnyeckoe n3MeHeHMe NnnaHa B NpoLecce BbIMOSIHEHWUs 3anpoca




Virtual Integration - Results Reconciliation

Me,u,vlaTop MOXXET BbIMNMOJIHATb BCNoMoraTtesibHOE arpermpoBaHue pe3ysibtatoB a4 geaynjinkKkaumm

dct:subject drugCategory

atcPrefix

dbo:Ibuprofen DB01050  petods

CO1EB16

pubchem compoundID

Chemical
Substance
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Virtual Integration - Results Reconciliation

Me,u,vlaTop MOXXET BbIMNMOJIHATb BCNoOMoOraTesibHOE arpermpoBaHue pe3ysibtatoB AJid geaynjinkKkaunu

I
|
|
|
|
|
|
|
|
|
|
|
| @
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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|
|
|
|
!

Heterogeneous graphs
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Me,u,vlaTop MOXXET BbIMNMOJIHATb BCNoOMoOraTesibHOE arpermpoBaHue pe3ysibtatoB AJid geaynjinkKkaunu
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Homomorphism problem

Ideal graph

Heterogeneous graphs
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Virtual Integration - Wrappers - SPARQL 2 SQL - Ontop

— e TpaHcnauma SPARQL B
Ontology SQL Ha nerty
e MannuHru Quest / R2ZRML

1. TNoarotoBUTENbHbIW 3Tan
(npeo6pasoBaHue
OHTOJIOTMM U MaNMUHIOB B
T-mappings )

>
ON-LINE OFF-LINE

2. WcnonHuTenbHbIX 3Tan
DB Integrity Constraints (SPARQL ->SQL -> JDBC ->
RDF)
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Virtual Integration - Wrappers - SPARQL 2 SQL - Ontop

| SELECT  ?tumor WHERE {
?tumor rdf:type :Neoplasm ;
:hasStage :stage-IIIa . |

________________________________________________
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Virtual Integration - Wrappers - SPARQL 2 SQL - Ontop

SELECT ?tumor WHERE {
?tumor rdf:type :Neoplasm ;
:hasStage :stage-IIIa .

SELECT Q1.x FROM
(( SELECT concat(“:dbl/neoplasm/”, pid) AS x FROM tbl patient
WHERE type=false OR type=true) Q1

JOIN
}
WHERE stage = 4 ) Q2
ON
Q1.x = Q2.x )

Structural Optimizations &
Self-joins Elimination | !

———————————————————————————————————————————————— o ( SELECT concat(“:dbl/neoplasm/”, pid) AS x FROM tbl_patient ]

SELECT concat(“:dbl/neoplasm/”, Q.pid) AS x FROM
(SELECT T1.pid
FROM tbl patient T1 JOIN tbl patient T2 ON Tl.pid = T2.pid
WHERE (T1.type = false OR Tl.type = true) AND T2.stage = 4

) Q

i SELECT concat(“:dbl/neoplasm/”, Q.pid) AS x FROM
: (SELECT pid FROM tbl_patient
E WHERE (type=false OR type=true) AND stage = 4) Q



Virtual Integration - Wrappers - SPARQL 2 SQL - Ontop

SELECT ?tumor WHERE {
?tumor rdf:type :Neoplasm ;
:hasStage :stage-IIIa .

SELECT Q1.x FROM
(( SELECT concat(“:dbl/neoplasm/”, pid) AS x FROM tbl patient
WHERE type=false OR type=true) Q1

. JOIN |

L—% ———————————————————————————————————————————— o ( SELECT concat(“:dbl/neoplasm/”, pid) AS x FROM tbl_patient i
[ ! WHERE stage = 4 ) Q2 !

| ON i

Structural Optimizations & i ESERD ]
Self-joins Elimination e !

i SELECT concat(“:dbl/neoplasm/”, Q.pid) AS x FROM i

| (SELECT T1.pid ]

i FROM tbl patient T1 JOIN tbl patient T2 ON Tl.pid = T2.pid E

i WHERE (T1.type = false OR Tl.type = true) AND T2.stage = 4 i

"""""""""""""""""""""""""" i ) Q E
SELECT i :

concat(“:dbl/neoplasm/”, pid) AS x
FROM tbl patient

i SELECT concat(“:dbl/neoplasm/”, Q.pid) AS x FROM
. WHERE

(SELECT pid FROM tbl_patient
(type=false OR type=true) WHERE (type=false OR type=true) AND stage = 4) Q

AND stage = 4
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Introduction

[MpenctaBneHue 3HaHum B rpadax - RDF & RDFS & OWL

XpaHeHune 3HaHui B rpadax - SPARQL & Graph Databases
OaHopoaHOCTb 3HaHMM - RDF* & Wikidata & SHACL & ShEx
NHTerpauma gaHHbIX B rpa@bl 3HaHUM - Semantic Data Integration
BeepeHue B Teopuio rpagos - 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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