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Cloud computing
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• Possible solution to obtain computing resources where they are not 

directly available (smartphones, thin clients...)

• Also usable to manage and analyze large amounts of data
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An example – RoboEarth and Rapyuta
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• RoboEarth project (FP7 on robotics and cognitive systems)

• Based on open source Rapyuta platform

– PaaS cloud realized by 5 European universities

• Objective: give robots a simple access to remote resources

– Powerful computing resources dedicated to heavy, CPU bound tasks (that run on the 

cloud, not directly on the robot's board)

• Lower hardware cost and better performance

– A large, shared knowledge database where every robot can connect to learn new 

information and to share their own experiences

• Accurate and re-used knowledge bases

• Usage examples: drones and autonomous vehicles
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An example – Internet of things
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• For the near future, there is a forecast of 70 billion interconnected devices that generate, 

compute and transmit data over Internet

• They require a method of storing and managing this large data set
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• Useful to build data repository on the cloud, via HTTP 

• A lot of applications:

– Document management software

– Personal backup & sync (like Dropbox)

– Media file archive system

– Repository for ISO images in private cloud system (IaaS)

– Repository for objects to be used by 3D printers (like Thingiverse)

• Two major standards adopted: Amazon S3 and Openstack Swift

• Ceph and Swift are some examples of mature, stable and open source 

projects of object store

Data memorization – Object store
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Data memorization – Databases
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• RDBMS (SQL)

– Standard, popular and well known

• NOSQL

– Distributed, redundant, fault tolerant and well 

suited for Big Data

• NewSQL (or scalable SQL)

– Standard, distributed, redundant, fault tolerant 

and well suited for Big Data
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A wide choice of databases

Relational

Non-relational
Piccolo  Mapr     Hadoop  

Oracle         IBM DB2         SQLServer           JustOneOperational
InterSystems   

Progress    Versant

Objectivity
Document 

Lotus Notes   

MarkLogic 

McObject
Mysql                   Ingres                 PostgreSQL  

                          SAP Sybase ASE                               EnterpriseDB

NewSQL 

Amazon RDS

 SQL Azure

Database.com

Xeround                     FathomDB

Schooner MySQL   CodeFutures

       Tokutek ScaleBase NimbusDB

Continuent VoltDB

Translattice

HandlerSocket  

Akiban 

MySQL Cluster  

Clustrix

Drizzle

GenieDB

ScalArc

NOSQL
CouchDB

MongoDB

RavenDB              

                                Cloudant

Hadapt

Key

Value
Riak

       Redis

     Membrain

                     Cassandra

      Voldemort

BerkeleyDB

Hypertable

HBase

GraphBig Tables

InfiniteGraph

Neo4J

GraphDB

'as-a-Service'

App Engine

         Datastore

   SimpleDB

Data

Cache

Cloud 

Enable-

ment

Data Grid/Cache
Terracotta GigaSpaces Oracle Coherence memcached

IBM eXtreme Scale GridGain          Vmware GemFire            InfiniSpan CloudTran

Analytic    Brisk   Dryad     Infobright   Netezza   ParAccel   SAP Sybase  IQ  Teradata    EMC 

    CalPont   Infosphere   AsterData   Greeplum   VectorWise  Vertica

CouchBase
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NOSQL

• NOSQL = Not Only SQL

– Not a movement against SQL

– An alternative to traditional RDBMS

– A new way to see persistence

– Applications that works in distributed systems, well suited for cloud computing

• Different from RDBMS

– Do not adopt SQL language

– Do not use fixed table schema (often, they manage semi-structured data)

– Avoid join operations

– Scale easily on low cost commodity hardware

• Complementary to RDBMS

– The right tool for the job

– Cover areas where traditional RDBMS are weak

 

• For some problems, other storage solutions are better suited!
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NewSQL

● The tradeoff between NOSQL and traditional RDBMS

● Use of relational tables and SQL

● Same scalability as NOSQL DBMS

● A lot of products are coming on the market: VoltDB, MySQL Cluster 

(NDB), ScaleDB, Xeround, Clustrix…

● Most of them are storage engine for MySQL
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Big Data

● Big Data = collection of large and complex data sets that are difficult to process 

using on-hand database management tools and traditional data processing 

applications

● Complexity in storing data (traditional RDBMS have insufficient capacity on 

handling that quantity of data) but also complexity in analysis (traditional 

warehousing, business intelligence or data mining techniques are inadequate or 

too slow)

● Big Data Management & Big Data Analytics = adoption of new distributed tools 

for managing and analyzing large data sets

● HDFS + NOSQL + Map / Reduce + R = a possible open source solution for Big 

Data Analytics
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An example – Oracle Big Data Appliance

● An Oracle appliance for Big Data Analytics
● Oracle Enterprise Linux 5.6
● CDH - Cloudera's Distribution including 

Hadoop
● Oracle NOSQL Database (BerkleyDB)
● Open source R
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Linked Open Data
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• Linked Data = a method of publishing structured data in a interlinked way, following the semantic 

web idea (Tim Berners-Lee)

• Open Data = freely accessible data, without copyright or restrictions of any sort

• Linked Open Data (LOD) = Linked Data + Open Data

– Shared among a lot of entities, without a single owner

– Objective: see the web as a single, big database

– Requires a standard query language (SPARQL) that permits easy cooperation among remote 

data set and that uses meta-data catalogs (CKAN) to index and address real data
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Data memorization – RDF store
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• Standard proposed by W3C for application interoperability

– Represents pieces of information about web resources

– Based on a graph model (vertex = resource, edge = attribute)

• RDF is not the only mechanism to store LOD

– It is the most used and flexible

• A lot of serializations

– RDF/XML (XML file, one of the most well known and adopted)

– RDF/JSON (JSON instead of XML file)

– N-Triples (set of triples in the format subject – predicate – object)

– Notation3 / Turtle (languages that describe resources with their 

properties, always triple based)
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RDF repository example – DBPedia
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• Web of documents VS web of data

• Human centric VS machine centric

• Queryable SPARQL endpoint (http://dbpedia.org/sparql)
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SPARQL
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• SPARQL (Sparql Protocol And Rdf Query Language)

– Query language for RDF

– W3C standard

– SOL-like syntax, based on Turtle notation

• RDF describes concepts and relations as graphs

• SPARQL searches sub graphs matching user's query

– SPARQL : RDF = XQuery : XML

– SPARQL : RDF = SQL : relational model

• SPARQL query example: list all episodes of Star Trek – The Original Series (http://dbpedia.org/sparql)

SELECT ?numEpisodio, ?titolo, ?episodio WHERE {

  ?episodio dbpedia-owl:series <http://dbpedia.org/resource/Star_Trek:_The_Original_Series> .

  ?episodio dbpprop:episode ?numEpisodio .

  ?episodio dbpprop:title ?titolo

}

ORDER BY ?numEpisodio
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Conclusions
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• RDBMS are widespread (often used as a simple and well known back-end for RDF – like D2R)

– Have problems in horizontal scaling

– Have problems in managing and storing large amounts of data, in particular in distributed systems

• Object store, NOSQL and RDF share the same goals:

– Simple horizontal scalability

– Capability of storing large amounts of data

– No fixed schema

• NOSQL / NewSQL can learn a lot from RDF

– Decentralization

– Inferences

• RDF can learn a lot from NOSQL / NewSQL

– Scalability techniques

– Sharding and data localization techniques

• Chose carefully your data storage tool...

• ...but remember: large amounts of data does not means only storage but also data accessibility

– We need high performance and scalable web server to manage a lot of connections to large data 

sets (Nginx, Tornado, Cherokee...)
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