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Abstract

In this paper, we propose a method to automatically generate the description of an RDF graph

structure. The description is expressed in Shape Expression Language (ShEx), which is developed by
W3C and provides the syntax for describing the structure of RDF data. The RDF graphs to which this
method can be applied are limited to those generated by the direct mapping, which is an algorithm

for transforming relational data into RDF by W3C. A relational database consists of its schema

including integrity constraints and its instance data. While the instance data can have been published

in RDF by some standard methods such as the direct mapping, the translation of the schema has

been missing so far. Unlike the users on relational databases, the ones on RDF datasets were forced

to write repeated vague SPARQL queries over the datasets to acquire the exact results. This is

because the schema for RDF data has not been provided to the users. The ShEx documents

generated by our method can be referred as the schema on writing SPARQL queries. They also can

validate data on RDF graph update operations with ShEx validators. In other words, they can work as

the integrity constraints in relational databases.
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Table 2. Mapping of RDB Schema
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@ =People/ID=7> <Peoplefaddr= 18.

@ <People/ID=7> <Peoplegref-addr> <Addresses/|D=18> .

Fig. 1. Example of Direct Mapping Algorithm

3. ShEx (Shape Expressions)
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01 | PREFIX ex: <http://ex.example/#>

02 | PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
03 | PREFIX foaf: <http://xmlns.com/foaf/0.1/>

04
05 | extage xsd:integer Minlnclusive 13 MaxInclusive 20
06
07 | exEnrollee {

08 foaf:age @ex:age ;

09 ex‘hasGuardian IRT {1,2}
10 | }

Fig. 2. ShEx Schema Example

01 | inst:Alice foaf:age 15 ;

02 ex‘hasGuardian inst:Person4 .
03
04 | inst:Bob foaf:age 12 .

Fig. 3. RDF Graph Example

inst:Alice @ ex:Enrollee,

inst:Bob @ ex:Enrollee
{ FOCUS, foaf:age, _ } @ ex:Enrollee

Fig. 4. Shape Map Example
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Table 4. Mapping between ShEx and RDB Schema

ShEx Schema RDB Schema
Node Constraint column
Shape table
Type | table
Triple Type 2 column
Constraint Type 3 (Referencing) Referential Constraint
Type 4 (Referenced) Referential Constraint
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function makeShExSchemaModel(db)
input: a Local DB Schema db
output: the ShEx Schema Model schema built from db

01| schema < create an empty ShEx Schema Model.
02| tables < get the set of tables from db.

03| for each table € tables {

04 cols < get the list of columns in table from db.
05| for each col € cols {

06 nc < create a Node Constraint Model from
07 table and col.

08 add nc to schema.

09 }

10 shape < create a Shape Model from fable.

11 tc < create a Triple Constraint Model from table.
12 add fc to shape.

13| for each co/ € cols {

14 tc < create a Triple Constraint Model from
15 table and col.

16 add fc to shape.

17}

18 refs < get the set of referential constraints in
19 table from adb.

20| for each ref € refs {

21 tc < create a Triple Constraint Model from
22 table and ref.

23 add fc to shape.

24/ }

25 refs < get the set of referential constraints
26 referencing tfable from db.

27| for each ref € refs {

28 tc < create a Triple Constraint Model from
29 table and ref.

30 add fc to shape.

31 }

32 add shape to schema.

33 }

34| return schema

Fig. 9 Algorithm for Constructing ShEx Schema Model
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2.1 Constructing Node Constraint Models
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Table 5. Properties of Node Constraint Model

Node Constraint Column
id name
datatype SQL datatype
xsFacet SQL datatype
values ENUM constraint
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w5ttt datatype 473 %k9] olW]= Direct Mapping®l Al A#4k&
RDFY| 2lejd= Wistgls o 71 2ejde bloJgjetgolt).

Table 6. xsFacets Used in Node Constraint Model

RDF datatype xsFacet
xsd:boolean REGEXP

xsd:date REGEXP
xsd:dateTime REGEXP
xsd:decimal TOTALDIGITS & FRACTIONDIGITS
xsd:double MININCLUSIVE
xsd:hexBinary MAXLENGTH
xsdiinteger MININCLUSIVE & MAXINCLUSIVE
xsd:string MAXLENGTH

xsd:time REGEXP

xsFacet 4%k datatype £ 3kl F54 0|t oH ==
Aekz710l| datatype %32 tJ&0] xsFacet &4do] EA)gicid
o] :t AlokRS WSk e 7| 0= datatyped] 3t
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xsFacet 48k ZHE% SIQITE 1 o] fr= EAf/Al 7ol djgt
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2.2 Constructing Shape Models
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2.3 Constructing Triple Constraint Models
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function writeShExDocument(db, schema)

input: Local DB Schema db, ShEx Schema Model
schema built from db

output: ShEx document shexDoc

01| write directive to shexDoc.

02| tables < get the set of tables from db.

03| for each table € tables {

04 cols < get the list of columns in table from db.
05| for each col € cols {

06 nc < get the Node Constraint Model built from
07 table and col in shcema.

08 write nc to shexDoc.

09 }

10 shape < get the Shape Model built from table in
11 schema.

12|  write shape to shexDoc.

13 }

14| return shexDoc

Fig. 10. Algorithm to Write ShEx Document
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IV. Demonstration Details

B ol NE 29 119 T2 ol 23 129 dlelgz 74
% dlelefm o] *il‘?—ﬁ B oqto| A #|eksl= By o2 RDES}
ShEx EAE A3 & RDF 18|29 FZE ShEx ~7)n}&
Asshe S Holaat gt

addresses (ID int ,city char(10), state char(2))
people (ID int, fname char(10), addr int, deptName char(10),
deptCity char(10), fk (addr) refs addresses(ID),
fk (deptName, deptCity) refs department(name, city))
department (ID int, name char(10), city char(10),
manager int,
unique (name, city),
fk (manager) refs people(ID))
projects (lead int, name varchar(50), deptName varchar(50),
deptCity varchar(50),
unique (lead, name),
unique (name, deptName, deptCity),
fk (lead) refs people(ID),
fk (deptName, deptCity) refs department(name, city))
taskassignments (worker int, project varchar(50),
deptName varchar(50), deptCity varchar(50),
fk (worker) refs people(ID),
fk (project, deptName, deptCity) refs projects(name,
deptName, deptCity),
fk (deptName, deptCity) refs department(name, city))
tweets (tweeter int, when timestamp, text char(140),
fk (tweeter) refs people(ID))

Fig. 11. Database Schema of direct_mapping
tweets addresses
tweeter when text ‘ 1D ‘ city ’m
7 | 2010-08-30T01:33 [ really like lolcats. || 18 | Cambridge | MA |
7 2010-08-30T09:01 | take it back.
people department
ID | fname ‘ addr | deptName | deptCity ‘ 1D ‘ name | city ‘ manager ‘
7 | Bob | 18 |accounting | Cambridge | |23 [ accounting | Cambridge [ 8
8 Sue ‘NULL NULL NULL
projects taskassignments
lead name deptName | deptCity | [worker| project | deptName | deptCity |
8 | pencil survey | accounting | Cambridge ‘ 7 | pencil survey | accounting ‘ Cambridge ‘
8 | eraser survey | accounting | Cambridge

Fig. 12. Database Instance of direct_mapping
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a9y 13& direct_mapping o ]Eiﬂﬂ 125 YJH o 3o
ShEx Schema Model¥} ShEx Writer BRES %3] AAH
ShEx o} Ul-g-o]th

BASE <http://foo.example/direct_mapping/>
PREFIX foo: <http://foo.example/direct_mapping/#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

fooraddressesID xsd:integer MININCLUSIVE —2147483648
MAXINCLUSIVE 2147483647

foo:addressesCity xsd:string MAXLENGTH 10

fooraddressesState xsd:string MAXLENGTH 2

foo:addressesShape IRI
/"http:W/W/fooW.exampleW/direct_mappingW/addressesW/ID
=(#)$/ {

a [<addresses>] ;

<addresses#ID> @foo:addressesID ;

<addresses#city> @foo:addressesCity? ;

<addresses#state> @foo:addressesState? ;
“<people#ref-addr> @foo:peopleShape+
}

foo:peoplelD xsd:integer MININCLUSIVE -2147483648
MAXINCLUSIVE 2147483647
foo:peopleFname xsd:string MAXLENGTH 10
foo:peopleAddr xsd:integer MININCLUSIVE -2147483648
MAXINCLUSIVE 2147483647
foo:peopleDeptName xsd:string MAXLENGTH 10
foo:peopleDeptCity xsd:string MAXLENGTH 10

foo:peopleShape IRI

/" http:W/W/fooW.exampleW/direct_mappingW/people W/ID=(_x

)$/ A

a [<people>] ;

<people#ID> @foo:peoplelD ;

<people#fname> @foo:peopleFname? ;

<people#addr> @foo:peopleAddr? ;

<people#deptName> @foo:peopleDeptName? ;

<people#deptCity> @foo:peopleDeptCity? ;

<people#ref-addr> @foo:addressesShape? ;

<people#ref-deptName;deptCity> @foo:departmentShape? ;

~“<department#ref-manager> @foo:departmentShape* ;

~<projects#ref-lead> @foo:projectsShape* ;

~<taskassignments#ref-worker>
@foo:taskassignmentsShape ;

~<taskassignments#ref-worker>
@foo:taskassignmentsShape ;

“tweets#ref-tweeter> @foo:tweetsShapes

}

foo:departmentID xsd:integer MININCLUSIVE -2147483648
MAXINCLUSIVE 2147483647

foo:departmentName xsd:string MAXLENGTH 10

foo:departmentCity xsd:string MAXLENGTH 10

foo:departmentManager xsd:integer

MININCLUSIVE -2147483648 MAXINCLUSIVE 2147483647

foo:departmentShape IRI
/" http:W/W/fooW.exampleW/direct_mappingW/departmentW/I
D=()$/ {
a [<department>] ;
<department#ID> @foo:departmentID ;
<department#name> @foo:departmentName? ;
<department#city> @foo:departmentCity? ;
<department#manager> @foo:departmentManager? ;
<department#ref-manager> @foo:peopleShape? ;
~<people#ref-deptName;deptCity> @foo:peopleShape* ;
~<projects#ref-deptName;deptCity> @foo:projectsShape* ;
~<taskassignments#ref-deptName;deptCity>
@foo:taskassignmentsShape*

foo:projectsLead xsd:integer MININCLUSIVE —2147483648
MAXINCLUSIVE 2147483647
foo:projectsName xsd:string MAXLENGTH 50
foo:projectsDeptName xsd:string MAXLENGTH 50
foo:projectsDeptCity xsd:string MAXLENGTH 50

foo:projectsShape BNODE {

a [<projects>] ;

<projects#lead> @foo:projectsLead? ;

<projects#name> @foo:projectsName? ;

<projects#deptName> @foo:projectsDeptName? ;

<projects#deptCity> @foo:projectsDeptCity? ;

<projects#ref-lead> @foo:peopleShape? ;

<projects#ref-deptName;deptCity>
@foo:departmentShape? ;

~<taskassignments#ref-project;deptName;deptCity>
@foo:taskassignmentsShape*

foo:taskassignmentsWorker xsd:integer

MININCLUSIVE -2147483648 MAXINCLUSIVE 2147483647
foo:taskassignmentsProject xsd:string MAXLENGTH 50
foo:taskassignmentsDeptName xsd:string MAXLENGTH 50
foo:taskassignmentsDeptCity xsd:string MAXLENGTH 50

foo:taskassignmentsShape IRI
/"http:W/W/fooW.exampleW/direct_mappingW/taskassignment
sW/worker=(.#);project=(#)$/ {
a [<taskassignments>] ;
<taskassignments#worker> @foo:taskassignmentsWorker ;
<taskassignments#project> @foo:taskassignmentsProject ;
<taskassignments#deptName>
@foo:taskassignmentsDeptName? ;
<taskassignments#deptCity>
@foo:taskassignmentsDeptCity? ;
<taskassignments#ref-worker> @foo:peopleShape? ;
<taskassignments#ref-worker> @foo:peopleShape? ;
<taskassignments#ref-project;deptName;deptCity>
@foo:projectsShape? ;
<taskassignments#ref-deptName;deptCity>
@foo:departmentShape?
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}

foo:tweetsTweeter xsd:integer MININCLUSIVE 2147483648
MAXINCLUSIVE 2147483647
foo'tweetsWhen xsd:dateTime
/((19[7-9110-91120([0-21[0-9113[0-71))-(0[1-911 1[0-2])
-(0[1-9]1 [12][0-9]13[01DT[0-9]11[0-9]1 2[0-3D):([0-5]
[0-9D):([0-5][0-9D((.[0-91{1,6H{0NH | (*2038-01-(0[1-9]|
1[0-8DT(0[0-9111[0-9112[0-3D:([0-5][0-9D:([0-5][0-9])
(([0-91{1,6D{0H$)| ("2038-01-19T0[0-41:([0-5][0-9D):([O
=51[0-9D((.[0-9]{1,6N{0})$) | (*2038-01-19T05:(0[0-9]| 1 [
0-3D:([0-51{0-9D((.[0-9]1{1,6}){0})) | (2038-01-19T05:14:0
[0-61((.[0-9]{1,6H{0N$) | (*2038-01-19T05:14:07((.0{1,6){
oH$)/
foo'tweetsText xsd:string MAXLENGTH 140

foo:tweetsShape BNODE {
a [<tweets>] ;
<tweets#tweeter> @foo:tweetsTweeter? ;
<tweets#twhen> @foo:tweetsWhen ;
<tweets#text> @foo'tweetsText? ;
<tweets#ref-tweeter> @foo:peopleShape?

}

Fig. 13. ShEx Schema generated from direct_mapping

T9 139 9 PA1E AEPE A Al Fo] directive] 33
ok 2 UHAE Bl s Ak Ee] Y $ 3 /)9
Alo|3z Alokzezdo] = Y2lo] 63] HHEE| L 9)T). o] e
99l= M9 HolERHE AME ShEx AlokxziEe|th
xsdiinteger E}}9] & A|FEAE0] AlglSh= ghe] M9+ B
Sdate o)A MariaDBellA9] INT ERle] WHelelt},
xsd:string B} 9] == Aok S Uehts A £21E Zo]
Aok o5 AlFxS A g Ae] Hu) EAE o] HH=z
BE F%3F Aot} fooitweetsWhen =5 A8 A%
21 235} o] A1 MariaDBolA 9] TIMESTAMP EFgle)

A)
S|
EER

c

=

1970-01-01 00:00:01%¥ 2038-01-19 05:14:07%

Hkd &t} projectsShape} tweetsShape o] A|Fx719] 74
£ == F77} BNODE 91d] o] 7 projects9} tweets Ho]E-©]
71 717k gl ElelEe]7] wizoltt. o] &5 Aefgh vrA] Aol
AokxAES] A9 == F5{7F RIOIM o]ojA] 1 IRIel thgh
2] Aeko] AojuElo] 9le-S ERIS 4= Qi) BE Ao
Alokze] THE W= Typel, 2, 3, 4 0% Eg)E Aok
2l]o] Qlek predicate©] “a’$1 Zlo] Type 1019 == Aoz

& FAxshs 2] Type 2, Mol Alokxez1s 3k A0

Type3} 40|t} =1 Foll A & Fxpr} “Yo1 Zo] Type 4 Z1EX]

ol
=
=5
p

1z
)

o
[o i

Fing NAKCENGTH 2

inaW/addressast/ID=( )/ {

INCLLSI VE 21474355453 AXINCLUSIVE 21 23885
KASGTH 10
M

er MININCLLSIVE 21 4T4E3648 X NCLLSIVE 21 47483647

artientshepe

Fig. 14. RDF and ShEx Files Loaded on Validator

Query Map| [NV RVETREIETY Fixed Map

[[b0_tweets-639168177

/A[<#tweetsShape> s

[xpecple/iD=7>

[:b0_tweets 1607535563 _/B[c#tweetsShape> Ml
I ! project=pencit’20surveyy | i |
[cdepartmentiD=23> /[ 4k
[[0_projects 1266681347

[50_projectsa 131793188

& [FpecpleShape> 2

_/[<#projectsShape> il ]

_A[<#projectsShape> +[|-

[<pecple/iD=8>

At [<#peopleShape> [}
[FaddressesiiD=13> |

_/i[<#addressesShape> ]

Fig. 15. A Snapshot of Query Map Editor

v _b0_tweets-639168177@ < #tweetsShape >

v <people/ID=7=>@ <#peopleShape>

v_:b0_tweets1607535563@ <#tweetsShape>

v <taskassignments/worker=7;project=pencil%20survey > @ < #taskassignmentsShape >
v <department/ID=23> @ <#departmentShape >

v _b0_projects1266681347@ < #projectsShape >

v_:b0_projects2131793188@ <#projectsShape>

v <people/ID=8> @ <#peopleShape>

v <addresses/ID=18> @<#addressesShape>

Fig. 16. The Result Snapshot of the Validation
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V. Conclusion and Future Work
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