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Motivations (a)

* Large volumes of RDF data

* Use of RDF data in ways unpredicted
when first designed

* Need to design reliable tools to manage
RDF data

* Need to augment the productivity of
enterprises using RDF data
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Motivations (b)

Current discussion about RDF and databases
* SW Community:

- Logical or DB approach? Can be combined?
— RDF needs database grounds
— Little consideration of DB Comm. in standards

* DB Community:
— What is the theoretical novelty of RDF ?
- W3C documents are unreadable and not formal
- Specifications seem “arbitrary” and evolving
— Almost cero consideration to RDF
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Motivations (c)

“Perhaps most interesting is the research
opportunities suggested by the term “Semantic
Web’. While it may be unclear what the concept
truly entails, much of the recent work has
centered on “ontologies”. [...] The database
community should be looking for opportunities
to exploit these developments in future database
management systems.”

Final Report, The Lowell DB Research Self
Assesment Meeting, May 2003.
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Review I: What is RDF

A framework for representing information
in the Web whose conceptual base is (RDF
Abstract Concepts & Syntax, W3C):

* Graph Data model

* URI-based vocabulary

* Datatypes

* XML serialization syntax
* Expression of simple facts
* Entailment
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Review I: RDF motivations

e Web Metadata

* Applications that require open rather than
constrained information models

* Automatization of information processing
on the Web by Agents

* Interworking among applications

e Work at Internet scale
...=> Web + databases
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Review II: Web and Databases

Asilomar Report 1998: “Good news for database
systems research: the Web is a huge database’

Mendelzon 1998: The Web is not a database!

- Database: A collection of persistent data used
by the application system of some enterprise

« Implications: Reliability, Recovery, Concurrency
control, Common schema, Declarative Access
Query, etc.
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Review II: Database models

A database model is a collection of three
components [Codd, 1980] :

1. A collection of data structure types

2. A collection of operators or inferencing
rules for manipulation of data

3. A collection of general integrity rules.
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DB Models Time-line
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Hierarchical model

Network model

Relational model

Semantic models

Object Oriented models

semistructured models
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Data models comparison

Semantic User Simple / High Homogeneous
medium

Semistructured Logical Medium Medium Heterogeneous

Graph Logical Medium High Heterogeneous

Semantic User Simple / High Homogeneous
med;“\

Semistructured Logical ] Medium Heterogeneous

Graph Logical G1aPh Medium Sempistructuped, Heterogeneous

Models models

RDF

Semantic
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Semantic data models

* Introduced as schema design tools

* Model more accurately semantic
relationships arising frequently in DB
applications

* Increased separation of conceptual and
physical levels

* Navigation among conceptual objects

* Avoid semantic overloading: distinguish
between ditferent types ot relationships
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Semantic data models vs
Semantic nets

* Primary / Second memory approach
* Avoid mixing of schema and data
* Constraints as part of Schema / Data

e Particular notion of view as “derived
data”

* Aggregation and Grouping mechanisms

* Implicit Assumption: type of data
available
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Semantic data models
Some issues (for RDF)

* Emphasis in features to model data

* Q: Why objects, attributes and ISA
relationships are the “best” mechanisms?

A: Experience from DB, IA and PL

* Graph structure is not considered when
querying or constraining
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Semistructured data models

* Motivation: increasing existence of
semistructured data

- data exchange,
- data browsing,
— unstructured data, etc.

* Semistructured data: irregular, implicit,
partial, schema and data mixed

* Schema evolves rapidly
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Semistructured data models

* Start to address non-classical structure of
data (hypertext, Web, etc.) where
relationships among data are as important
as data itselt

* Soon found a niche in data with tree-like
structure (documents are trees!)

* Alfter emergence of XML faded away
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Semistructured data models

Lesson (for RDF): New type of data model needs new
approach.

« Relations between schema and data (XML Schema)

* New types of query languages addressing tree-like data
(XPath, XQuery)

« New types of integrity constraints (Coming soon...)
* New types of transformation languages (XSLT)

Plus standard challenges like modelling, visualization,
searching, updating, indexing, compressing, eftc.
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Graph database models

* Model information whose logical structure is a
graph.
* Emphasize the interconnectivity among the data.

* Appeared in the mid-eighties, flourished in the mid-
nineties and unexpectedly vanished with the
emergence of semi-structured models and XML

* Some current application areas: Web, biology
(genomic), chemistry (chemical reactions),
geographic information (cities, roads, rivers), large
linked networks (police, airways), complex nets.
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Graph database models (cont)

May 2006

Logical Data Model
G.M. Kuper and M.Y. Vardi (1984)
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Graph database models (cont)
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G-Base
H. S. Kunii (1987)
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Graph database models (cont)

Hypernode
M. Levene and A. Poulovassilis (1990)
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Graph Database models (cont)

GOOD
M. Gyssens, J. Paredaens, J. V. Den Bussche (1990)
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RDF from a graph-database
perspective

1) Data Structure Types: RDF establishes a syntax
that represents structures to describe resources
and their relations.

2) Integrity constraints: the RDF specification does
not present clear notions of constraints.

3) Operators or Inference rules: there are proposals of
query languages for RDF, but they do not support
some frequent queries in current graph
applications.
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An example: Query language

* Current RDF query languages do not support
common graph queries in current applications.

* Example:

What is the Exrdos distance between author X
and author Y?

This expression represents a query about the
distance between nodes in a collaboration graph

A language is said to support a feature if it provides facilities
that make it convenient (reasonable easy, safe and efficient) to
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Querying RDF data (cont)

Paths

Are suspects A and B related?
(relevant paths in a police database)

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
Matching

Where and how much a motif (pattern) appears?
(Pattern matching in genome data)
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Querying RDF data

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

Adjacency What chemical composes does a given chemical
reaction produce?
(Adjacent edges in chemical information)
What cities are near Athens?
(neighborhood in a tourism system graph)
Degree of a | What is/are the most cited paper/s?
node

(searching node/s with maximum in-degree in a
database of bibliographic cites)
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Support of current RDF Query Languages

* None of the current query languages for RDF
support the previous queries.

* Graph properties like diameter, radius or
eccentricity are not supported.

* None of the languages support arbitrary paths.

* Some languages require union to answer simple
queries (e.g. Adjacency, degree).

* Aggregate operators are important and some
languages do not provide these operators.
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Data Structure
What is the good abstraction?

* Graphs (W3C documentation)
 Bipartite graphs (H & G, ISWC 2004)

» Relational tables of triples (Diverse
implementations)

* N3 (Tim Berners-Lee)

» Other models, e.g. the one used in RQL,
named graphs, etc.
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Integrity Constraints
No problem at all?
At least some questions:

* RDF assumes Open World

* What about RDF repositories?

* Core RDF plus integrity constraints?
* What are the useful constraints?

e What are the actual uses of RDEF?
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SW and Databases @

Department of Computer Science
Center for Web Research  www.cwr.cl
Universidad de Chile

People:

 Marcelo Arenas, Univ. Catdlica

« (Claudio Gutierrez, Univ. Chile

» (Carlos Hurtado, Univ. Chile

« Sergio Munoz, Univ. St. Concepcion

« Jorge Pérez, Univ. Talca

« Alejandro Vaisman, Univ. Buenos Aires
+ blank nodes representing PhD and Ms students...
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SW and Databases @

Department of Computer Science, CIW,
Universidad de Chile

Formal Aspects of Querying RDF databases, 1st VLDB
Workshop on SW and DB, 2003

Foundations of SW Databases, PODS 2004.

Bipartite Graphs as Intermediate Model for RDF, ESWC
2004.

Temporal RDF, ESWC 2005 (Best Paper Award.)

Querying RDF from a Graph Database Perspective,
ESWC 2005.

Interpretations between RDF and the Logical Data
model, LA-Web, 2005.

Introducing time info RDF, TKDE, to appear.
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SW and Databases @

Department of Computer Science, CIW,
Universidad de Chile

Some applications:
* Integration of CS Departments in Chile, |IOS Press, 2002
« Erdos Distance in DBLP via RDF, thesis, 2005

« Data Representations for WordNet: A case for RDF, 3rd
WordNet Conf, 2006

« A data model for Social Networks, Sunbelt, 2006

« Ongoing applications on Updates, Complex Networks,
Social tagging, Web Services, E-Government
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Thanks for your attention

Questions? Comments?

Claudio Gutierrez
cgutierr@dcc.uchile.cl

Center for Web Research

Department of Computer Science

Universidad de Chile
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