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Ontology Based Data Access
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SPARQL translation to query language using mapping
information = Virtualization
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Using mapping information for transforming data sources to
RDF = Materialization
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Mapping Languages

= R2RML:

= Focused on provide access to RDB
= Allows materialization and virtualization
= W3C Standard

= RML/YARRRML.:
= Focused on generated linked data from JSON, CSV or XML

= Allows only materialization
= De-Facto Standard

= RMLC:

= Focused on provide access to CSV
= Allows virtualization (also materialization)
= Able to deals with the heterogeneity of the format

RMLC: RDF Mapping Language for heterogeneous CSV files



Data in the web?

What is the most used format for representing and exchanging data along the WEB?
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Data in the web?

What is the most used format for representing and exchanging data along the WEB?

Formato
CSV (8854)

XLS (6339)
JSON (4517)
HTML (3540)
XML-APP (2593)
PDF (2094)
ASCII (1909)
PC-Axis (1302)
RDF-Turtle (1192)
XLSX (1186)

Mostrar mas
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CSV files

CSV: Comma-Separated Values File

|stop_id, stop_name, stop_desc, stop_lat, stop_lon,stop_url
20,Ciutadella | Vila Olimpica,Correspondéncia amb Metro L4,41.387614,2.191922,http://www.tram.cat/linies-i-horaris/linea-t4/
21,Wellington, ,41.390167,2.188483, http://www. tram.cat/linies-i-horaris/linea-t4/

s Revew  View  Q Telmewhatyouwants

22,Marina, Correspondéncia amb Metro L1,41.394061,2.186917,http://www.tram.cat/linies-i-horaris/linea-t4/ g & cu Catibri S - AN = - rap Text General - F ) B 5 XX )_:““'““'" ) 4 L
2,Auditori | Teatre Nacional,,41.397536,2.186892,http://www.tram.cat/linies-i-horaris/linea-t4/ pase o BB Rk S5 ElMagelons - § - % 0 %S Condons Fomatas Col | Inset Delete Fomat o Sont& Find &
3,Gldries, Correspondéncia amb TRAM T4-T5-T6 i Metro L1,41.401681,2.186897,http://www.tram.cat/linies—i-horaris/linea-t4/ e e focmating: Tibiex, S5~ v o e seea
4,Ca 1'Arany6, ,41.404450,2.191500, http://www. tram.cat/linies-i-horaris/linea-t4/ - 2 —iia 2 fare. -
5,Pere 1V,,41.406144,2.198247,http://www.tram.cat/linies-i-horaris/linea-t4/ K10 - fe v
6,Fluvia, ,41.407822,2.204908, http://www.tram.cat/linies-i-horaris/linea-t4/ I 8 c o £ £ 6 H | ) % L M N o » a R s T .
7,Selva de Mar,Correspondéncia amb Metro L4,41.409194,2.210447,http://www.tram.cat/linies-i-horaris/linea-t4/ 1 1 Eldon Bas:Muhamm: 3 21325 3898 35 Nunavut Storage & 08
8,E1 Maresme, Correspondéncia amb Metro L4,41.410489,2.215631,http://www.tram.cat/linies-i-horaris/linea-t4/ 2 2 1.7Cubic|Barry Frer 293 457.81 20816  68.02 Nunavut Appliance  0.58
9, Fdrum, ,41.411828,2.219850, http: //www. tram. cat/linies-i-horaris/linea-t4/ 3 Aoculsowy i By M S| 2siwent ey 0%,
10, Campus Diagonal-Besds, ,41.415247,2.222928, http: //www. tram. cat/Llinies-i-horaris/linea-t4/ 3 T o T T L e
29,Port Forum,Correspondéncia amb TRAM T4-T6,41.418872,2.226161,http://www.tram.cat/linies-i-horaris/linea-t4/ 6 6 G.E. Longe Carlos Sol 515 443 664 495 Nunavut Officefur 037
30,Estacié de Sant Adria,Correspondéncia amb TRAM T4-T6 i Rodalies,41.423953,2.230550,http://www.tram.cat/linies-i-horaris/linea-t4/ 7 7 Angle-DBCarlJacksc 613 -54.08 73 772 Nunavut Bindersar 038
3bis,La Farinera,Correspondéncia amb TRAM T5-T6,41.404200,2.188581,http://www.tram.cat/linies-i-horaris/linea-t5/ L} BSAFCOMcCarllacksc 613 127.7 4276 6.2 Nunavut Storage & Organization
23,Can Jaumandreu, Correspondéncia amb TRAM T5-T6,41.408108,2.193597, http: //www. tram. cat/Llinies-i-horaris/linea-t5/ T e I T T i i
24,Espronceda, Correspondéncia amb TRAM T5-T6,41.411361,2.197942, http://www.tram.cat/linies—i-horaris/linea-t5/ " 11 ¥erox198NeolaSch 807 16685 428 618 Nunavut Paper 04 1
25,Sant Marti de Provencals,Correspondéncia amb TRAM T5-T6,41.416464,2.204744,http://www.tram.cat/linies-i-horaris/linea-t5/ 12 12 Advantus NeolaSch 807  -1433 395 2Nunavut RubberBi 0.3 This s a screenshot of a .CSV file in Microsoft Excel 2016 for Fileinfo.com
26,Besds, Correspondéncia amb TRAM T5-T6 i Metro L4,41.420067,2.209556,http://www.tram.cat/linies-i-horaris/linea— 13 13 Holmes HiCarlos Dal 88 13472 2178 5394 Nunavut Appliance 05
27,Alfons el Magnanim,Correspondéncia amb TRAM T5-T6,41.417194,2.213569,http://www. tram.cat/linies-i-horaris/linea-t5/ 13 eoS/DMRCKISEON  "OS6 AGAS) 47961 d61thinavit ‘°’:"““' o1
28,Parc del Besos,Correspondéncia amb TRAM T5-T6,41.419431,2.217633, http: //ww. tram.cat/linies-i-horaris/linea-t5/ L T T T e S T S
13,La Catalana,,41.422650,2.221953,http://www.tram.cat/linies-i-horaris/linea-t5/ 1 17 #10-4 1/8" Allen Ros¢ 998 938 1574 139 Nunavut Envelope: 04
14,Sant Joan Baptista,,41.427386,2.225403,http://www.tram.cat/linies-i-horaris/linea-t5/ 18 18 Hona-SheSylviaFou 1154 44072 10098  26.22 Nunavut Bookcase 06
16,Encants de Sant Adr;é,carrespondéncia amb Metro L2,41.430244,2.222606,http://www.tram.cat/linies-i-horaris/linea-t5/ ;: ;: *g;’:m m;:: :E ‘f:: :;; 5:: ::::::: :x:’;o“ :‘;
17,Sant Roc,Corresponqencla amb MetroAL2,41.434944,2.227597,http://wvm.tram.cat/llplgs— .horarls_/llrl]ea—tsl T nem“ P TR T LT 58] tonavut [Talestion] 0.5
19,Gorg, Correspondéncia amb Metro L2 i 10,41.439967,2.233219,http://www. tram.cat/linies-i-horaris/linea-t5/ 2 2 AveryS2 Corlossol 1412 2652 3.69 0.5 Nunavut_Labels. 038
11,La Mina,,41.418386,2.221000,http: //www. tram.cat/linies-i-horaris/linea-t6/ 23 23 Plymouth CarlosSol 1412 -5.77 an 0.7 Nunavut Rubber B2 0.8
2 28 GBCPre-pCarlludw 1539 17288 1599 1318 Nunavut Bindersar 037
2 25 Maxell3SCarlludw 1539 1455 489 493 Nunavut Computer 066
2% 26 Newell 330onMille 1540 576 283 0.7 Nunavut Pens&Ar 056
27 27 SANFORD Annle Cyg 1702 49 284 0.93 Nunavut Pens &Ar 0.54
£ 28Conon PCtCarl Ludw 1761 54761 44999 49 Nunavut Coplersar 038
A s c > e ; s " . B Teececrss  im  545 18 45 Nens Seosed 03
) 30 ColErase(GrantCarr 2275 4167 608 117 Nunavut Pens&Ar 056
1 First Last Email Title company Comment Phone Website Fax 31 31 Imation 3.00n Mille 27 4603 598 4.38 Nunavut Computer 0.75
2 32WhiteDuiDonMille 2277 3367 4099 19.99 Nunavut Paper 036
2 Relenta Helpdesk helpdesk@relenta. Customer service Relenta Nice guys. www.relenta.com B RssitAdadlobom| 283 34001 7L 0A%Munavit fabels 058
u 38 AccessoryAlanBarni 2532 7896 2099 25 Nunavut Telephon 081
3 35 FU)iS2BlackGara 2631 25266 40.35 199 Nunavut Computer 055 :
SampleCSVFile_ 119kb @ ‘ B
’ Ministry of g?F’;?ATD HIS RS
Agent Basil SpecialAgentBasil Special Agent Defense MOTHER! 555-1212 (Office) Match.com/Agentt 5565-1235
007 on an island
. populated 555-1239 www.mi6.uk.gov
exclusively by (Mobile);+44 (Work);https:
British Secret women? We won't 43593434534 /lrelentademo.fres
James Bond SirJamesBondDou Agent 007 Service see him till dawn! (Cell) (FreshBooks)
5 +44 (0)
Queen Elizabeth queen.eli @1 Queen England 23445645937
8 Johnny English
Rowan Atkinson RowYourBoat@Ac Actor was not funny. 555-1235 www.TheBestActc
Really proud

about defeating  555-1237 (Car
U.S. Strategic the Nazi's in W W Phone);555-1238
Douglas Gilmour BombsAway@US! Commander Command two. (Home Phone)
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Semantic Interoperability in CSV files

Allows virtualization

RMLC: RDF Mapping Language for heterogeneous CSV files



route_id

GTFS: General Transit Feed Specification

agency_id
—> routes agency
A
route_id trip_id )
trips —»  stop_times
I
shapes id service_id
pes_ trip_id
Y v stop_id
shapes calendar
service_id
feed_info frequencies [€— —>»{ calendar_dates
fare_attributes transfers
fare_id  from_stop_id o_stop_id
contains_id <
fare_rules —————> stops
destination_id
| — o) Torigin_id

RMLC: RDF Mapping Language for heterogeneous CSV files 7



Why | hate materialize? Time in hours

| caceres 0,004 3,739
0,026 2,587
0,068 0,786
0,118 0,778
0,155 7,028
0,217 12,218
1,153 151,541
12,496 5,118

RMLC: RDF Mapping Language for heterogeneous CSV files



Virtualizing data formats in the web

Mapping

Language Virtualization

Data format Query Engine

JSON MongoDB RML No
XML XPATH RML No
RDB SQL R2RML Yes

CSV nnnnnn RML/R2RML/ Yes (R2RML/
...... RMLC RMLC)

RMLC: RDF Mapping Language for heterogeneous CSV files
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Contributions

= RMLC: RDF Mapping languages for heterogeneous CSV files
= Two contributions:

» “Semantic exploitation of implicit joins among
heterogeneous CSV files with RMLC” D. Chaves-Fraga and
O.Corcho (Expected to ESWC2019)

= “Virtual Statistics Knowledge Graph Generation from CSV
files” D. Chaves-Fraga, F. Priyatna, |I. Santana-Perez and
O.Corcho at SemStats Workshop co-located with ISWC18
(Best Paper)
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Contributions

= RMLC: RDF Mapping languages for heterogeneous CSV files
= Two contributions:

» “Semantic exploitation of implicit joins among
heterogeneous CSV files with RMLC” D. Chaves-Fraga and
O.Corcho (Expected to ESWC2019)

= “Virtual Statistics Knowledge Graph Generation from CSV
files” D. Chaves-Fraga, F. Priyatna, |I. Santana-Perez and
O.Corcho at SemStats Workshop co-located with ISWC18
(Best Paper)

Part of the book “Emerging Topics in Semantic Technologies. ISWC 2018 Satellite
Events. E. Demidova, A.J. Zaveri, E. Simperl (Eds.), ISBN: 978-3-89838-736-1, 2018, AKA
Verlag Berlin”.
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D. Chaves-Fraga et al. / Virtual Statistics Knowledge Graph Generation from CSV files



Motivation

Statistics data
available on
the Web

(
(‘
Y

SPARQL

o
| B

Transformation of the CSV files to RDF (e.g. OpenRefine) and load in a Triple Store

Problems:

1. It is an ad-hoc process

2. How is the data maintained?

3. Who maintains the data updated?

4. What happens if we want to involve other dataset in the process?
5. What happens if the data is volatile?
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Motivation: Comparing approaches

Virtualization: SPARQL translation to source query engine using mapping info

Why is virtualization a good solution?
= General purpose based on mapping standard (R2RML)
= Removes the need of synchronization between CSV and SKG
=  Only mapping maintenance is needed
= Provides a way to materialize the data (CSV2RDF)

Features Ad-Hoc R2RML
Processor Type | Solution Specific | General Purpose
# Processors 1 Many
Materialization Yes Yes
Virtualization No Yes
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From CSV to OBDA in statistics data

OBDA Engine

Query translation

v
A

The size of the R2ZRML mapping depends on the number of columns in
the CSV

l

Difficulty of maintenance and creation
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From CSV to OBDA: Approaches

= Approach 1 (Base Line): Use R2RML to answer SPARQL over Virtual SKG

= Approach 2: Reduce the size of the R2RML mapping using RMLC-lterator
and answer SPARQL queries over Virtual SKG.
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Approach 1 - Naive

= R2RML standard approach for querying SKG

= One TriplesMap for each column corresponding to a slice of a
dimension.

= Each TriplesMap has:

= Arr:logicalTable property specifies the source
= Arr:subjectMap specifies gb:Observation as the generated triples’ RDF
type

= Aset of rr:predicateObjectMap mappings that specify a slice of a
dimension and its values

= Arr:predicateObjectMap that specifies which dataset the generated triples
belongs to
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Approach 1 - Naive

<TriplesMapJanuary>
rr:logicalTable [
rr:tableName ‘‘Statistics2016”
I;
rr:subjectMap [
a rr:Subject; rr:template ‘‘www.ex.com/January”;
rr:class gb:Observation;
I;
rr:predicateObjectMap|
rr:predicate ex:month;
rr:objectMap [ rr:constant ‘interval:January”; ];
I;
rr:predicateObjectMap][
rr:predicate ex:numberOfArrivals;
rr:objectMap [ rr:column ‘‘Jan”; ];
I;
rr:predicateObjectMap]
rr:predicate gb:dataSet;
rr:objectMap [ rr:constant ‘‘ex:Arrivals”; ];
I;
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Approach 1 - Naive

<TriplesMapJanuary>

rr:logicalTable [ . _
rr:tableName *‘Statistics2016” » Source specification

15

rr:subjectMap [
a rr:Subject; rr:template ‘‘www.ex.com/January”;
rr:class gb:Observation;

I
rr:predicateObjectMap|
rr:predicate ex:month;
rr:objectMap [ rr:constant ‘interval:January”; ];
I
rr:predicateObjectMap][
rr:predicate ex:numberOfArrivals;
rr:objectMap [ rr:column ‘‘Jan”; ];
Is
rr:predicateObjectMap]
rr:predicate gb:dataSet;
rr:objectMap [ rr:constant ‘‘ex:Arrivals”; ];
Is
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Approach 1 - Naive

<TriplesMapJanuary>
rr:logicalTable [
rr:tableName ‘‘Statistics2016”
I;
rr:subjectMap [
a rr:Subject; rr:template ‘‘www.ex.com/January”; ) .
mr:class gb:Observation; > SubjectMap for observations
I;
rr:predicateObjectMap|
rr:predicate ex:month;
rr:objectMap [ rr:constant ‘interval:January”; ];
I;
rr:predicateObjectMap][
rr:predicate ex:numberOfArrivals;
rr:objectMap [ rr:column ‘‘Jan”; ];
I;
rr:predicateObjectMap]
rr:predicate gb:dataSet;
rr:objectMap [ rr:constant ‘‘ex:Arrivals”; ];
I;
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Approach 1 - Naive

<TriplesMapJanuary>
rr:logicalTable [
rr:tableName ‘‘Statistics2016”
I;
rr:subjectMap [
a rr:Subject; rr:template ‘‘www.ex.com/January”;
rr:class gb:Observation;
I;
rr:predicateObjectMap|
rr:predicate ex:month;
rr:objectMap [ rr:constant ‘interval:January”; ];
I;
rr:predicateObjectMap[ » Set of predicateObjectMaps
rr:predicate ex:numberOfArrivals;
rr:objectMap [ rr:column ‘‘Jan”; ];
I;
rr:predicateObjectMap]
rr:predicate gb:dataSet;
rr:objectMap [ rr:constant ‘‘ex:Arrivals”; ];
I;
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Approach 1 - Naive

<TriplesMapJanuary>
rr:logicalTable [
rr:tableName ‘‘Statistics2016”
I;
rr:subjectMap [
a rr:Subject; rr:template ‘‘www.ex.com/January”;
rr:class gb:Observation;
I;
rr:predicateObjectMap|
rr:predicate ex:month;
rr:objectMap [ rr:constant ‘interval:January”; ];
I;
rr:predicateObjectMap][
rr:predicate ex:numberOfArrivals;
rr:objectMap [ rr:column ‘‘Jan”; ];
I;
rr:predicateObjectMap]
rr:predicate gb:dataSet; ] ]
rr:objectMap [ rr:constant ‘‘ex:Arrivals”; ]; » Dataset pred |CateObJectMap
I;

D. Chaves-Fraga et al. / Virtual Statistics Knowledge Graph Generation from CSV files



Approach 1 - Naive

<TriplesMapJanuary>
rr:logicalTable [

rr:tableName ‘‘Statistics2016”
I;
rr:subjectMap [

a rr:Subject; rr:template ‘‘www.ex.com/January”;

rr:class gb:Observation; .
1; 1 TriplesMap for each Month
rr:predicateObjectMap|

rr:predicate ex:month;

rr:objectMap [ rr:constant ‘interval:January”; ];
I;

12 Similar TriplesMap

rr:predicateObjectMap][

rr:predicate ex:numberOfArrivals;

rr:objectMap [ rr:column ‘‘Jan”; ];
I;
rr:predicateObjectMap|

rr:predicate gb:dataSet;

rr:objectMap [ rr:constant ‘‘ex:Arrivals”; ];
I;
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Approach 2 - RMLC-lterator

= Extension of RMLC, an RDF Mapping Language for heterogeneous
CSV files.

= Four new properties in the Logical Table:
= rmic:columns
= rmic:columnRange
= rmic:dictionaryFile
= rmilc:dictionary

= Two variables for identifying independently each TriplesMap and
provide access to the CSV data

= {$column}

= {$alias}

RMLC-lterator can easily be converted to R2RML
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Approach 2 - RMLC-lterator

< TriplesMap2016{Scolumn} >
rr:logicalTable [

rr:tableName ”\"2016—P21\"”;

rmlc:columns [*Jan”,’Oct”,”Dec”];

rmlc:dictionary {"Jan”:”January”,”Oct”:”October”,”Dec”:”December” } ;
15

rr:subjectMap [
a rr:Subject;
rr:template “http://ex.org/2016{$column}”;
rr:termType rr:IRI;
rr:class gb:Observation;

15

rr:predicateObjectMap|
rr:predicate sltsv:month;
rr:objectMap [
rr:termType rr:IRI;
rr:constant “http://reference.data.gov.uk/def/intervals/{$alias }’;
I;
I

rr:predicateObjectMap|
rr:predicate sltsv:numberOfArrivals;
rr:objectMap [
rr:termType rr:Literal;
rr:column {$alias};
rr:datatype xsd:integer;
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Approach 2 - RMLC-lterator

<TriplesMap2016{Scolumn} >
rr:logicalTable [

9%\ 39 9993

g » Accessed columns

rmlc:columns [*Jan”,’Oct”,”Dec”];
> oct”:”October”,”Dec”:”"December” };

55

rr:subjectMap [
a rr:Subject;
rr:template “http://ex.org/2016{$column}”;
rr:termType rr:IRI;
rr:class gb:Observation;

15

rr:predicateObjectMap|
rr:predicate sltsv:month;
rr:objectMap [
rr:termType rr:IRI;
rr:constant “http://reference.data.gov.uk/def/intervals/{$alias }’;
I;
I

rr:predicateObjectMap|
rr:predicate sltsv:numberOfArrivals;
rr:objectMap [
rr:termType rr:Literal;
rr:column {$alias};
rr:datatype xsd:integer;
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Approach 2 - RMLC-lterator

<TriplesMap2016{Scolumn} >
rr:logicalTable [
rr:tableName ”\"2016—P21\"”;
—rrdescotumas a2 Ot Bee s
rmlc:dictionary {”Jan”:”January”,’Oct”:”October”,”Dec”:”December”};| —— Djctiona ry with alias

55

rr:subjectMap [
a rr:Subject;
rr:template “http://ex.org/2016{$column}”;
rr:termType rr:IRI;
rr:class gb:Observation;

15

rr:predicateObjectMap|
rr:predicate sltsv:month;
rr:objectMap [
rr:termType rr:IRI;
rr:constant “http://reference.data.gov.uk/def/intervals/{$alias }’;
I;
I

rr:predicateObjectMap|
rr:predicate sltsv:numberOfArrivals;
rr:objectMap [
rr:termType rr:Literal;
rr:column {$alias};
rr:datatype xsd:integer;
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Approach 2 - RMLC-lterator

< TriplesMap2016{Scolumn} >
—ITOgICa TadIe [
rr:tableName ”\"2016—P21\"”;
rmlc:columns [*Jan”,’Oct”,”Dec”];
rmlc:dictionary {"Jan”:”January”,”Oct”:”October

I
rr:subjectMap [
—t S ubieet:
rr:template “http://ex.org/2016{$column}”;
—rrtermiype iRt \
mr:class gb:Observation; Reference to columns
I
rr:predicateObjectMap|
rr:predicate sltsv:month;
rr:objectMap [
rr:termType rr:IRI;
rr:constant “http://reference.data.gov.uk/def/intervals/{ $alias }’;
5;
I
rr:predicateObjectMap|
rr:predicate sltsv:numberOfArrivals;
rr:objectMap [
rr:termType rr:Literal;
rr:column {$alias};
rr:datatype xsd:integer;
5;
I
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Approach 2 - RMLC-lterator

< TriplesMap2016{Scolumn} >
rr:logicalTable [

rr:tableName ”\"2016—P21\"”;

rmlc:columns [*Jan”,’Oct”,”Dec”];

rmlc:dictionary {"Jan”:”January”,”Oct”:”October”,”Dec”:”December” } ;
15

rr:subjectMap [
a rr:Subject;
rr:template “http://ex.org/2016{$column}”;
rr:termType rr:IRI;
rr:class gb:Observation;

15

rr:predicateObjectMap|
rr:predicate sltsv:month;
rr:objectMap [

L1111 ypU 11118,

rr:constant “http://reference.data.gov.uk/def/intervals/{ $alias }’; \
I; :
) Reference to alias
rr:predicateObjectMap|

rr:predicate sltsv:numberOfArrivals;
rr:objectMap [

rr;column {$ahas}, l,
" " I
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Approach 2 - RMLC-lterator

< TriplesMap2016{Scolumn} >
rr:logicalTable [

rr:tableName ”\"2016—P21\"”;

rmlc:columns [*Jan”,’Oct”,”Dec”];

rmlc:dictionary {"Jan”:”January”,”Oct”:”October”,”Dec”:”December” } ;
15

rr:subjectMap [
a rr:Subject;
rr:template “http://ex.org/2016{$column}”;
rr:termType rr:IRI;
rr:class gb:Observation;
I
, _ 1 TriplesMap for 12 Months
rr:predicateObjectMap|
rr:predicate sltsv:month;
rr:objectMap [
rr:termType rr:IRI;
rr:constant “http://reference.data.gov.uk/def/intervals/{$alias }’;
5;
I

rr:predicateObjectMap|
rr:predicate sltsv:numberOfArrivals;
rr:objectMap [
rr:termType rr:Literal;
rr:column {$alias};
rr:datatype xsd:integer;
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Evaluation

Tools:

= Morhp-rdb as OBDA engine for the query translation
= RMLC-Ilterator for transforming RMLC mappings to R2RML

Datasets and queries:

= D1: Statistics from the Sri Lanka Tourism Development Authority
= D2: EuroStat - Inmigration Statistics
= Q1/Q2: 6 SPARQL queries

All data, mappings, queries and tools are available at:

https://github.com/oeg-upm/rmic-statistic
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https://github.com/oeg-upm/rmlc-statistic

Experiments and Results

Statistics from the Sri Lanka Tourism Development Authority

Features R2RML | RMLC
Total Lines ~700 74
#TriplesMaps / #SubjectMaps 12 1
#PredicateObjectMaps 60 5
EuroStat - Inmigration Statistics
Features R2RML | RMLC
Total Lines >2800 <70
#TriplesMaps / #SubjectMaps >40 1
#PredicateObjectMaps >170 4
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Conclusions

= We identify the size problem of R2ZRML mappings in statistics data.

= RMLC-Iterator drastically reduces the size of the mapping improving
its maintenance and creation time.

= RMLC-Iterator is aligned to R2RML
= We provide a tool for transforming RMLC-lterator to R2RML

= We follow a virtualization approach avoiding synchronization
between CSV and RDF data.

= The performance of the virtualization process is not affected
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Semantic Interoperability in CSV files - Virtualizing

RMLC: RDF Mapping Language for heterogeneous CSV files
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Semantic Interoperability in CSV files - Virtualizing

RMLC: RDF Mapping Language for heterogeneous CSV files



Semantic Interoperability in CSV files - Virtualizing

RMLC: RDF Mapping Language for heterogeneous CSV files



Multiple CSV files with relations
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Discovering implicit joins between CSV files

Relational Database

id, name, surname,birthdate, location id, job

1,david, chaves-fraga,27-11-1993, SDC 1, phd_student

CSV files

name, surname, birthdate, location full_name, job

david, chaves_fraga, 27111993, SDC "David Chaves Fraga","phd_student"

RMLC: RDF Mapping Language for heterogeneous CSV files



Join in R2RML and RML

rr:.parentTriplesMap

r:RefObjectMap

rr.joinCondition

rr:TriplesMap

rr.objectMap
rr:PredicateObjeit‘h{I‘?/

rr.child

rr:JoinCondition

rr-parent

column name

column name
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RMLC: RDF Mapping Language for heterogeneous CSV files

rr:PredicateObjectMap

rr:objectMap

rr:RefObjectMap

rr:parentTriplesMap rr:joinCondition*

rr:TriplesMap

rmic:JoinCondition

rmic:parent rmic:child

rmlc:columns rmic:functions rmic:columns rmic:functions
column transformation column transformation
names functions names functions

Are the functions programed? NQO! They are SQL basic functions

RMLC: RDF Mapping Language for heterogeneous CSV files



Table 1 Table 2

name, surname,birthdate, location full_name, job

david, chaves_fraga, 27111993, SDC "David Chaves Fraga","phd_student"

SELECT ?name ?birthday ?job WHERE {
?name ?p1 ?birthday.
?name ?p2 ?job .

RMLC: RDF Mapping Language for heterogeneous CSV files
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SELECT ?name ?birthday ?job WHERE {
?name ?p1 ?birthday.
?name ?p2 ?job .

RMLC: RDF Mapping Language for heterogeneous CSV files



SELECT ?name ?birthday ?job WHERE {
?name ?p1 ?birthday.
?name ?p2 ?job .

<#TriplesMap1>

rr:predicateObjectMap]
rr:predicate foaf:name;
rr:objectMap [
rr:parentTriplesMap <#TriplesMap2>;
rr:;joinCondition [
rmic:child [
rmic:columns "['FULL_NAME"",
rmic:functions "LOWER(column[0])";
I;
rmic:parent [
rmic:columns "['NAME','SURNAME']";
rmlc:functions
“CONCAT(column[0]," ,REPLACE(column[1]," '," )"
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<#TriplesMap1>

rr:predicateObjectMap]
rr:predicate foaf:name;
rr:objectMap [
rr:parentTriplesMap <#TriplesMap2>;

SELECT ?name ?birthday ?job WHERE { rr:joinCondition |

?name ?p1 ?birthday. rmic:child [
?name ?p2 ?job . rmlc:columns "['[FULL_NAMET";
} rmic:functions "LOWER(column[0])";

]

rmic:parent [
rmic:columns "['NAME','SURNAME']";
rmlc:functions
“CONCAT(column][0],' ,REPLACE(column[1]," ",""))";

SELECT name, birthday, table2.job FROM table1
INNER JOIN table2 ON
CONCAT(table1.name,' ', REPLACE(table1.surname,' ''")) = LOWER(table2.full_name)
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Other Features

= QOther features
= Transforming CSV columns to RDF objects
= Maintain the semantics of R2RML

= Create an enriched database schema using the
mapping info (optimizations)
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Transforming CSV columns to RDF objects

<TriplesMapBands>

rr:predicateObjectMap[
rr:predicate ex:name;
rr:objectMap [
rr:datatype xsd:string;
rmlc:columns ["BAND"];
rmlc:functions "REPLACE(SUBSTRING(columns[0],1,5)," ','=")";
15
rr:predicateObjectMap[
rr:predicate ex:leader;
rr:objectMap [
rmlc:columns ["NAME","SURNAME"];
rmlc:template
"http://ex.org/leader/{CONCAT(columns[0],'-',columns[1])}";

11
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R2RML vs RMLC

RMLC

rr:predicateObjectMap]
rr:predicate gtfs:service;
rr:objectMap [
rr:parentTriplesMap <TriplesMap1>;
rr:;joinCondition [
rmic:child [
rmic:columns “SERVICE_ID",
I;
rmic:parent [
rmic:columns "SERVICE_ID";

];
]
]
I;

R2RML

rr:predicateObjectMap]
rr:predicate gtfs:service;
rr:objectMap |
rr:parentTriplesMap <TriplesMap1>;
rr;joinCondition [
rr:child "SERVICE_ID";
rr:parent “SERVICE_ID";
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Enriched database schema

 Datatypes
* Primary Keys
« ; Foreign Keys?
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GTFS to RDF materialization

1000000 B RML-Mapper
B Morph-rdb
B RMLC
100000
10000
1000
LIk IE I
i ii= ENR i
d1 d2 d3 d4 d5 dé d7 s8
GTFS datasets
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Summary

RMLC: RDF Mapping Language for CSV files

Main Contributions:

 Discover implicit joins
 Apply transformation functions to individual columns
» Enriched database schema from mapping information

Future Work:

* RMLC processor (SPARQL-to-SQL with functions)
« Comparison between RMLC and R2RML (in terms of performance)
» Optimizations in the resulted SQL queries
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