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R2BML Based ShEx Schema
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Abstract

RZ2RML is a W3C standard language that defines how to expose the relational data as RDF triples.

The output from an RZRML mapping is only an RDF dataset. By definition, the dataset has no

schema. The lack of schema makes the dataset in linked data portal impractical for integrating and

analyzing data. To address this issue, we propose an approach for generating automatically schemas

for RDF graphs populated by R2RML mappings. More precisely, we represent the schema using ShEX,

which is a language for validating and describing RDF. Our approach allows to generate ShEx

schemas as well as RDF datasets from RZRML mappings. Our ShEx schema can provide benefits for

both data providers and ordinary users. Data providers can verify and guarantee the structural

integrity of the dataset against the schema. Users can write SPARQL queries efficiently by referring

to the schema. In this paper, we describe data structures and algorithms of the system to derive

ShEx documents from RZRML documents and presents a brief demonstration regarding its proper use.
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<#TriplesMap2>2] Fo1& EAoj & F gk}, 13 194 rrichild
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<#EmpTableView> rr:sqlQuery """
SELECT EMPNO, ENAME, JOB, DEPTNO FROM EMP;

<#TriplesMap1>
rr:logicalTable <#EmpTableView>;
rrisubjectMap [
rritemplate "http://ex.com/emp/{EMPNO}";
rr:class ex:Employee;
IE
rr:predicateObjectMap [
rr:predicate ex:name;
rriobjectMap [ rricolumn "ENAME" [;
IE
rr:predicateObjectMap [
rr:predicate ex:job;
rriobjectMap [rritemplate "http://ex.com/job/{JOB}"];
IE
rr:predicateObjectMap [
rr:predicate ex:department;
rriobjectMap [
rr:parentTriplesMap <#TriplesMap2>;
rr;joinCondition [
rrichild "DEPTNO";
rr:parent "DEPTNQO";
IE
I;
1.
<#TriplesMap2>
rr:logicalTable [ rr:tableName "DEPT" [;

Fig. 1. Example of R2RML Document
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Fig. 3. Structure of R2RML Model
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Table 1. Input for Building ShEx Schema Model

&7 8F= triples map®] H tiAl olol Wig-éh= Type 1
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AT AL A5 W, triples map AZH-E

AE EFEE AHE 4= A= Type 2 Shapes A5l €3t

Q) o249 Type 1 Shape® AEL {54, §8}e] A,

function buildShExSchemaModel (r2rm/)

input: R2RML Model r2rm/
output: ShEx Schema Model schema

Output Input
ShEx Schema Model R2RML Model ShEx Schema Model
NodeConstraint ObjectMap
Shape IRl of TriplesMap,
(Type 1) SubjectMap
Shape set of
(Type 2) Type 1 Shapes
TripleConstraint classlRls of
(Type 1) SubjectMap
TripleConstraint PredicateMap,
(Type 2) ObjectMap
TripleConstraint PredicateMap,
(Type 3) RefObjectMap

{0

¥ 12 ShEx 271v} BEls FAsE S5 AV}
R2RML ¥elle] ojuf gl @45 ¥ o dlo] WPH=AE okt
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Shape?] #lol& S ¢l AHE-=M SubjectMap> Shape?]
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TripleConstrainti= FA|¥ 2.2 &7} rdfitype o2 AAH A o]
7] el ETE Alokerde] H4o] Ao Lok mriclass #019]
Aol IRINMS Ha® @tk ® 1AM Type 29 3
TripleConstraint A& $18F 922 R2RML #4119 o= 249
predicate—object map 2. Z4-E] 4 ] TripleConstraint”} A
AEE HoFE Fo|th

3 194 Type 2 Shape®] 73 1#o] R2RML &2 227}
obd Type 1 Shape®] Hgoltt. $-41 Type 2 Shaped] &7
olf& WA Awstarat gt A= thE triples mapel| €13l A3
EZZE Abolo] 5438 A5 T8 He B9t Ak F,
shue] F & Ffske EFEEC] 99 triples map 22 H-E
A 74g-olth o]t A8 A2 U triples map2] subject
map®l o) BEEEo] APyt AlLlsH T 9ol A
Fholl whe} HAYE 4= 9k & AT A= (Type 1) Shape s triples
map®l] FHYE t-SAIZ7] wize] olefg 45-9] ETjEEo
et 25 Ay
£, triples map2] Hg {A, B, Cr¢] 9459 subject map
HZSlo] APt Al jsta FUsithH, {A), {B), {C}, {A, B},
{B, C}, {C, A}, {A, B, C} g} Z7e] 3o = RE sdg
Fol7b TS 4= oAtk dae] st 191 Pt ko R E A
¥ Eg)E9 2+ Type 1 Shapel.& AW 4= 9lt). 1 9]¢
Ao 2 RE A EgEe] 725 AYsl] 918 Shapeo]
F7h2 B3k o]2f3t 89| Shapeo] Wk Type 2 Shape©lth.
& Gl A= Type 2 Shaped] A4S 913 JHOR Fol5
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35

36
37

38
39
40
41
42

schema < create an empty ShEx Schema Model.
TMs < get the set of TriplesMaps in r2rml.
for each TM € TMs {

iri < get the IRl of TM.

SM < get the subject map of TM.

shapel < create a type 1 shape with

SM.
clsIRls < get classIRIs of SM.
tc1 < create a type 1 triple constraint
clslRls.

add fc? to shapel.

POMs < get the set of predicate—object maps.

for each POM € POMs {

iriand

with

PM < get the predicate map of POM.
OM < get the object map of POM.
ROM <« get the referencing object map of
POM.
if OM 1= null {
nc < create a node constraint with OM.
add nc to schema.
tc2 < create a type 2 triple constraint with
PM and OM.
add tc2 to shapel.
}
if ROM = null {
tc3 < create a type 3 triple constraint with
PM and ROM.
add fc3 to shapel.
}
}
add shapel to schema.

}
IRISet < create an empty set for IRl of TriplesMap.
for each TM € TMs {
if IRl of TM & IRISet {
shapel < find the type 1 shape created from
™.
shapels <« get a set of type 1 shapes to
share subjects from schema.
add the IRIs of every shape in shapels to
IRISet.
subsets < get a set of subsets contain more
than 2 elements of shapels.

for each subset € subsets {
shape? < create a type 2 shape with
subset.
add shape2 to schema.

}
}
}

return schema

Fig. 8. Algorithm for Building ShEx Schema Model
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3.2.1 Setting Attributes of NodeConstraints

7} 43k Ashs WS et 1 2+ NodeConstraint®]
22 BB
=1 O e B |

3 FAlell 7k £4do] ObjectMap®] of¥l &4%k&

Table 2. Attributes of NodeConstraint

NodeConstraint ObjectMap
id
nodeKind termType
valueSet language
datatype datatype
xsFacet template

id £ S AN == Alkz9] HolEe] Hrt id
S35 ObjectMapell ©]EaH] e¥aL 48 Fho] ¥ %5 A|~H]
ollx] A9 gtelrh. nodeKind %73k BNODE, IRI, LITERAL
< ofol termType 4d %] BLANKNODE, IRI, LITERAL]
22} -3k} valueSet /3-8 language 434k ooll “@” A=
S AYE FHtok oE 9, language 473 4k°] “en—us 2hH
ShExo| 4] ARE-8h= Ao Bl 3231 “@en-us” 0.2 WSk,
2, valueSet £ &2 Wilol| Al ShEx A ¥#3
A3}, ShEx= EAF R Aole1 Aok AT & §
glth.  NodeConstraint®] —datatype A%k 7]E4o=
ObjectMap®] 5 &40l gto] &A1 74-¢ 1ul=2 ). tul,
ObjectMap?] column €23 %k0] EASIAL datatype 346 =4
A % 79 column®] type 474 5, 71 A SAL HlolHEN
of t-gshk= XML 27IvF dlo]HE]S NodeConstraint2]
datatype®] ko= F gkl SQLTH XML 1t dielEER] dl-g-aAl=
R2RML ARl 4old [15]5 w2 Zlo|t}. xsFacet &4
termplate 4249 format +AFES ShExollA] AFS-E 4= = A
2 AEA[14]20] FAE 22 § 1 A9E gros gkt

3.2.2 Setting Attributes of Shapes

Shape ZA9l £42 ® 3o yddE 39 47
TripleConstraint AAE2] Fo2 FAHTE & 39 3719 &
AL ZEAAN AN FES o] HE F, Fof k= figh ==
Aok SHE A AME-E™H TripleConstraint &2 T2%.
E Aol AREE id $4%k Rl S=ehAol A Ao
9] glojBo] Hr} ¥ A= Type 1 Shape? id IRIS
TriplesMap®] IRI7} U] o] 2= D25k qt fragment+= &
A== AT AHEA7E Alo] 29} triples map®] Hf-8-¥HA|
& golatAl stotstes & ojteo|th Type 2 Shape®] ide YUY
Type 1 ShapeE9] id fragmentE EAJ3F3ich o] B3k AREA7}
Type 2 Alo]327} oJ¥ Type 1 Alo|ZE5Z5H AAHE AMAE
A FetsleE 3 9 ko|th nodeKind 4332 0] o
gk Adro]7]el IRl 2-& BNODER®F 7153l SubjectMap?]
termType 4433k IRI, BLANKNODE®] 242} th-$-5le] A4 %
t}. xsFacet 42 SubjectMap®] template /9] format <
Ade Arads] Aluage] FAd 24 $ 1 A0S groR
Sdu=t} Type 2 Shape®] S $13l 94=€ Type 1 Shape
£9] nodeKind9} xsFacet A3k E5 Zolok g}, djvksha
TUg Fol mEE AT T QI Alo]xZEo]7] wizolth
kA 152 5E AYAdE Type 2 Shape 3 7 £4d9] Fho]
Zolol gtk whebA] & PR E ¥ 3 MA Shape®] F
7S A= Shaped] £4702 ARSIt

Table 3. Attributes of Shape

NodeConstraint Input of R2RML Model

id IRI of TriplesMap

nodeKind termType of SubjectMap

xsFacet template of SubjectMap
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3.2.3 Setting Attributes of TripleConstraints
TripleConstraint ~ &&|&+  predicate,  valueExpr,
cardinality $4 202 FAE Y o). ZFWANA predicate
& EFE9] &9, valueExpre Eg|Z9] 5% 0], cardinality
= Tz Bgeke EgEY s Adshe AE s EHo
AT

Type 1 TripleConstraint®] predicate “rdf:type” &= 4
AH} valueExpre A4 QA1 classIRls A3l 45
gt o] Mo dAEL EYTACA EAY 1dAY o
22 Y9t cardinalitye 98 IRI 19 A7|E go=
Aok 2 Al A= o] Bile EFE Alekxzdo] Ao]=X |
oA gk Wink ¥ w5 dAskgich webA Type 2 Shape
off ¥%te Type 1 TripleConstraint®] valueExpr& A4 ©1
2} Shape€2] Type 1 TripleConstraint®] valueExpre] &3
oltt.

Type 2 TripleConstraint®] predicate $A7-2 AA <1}
PredicateMap®] constant A%l o] IRI9F Ptk
valueExpr 432 A4 212} ObjectMap< ShExSchema©ll
Holste] 1 ObjectMapl-ZH-E AA¥ NodeConstraint®
template #t 7ol wel ) template gto] EAlsHA
NodeConstrainte] id& 53 3 “@ida” 49 A<
valueExpre] gtoz a3t} template gho] SAISHA] o
NodeConstraint®] TA43} g2 & A3 &, == Aok
A 1824 AAE valueExpre] gtoz @3t} cardinality?]
A4 AL ObjectMap®] el whe} depxivh 31 U=
ObjectMap®] column 430l gho] EA418 49~ 2 AHo] null
< 3]€3thd cardinalty® “?7, &, , 23R kv
©E HEE 1S ulshe 4ol 0% wAkgolt 7 HAZ
ObjectMap®] template £:49] gto] EAE 45 HAZ3lo] X
3 AHE F shuehe nulle 389 cardinality= “?”,
RE Aol nulls §&3kA Ferhd “oltt

Type 3 TripleConstraint®] predicate &4 A4 <1}
PredicateMap®] constant &4J3tS1 &0l IRIE Il 3t
t}. valueExpr A%k AA 912} RefObjectMap?] 4491
parentTriplesMap2 ShExSchema®l Z2Jsle] 1 triples
map IRIZ5-E AAE Shape 2415 ZroljA =1 Shape?] id
2 53 3 ‘@idgl” d4eE 24 3 dgdd o] Bl
cardinalitys= “+” 5, 07l o]/delth. o]& 211 Aol wpz}
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3.3 Phase 3: Writing ShEx Schema Model

B Ao A= ol A4 F5¢ ShEx 227|m
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Fig. 9. Available Node Constraint Syntaxes

predicate valueExpr cardinality
Type 1: a ‘[’ classIRI+ ‘] sizeOfClassIRls
Type 2: predicate ‘@’nid 2T
Type 2: predicate nodeConstraint  ‘?’|"
Type 3: predicate ‘@’sid x

Fig. 10. Available Triple Constraint Syntaxes
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Fig. 11. Shape Constraint Syntax
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of 1&3}+= Type 3 TripleConstraint®] 3¢ 18 119 =<l
4 RS e o] A9 P22 LT ol Hple
EFE AYEAS OR(|) 9akAtz d4dsit) o] 342 g}

A EgEo] B3 J«] TH EE AgRAE F HA T
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A el wet sid Mol F-2 sid AMlo]3Z7t 23HE o A
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IV. Demonstration

9138l MariaDB[16]
Z5E RDF d|o]E]4 %
RS QoFdth o] A= 971 trlples mapO] 234Q01
itk 3 58] A A Aol A 22 Aol Foi3ls= triples map
B FolE FHE EYIES WG 7}~Hol JE A=
olt}, &, Type 2 Shapes AAA sl ASo|t) & 59 F
Al E2 Z42t9] triples mapol % «]QO{ P=
object map?] 7Bt} & 59 Al MA & zHzh] triples
goEol SlE

ol A
referencing predicate object mape] ¥3¥o] JS A4 1

predicate
map©l| predicate object mapE

referencing predicate object map WA ARE¥ parent
triples map2] °]&°|t}.

Table 5. R2RML Document Summary

Trifeles (Ve Predicate Parent Triples
Object Maps Map
Person, 1
Person_research_interests, 1 Concept
Person_has_affiliation 1 Organization
Concept 2 Concept
PostalAddress 3
Organization 1
Document, 3
Document_Creator, 1 Person
Document_subject 1 Concept

Table 6. Count of Subjects per Triples Map Group

Triples Map Group Subject Nodes

Concept 15
Organization 9
PostalAddress 2

Person, Person_research_interests,

Person_has_affiliation 8

Person, Person_has_affiliation 1

Person 1

Document, Document_Creator, 5
Document_subject

Document, Document_Creator 1

Document 1

£ gEof A 1 59 RERVIL FAZHE RDF Hlo|E A A3}
7] 9l At [1719] @52l [18]¢] R2RML ZEAE AM&a}
Stk o] ZaAME= 154719] ERlERE A ROF 2418 AAds)
Stk o] Al &k o] RIE F 407%iTh =, o] 4=
154719 EEES 40719 018 7702 BRT 4 k. &
6< RDF 0] :m=5s 715 0.% g 4071e] EglE 25l e
A Z4] triples map©] FHIAE HojFT) F 69 A HA|
Holl A E719] triples map ©]F0] X3k o ] *ZH o}—i o]
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_[
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Table 7. Generated Shape List

Shape

PersonShape,

Person_has_affiliationShape,
Person_research_interestsShape,
PersonPerson_has_affiliationShape,
PersonPerson_research_interestsShape,
Person_has_affiliationPerson_research_interestsShape,
PersonPerson_has_affiliationPerson_research_interestsShape

DocumentShape,

Document_CreatorShape,

Document_subjectShape,
DocumentDocument_CreatorShape,
DocumentDocument_subjectShape,
Document_CreatorDocument_subjectShape,
DocumentDocument_CreatorDocument_subjectShape

OrganizationShape

PostalAddressShape

Table 4. ISWC Database Summary

Table Rows Columns
conferences 2 6
organizations 9 10
papers 7 7
persons 10 10
rel_paper_topic 13 3
rel_person_organization 10 2
rel_person_paper 9 2
rel_person_topic 21 2
topics 15 4

ConceptShape
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3 59 R2RML #A1E 8o sfo] & A9 A~
A3 As}p 17709] Ho] 29} 17]¢] golEg 2he == A
F710% /4% ShEx £A47F AT & 72 A4d A

Zolt}. Type 1 Shapee] Alo]ZW2 A4 EA triples
map«l o] FHeoll ‘Shape'S B9l F2Jo]™ Type 2 Shape
9] Mlo]xxH-e A A triples mapee] EE 0|5 Y
% ‘Shape’& B2l A olt}t, 2429 triples mapl2HE 1
WA Type 1 AMlo]32e} BE A9-5 diH|gk Type 2 Alo]x
7b SvtEA ARHASS & Ak

o

B
© 19 o

map:Person
rrilogicalTable [ rrisqlQuery """
SELECT PerID AS ID, Email AS foaf_mbox, FirstName AS
foaf_name, LastName AS foaf_name2, Address FROM
persons

"
rrisubjectMap [
rritemplate 'http://data.example.com/person/{"ID"}';
rriclass dc:Person;
Ik
rripredicateObjectMap [
rripredicate foaf:name;
rriobjectMap [
rritemplate '{"foaf_name"} {"foaf_name2"}';
rritermType rr:Literal;
]
1.
map:Person_has_affiliation
rrilogical Table [ rrisqlQuery
SELECT persons.PerID AS ID_foaf_Person,
rel_person_organization.OrganizationID AS conf_has_affiliation
FROM persons, rel_person_organization, organizations
WHERE persons.PerID = rel_person_organization.PersonlD
AND rel_person_organization.OrganizationID = organizations.OrgID
"l
rrisubjectMap [
rritemplate

i

'http://data.example.com/person/{"ID_foaf_Person"}";
rriclass foaf:Person;
Ik
rripredicateObjectMap [
rripredicate conf:has_affiliation;
rriobjectMap [
rriparent TriplesMap map:Organization;
rr:joinCondition [
rrichild 'conf_has_affiliation';
rriparent 'OrglD’;
]
]
1.
map:Document
rrilogical Table [ rrisqlQuery
SELECT PaperID AS ID, Title AS dc_title,
Year AS dc_date,
(SELECT Name || ', ' || location
from conferences
where conferences.ConflD=papers.conference)
AS conf_conference

i

FROM papers
WHERE papers.Year > 2002
),
rrisubjectMap [
rritemplate 'http://data.example.com/document/{"ID"}";
rriclass foaf:Document;
Ik
rripredicateObjectMap [

rripredicate conf:conference;
rriobjectMap [ rricolumn 'conf_conference' ; |
Ik
rripredicateObjectMap [
rripredicate dcidate;
rriobjectMap [ rricolumn 'dc_date' ; |
Ik
rripredicateObjectMap [
rripredicate dc:title;
rriobjectMap [ rricolumn 'dc_title' ;]
1.
map:Document_Creator
rrilogicalTable [ rrisqlQuery
SELECT papers.PaperlD AS ID_foaf_Document,
rel_person_paper.PersonlD AS dc_creator
FROM papers, rel_person_paper, persons
‘WHERE papers.PaperlD = rel_person_paper.PaperID
AND rel_person_paper.PersonlD = persons.PerlD
AND papers.Year > 2002
"
rrisubjectMap [
rritemplate
http://data.example.com/document/{"ID_foaf_Document"}';
rriclass foaf:Document;
Ik
rripredicateObjectMap [
rripredicate dcicreator;
rriobjectMap [
rriparentTriplesMap map:Person;
rrijoinCondition [
rrichild 'dc_creator';
rriparent 'PerID'";
]
]
].

i

Fig. 12. Some Triples Maps in Table 4

19 132 ¥ 59 RZ2RML A4 25 449 ShEx £419)
Ao a7 130l 23k Alo]ze} wE Afxes & <

oA ek ShEx 750l ke APHUES AT
Z otk 2% 128 29 139 ASGRAES A

3k triples

mapETH ¥k Qi)

foo:PersonShape_Objl LITERAL /~() (.#)$/

foo:PersonShape IRI
/"http:W/¥W/dataW.exampleW.comW/person¥/(.+)$/ {
a [ dc:Person |
foaf:name @foo:PersonShape_Obj1l
}

foo:Person_has_affiliationShape IRI
/"http:W/%W/dataW.exampleW.comW/person¥/(.+)$/ {
a [ foaf:Person ] ;
conf:has_affiliation @foo:OrganizationShape *

}

foo:PersonPerson_has_affiliationShape IRI
/"http:W/¥W/dataW.exampleW.comW/person¥/(.+)$/ {
foaf:name @foo:PersonShape_Objl
conf:has_affiliation @foo:OrganizationShape * ;
a [ dc:Person foaf:Person ] {2}

foo:DocumentShape IRI
/"http:W/¥W/dataW.exampleW.comW/documentW/(.+)$/ {
a [ foaf:Document | ;
dc:date xsd:integer ? ;
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dc:title xsd:string ? ;
conf:conference xsd:integer ?

}

foo:Document_CreatorShape IRI
/" httpW/W/dataW.exampleW.comW/document¥/(.+)$/ {
a [ foaf:Document ] ;
(
dc:creator @foo:PersonShape *
|
dc:creator @foo:PersonPerson_has_affiliationShape *
|
dc:creator @foo:PersonPerson_research_interestsShape *
|
dc:creator
@foo:PersonPerson_has_affiliationPerson_research_interestsShape *
)
}

Fig. 13. The Part of Generated ShEx Schema
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Fig. 14. Validation on the ShEx2 Validator

<http //data.example.com/person/3>
foaf:Person , dc:Person ;
conf.has_afflllatlon <http,//data,example.com/organization/1> :
foaf:name “Jim Blythe" .

Fig. 15. Target Node for Validation
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Fig. 16. Validation Results
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V. Conclusion and Future Work
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