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Introduction

Sources

(S)

Ontology (O)

SPARQL

—ﬁDecla rative

Mapping
Rules (M)

Declarative Knowledge Graph

P Queries

: Construction Engine

Knowledge Graph Construction = Data Integration System (DIS) = <S, M, O>

Poggi, A., Lembo, D., Calvanese, D., De Giacomo, G., Lenzerini, M., & Rosati, R. (2008). Linking data to ontologies. In Journal on data semantics X
Lenzerini, M. Data integration: A theoretical perspective. In Proceedings of the 21st ACM SIGMOD-SIGACT-SIGART symposium on Principles of database systems

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules



Challenge I: KG construction in complex DIS

1 <TriplesMap1> -
2 rml:logicalSource [ rml:source "dataSource1" ]; :‘1
3 rmrsubjectMap [ —
P 4 rr:template "http://iasis.eu/{acc}_{enst}";
B 5 rr:class iasis:RBP_RNA_Physicallnteraction ];
Data 6
Source 1 7  rmpredicateObjectMap |
18M 8  rmpredicate iasis:interactionScore;
records ?0 rr-objectMap [ rml:reference "omixcore" | |; RDF Knowledge
e :
Pu— 11 rr:predicateObjectMap [ Graph Creation
4 12 rr:predicate iasis:interaction_involves_RBP;
Data 13 rr.objectMap [
Source 2 12 rr:parentTriplesMap <TriplesMap2> ] ].
18M 16 <TriplesMap2> ,
records 17 rml:logicalSource [ rml:source "dataSource1" |; @ ROCKetRN!L e
18 rr:subjectMap [ ” Memory Failure ¢

T e
- Y / 19 r:template "http://iasis.eu/Protein/{acc}";
20  rr:class iais:Protein] ;
Total size ~1Gb 21
25% duplicates 21 rr:predicateObjectMap [ RMLMz
22 rr:predicate iasis:protein_isRelatedTo_exon;
23  rr:objectMap [
24 rr:parentTriplesMap <TriplesMap3>;
25 rr:joinCondition [ rr:child "enst"; rr:parent "enst" ;];].
26
27 <TriplesMap3>
28 rml:logicalSource [ rml:source "dataSource2" |;
29 rr:subjectMap |
30 rr:itemplate "http://iasis.eu/Exon/{ense}";
31 rrclassiais:Exon].
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' Challenge lI: Querying messy tabular data

SELECT ?stop_name ?date1 ?date2

WHERE {

?stop1 gtfs:sameStop ?stop2

?stop1 gtfs:name ?stop_name
?stop1 gtfs:close_date ?date1
?stop2 gtfs:close_date ?date2
FILTER (?date1 != ?date2)

D Obtained ‘ Expected

?stop_name ?date1 ?date2

Noviciado 20191225 20191231-20200101

Colonia

BusStop(w(id)) « bus_stop(id,name,date)
MetroStop(w(id)) « metro_stop(id,name,date,wheelchair)
name(w(id),name) «— metro_stop(id,name,date,wheelchair)
close_date(w(id),close_date) g
name(w(id),name)
close_date(w(id),close_date)
wheelchair(w(id),wheelchair)
sameStop(w(id),u(id))

metro_stop.csv
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Challenge lll: Choosing mappings and engines
o, O,

CSV Engine

S

rdf-parser-csvw Morph-RDB

~ Qa S db2triples 0030

g
S .
% B CSVW R2RML
C-E\ RocketRML
G .
ﬁ CARML Transformation
Q
T RMLMapper RML
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A new generation of KGC systems

Data
1970s
ETL
Queries I:
2000s Data A
OBDA N
S
L
A
T
|
Mappings | ON
2020s Queries
KGC SPARQL Data
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' State of the art: Mappings

- 2000-2012 _ 2012-2014 B 2014-2021 >

T T T T TR PRI TR » CSVW
— xR2RML
A
: — RML — RML+FnO
v
RO ------- - D2RQ ------- + R2RML » R2RML-F —— FunUL
Direct > KR2RML ~ Support
Mapping ---= Influence
— Extended by
— D2RML
W3C Recom
o ___ SPARQL- SPARQL-Based
SPARQL > Triplify + TARQL > Generate RDF-Based
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' KGC Engines

Engine Type Mapping Rules Written In Evaluation Limitation(s)
RMLMapper Materializer RML (+FnO) + CSVW Java - Performance&Scalability
RocketRML Materializer RML (+FnQO) JavaScript Ad-hoc Memory consumption
CARML Materializer RML (+FnO) Java - Scalability
Chimera Materializer RML Java - Memory consumption
SPARQL-Generate Materializer SPARQL-Generate Java Ad-hoc Scalability
CSV2RDF Materializer CSVW Java - Scalability
COow Materializer CSvw Python - Scalability
Ontop Materializer & Virtualizer R2RML & OBDA Java BSBM, NPD Support for RDB
Morph-xR2RML Materializer & Virtualizer xR2RML Java - Scalability & SPARQL
Morph-RDB Materializer & Virtualizer R2RML Java BSBM Support for RDB
Squerall Virtualizer RML (+FnO) Java BSBM SPARQL operators
Ontario Virtualizer RML Python LSLOD SPARQL operators

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules




Current status and limitations

GLOBAL ADOPTION OF DECLARATIVE KNOWLEDGE GRAPH CONSTRUCTION SYSTEMS

F
(’
Ced

SPARQL

Limitation I: Performance and scalability issues

Limitation lll: Lack of comprehensive and unified evaluation

Limitation IV: Multiple mappings specs with specific features
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“As a computer scientist, the most important
part of a research is the what, not the how”

Maria-Esther Vidal
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Methodology

Identification of
Limitations

Four limitations
based on the
analysis of the
state of the art

Y

Definition of the objectives

Objective 1
Scalable and efficient

construction of Knowledge Graphs

Objective 2
Evaluation methodologies

of KGC systems

Global adoption of declarative

knowledge graph construction
approaches

- ~-<

Definition of the hypotheses

Hypotheses 1.2.4.5:
Four hypotheses associated
to the first objective

Hypothesis 3:
One hypothesis associated

to the second objective

__________________________________

Mapping rules are the key to

integrate knowledge from
heterogeneous data sources

\
\

1
1
1
1
I
1
1
1
1
1
1
I
1
1
1
1
1
1
I
1
1
1
7

=<

Definition of the contribution

-~ -~

Contributions 1.[1-5]:

Five contributions associated
to the first objective

Contributions 2.[1-3]:

Three contributions associated
to the second objective

__________________________________

New generation of knowledge
graph construction systems

Cococococmo oo e oo oo S

U
’

Research Methodology

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules




' Objective |

[Objective 1: Scalable and efficient construction of Knowledge Graphs <o/ , }

4 Hypothesis 1: It is possible to translate declarative mapping rules among different specifications.

Contribution 1.1: Mapping translation concept and characterization of its main properties

l |
| |
;f N N N
i Hypothesis 2: Hypothesis 4: Hypothesis 5: |
' | The exploitation of declarative Physical data structures and Optimizations for functional i
i annotations can enhance current operators can be defined for mapping rules can be applied to |
.| virtual KGC systems scaling up KGC engines scale up the KGC i

A 4 A\ N 4 J

“““““““““ e
| 1 |
’ Y : :

PRI RN RN vV oo L i AN
| Contribution 1.2:
i Extracting constraints from declarative mapping for Contribution 1.4: Contribution 1.5: i
| enhancing VKGC Physical structures and Heuristic-based approach for |/
i Contribution 1.3: associated operators for transformation functions in i
| . . : optimizing KGC mapping rules |
| Automatic creation of functional wrappers from |
| declarative mapping rules |
| |
[ |
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' Objective |

{Objective 2: Evaluation methodologies of KGC systems <0’,}

|

| O

| {

: | Hypothesis 3: |

I -> A benchmark on transport data is able to stress and provide a full |
.| overview of the current KGC engines i
\\ ______________________________________________________________________ -I_ ______________________________________________________________________ ,//

C2.1: Test cases for the
conformance of KGC in mappings

C2.2: Parameters that affect the
behavior of the KGC engines
C2.3: GTFS-Madrid-Bench: Benchmark for evaluating virtual KGC engines
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Summary of objectives and contributions

Assumptions:

A1: Mapping rules and metadata descriptions are declarative and follow W3C standards
A2: The ontology for integrating the source data is available and is implemented in OWL.

A3: Mapping rules and metadata are available

A5: Datasets are static, not streams.

New Generation of Knowledge Graph Construction Engines

O1: Scalable and efficient construction of KGs

C1: Knowledge Graph Construction at Scale

____________________________________________________________________

l A1, A2, A3, A4, AS

__________________________________

C1.2: Formalization of constraints in
KGC (Morph-CSV)

__________________________________

C1.3: Automatic funct. wrappers
from mappings (Morph-GraphQL)

Virtual KGC

R4

__________________________________

__________________________________

__________________________________

__________________________________

Materialized KGC

O2: Evaluation methodologies of KGC systems to

understand their main limits
I

E"C_é._ 1: Test cases for the conformance of KG

i construction in mapping rules

v

C2: Evaluation Framework for Knowledge Graph Construction

Restrictions:
H3

SPARQL-to-SQL engines

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules

A4: Data are represented in formats that are not RDF

Hypotheses:

H1: It is possible to translate
declarative mapping rules
among different specifications.
H2: The exploitation of
declarative annotations can
enhance current virtual KGC
systems

H3: A benchmark on transport
data is able to stress and
provide a full overview of the
current state of different KGC
engines

H4: Physical data structures
and operators can be defined
for scaling up KGC engines
H5: Optimizations for
functional mapping rules can
be applied to scale up the
construction of KGC

R1: Input data sources must be located in the same physical
place as the KGC process is run.

R2: Not have to consider data protection nor access restrictions.
R3: The size of datasets is defined in terms of Gigabytes

R4: Our proposal does not make use of the capabilities of

R5: Our proposal does not make use of the features of the

transformation functions performed over the input data sources.
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Oscar Corcho
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: Evaluation Framework for Knowledge Graph Construction

Engine
Conformance
Engine
Behavior
Engine
Performance &
Scalability

_________________________________________________________________________________________________________________________________________________________________________

Evaluation Framework for Declarative Knowledge Graph
Construction Engines from Heterogeneous Data Sources
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' C2.1: RML Test-Cases

Conformance Test Cases for the RDF Mapping Language (RML)

the RDF mapping language (RML). In Iberoamerican KGSWC. This contribution are the result of joint collaboration with Ghent University

Heyvaert, P., Chaves-Fraga, D., Priyatna, F., Corcho, O., Mannens, E., Verborgh, R., & Dimou, A. (2019). Conformance test cases for
as a result of research visits and collaboration work in the context of the W3C
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From R2RML to RML test-cases

297 Test Cases covering:
-GSV, JSON, XML, MySQL, PostgreSQL, SQLServer

- Translated from R2RML Test Cases
- Semantically described by:

- Evaluation and Report Language (EARL) 1.0 Schema
- Test case manifest vocabulary

- Test Metadata vocabulary

- Data Catalog vocabulary

Each Test Case includes: Data + Mapping + Expected Output KG
Full info:_http://rml.io/test-cases/ & https://rml.io/implementation-report/

;i; /ig

scarml u ZXOV H= @\g@.

RMLStreamer RocketRML SDM-RDFizer
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http://rml.io/test-cases/
https://rml.io/implementation-report/

C2.2: Parameters

Analysis of parameters that affect
the construction of Knowledge Graphs

Chaves-Fraga, D., Endris, K. M., Iglesias, E., Corcho, O., & Vidal, M. E. (2019). What are the Parameters that Affect the
Construction of a Knowledge Graph?. In ODBASE. This contribution is one of the result of joint collaboration with the Scientific
Data Management Group from German National Library of Science and Technology (TIB), as a result of a research stay in the
institution
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' Independent Variables

Knowledge Graph Construction

Y

Y

Y

v v
Mapping Data Platform Source Output
# triplesMap dataset size cache on/off dist data transfer serialisation
# POM frequency dist RAM initial delay duplicates

# predicates
# objects
# joins
# named graphs
join selectivity
relation type
TermMap type

mapping order

partitioning

data format

# processors

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules

access limitation

generation type




' Experimental Setup

Engines (from RML-Implementation-Report): Datasets:
RMLMapper - Type: Naive, Join-Duplicates,
SDM-RDFizer Relation-Type, Join-Selectivity
- Size: 1K, 10K, 50K rows
- Format: CSV

Comparison using Pearson’s correlations:

Negative correlation (between 0 and -1) ® ‘ .

M Trends of execution time of the tools are opposite

Positive correlation (between 0 and 1) ¢ ‘ ‘

h Trends of execution time of the tools are similar

Total positive correlation (1) @

Comparing same configuration

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules


http://rml.io/implementation-report/

' Results I: Naive

Dataset Size (Naive)

7 -
.. A
; Strong positive
0 correlation = 1.0
o
S 4
©
s '
< 3 -
S All configs have
2 same behaviour
1 -
0 1 I I I I | 1
0 1 2 3 4 D 6 7

Configurations

Configurations 1-3: SDM-RDFizer on 1K, 10K and 50K rows
Configurations 4-6: RMLMapper on 1K, 10K and 50K rows
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' Results II: Relation Types 10K

Relation Types

9_
IR o
.1 @ @ |
(@]
51 @ ©
-}
241 @ 0
o S 0 '
@

Comparing same
configuration.
Correlatiog

Weak I?OSitive Jonfigurations 1-4: SDM-RDFizer on 1-N, N-1, N-M and combination
correlation = 0.1 Sonfigurations 5-8: RMLMapper on 1-N, N-1, N-M and combination

2 3 4 5 §) 7 8 9
Configurations
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C2.3: GTFS-Madrid-Bench

GTFS-Madrid-Bench: A Benchmark for (Virtual)
Knowledge Graph Construction Engines

Chaves-Fraga, D., Priyatna, F., Cimmino, A., Toledo, J., Ruckhaus, E., & Corcho, O. (2020). GTFS-Madrid-Bench: A benchmark for
virtual knowledge graph access in the transport domain. Journal of Web Semantics (Q2).

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules
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A comprehensive benchmark for (virtual)
knowledge graph access

GTFS-Madrid-Bench

- Query translation over heterogeneous data sources
- Transport Domain (GTFS)

- Unified evaluation framework for heterogeneous OBDA/OBDI engines
- Tested over 5 tools from the state of the art

- Highly influenced by BSBM (queries) and NPD (data generation)

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules




Variable Requirement
Ontology The ontology should include classes with data and object properties
Dataset The virtual instance should maintain the constraints defined in the original dataset
Dataset The virtual instance should be based on real world data
Dataset The virtual instance should be distributed in different data formats
Mappings The mappings should be able to indicate the format of the source
Mappings The mappings should be expressed using well known mapping languages
Queries The query set should be based on actual user queries
Queries The query set should be complex enough with relations among same but also different data sources
Metrics The metrics should provide relevant general information but also specific measures for each defined phase

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules



Dataset

GTFS-CSV-1 ‘ CSVW RML
/
Preparation 1

(1) Morph-CSV to generate GTFS-RDB-1 i LJA
< Creation(s=10) == (2)

(2) VIG to scale-up the RDB

GTFS-CSV-10

(3) Distribution based on user preferences

il Distribution =3
/ N

Sources in single format: Sources in multiple formats:

- GTFS-CSV-10 - GTFS-B-10

- GTFS-XML-10 - GTFS-W-10

- GTFS-JSON-10 - GTFS-[X]-10

- GTFS-SQL-10 -...

- GTFS-MongoDB-10
[ ] Data [_] Declarative Mapping
() Process (] CSV Annotations
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' Mappings

TriplesMap Source Classes # POM  #Predicates @ # Objects #ROM
shapes shapes gtfs:Shape 4 4 4 0
trips trips gtfs:Trip 8 8 5 3
calendar_rules calendar gtfs:Calendar 9 9 9 0
calendar_rules_dates calendar_dates gtfs:CalendarDateRule 2 2 2 0
stops stops gtfs:Stop 12 12 11 1
stoptimes stop_times gtfs:StopTime 9 9 7 2
routes routes gtfs:Route 8 8 7 1
agency agency gtfs:Agency 6 6 6 0
frequencies frequencies gtfs:Frequency 5 5 5 1
feed feed_info gtfs:Feed 6 6 6 0
service1 calendar gtfs:Service 1 1 0 1
service2 calendar_dates gtfs:Service 1 1 0 1

1 R2RML, 5 RML (YARRRML serialization),
1 xR2RML, 1 CSVW annotations + RML-Mapping generator

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules




#Triple ) Other FILTER #Star-shaped groups
Query #Sources OPTIONAL @ Aggregation
Patterns features equalto relational = w/o constants | w/constants
ql 4 1 1 0
q2 5 1 yes yes 0 1
a3 5 1 yes yes 0 1
g4 9 2 yes 2 0
as 5 2 yes 1 1
a6 3 2 yes yes 0 2
q7 15 4 yes DISTINCT yes 1 3
q8 14 5 yes 5 0
q9 7 2 yes yes 1 1
ql0 4 2 yes DISTINCT yes 1 1
qll 12 3 NOT EXISTS yes 3 2
ql2 10 4 yes GROUP BY 3 1
ql3 6 1 yes 0 1
qla 8 3 yes ORDER BY 3 0
ql5 3 1 yes 0 1
ql6 8 3 yes 2 1
ql7 9 3 3 0
ql8 8 5 UNION 4 1

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules




Mappings and Queries Features

Dataset:
Morph-CSV to generate GTFS-RDB

VIG to scale-up
- Distribution based on user preferences

Queries:
18 queries covering different configurations and SPARQL

operators
Aligned with user stories in Madrid’s transport domain

Triple patterns: from 3 to 15; Sources: 1 to 5
Single and chain star-shaped groups

Mappings:
10 Sources, 12 TriplesMap (12 Classes), 71 POM (70 P), 60

SOM, 11 ROM
1 R2RML, 5 RML (YARRRML serialization), 1 xR2RML, 1

CSVW annotations + RML-Mapping generator

GTFS-CSV-1 ‘ CSVW RML
/
Preparation (1)
GTFS-RDB-1 RERS
N
~ RO L) = (2)
GTFS-CSV-10
< Distribution > (3)
Sources in single format: Sources in multiple formats:
- GTFS-CSV-10 - GTFS-B-10
- GTFS-XML-10 - GTFS-W-10
- GTFS-JSON-10 - GTFS-[X]-10
- GTFS-SQL-10 -
- GTFS-MongoDB-10
[ ] Data [_] Declarative Mapping
() Process () CSV Annotations
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Metrics
General Metrics Specific Metrics
I
I I I I I I I I I I
Execution number Initial Dief@k Loading Mapping Number Query Query Query
Time answers delay Dief@t Time Translation Requests Translation Generation | | Aggregation
Source Query Query
Selection Execution Rewriting
: Continuous Starting Distribution Query Finishing
Common Metrics Behaviour Phase Phase Phases Phase

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules




TO (TimeOut), W (wrong n° results), E (error executing the query)

e Processor Query
Cache Name q1 q2 q3 q4 q5 q6 q7 q8 q9 q10 q11 q12 q13 qid g15 q16 qi17 (18
Warm  Morph-RDB 5.85 02.07 E 1.82 w 1.86 1.97 E 26.02 1.80 E 1.81 2.06 W | 1.89 E 211 E
GTFS-SQL1 Ontario 18.02 E TO E E E E w E E E E E w E E E E
Cold Morph-RDB 7.14 2.65 E 2.42 w 2.36 2.43 E 28.65 2.38 E 2.41 2.69 W | 258 E 268 E
Ontop 8.37 05.04 5.18 E w E w E 16.56 E E E 05.06 w 510 W 500 W
GTFS- Warm  Morph-xR2RML w w w w w w w w w w w w w 28.67 W W 652 W
MongoDB-1 Cold Morph-xR2RML w w W w w w W W W w W w W 2817 W W 696 W
Morph-RDB 6.94 03.04 E 2.78 E 2.78 TO E TO 2.97 E 6.23 3.97 E E E 314 W
GTFS-CSV-1 Cold Morph-CSV 15.11 10.88 E 10.72 E 9.95 10.84 E 40.90 | 10.70 E 1160 11.82 E E E 1148 W
Ontario { W E 17.34 E E E E w E E E E E w E E E E )
GTFS-XML-1 Cold Ontario E E E E E E E E E E E E E E E E E E
GTFS-JSON-1 Cold Ontario 18.04 E 17.14 E E E E w E E E E E w E E E E
GTFS-MINEXT-1 Cold Ontario w E E E E E E w E E E E E w E E E E
GTFS-MAXEXT-1 Cold Ontario \ W E 17.14 E E E E w E E E E E w E E E E J

e Only the SPARQL-to-SQL engines provide an acceptable support for SPARQL operators
e Virtual KGC proposals beyond relational databases are not mature enough and more research is needed

e The problem of translating SPARQL queries for querying raw data (CSV, JSON, XML) should not be understood as a
technical case

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules



Methodology & Sustainability

GTFS-Madrid-Bench:

First proposal able to provide a unique point for evaluating heterogeneous KGC engines*
Open context in comparison with previous proposals (BSBM, NPD)

Used in H2020-SPRINT to test KGC scalability and performance for NAP

High support through open science principles

Necessary Improvements:

Automatize generation of mapping rules beyond RML through mapping translation
Incorporation of semantics in data generation process (e.g., start date before end date)
- Evaluate the impact of the benchmark parameters in KGC engines behavior

Testing new capabilities of KGC engines (e.g., RDF-star gen, transformation functions,
lists, etc.)

*Arenas-Guerrero, J., Scrocca, M., Iglesias-Molina, A., Toledo, J., Pozo-Gilo, L., Dona, D., Corcho, O., & Chaves-Fraga, D. (2021).
Knowledge Graph Construction with R2ZRML and RML: An ETL System-based Overview. In Proceedings of the 2nd International
Workshop on Knowledge Graph Construction.
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' General conclusions

Evaluation framework for Knowledge Graph Construction Engines (Past&Present&Future)

Conformance with the mapping language

Past R2RML test cases (RDB2RDF W3C WG)
Present > RML test cases (Ghent&UPM)
Future > Conceptual test cases (KGC W3C CG)

Performance & Scalability

Past

BSBM, NPD, VIG

Present Parameters & Analysis -
- (UPM&TIB) %:l GTFS-Madrid-Bench

Future |—> GTFS-Madrid-Bench + Data Constraints + Parameters

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules
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C1.1: Mapping Translation

Mapping Translation: Concept and desirable properties

Corcho, O., Priyatna, F., & Chaves-Fraga, D. (2020). Towards a new generation of ontology based data access. Semantic Web (Q1)

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules



' Mapping Translation Features

New generation of Knowledge Graph Construction Engines

Main properties:

- IPP: Information Preservation Ffroperty Que / \
- QRPP: Query Result Preservation Property Resnm query result QRPILD// query result
A A
Main use-cases Query original target
Aim Engine Translation
Access / Optimizations Morph-CSV RML+FnO-to-R2RML 1
Optimizations FunMap RML+FnO-to-RML View / orginal (\\ﬁl// target
Maintenance / Schema Morph-GraphQL R2RML-to-GraphQL 4 4
Maintenance Morph-CSV R2RMLIter-to-R2RML N\
Maintenance ShEXML ShEXML-to-RML Mapping IS Tgﬁg%w/\ i
Maintenance yarrrml-parser YARRRML-to-RML
Maintenance Mapeathor Excel-to-[R2]RML .
Optimizations / Semantics ontop R2RML-to-OBDA @
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C1.2-3: Enhancing VKG

Exploiting Declarative Annotations for
Virtual Knowledge Graph Construction

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules



morph

Virtual Knowledge Graph
Construction over Tabular Data

Chaves-Fraga, D., Ruckhaus, E., Priyatna, F., Vidal, M. E., & Corcho, O. (2021). Enhancing Virtual Ontology Based Access over
Tabular Data with Morph-CSV. Semantic Web (Q1).

Chaves-Fraga, D., Pozo-Gilo, L., Toledo, J., Ruckhaus, E., & Corcho, O. (2020). Morph-CSV: Virtual Knowledge Graph Access
for Tabular Data. In International Semantic Web Conference (P&D) (Core A).

i [y
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' Horizontal solution

Can we reuse existing optimizations proposed
in SPARQL-to-SQL VKG construction?

SPARQL-to-SQL optimizations assumptions:
- There is a native query language for the input data source.

- There is an schema and typically includes integrity and domain constraints
(cleaned and normalized).

- The data source is an RDB instance or is a NoSQL database instance
with an RDB wrapper.

Challenges in SPARQL-to-CSV: Updated results, lightweight schema (no native
query language), heterogeneity (messy data), not normalized

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules



Objectives

Tabular
Dataset

23

- s total execution time @ _ \_/v

(TD) | ‘
\ [ e / query completeness ﬁ
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Morph-CSV

1 /_/ Q\'—‘\

'k-( Ontology 5

1

\ = Query
Data \ \ translation
Preparation / / = and

/  execution

r—.—.—.-\l

X’/ Extraction / Sel

: Mapping Rules A
- (RML+FnO) .
- morph |

L
b [ ] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] |} |} |} L]
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e

/@uencies:

/ sources:
/ - [frequencies.csv~csv]
s: mbench:freq/$(trip_id)-$(start_time)
po:
- [a, gtfs:Frequency]
- [gtfs:startTime,$(start_time)]
- [gtfs:endTime,$(end_time)]
- [otfs:headSecs,$(headway_secs)]
- [gtfs:exactTimes,$(exact_times)]
- p: gtfs:trip
o:
- mapping: trips
condition:
function: equal
parameters:
- [str1, $(trip_id)]
- [str2, $(trip_id)]

trips:
sources:
- [trips.csv~csV]
s: mbench:trips/$(trip_id)
po:
- [a, gtfs:Trip]
- [gtfs:headsign, $(trip_headsign)]
- [gtfs:shortName, $(trip_short_name)]
- [gtfs:direction, $(direction_id)]
- [gtfs:block, $(block_id)]
- p: gtfs:route
o:
- mapping: routes
condition:
\ function: equal
\ parameters:
\ - [str1, $(route_id)]
- [str2, $(route_id)]

routes:
sources:
- [routes.csv~csv]
s: mbench:routes/$(route_id)
po:
- [a, gtfs:Route]
- [otfs:shortName, $(route_short_name)]
- [gtfs:longName, $(route_long_name)]
- [dct:description, $(route_desc)]
- [gtfs:routeUrl, $(route_url)~iri]
- [gtfs:color, $(route_color)]
- [gtfs:textColor, $(route_text color)]
- p: gtfs:agency
o:
- mapping: agency
condition:
function: equal
parameters:
- [str1, $(agency_id)]
- [str2, $(agency_id)]
- p: gtfs:RouteType
o:
- mapping: route-type
condition:
function: equal
parameters:
- [str1, $(route_type)]
- [str2, $(route_type)]

route-type:

sources:

- [routes.csv~csvV]

s: CONCAT(gtfs:,TRANS($(route_type)))

po:
- [a, gtfs:RouteType] /
- [otfs:routeTypeCode,$(route_code)] |/

2

L i

|
[
|
/

/

/

Morph-CSV steps

_—

@encies: routes:
/ tables: tables:
,»"‘ - [frequencies] - [route] \
s: mbench:freq/$(trip_id)-$(start_time) s: mbench:routes/$(route_id)
po: po:
- [a, gtfs:Frequency] - [a, gtfs:Route]
- [gtfs:startTime,$(start_time)] - [gtfs:longName, $(route_long_name)]
- [gtfs:endTime,$(end_time)] - p: gtfs:RouteType
- p: gtfs:trip o:
o: - mapping: route-type
- mapping: trips condition:
condition: function: equal
function: equal parameters:
parameters: - [str1, $(route_type)]
- [str1, $(trip_id)] - [str2, $(route_type)]
- [str2, $(trip_id)]
trips:
tables:
- [trips] route-type:
s: mbench:trips/$(trip_id) tables:
po: - [route_type]
- [a, gtfs:Trip] s: gtfs:$(route_type fn)
routes
trips ute_code)]
+ route_id: VARCHAR (PK) ,
+ trip_id: VARCHAR (PK) >
+ route_short_name: VARCHAR
+ route_id: VARCHAR (FK)
+ route_type: INTEGER (FK) e

v

frequencies

route_type

+ trip_id: VARCHAR (PK, FK)

+ route_type: INTEGER (PK, FK)

+ start_time: DATETIME (PK)

+ route_code: INTEGER (PK)

+ end_time: DATETIME

+ route_type_fn: VARCHAR

KG Construction f
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Baseline:
Morph-RDB

Approach 1 (complete RDB):

Morph-CSV™ + Morph-RDB

Approach 2 (source selection):

Morph-CSV + Morph-RDB

Time (logio(s))

Time (logio(s))

timeout

3.0 A

2.5 1

2.0 1

1.54

1.0 A

0.5 A

0.0 -

timeout

3.0 A

2.5 1

2.0 A

1.5 4

1.0 A

0.5 1

0.0 -

GTFS-Madrid-Bench over Morph-RDB

GTFS-1

Em Morph-CSV+Morph-RDB
[ Morph-CSV ~ +Morph-RDB
[ Morph-RDB

GTFS-100

I Morph-CSV+Morph-RDB
[ Morph-CSV ~ +Morph-RDB
 Morph-RDB

Time (logio(s))

Time (log1o(s))

timeout

3.0 A

2.5 7]

2.01

1.5 1

1.0 1

0.5 A

0.0 -

timeout

3.0 1

2.5 1

2.0 1

1.5

1.0 4

0.5 A1

0.0 -

GTFS-10

Emm Morph-CSV+Morph-RDB
[ Morph-CSV ™ +Morph-RDB
[ Morph-RDB

GTFS-1000

E Morph-CSV+Morph-RDB
[ Morph-CSV ~ +Morph-RDB
f Morph-RDB
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GTFS-Madrid-Bench over Ontop

timeout || Morph-CSV-i-Ontop timeout || Morph-CSV-i-Ontop
Spe GTFS_‘I — l\ollztrgg-csv +Ontop - GTFS_‘I 0 z)/lg:g;-csv +Ontop
2.5 1 2.5
% 2.0 % 2.0 A
Baseline: < %
£ 1.59 £ 1.5+
O nto p 1.0 A ] 1.0
0.5 A 0.5 1
Approach 1 (complete RDB): - -
1 2 3 4 5 7 9 13 14 17
Morph-CSV" + Ontop . e
mees Em Morph-CSV+0ntop timeout
Morph-CSV ~ +Ontop GTFS_1 OOO | mg:phicsxtint:&
. 3.0 A GTFS'1 OO Ontop 564 Onts:: CS Ontop
Approach 2 (source selection):
2.5 A
Morph-CSV + Ontop 5 L. .
E . g 1.5
1.0 A "
1.0 A
0.5 A
0.5 A
0.0 -
1 2 3 4 5 7 9 13 14 17 0.0 -
Query 1 2 3 4 5 7 9 13 14 17
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C1.3: R2RML to GraphQL

morph

GraphQL Server Generation
from Declarative Mappings

Chaves-Fraga, D., Priyatna, F., Alobaid, A., & Corcho, O. (2020). Exploiting Declarative Mapping Rules for Generating GraphQL
Servers with Morph-GraphQL. International Journal of Software Engineering and Knowledge Engineering (Q4)

Priyatna, F., Chaves-Fraga, D., Alobaid, A., & Corcho, O. (2019). morph-GraphQL: GraphQL Servers Generation from R2RML
Mappings. In International Conference on Software Engineering and Knowledge Engineering (Core B).

Alobaid, A., Chaves-Fraga, D., Priyatna, F., & Corcho, O. (2019). GraphQL Servers generation from R2RML with morph-GraphQL
(Demo). In International Conference on Software Engineering and Knowledge Engineering (Core B). Best Demo Award

[ L1
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' Morph-GraphQL

Main motivations: Dl\e/lzlsg?;i;e
Morph-GraphQL
- Common representation of mappings P Phi Rules

between source and GraphQL schema

- Shared vocabularies to avoid data silos

- Bootstrapping GraphQL development

GraphQL GraphQL
resolvers schema

Main features:

\4
- Translation based on Chebotko’s

Graphal 7 GraphQL
SPARQL-to-SQL algorithm Engine Query

- Experimentation with Linképing GraphQL l

Benchmark v0.1

- Similar results as Virtuoso or VKGC (Morph-RDB) ( Query W
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C1.4-5: Optimizations for MKGC

Optimizations for Scaling-up Materialized
Knowledge Graph Construction Techniques*

* These contributions are the result of joint collaboration with the Scientific Data Management Group from German National Library of
Science and Technology (TIB), as a result of a research stay in the institution.
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C1.4: SDM-RDFizer

8

SDM-RDFizer

SDM-RDFizer: An RML Interpreter for the Efficient
Creation of RDF Knowledge Graphs.

Iglesias, E., Jozashoori, S., Chaves-Fraga, D., Collarana, D., & Vidal, M. E. (2020). SDM-RDFizer: An RML interpreter for the efficient
creation of rdf knowledge graphs. In Proceedings of the 29th ACM CIKM (Core A). First 3 authors contributed equally to the research
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' SDM-RDFizer

RML Triples Maps

<#TripleMapl>
rri:subjectMap [

rritemplate “{A}";];
rr:predicateObjectMap [ . -
rripredicate ex:hascos; Checking duplicates ) -
i e in Physical Data Addmg_ entries to
i Croation of Structures PI;)t(suc?I Data
Physical Data YOS
Structures
D t S Predicate Tuple Tables
ata ources <A2> <ex:hasCDS> <B1>. <C2> <ex:Drug> <D1>.
<A2> <ex:hasCDS> <B2>. <C2> <ex:Drug> <D2>.
<A1> <ex:hasCDS> <B1>. <C1> <ex:Drug> <D1>.

Predicate Join Tuple Tables

#TripleMap2_B

“B1"

[c1,62]

Retrieving entries
to Physical Data

C Structures

Physical Data Structures

SDM-RDFizer

Knowledge
Graph
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' PPT and PJTT

- Predicate Tuple Table (PTT) Predicate Join Tuple Table (PJTT)
e stores RDF triples for a predicate generatedsofar @ e stores values generated during execution of a join condition.
' Hash table: " Hash table:
o Key encoding subject and object o Key encoding the value of the attributes in the join
e Value the RDF triple. . Value set with the subject values associated with the values of

the attributes in the hash key

___________________________________________________________________________________________________________________________________________________________________________________

trips.csv routes.csv
<http://lexample.org/trips/1> <schema:name> “Sol-Aluche”. _
<http://example.org/trips/2> <schema:name> “Sol-Retiro”.
<http://example.org/trips/1> <schema:name> “Sol-Aluche”. ) ) 2193351 | 1455465
Sol-Aluche 2193351

2193351 2064548

@ Sol-Retiro 2193351 2196270 2061629

Key Value @

<http://example.org/trips/1>
<schema:name> “Sol-Aluche”

http://example.org/trips/1_Sol-Aluche TripleMap_Trips_Routes

: “2193351” [1455465,2064548]
<http://example.org/trips/2>

<schema:name> “Sol-Retiro” “2196270” [2061629]

http://example.org/trips/2_Sol-Retiro

PTT schema:name JPTT TripleMap2_trips_routes
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Experimental results (COSMIC dataset)

What is the impact of data duplication rate, data size and triples map types in the
execution time of a knowledge graph creation approach?

10K rows 100K rows | 1M rows

timeout timeout timeout -
SDM-RDFizer SDM-RDFizer SDM-RDFizer
30 SDM-RDFizer~ 30 SDM-RDFizer~ 4.5 1 SDM-RDFizer ™
. B RMLMapper : s RMLMapper s RMLMapper
RocketRML RocketRML 401 RocketRML
2.51 251 3.5 1
204 2.0 3.01
254
1.5 | 1.5
25% |
(0] 1o 1.0 4 154
Du
0.5
0.5 1
0.0 T T
0.0 N o \‘\ 0.0 T T

) o < s 0\\“ N N ) &
0Q~ OQ* > D‘ O 0 OQ‘ OQ"
Number of different types of PredlcateObjctMap (POM)

Time (log1o(s))
Time (logio(s))

Number of dlfferent types of PredlcateOchtMap (POM)

Number of dlfferent types of PredlcateOb]ctMap (PO
timeout timeout timeout -
SDM-RDFizer SDM-RDFizer SDM-RDFizer
SDM-RDFizer = SDM-RDFizer ~ 4.0 SDM-RDFizer ~
2.5-4 mmm RMLMapper 2.54 mmm RMLMapper B RMLMapper
RocketRML RocketRML 3.5 RocketRML
2.0 1 2.0 1 3.0 1
75% |
0 1.5 1 1.5
2.0
Dup
1.04
0.5 4 0.5 A
0.5 A
0.0 T 0.0 T T T 0.0 T T
w‘\ N o A N A N O @ w‘\
o & B o & RO & T K

S Y x v )
Number of d|fferent types of PredlcateOb]ctMap (POM) Number of different types of PredicateObjctMap (POM) Number of different types of PredlcateOb]ctMap (POM)

Time (log1o(s))
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FunMap

FunMap: Efficient Execution of Functional Mappings
for Scaled-Up Knowledge Graph Creation

Mappings for Knowledge Graph Creation. In International Semantic Web Conference (Core A). First two authors contributed equally to

. Jozashoori, S., Chaves-Fraga, D., Iglesias, E., Vidal, M. E., & Corcho, O. (2020, November). FunMap: Efficient Execution of Functional
g the research. Fully reproduced paper
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Function
Execution

Data . . °
L
Mapping Maapn:ing Transformation ... " '
fren=iation Transformation to RDF ". =\
S
v o
Transformed
Mapping rules + Mapping
Pre-processing L rules

Functions
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FunMap - Heuristic |

rml:logicalSource [ rml:source “"sourcel.csv"; <#TriplesMapl>

rml:referenceFormulation ql:CSV J; a rr:TriplesMap;

e "projectedl.csv";
rml:referenceFormulation ql:CS%

rr:subjectMap [
rr:template "ias:/Mutation/{GENOMIC_MUTATION_ID}";
rr:class ias:Mutation;];

rml:logicalSource [ rml:sod

rr:predicateObjectMap [ rr:subjectMap [
rr:predicate iasis:islLocatedIn; rr:template "ias:/Mutation/{GENOMIC_MUTATION_ID}";
Function in an ObeCtMa . rr:objectMap <#FunctionMapl> ]; rriclass ias:Mutation;];
J p' rr:predicateObjectMap [ rr:predicateObjectMap [
rr:predicate iasis:tissue; rr:predicate iasis:islLocatedIn;

rr:objectMap [ rr:objectMap [
rml:reference "Primary site" ]]. .

- OUtDUt file With funCtion rml:logicalSource [ rml:source "sourcel.csv";

. rml:referenceFormulation ql:CSV ];
applled rr:subjectMap [

rr:template "ias:/Gene/{Gene name}";
rr:class iasis:Gene;];
rr:predicateObjectMap [

- References used in func‘tion rr:predicate iasis:isRelatedTo; rml:logicalSource [ rml:so

rr:objectMap <#FunctionMapl>]. rml:ref¥

ce "projected2.csv";
gnceFormulation g

P L rr:subjectMap [
for JOIn Condltlons <#FunctionMapl> rr:template "ias:/Gene/{Gene name}";

a fnml:FunctionTermMap; rr:class iasis:Gene;];

fnml:functionvalue [ rr:predicateObjectMap [
rml:logicalSource [ rml:source "sourcel.csv"; rr:predicate iasis:isRelatedTo;

_ 1 1 1 rml:referenceFormulation ql:CSV ]; rr:objectMap [
PrOJeCtlng Inpl"rt SOurces rripredicateObjectMap [ rr:parentTriplesMap <#TriplesMap3>;
rr:joinCondition [

15

rr:predicate fno:executes ;
rr:objectMap [

rr:constant ex:replaceVa

rr:predicateObjectMasg

Transforms to !

515151

rr:predicateObjec¥
rr:predicate ex:valt
rr:objectMap [
rr:constant "-"; 1];
rr:predicateObjectMap [
rr:predicate ex:value3;
rr:objectMap [
rr:constant ":"; 1];1.

a rr:TriplesMap;
rml:logicalSource [ rml:source "outputl.csv";
rml:referenceFormulation ql:CSV
1
rr:subjectMap [
rml:reference "“functionOutput"
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. FunMap - Heuristic Il

Function in an
SubjectMap:

- Main output file with
function applied

- References used in
function for join
conditions

- Projecting input
sources

rml:logicalSource [ rml:source "sourcel.csv";
rml:referenceFormulation ql:CSV ];
rr:subjectMap <#FunctionMapl> ;
rr:predicateObjectMap [
rr:predicate iasis:represents;
rr:objectMap [
rml:reference "Mutation"” ]];
rr:predicateObjectMap [
rr:predicate iasis:tissue;
rr:objectMap [
rml:reference "Primary site" ]].

<#FunctionMapl>
a fnml:FunctionTermMap;
fnml:functionValue [
rml:logicalSource [ rml:source "sourcel.csv";
rml:referenceFormulation ql:CSV ];
rr:predicateObjectMap [
rr:predicate fno:executes ;
rr:objectMap [
rr:constant ex:r
rr:predicateObjectMag
rr:predicate
rr:objectMap
rml:refer@ce |
rr:predicateObjectMig
rr:predicate ex:val®
rr:objectMap [
rr:constant "-"; ]];
rr:predicateObjectMap [
rr:predicate ex:value3;
rr:objectMap [
rr:constant ":"; 1];].

Transforms to

rml:referenceFormulation ql°
rr:subjectMap [

rml:reference "functionOutput" ];
rr:predicateObjectMap [
rr:predicate iasis:represents;

‘parentTriplesMap <#TriplesMap2> ;
rr:joinCondition [

r:parentTriplesMap <#TriplesMap3> ;

‘ :joinCondition [
r:par o

rr:subjectMap
rml:reference
<#TriplesMap3>

rml:log@calSource [ rml:source "projectedl.csv";
rml:referenceFormulation ql:CSV ];

rr:subjectMa
rml:reference
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FunMap - Experimental results (COSMIC dataset)

What is the impact of data duplication rate and different types of complexity over
transformation functions in the execution time of a knowledge graph construction approach?

. FunMap+RMLMapper

2500 4 FunMap ~ +RMLMapper
RMLMapper**(RML+FnO)
S I | _ 2000 -
imple -
functions £ g

(lower, upper)

o .
4 6 8 10
Number of repetition of the same simple function in mapping rules

(c) RMLMapper - 25% of duplicates

3500 4 ™ FunMap+RMLMapper
FunMap ~ +RMLMapper
3000 4 RMLMapper**(RML+FnO)

Complex 500

functions £ 1
(if, replace,

multiple | I l I

columns) i

10
Number of repetition of the same complex function in mapping rules

(c) RMLMapper - 25% of duplicates
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@ FunMap+RMLMapper
FunMap ~ +RMLMapper

800 1 RMLMapper*(RML+FnO)
— 600 A
4
(]
£
= 400

200 A

ol T -

4 6 10
Number of repetition of the same simple function in mapping rules

(d) RMLMapper - 75% of duplicates

1000

800 A

Time (s)

400 A

200 A

| o O Hl .

0

(d)

600 A

B FunMap+RMLMapper

. FunMap ~ +RMLMapper

RMLMapper**(RML+FnO)

4 6 8 10
Number of repetition of the same complex function in mapping rules

RMLMapper - 75% of duplicates




' Conclusions

Efficient techniques for constructing KGs at scale

Empirical results indicate that SDM-RDFizer outperforms the state of the
art by up to three orders of magnitude

FunMap converts data integration systems in RML+FnO into equivalent data
integration systems specified in RML

FunMap generates data integration systems that enhance RML-complaint
engines

Empirical evaluations suggest that FunMap execution time of RML+FnO is
reduced by up to 20 times
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. Introduction

. State of the Art

- Research Methodology & Thesis Objectives
- Contributions

o (C1: Knowledge Graph Construction at Scale
o (C2: Evaluation Framework for Knowledge Graph Construction

= Conclusions and Future Work

“The terms data cleaning and data
pre-processing should be removed”

An Anonymous Data Engineer
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' Conclusions

O1 llII Knowledge Graph Construction at Scale
.

e Exploitation of mapping rules to enhance the construction of virtual and
materialized knowledge graphs

e Heterogeneity of mapping specifications is a benefit, not a problem.
e Pre-processing and data cleaning steps need more attention.
e From engineering to research in materialization approaches.

e Performance and scalability is still an issue in KG construction.
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Conclusions
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Users in the loop for hybrid knowledge graph construction solutions
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Results IV: Join Selectivity on 1K

Join Selectivity
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' Results Ill: Duplicates on Join 1K

Join Duplicates
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Challenges VS Declarative Annotations in Tabular Data

Challenge

Detailed Challenge

Relevant properties

Updated results

Select relevant sources and columns

SPARQL + Mapping

Describing concepts and properties

rr: class / rr:predicateMap

Lightweight Add header to a CSV file csvw:rowTitles
Schema
Column datatype csvw:datatype
Domain values csSvw:minimum, csvw:maximum
Specify the format of a column csvw:format
Transform value fnml:functionValue
Heterogeneity

Default for missing values

csvw:default

Specify NULL values

csvw:null

Specify NOT NULL constraint

csvw:required

Not Normalized
Sources

Integrity Constraints (PK & FK)

csvw:primaryKey / csvw:foreignKey

Relationships between columns

rr:parentTriplesMap + rr:;joinCondition

Multiple entities in one source

rr:-TriplesMap with same LogicalSource

Support for multiple values in one cell

csvw:separator
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' Step 1: Source selection

SELECT ?trip ?routeName ?routeType ?startTime ?endTime ?code WHERE {

l'?frequency a gtfs:Frequency .
‘?frequency gtfs:startTime ?startTime .
|’?frequency gtfs:endTime ?endTime .
I'?frequency gtfs:trip ?trip .

I'?route a gtfs:Route .
1?7route gtfs:shortName ?routeName .
I’?route gtfs:routeType ?routeType .

}

Select the relevant rules for the star shape
groups of the input query

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules

y B
/ _
/frequencies: routes: R,
' sources: sources:

- [frequencies.csv~csv] - [routes.csv~csv]

s: mbench:freq/$(trip_id)-$(start_time) s: mbench:routes/$(route_id)

po: po:
- [a, gtfs:Frequency] - [a, gtfs:Route]
- [gtfs:startTime,$(start_time)] - [otfs:shortName, $(route_short_name)]
- [gtfs:endTime,$(end_time)] - [gtfs:longName, $(route_long_name)]
- [otfs:headSecs,$(headway_secs)] - [dct:description, $(route_desc)]
- [gtfs:exactTimes,$(exact_times)] - [gtfs:routeUrl, $(route_url)~iri]

- p: gtfs:trip - [gtfs:color, $(route_color)]
o: - [otfs:textColor, $(route_text color)]
- mapping: trips - p: gtfs:agency
condition: o:

function: equal - mapping: agency

parameters: condition:
- [str1, $(trip_id)] function: equal
- [str2, $(trip_id)] parameters:

- [str1, $(agency_id)]
- [str2, $(agency_id)]
- p: gtfs:RouteType

trips:
sources:
- [trips.csv~csv]

: h:tri iD i o:
;om SRS SR - mapping: route-type
- [a, gtfs:Trip] C;)ndlt!()nf :
- [otfs:headsign, $(trip_headsign)] unctnon:. eo!ua
- [gtfs:shortName, $(trip_short_name)] paratm1e ;rs. o t
- [gtfs:direction, $(direction_id)] i [strz, $(’°“te—type)]
- [gtfs:block, $(block_id)] - [str2, $(route_type)]
- p: gtfs:rout
z: ghsrote route-type:
= ing: rout sources:
(r:,a:lr:j;;tlir:,gn:rou o - [routes.csv~csv]
function: equal s: CONCAT(gtfs:,TRANS($(route_type)))
: : po:
\ parameters: ’
\ - [str1, $(route_id)] - [a, gtfs:RouteType] /
\\ - [str2, $(route_id)] - [gtfs:routeTypeCode,$(route_ code)] e

/
/




' Step 1: Source selection

agency_id | route_short_name route_type | route_url route_color

CRTM i 1 hitpi/iertm/ | 5ppEEg
metro/4_1

CRTM 2 1 http:fietm/ | epgeog
metro/4 2

CRTM 3 1 hitp-fiertm/ | cepngg
metro/4 3

CRTM 4 1 hitp:/icrtm/ | gercqg
metro/4 4

CRTM C1 2 hitp:/icrtm/ | 4epoEs
train/5_1

CRTM c2 2 http:ficrtm/ | gnapas
train/5_2

CRTM c3 2 hitpziicrtm/ | groras
train/5_3

CRTM c4 2 htp:fjcrtm/ | y55aA3
train/5 4
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' Step 1: Source selection

frequencies:
sources: sources:
- [frequencies.csv~csV] - [routes.csv~csv]
s: mbench:freq/$(trip_id)-$(start_time) s: mbench:routes/$(route_id)
po: po:
- [a, gtfs:Frequency] - [a, gtfs:Route]
- [gtfs:startTime,$(start_time)] - [otfs:longName, $(route_long_name)]

routes:

- [gtfs:endTime,$(end_time)] - p: gtfs:RouteType
- p: gtfs:trip o:
o: - mapping: route-type
- mapping: trips condition:
condition: function: equal
function: equal parameters:
parameters:

- [str1, $(route_type)]

- [str1, $(trip_id)] - [str2, $(route_type)]

- [str2, $(trip_id)]

trips:
sources:
- [trips.csv~csV] route-type:
s: mbench:trips/$(trip_id) sources:
po: _ - [routes.csv~csv]
- [a, gtfs:Trip] s: CONCAT(gtfs:, TRANS($(route_type)))
- p: gtfs:route po:
o: ' - [a, gtfs:RouteType]
- mapping: routes - [gtfs:route TypeCode,$(route_code)]
condition:
function: equal
parameters:

- [str1, $(route_id)]
- [str2, $(route_id)]

Routes and route-types has the same LogicalSource

v

Source contains information from independent entities
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K Step 2: Normalization

1) route TriplesMap references: route_id, route_long_name, route_type
2) route_type TriplesMap references: route_type, route_code

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules 80



Step 3: Data Preparation

route_type @ute-type: \
» sources:
1 - [routes_types.csv~csV]
s: gtfs:$(route_type fn)
po:
2 \ - gtfs:routeTypeCode,$(route_codey

1. Remove duplicates from the input sources (from 8 to 2 rows)
2. Substitute values from CSVW annotations (csvw:default, csvw:null, csvw:format) directly over tabular data
3. Generate the SQL actions for the ad-hoc transformation functions (fnml:functionValue)

UPDATE route_type table SET route_type fn = REPLACE(route_type, '1l', 'Subway')
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' Execution Times
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' Memory Consumption

OoM

Maximum memory (log,o(kB))
B

Maximum memory (l0g,q(kB))

GTFS;

= i
rdb cév xt'nl jsém cusltom
GTFS100
[l L
- -
\.\_\\\\\
\\ .
rdb cév xrtnl jsE)n cus'tom

KG Construction from Heterogeneous Data Source Exploiting Declarative Mapping Rules

OO0oM

Maximum memory (logig(kB))
B

3 -
2 -
1 o
0
\_\\
™
. .
-

GTFSq10

rdb csv xml json custom
DB2Triples ' RZRML-F Chimera
I Ontop RocketRML B RMLMapper
EEm Morph-RDB SDM-RDFizer CARML
S
\\\
e
~
\\
\_\ -
SDM-RDFizer

~Ontop, SDM-RDFizer




