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e Cloud computing

* 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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* RobokEarth project (FP7 on robotics and cognitive systems)
* Based on open source Rapyuta platform

— PaaS cloud realized by 5 European universities FEVRE SPRE A
* 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

— Alarge, 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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SP .. An example - Internet of things
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Data Integratic

* Forthe near future, there is a forecast of 70 billion interconnected devices that generate,
compute and transmit data over Internet

* Theyrequire a method of storing and managing this large data set
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('ff - Data memorization - Object store

* Useful to build data repository on the cloud, via HTTP
* Alot of applications:

— Document management software

— Personal backup & sync (like Dropbox)

— Media file archive system

— Repository for ISO images in private cloud system (laaS)

— 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
n @ ceph

openstack”

“"amazon
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CSP _“  Data memorization - Databases

«  RDBMS (SQL)

e / /”// o /\
— Standard, popular and well known DB2
* NOsQL A %-

— Distributed, redundant, fault tolerant and well F’ostgreSQI_ y }{_é'[_
suited for Big Data s‘
* NewsSQL (or scalable SQL) \ /
— Standard, distributed, redundant, fault tolerant ORACLE
and well suited for Big Data
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A wide choice of databases

Non-relational

Relational

Analytic Brisk DryadH

Infobright Netezza ParAccel SAP Sybase IQ Teradata EMC

Piccolo Mapr Hadoop Ptcalpont Infosphere AsterData Greeplum VectorWise Vertica
Operational Oracle IBMDB2  SQLServer  JustOne
InterSystems
Progress Versant ;
gress Document MarkLogic Mysql Ingres PostgreSQL
Objectivity McObject .
Lotus Notes SAP Sybase ASE EnterpriseDB
NOSQL
CouchDB NBWSQL HandlerSocket \
Key MongoDB .
RavenDB ‘as-a-Service' amazon RDS s13lvam
Value Cloudant SQL Azure MySQL Cluster
Riak CouchBase App Engine Database.com izzl Clustrix
Redis Datastore Drizzle
SimpleDB Xeround FathomDB GenieDB
. ScalArc
Membrain B'
ig Tables
'g Gr aph Schooner MySQL CodeFutures
Cassandra InfiniteGraph Tokutek  ScaleBase NimbusDB
Voldemort Hypertable Neo4] Continuent VoltDB
BerkeleyDB HBase GraphDB \ Translattice /
_” N
Data Grid/Cache
Terracotta GigaSpaces Oracle Coherence memcached
IBM eXtreme Scale GridGain Vmware GemFire InfiniSpan CloudTran
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* NOSQL = Not Only SQL

— Not a movement against SQL N*S Q L

— 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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CsP . NewSQL
7 Q

* The tradeoff between NOSQL and traditional RDBMS
* Use of relational tables and SQL
* Same scalability as NOSQL DBMS

* Alot of products are coming on the market: VoltDB, MySQL Cluster
(NDB), ScaleDB, Xeround, Clustrix...

* Most of them are storage engine for MySQL

' Clustrix
2 SOL Azure

/

EriZZIe VOLTDB
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* 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

10
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CSP .. An example -

Cloudera
Manager Oracle

Oracle

NoSQL
Database

Big Data

Cloudera Connectors
CDH
Oracle Enterprise
Linux & Java VM

Oracle Big Data Appliance

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)
* OpensourceR

ORACLE
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CSP Linked Open Data

E innovaziane nalle ICT

* 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

Media [ )

Geographic l"\_ _.__]

Publications |
User-generated content |
Government |

Cross=domain O

Life sciences | |
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CSP. .. Data memorization - RDF store
[

* Standard proposed by W3C for application interoperability

— Represents pieces of information about web resources

— Based on a graph model (vertex = resource, edge = attribute)
* RDFis not the only mechanism to store LOD

— Itis the most used and flexible

* Alot 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)

foaf:knows —P
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*  Human centric VS machine centric

Queryable SPARQL endpoint (http://dbpedia.org/sparql)

Wikipedia

Turin
Froen W bipeiia e dree el ek

For obhee ures swe T i ammbig st !

"To e nedingcr s eve, Foar onber wses. 3@ Thnng v

zapital af i
locwied manlyan the left Bank af the s Piesr surousded by the 2pine
arch, The pepu acien of the cloy pragar is 308,193 iHwsem bar 20081

whil a papulation of the urbian area is estimatad B Ea Tte b
LT million inhahitants; the Turin matrope area ls estimatad by

to haus « papulstion =f 2.2 million @

Tublris 3 Mauishing, Induseieus and

cotne palitan EE My apaan ciny which enjeye sruteafthe-ar
technelegy ani archicacniral davalgpme s PRURSOAR Seti, gy
has @ fch culmare and histery, aid i bnew For it huime ous 4

aall hies, palacas, sparshausas, pla
gurdens. thearres librades. museums asd athervenues. Tunn
et |Ldmaan Far res harenue, e and A Haiws sy
architecture. Much afthe oy cextles. gardens and

aml classical soda of
eitficas include tha R
Stupinin and the 3t Sansrgn Tarin is semenmes called che
“cradie afitalion libermy”. dus to s havng been che lirthplace ani
hemie af notable pelmicians and prople whe conorbumed e
Riseoyg e, such ag Caveur.™ Tha <ty curr ety heosts af Itakys
4, lpcam and aymnasia, such a3
sigleus and impartant

and Ers Muls &
alug found in the city Turin's seeral monuments and sights meks it
ans if the world's Tag 28| it desrinatlons, and the tanth mase
wisined iy in foalyin Z00E.

ars

Turinused to ke & mayer Eurapsan pelitical zantra, heiny (babds firsk
capital iy in LEE1 and balng bamea ts we of Savirg, Inaky's cowal
ik 19 Evan thaugh much of s palivical significance and Impartance
Frad haan Dese by world waril, ivbacame 3 majer Eurepaan crassraad
ferindustry, commerce and orade, and carrenche b2 ene of b’ main
Inrhlm'!nl cenires belng part of che famaus “iedusriaf tnangle . along
wath Hilan ind & L Turin i ranked third, after fame end Milap, fer
wcpnamic strangth Wit 4 GOF 91’!.55 billiz s, Tirln |5 thamerlds
Thth richest chy by purchesing pame 321 and muen theugh the cigy
way anahletg become & Sl & unllh Milan or flome, ©mss
ranked by NS e Secammcally eficimnt®, alang vt Jerunalsm
Ganas, Macw, Marvaills, L = k
and Tijuana, tenames & fem
s rvemue (mduyaery 14HEL

unin 12 alza home ™ much 1‘th: Izlian

Turin iz wall kneww as cha heme efthe Shised of T this fazckall

teams juventus F 4. and Tering F.C.,the heddpaarters of awome bl
manafacturers ¥z Lancinand AHy Bamea. wrd 3¢ hase of the Jos
e .t - v 1. - [ '

Web of documents VS web of data
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SPARQL (Sparqgl Protocol And Rdf Query Language)
— Query language for RDF
— W3C standard
— SOL-like syntax, based on Turtle notation

1]
RDF describes concepts and relations as graphs %ﬁ ’ s PA RQL
o

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 ?numkEpisodio, ?titolo, 7?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

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

LINKED DATA

NOSQL / NewSQL can learn a lot from RDF
a/ Q On the web, DF“’“

— Decentralization Machine- readaw }
Non- prupnetar}’

RDF standards

RDF can learn a lot from NOSQL / NewSQL Linked RDF

)l
— Scalability techniques DUR DATA L *3

— Sharding and data localization techniques

— Inferences

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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Distributed computing group
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E-mail:
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rodolfo.boraso@csp.it
Tel:
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CSP - Innovazione nelle ICT s.c.ar. l.

via Nizza, 150 - 10126 Torino
(entrance from via Alassio, 11/c)

Tel: +39 011 4815111

Fax: +39 011 4815001
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