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General objective

m Call the attention of the RDF community
about related work in (graph) databases

m Use the experience of the database
community to enhance research on RDF




RDF Data Model (1999)

m Domains (UBL): Resources (URIs), Blank
nodes (existencial variables), Literals

m Data structures:

RDF Triple

Property / relation (U)

v

A A

Resource (UB) Resour;ce (UB)
or value(L)

RDF Graph

title fname Iname

“ A Relational “E.E.” “Codd”
Model of .....”




“Michelangelo”

“Buonarroti”

“Auguste”
“Rodin”

dom # ran

#Sculptor Sculpts
#Arwtes #Artifact
#Painter

#Paints

#goya.xml

Iname #Creates .- #Paints #Exhibited

fname

#picasso.xml

#guernica.jpg
Iname

Goya #saturn.jpg ”Pa\Blo” “Picasso” #Paints®

#woman.jp #Technique

#Technique

#rembrant.xml

“0il on canvas”

#Paints

fname

#abraham.jpg #Technique

“Rembrant”  “van Rijn”




dom # ran

#Sculptor Sculpts
#Arwtes #Artifact
#Painter #Paints

RDF Schema




“Michelangelo”

“Buonarroti”

#saturn.jpg

#michelangelo.xml

i : : #Technique
“Pablo” “Picasso” ;

fname

“Rembrant”

#rodin.xml

RDF Instance

#theslave.jpg

#descent.jpg

#Exhibited

#Sculpts #crucifixion.jpg

#rodin.fr

#Paints #Exhibited

“0il on canvas”

#abraham.jpg #Technique

“van Rijn”




RDF(S) model features

Schema and data are mixed

#Painter dom #Paints Sl #Painting

. #Paints \\ .
#picasso.xml #guernica.jpg
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RDF(S) model features

A property can occur as the subject or
object of another statement




RDF(S) model features

RDE(S) presents formal semantics

#Creates

INFERENCE'!




RDF from a database perspective

RDF API RDF REPOSITORY

View

RDF QL (SPARQL)
Rule-based
Inference engine

Functions

Triples
RDF Graphs
Datasets (SPARQL)

Triples

Native data store
Files
RDBMS

Abstraction
Level

RDF DATABASE

?
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[ssues from a database perspective

m The RDF model has a very low level of
abstraction

m RDF query languages need support for
graph properties

m RDF does not define (formally) notions of
integrity constraints

m Improve RDF visualization

m Use of graph data structures and
algorithms for secondary memory
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Welkin: graph-based RDF visualizer

Welkin
( About |
. Shigeru Mivagawa) B

http: //www.w3.orgf 2001/ vcard-rdf/ 3.0#FM -> Shigeru Miyagawa
http: // www.w3.org/ 2000/ 01/ rdf-schema#label -> Shigeru Miyagawa
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Peters, W.T. . -
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nodes: 246 Ll " . :
edges: 1245 . .

drawing: 52 ms
calculation: 124 ms




Tabulator: semantic data browser

This is release 0.8 of the Tabulator Project. The live developrment trunk is also available.

title The tabulator project

bug database » Chttp:mzlig.csail.mit.eI:Iufissuesftalﬂulatunr

description The Tabulator is a generic data browser. |t provides a way to browse and gquery RDF data in ave
standard. Adding new views is a snap. The Tabulator also has features for the power user wantir
source and written in Javascript. The source can be easily combined with custom web pages to
reguires Firefox preferences to be set - see the tabulator help page. The Tabulator is open sour

developer (O * @Joe Presbrey

» ©kenny Lu
> ©Adam Lerer
¥YDavid Li
type » ©PersonEl
based near .-,1\};. >
family_name Li
Given name David
acguaintance (2 ¥Tim Berners-Lee
type » ©PersonE]
seslso » ©http://dbpedia. org/resourcesTim_Bemers-Lee )
namme O Tim Berners-Lee
requested > http:h’dbpedia.DrgfresourcefTim_Eierners-Lee

is acquaintance of » ©David Li

»James Hollenbach
personal mailbox @& * david [iE@mit. edu
mailbox checksum  41bbb33421e804107 d492c5c5c3 027 d07 395
narme David Li
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Tabulator: visualizing, browsing and
querying of RDF data

¥David Li
type » €Person®
based near "
farnily_name Li
Given name David
acquaintance (J ¥Tim Berners-Lee
type » @PersonE
seehlso » € http: Hdbpedia.org/resource/Tim_Berners-Lee
name ) Tim Bemers-Lee
requested » € httpeAdbpedia.org/resource/Tim_Berners-Lee

is acquaintance of ® ©Dawvid Li
» lames Hollenbach
personal mailbox @ * david li@mit.edu
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Tabulator: querying and browsing

jarlX meline® |TSPARGEX
SELECT 2v0 2vl 2w2 2v3
WHERE

{

Tablel
Select queries to

© Query #

<htep://dig.ecsail.mic.edu/2005/ajar/ajav/datagTabulator>

<http://usefuline.com/ns/doapfideveloper> 2v0

w0 <http://*mlns.com/foat/0.1/knovs> 2vi
%1l <http://®xmlns.com/foaf/0. 1/ nane> ?v2a
FILTER ( ?v2 = "Tim Berners-Lee"™ |

OPTIONAL {

?v0 <http://xmlns.cow/foaf/0. 1/ /mbox> 2v3 .

display: & 7 tabulator The tabulator project
project developer |developer acquaintance

The tabulator project
developer acquaintance
name

The tabulator project
developer personal mailbox

Dawd L Tim Berners-Les

Tim Bemers-Lee

mailto’ david_ligmit edu

Sonia Nijhawan Timothy Bemers-Lee

Tirm Bemers-Lee
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RDF from a database perspective

RDF API

View

Functions

Triples

Abstraction
Level

RDF REPOSITORY

RDF QL (SPARQL)
Rule-based
Inference engine

Triples
RDF Graphs
Datasets (SPARQL)

Native data store
Files
RDBMS

RDF DATABASE
(Graph) Query Language
Rule-based inference engine

RDF Integrity Constraints

(Rule-definition language)

(Graph) Database
Model

Native data store

RDBMS?
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Graph, Hypernode, Hypergraph

N = set of simple nodes H = set of hypernodes

Hypernode
V = NOH

Graph
vON EOVXV

Hypergraph
EOP(V)

__________
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Hypernode Model (1990)

= Motivation: modeling of complex objects

= Features: simple and flexible data structure
(hypernode) that supports complex objects and
encapsulation of information

Schema Instance
PERSON_5 PERSON_3 PERSON_1
T T Pl g Pl T
_/_\'ame L L] Da':id\\\ '/ Name @ Tulia \\\ ’/ HName @ @ Gec;r;;\._
PERS0M |\ Lastmame & —u Daville : '. Lastnams @ @ Jones J L Lastmame @ @ Jonas _,'
T T, *._Parent "“-.._ / r\ Pazent @ / _ﬁ\ Pane"t L] A
ame & ™ . — e T -
# Name @ Siring % e _'“:..-_h T — S
[ Las & ] -"'““--._,_ .
L A '_ | PERSON_6 ~_ / PERSON 4 PERSON_2
\_ Parent e PERSON / — —_ e = T~
- - /__,.» ‘_\\ sl - ->__,.— .
— /" Mamas @ ." Mary /sze o % Jame: \\ 4 Name @~ "® Ama \
| Lastmame @ ™9 Dav J]EE/ | Lestame @~ "™ Devilla o Lesmame e “™@ Stona ,-'I
*_Parent "/ _# Paem ® . Parent @
Nparent & 20 Laren S N e
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Hypergraph Model (1991)

Motivation: modeling of object-oriented features,
visualization, browsing

Features: natural formalisation of the notions of
sub-object sharing and structural inheritance

Schema Instance
CHILD-PARENT
C H[LD—P iR:E\'T PERSON PI.RSO__‘-_' PERSO\

- e 3 - 5
/ PERQO\ “\ 1 “‘“\\ / “NAME Ms.sr\.a_\c N x_.sL E LAST\,-_fE N
y - x\\ \ // HENMEQET TR C .Tulm } \, Ioue 2N (___[_)av_id Deullg_» )
{ / NAME LASTNAME', II | \Gemve__, 4 JOI:I.E'S:) a \ —

v )\ <5 /” : EDICE
\H_?AP\EBTE_[_/%’I . DARENTS - ~ BaRENT _'f_'_'."---" -:-Q:-' s

o PERSON _ PERSON . Pﬂ?m
o - 4 :
“NAME LASTNmE
/ NAE L.-.*smuﬁ / NAME qunﬂ‘m\ (Mary) ( Deville N
/ ) Ay Mary ey &_)
[ -‘um P Sroue oo (Tam.es} C I}enllez '. |' % f

|. _ \ ’ I — _‘ ’ — —

- - \mwj mm )

\‘m__ PARENTS ’/ \ - PARENTS _ / \\H i /,./
Sekinip S —__PARENTS _-

\\.
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Proposal

API (?) Applicati

Data
Structure:

Hypergraph +
Hypernode

Native Data Store

ons (?) Services (?)

Query Language

Integrity
Constraints
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Graph Schema

A Graph Schema is a hypergraph (V. E4, E,), where
» V C U is a set of vertices
» E4 C V x Vis a set of unlabeled directed edges (just edges)

» E, is a set of labeled undirected hyperedges (just hyperedges)

of the form (c. P) where:
- ¢ € U is the hyperedge label
- P C E4 is the set of edges grouped by the hyperedge
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Schema for Resources (definition)

A Resource Graph Schema is a graph schema (V/, Ey, E,,) with the
following interpretation:

» A hyperedge (c, P) € E, represents a Resource Class where:
- ¢ is the name of the class
- Each edge (u,v) € P represents a Property as a pair
(propery-name, property-value).

» If a resource class ¢; contains a resource class ¢, then ¢ is a
subClassOf ¢ (i.e. inheritance of properties)

23



. #Sculptor
#Painter e T ooooooooooooooToo-o-

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

#Paints —> #Painting T T
i | fname — #Literal

' | lname —> #Literal

#Creates —> #Artifact

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Schema for Properties (definition)

A Property Graph Schema is a graph schema (V, E4, E,;) with the
following interpretation:

> A hyperedge (c, P) € E, represents a Property Class where:
- ¢ is the name of the class
- Each edge (u.v) € P represents a valid pair (domain,range)
for the property class

» If a property class ¢; contains a property class ¢, then ¢; is a
subPropertyOf ¢ (i.e. inheritance of domains and ranges)
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. #Sculpts

#Paints e ooooooooooooooooTooooos

#Creates
#Painter — #Painting R #Sculptor — #Sculpture
| #Artist —> #Artifact
fname

#Artist —> #Literal | #Technique #Exhibited
777777777 lname #Painting — #Literal #Artifact — #Museum
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Nested Graph (Hypernode)

A Nested Graph (nGraph) is defined recursively as a triple
(n, V., Ep) where:

(a) n & U is the name of the nGraph

(b) V, is a finite set of vertices, such that, each v € V|, satisfies
that v e UU L or v is a nGraph

(c) E, C V, x V,is a finite set of unlabeled directed edges, such
that, each triple (u,v) € E, satisfies that:
(i) u € Uor uisanGraph
(i) ve UU L or v is a nGraph
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Resource Graph Instance (definition)

A Resource Graph Instance is a pair (V}, E;), where:

(1) V; is a finite set of nGraphs, and
(2) Ej is a finite set of labeled undirected hyperedges (just

hyperedges) of the form (¢, R) satisfying that:
- ¢ € U is a resource class name from the schema

- R C V) is the set of nGraphs of type ¢

Restrictions:

(C1) Given two nGraphs (n, Vp, E,), (', Vy,Ey) € V), n=1n'
implies that V,, = V,y and E, = E,»

(C2) ¥(n, V,,E,) € V, itis not the case that n € V,, for any
(.-*'.-"_, Vi, Enf) eV,

28



#goya.xml

Iname — “Goya”

#Creates —> #saturn.jpg

#picasso.xml #guernica.jpg

fname — “Pablo” #Exhibited —> #musem.es

‘

‘

Iname — “Picasso” #Technique — “oil on canvas
‘

#Paints —> #guernica.jpg

#Paints — #woman.jpg
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* «MEENNEE
Querying RDF data

Graph Real-life Application Query
notion

All relatives of degree one of Alice
(adjacent nodes in a genealogy database)

reaction produce?
(Adjacent edges in chemical information)

Adjacency What chemical composes does a given chemical

What cities are near Athens?
(neighborhood in a tourism system graph)

Degree of a | What is/are the most cited paper/s?

database of bibliographic cites)

node (searching node/s with maximum in-degree in a
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Querying RDF data (cont)

Graph Real-life Application Query
notion
Are suspects A and B related?
(relevant paths in a police database)
Paths What is the shortest route between city A and city B?
(Shortest path in a database of roads)
What is the influence of article D?
(transitive closure in database of bibliographic cites)
Distance What is the Erdos distance between author X and
author Y?
(distance between nodes in a collaboration graph)
Pattern Where and how much a motif (pattern) appears?
Matching (Pattern matching in genome data)
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PROPERTY Adjacent | Adjacent
Nodes Edges

Degree of

Path

Fixed-
length path

Distance

Diameter

RQL | | I |

SeRQL | | |

RDF RDQL

Query Triple

Language | N3

Q00000
I

| C— —
Versa [Co— | —
RxPath L 1 | -

Sparql

|
|

) 0000
[ 00000

G+ I | I |

Graph

Graph Log

Query Gram I | I |

[

[
[

Language | Graph

DB

Lorel [ | [ |

F-G I | I |

I

[

[
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Current and future work

API (?) Applications (?) Services (?)

. . ve
Data

\ Query Language
Structure: @ @ % Integrity
Hypergraph +

‘ Constraints
Hypernode @ @ @

i

e

Native Data Store
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Questions?

34



