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[Abstract]

In this paper, we propose a method for constructing RDF knowledge graphs from objects in OOP.
RML mapping has been the de-facto way of generating RDF graphs from heterogeneous data. However,
the input to an RML mapping is limited to the data in files or databases. Our new RML
implementation, designed to overcome the limit, has two differences compared to existing RML
implementations. First, our implementation provides a new way to specify mapping rules in the form of
special comments known as annotations in the source code. It is because existing works do not provide
a means to refer to specific program elements to which the mapping rules will be applied. Second, our
work provides mapping engine as a library, whereas the engines in existing studies runs in an
independent process. Therefore, our mapping engine can be easily embedded in other applications to
access in-memory objects to be mapped. In this system paper, we describe the proposed system in

detail and present the results of RML test cases execution to confirm the usefulness of the system.
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I. Introduction
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ARIEC] TaR Qlef, XA 22mo] 52 ThefRt Zof
oA titRete] L ITH2-3]. XA i HAEAlor
RDF(Resource Description Framework) 2@ 2 J1=35f
gon Zefofl= 22 HloEHo] Ao ARRE]=
LPG(Labeled Property Graph) 20| =811 QJCH4].

RDF 29|t 52 o]7]% dolsig Jojm a4z o
W Ao] wet WEr ) Ao R TEEs). ol o
W@ golE el Ags: dmAe Qo
R2RML(RDB to RDF Mapping Language)6]2t
RML(RDF Mapping Language)[7]°]tt. R2RML2 W3C
aEogX wigY AArt WA Hlo]EfH|o] A(RDB)o]
T} RMLE o AAS RDB® opzt CSV, XML, JSON
20} mpd 2 opefelet RZRMLOY tigh 2golct. RML2
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Hofl ATH8].
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II. Related Works
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1. RML Mapping

77 1-32 shje] RML 0 All2A 1% 2= RML
o 2ol 7 72 13} 32 217} ujo] that Qeiat &
2 gloJ&fo]t}. RML timgoA AR 7Hast 43 HjolH
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JSONoJtt, 78 12 CSVel JSON Hlo|e & zgeict. 1
% 32 RDF to]EjHEo]ct,

I8 2 oY A RDF AREe} 1 5 7P (FEag
291 Turtle[14]2 2o 9Jct. RML 0 2A]%= triples
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object mapo 2 1A=} predicate object map2 17} <=
o]A9] predicate map¥}t 17 0]At9] object mapl. & &+ %
Jct. triples map?] E2|& A A= ¥E A2 ¢ =
olejo] 74 Woict A gwlo] Ee] T4 HolEo]

Aotct A-gElck 23 104 csv mHdoflE 1719]

T json WA= 17He] AR} 9lck.

Airport.csv
1:id, city, bus, latitude, longitude

2: 6523, Brussels, 25, 50.901389, 4.484444

Landmark.json
1 { "venue": { "latitude": "50.901389",

SARE R

Fig.

RMLE E2]Z0] Zof, 4of, Bxloj# ojja} RDF 1

"longitude”: "4.484444" },
"location": { "continent™: " EU",
"country™: "BE",
“city": "Brussels" } }

1. Input Data For RML Mapping In Fig. 2 13:

A9 7 U] RDF GlojEjA| 0]
1 7a]  E Tgfjmof &3t 2~538 E 2=} ex:StopsGrapho]] &

01: @prefix rml: <http://semweb../ns/rml#>.
02: @prefix gl: <http://semweb../ns/ql#>.

03: @prefix rr: <httpy//www./ns/r2rml#>.

04: @prefix xsd: <http//www./XMLSchema#=>.
05: @prefix ex: <http:/fex./ns#=.

06: @base <http://fex../ns#>.

07: <#TM1> a rr:TriplesMap;

08: rmllogicalSource [

09: rmil:source "Airport.csv”;

10:  rmlreferenceFormulation gl:CSV; J;
11:  rrisubjectMap [

12:  rritemplate "http:/fairport. /fid}";
rrclass ex:Stop;

14:  rrigraph ex:StopsGraph; J;

15:  rr:predicateObjectMap [

16: rr:predicate exiroute;

s M= ZHE QA4S template, constant, 17:  rrobjectMap [
- 18: rml:reference "bus”;
reference & si4o] YA O YT 4 AUES Sk 19: rr:datatype xsdint | J;
template WAl Ui BxlE X Qu= zroa x|gtsh 20:  rrpredicateObjectMap [
~ o 21: rr:predicate ex:lat;

AZ YA XN 2AY F 5T 2L

= = 23: rml:reference "latitude” ] |;
1) &) 71o] A O AT
Hroly S8 A w9 A 52 £44%0l A 24: rrpredicateObjectMap [
7(15]0-] olct. o] olofjA= 12, 37380{|A] template B}Al0 25:  rrpredicate exlocated;
xoj2 AJAaY HPALS Q2 AA 26: mrobjectMap [
2 20]5 A3 constant YAl EII= 27: rr:parentTriplesMap <#TM2>;
2 A[851A] Obu Bk DA|E 2O A2 NINEH 28: rr;joinCondition [
FEoA] 2l A ez a4 . 29 rr:ichild "city";
o] oflofAl= rripredicate, rrigraph, rrilanguage oj|oF 30 rr:parent "location.city"; |;
- _ 31 ;1
o2 Atga) 2ol 12, Qo] B|1Z constant WA .
O 2 MASICE reference BA1L WAl AY 5o 44 32: <#TM2> a rrTriplesMap;
} L 33: rmllogicalSource [
o] &5t 2t XIS 0= J2Zo] QA2 F|5h= viAl 34:  rml:source “Landmark json" ;
= 35 rmliterator "$"; ;
O]q O] OﬂOﬂ/\‘]% 18, 23, 410(];0“}\1 %Elo_]% reference 36 rr:subjec[Map[ :
dralo 2 AAEict RMLOJAl: TF2 triples mapojA] A3 37:  rritemplate "http://venue. /{location.city}” J;
- = A L o As150 AlL u} 38: rrpredicateObjectMap [
g3t ol AN A EAL st FA0|= FoH| ke Y 39:  rrpredicate ex:countryCode;
A dos 3] 21800l X 40:  rriobjectMap [
NE AlSH. 18 29] 24-31%80] L cll=A <HTM2> 41: rmlreference "location.country”;
ZHE AMAHE ZolE  #TMI>o] AAsSH= <0 42: rr:language "en" ] 1.

ex:located®] ZAol2 F|sHA
AF2-E join condition&
“city” A} 2 “location.city” A4S
oflA] <#TM2>7} A37dst 0l & Flsljof ghth=
o] BhAlo] Al T2 30] 43% LAfo|0] 438 2AkO] A
07} 538 FAto] Fojet 728 shojgh 4

T2 39] 18] BARL 2558 BAREq) o

o] 47hct. ol2fet = HE(quad)2t st

gttt ojmf 28~30330f|A]
<#TM1>0] #x) ufg

2 U

F

o] xlgtd 22:  rmrobjectMap [

Fig. 2. Example RML Mapping
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Fig. 3. Output Data By RML Mapping In Fig. 2
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2. Annotations in Java

Java®] ofufgold2 4 (comment)A|F A~ O
tieh HEttloly & Z71AQl Hoch 242 HEO|
2P} QRIIIRY, ofuiElol e 1 thaol Zmdel &
L2 JVM(Java Virtual Machine) & AlS§ 27jo|ct. w=t
A, Ak 22 8 ARIo] o] AuE 8T 2l
75 mg I3of Hoj& 4 9t} Pythonit JavaScript
O]-= ‘Decorator’ 72]1 Swifto]A= ‘Attribute’ x|
B AZAZolY Java?] offE|o]dit fARRE 7iEe]
T FAE AGY g 2y AdojoM = Alsst
1 9t

@Entity
@Getter @Setter
public class Student {

@Id

private Long id;

private String name;
@ManyToOne

private Department dept;

//public Long getld() { return id; }

//public void setld(Long id) { this.id = id; }

//public String getName() { return name; }

//public void setName(String name) { this.name = name; }
//public Department getDept() { return dept; }

//public void setDept(Department dept) { this.dept = dept; }
}

@Entity
public class Department {
@lId
private Long id;
private String name;
@OneToMany
private List<Student> students;

Fig. 4. Java Annotation Usage Example

@Target({ElementType. TYPE})
@Retention(RetentionPolicy. RUNTIME)
public @interface Entity {

String name() default ";

}

Fig. 5. Annotation Entity Source Code
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III. The Proposed System

1. System Overview
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Annotation Compile Time

Runtime @Triple, @Subject,
@PredicateObject,
@Predicate, @ODbject,
@Parent, @Join,
@Graph, @LangTag,
@Prefix

Mapping Engine

Mapping Engine
Builder

Annotation Processor

RML Model | | Data Set |

API

Dataset getDataset();

Set<Quad> obj2Rdf(Collection<?> srcObj);

Set<Quad> obj2Rdf(Object srcObj);

Set<Quad> obj2Rdf(Collection<?> srcObj, Collection<?>... parents);

Fig. 6. System Overview
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@Prefix(prefix = "ex", iri = "<http://ex../ns#>")
@Prefix(prefix = "xsd", iri = Ns.XSD)

@Triple(
s = @Subject(
template = "http://airport../{id}",
classes = {"ex:Stop"},
graphs = {@Graph(constant = "ex:StopsGraph")}),

pos = {
@PredicateObject(
p = @Predicate(constant = "ex:Stop"),
o = @Object(field = "bus", dt = "xsd:int")),
@PredicateObject(
p = @Predicate(constant = "ex:lat"),
o = @Object(field = "latitude"),

@PredicateObject(
p = @Predicate(constant = "ex:located"),
o0 = @Object(
parent = @Parent(id = "#TM2"),
join = { @Join(
child = "city",

parent = "location.city")))})
public class Airport {
long id;
String city;
int bus;
String latitude;
String longitude;

Fig. 7. Class Airport Annotated

@Triple(
id = "#TM2",
s = @Subject(template = "http://venue. /{location.city}"),
pos = {@PredicateObject(
p = @Predicate(constant = "ex:countryCode"),
o = @Object(
field = "location.country”,
langTag = @LangTag(constant = "en")))})
public class Landmark {
Venue venue;
Location location;

}

class Location {
String continent;
String country;
String city;

)

class Venue {
String latitude;
String longitude;
}

Fig. 8. Class Landmark Annotated
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MappingEngine engine = new MappingEngine.Builder()
.baselri("http://example.com/base/")
triples(Airport.class, Landmark.class)
build():

get<Quad> quads = engine.obj2Rdf(obj);
Fig. 9. Mapping Engine Usage Example
2. Design of Annotations and Their Processing
2 oA RML 0 OIS 913t ofidelole) P&

NS AATSIAL A A J2]a AR AR 4385
© ofuElold X2 AtdS 7leeith

@Prefix @Graph
prefix: String template: String ="
iri: String constant: String = "

|—> field: String =" 4—‘

@PredicateObject @Triple @Subject
p: @Predicate id: String =" template: String ="
o: @Object [€— s: @Subject > constant: String ="
graph: @Graph[] = {} pos: @PredicateObject]] = {} field: String =™
l + type: Type = Type.IRI
@°Predicate @Object classes: String[] = {}
template: String ="" || template: String =™ graphs: @Graph[] = {
constant: String ="" || constant: String =™ Type { IRI, BNODE }
field: String =™" field: String ="™"
type: Type = Type .LITERAL @Parent
li langTag: @LangTag = @LangTag field: String ="
dt: String =" id: String =™
@LangTag
{emplate: String = parent: @Parent = @Parent 2 @Join
constant: String =" Jein: @Joinf] = { child: String ="
field: String ="" Type { IRI, BNODE, LITERAL } parent: String ="

Fig. 10. Annotations For RML Mapping
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3. Object-to-Graph Mapping in Runtime
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01: Set<Quad> map(Set<Quad> template, Object obj, Node node) {
02: fieldNameNodes = findChildren(node)

03: fieldNameValuePairs = extractValues(obj, fieldNameNodes)
04: foreach (pair : fieldNameValuePairs) {

05: if (pairvalue is a literal)

0eé: fillValue(template, pair)

07:  else if (pairvalue is a collection of literals)

08: fillMalueMultipleTimes(template, pair)

09:  else if (pairvalue is a collection of objects) {

10: Set<Quad> temp = empty

11: foreach (element : pairvalue)

12: temp.add(map(template, element, pairname))
13: template = temp

14}

15:  else if (pairvalue is an object)

16: template = map(template, pairvalue, pairname)

17: }
18: return template
19:}

. 13. Pseudo—-code to Replace Fields’ Name by Values
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Table 1. Test Result
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