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» Distributed...
- relating to a computer network in
which at least some of the processing
IS done by the individual computers
and information is shared by and
often stored at the computers

» Enabling...

- to make possible, practical, or easy
- Platforms...

- the computer architecture and

equipment used for a particular
purpose
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To do what?
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Solve large scale problems!

* In research

- Frontier research in many different fields today requires world-wide
collaborations

- Online access to expensive scientific instrumentation

- Scientists and engineers will be able to perform their work without
regard to physical location

- Simulations of world-scale mathematical models

- Batch analysis of gazillion-bytes of experimental data

* In business
- Crawling, indexing, searching the Web
- Web 2.0 applications
- Mining information
- Highly interactive applications
- Online analysis of gazillion-bytes of usage data
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World-wide Collaborations
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Batch analysis of huge data
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Managing the Web

UNIVERSITA DI PISA

Google

Web Images Groups News Froogle Local more »
Advanced Search

_ Preferences
Google Search | I'm Feeling Lucky Language Tools

Advertising Programs - Business Solutions - About Google

©2005 Google - Searching 8,058,044 ,651 web pages
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Web 2.0
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Online analysis of huge data
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Some Numbers (l)

- 10,033 Tweets sent in 1 second

2,623 Instagram photos uploaded in 1 second
* 2,199 Tumblr posts in 1 second

1,862 Skype calls in 1 second

« 29.667 GB of Internet traffic in 1 second

« 50,512 Google searches in 1 second

- 107,401 YouTube videos viewed in 1 second

« 2,425,138 Emails sent in 1 second

source: http://www.internetlivestats.com
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Some Numbers ()

A
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- 3.2 billions of Internet users

« 928 millions of Web sites

* 168 billions of email sent during the day

- 3.2 billions of google searches during the day

+ 2.9 millions blog posts written during the day

« 640 millions of tweets sent during the day

- 6.8 billions of videos viewed on Youtube during the day
« 167 millions of Photos uploaded on Instagram during the day
- 1.5 billions of Facebook active users

+ 1.5 billions of Google+ active users

- 328 millions of Twitter active users

« 120 millions of Skype calls during the day

40 thousands of Web sites hacked during the day

« 503 thousand of computers sold today

4 millions of smartphones sold today

« 772 thousands of tablets sold today

1.9 billions of GB (1.9 EB) Internet traffic today

source: http://www.internetlivestats.com
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The Changing Nature of Data
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“traditional” data

gigabytes to terabytes

centralized

stable data model

known complex
interrelationships
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http://now.sprint.com/nownetwork/

Modern Use Cases

* Recommendation Engine

» Sentiment Analysis

* Risk Modeling

* Fraud Detection

- Marketing Campaign Analysis

» Customer Churn Analysis

» Social Graph Analysis

» Customer Experience Analytics
* Network Monitoring

* Research And Development
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How?
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(not so?) Hot Technologies

Large Scale
Programming

Cloud Resource/Data
Computing Management
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Famous predictions

1961

[...] computing may someday be organized as a

just as telephone system is a public
utility [...] the computer utility could become the
basis of a new and important industry [...]

John McCarthy (1927-2011)
Turing Award (1971)

1 969 Artificial Intelligence

As of now, computer networks are still in their .""L_.! ,

infancy, but as they group up and become

sophisticated, we will probably see the spread of
which, like present electric and

telephone utilities, will service individual homes and

offices across the country.
Leonard Kleinrock (1934)
Queueing Theory
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The 5th Utility
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Computing is being transformed to a
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commoditized and delivered in a
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Demand for more computing power

* There are three ways to improve performance:
- Work smarter
- Work harder
- Get help

* In computing:
- Using optimized algorithms and techniques
- Using faster hardware

- Using multiple computers
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Cluster Computing

* A cluster is a type of parallel and distributed system, which
consists of a collection of
working together as a

« Basic element is the , a single or
multiprocessor system with memory, 1/0
and OS

» Generally two or more nodes connected
together

* [n a single , or physically separated
and connected via a LAN

» Appears as a single system to users and
applications

» Specialized access, management and
programming

™

ISTITUTO DI SCIENZA E TECNOLOGIE
DELLINFORMAZIONE “A. FAEDO”




1990
Utility
Computing
Grid Computing
Offering

Solving large scale  computing

problems with resources as a
parallel computing  ~tered service

™

ISTITUTO DI SCIENZA E TECNOLOGIE
DELL'INFORMAZIONE “A. FAEDO”

Utility Computing History

343
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2010

Cloud Computing

Anytime anywhere
access to resources
delivered
dynamically as a
service

Software as a
Service

Network-based
subscriptions to
applications



Once upon a time...

Microcomputer
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...up to the Grid...
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...up to the Cloud
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Datacenter

Computer Air lluh Unit (CRAC)

OWTOwTﬂm Per Unnt
Can Be Downflow )
Dowlnow Used With Raised Floor To Creste

A Pressurized Supply Air Plenum With Floor Supply Diffusers
Individual Colocation Computer Cabinets

Power Distribution Unit (PDU) « Typ. Cabinet Footpeint (25"W x 36°D x $4°H)
o Typles! Copashios Up To 225 KVA Pur Unk « Typical Capacitics Of 1750 To 3750 Watts Per Cabinct
Integral Static Transfer Switch (STS)
Emergency Diesel Generators

* Total Generator Capacity ~ Total Electnical Load To Bulding

* Multiple Generators Can Be Electncally Combened With
Pasalicling Gear

* Can Be Located Indoors Or Outdoors At Grade Or On Roof.

* Outdooar Apphcations Roguire Sound Ancouating Enclosures

Fuel Oil Storage Tanks

* Tank Capacity Dependant On Length
Of Generator Operation

« Can Be Locased Underground Or At
Grade Or Indoors

Colocation Suites %

« Modular Configuration For
Flexible Suite Sq.FL Areas. o UPSSyue-
os-uuCamommpnc.umwn : * Uminerruptible Power Supply Modules
Secured Partitions (Cages, Walls, Exc.) OWTolmkVAhw
* Cabmnets And Bantery Strings Or Rotary Flywheels
« Multple Redundancy Configuratsons Can Be Dessgned
Electrical Primary Switchgear
* Includes Incoming Senvice And Drstnbution
* Dircct Distribution To Mechanical Equipment
¢ Distnbution To Secondary Electncal Equipment Via UPS
Heat Rejection Devices "U':l; Room . R—
+ Drycoolers, Air Cooled Chillers, Fic. *Ussd To Pump Condonses/Chilied Weter Betwrosn Duyvssium And CRAC
* Up To 400 Ton Capacity Per Unit * Addstional Equipment Includes Expansion Tank, Glycol Feed System
* Mounted At Grade Or On Roof * N+1 Design (Standby Pump)
* N+1 Design
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Search Engines Architecture

UNIVERSITA DI PISA

I S
*PISAY

ISTITUTO DI SCIENZA E TECNOLOGIE
DELLINFORMAZIONE “A. FAEDO”

I 30



Components in a Search Engine
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crawler

document
collection

P AN

iIndexer
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Single Computer Setting
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Single Cluster Setting
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Multiple Cluster Setting
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Multisite Setting
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Web Crawling

* Web crawling is the process of locating, fetching, and storing the pages
on the Web
* The computer programs that perform this task are referred to as Web
crawlers or spiders
- A typical Web crawler
- starts from a set of seed pages,
* locates new pages by parsing the downloaded seed pages,
- extracts the hyperlinks within,
- stores the extracted links in a fetch queue for retrieval,
» continues downloading until the fetch queue gets empty or a

satisfactory number of pages are downloaded.
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Indexing

* Indexing is the process of converting crawled web documents into
an efficiently searchable form

« An inverted index is a representation for the document collection
over which user queries will be evaluated

- Alternatives
- signature files I;| * 1™ 3, w(t1,ds)
. suffix arrays Ir| 1™ 2, w(ty, dy) | 3, w(ty, ds) | 5, w(ts, ds)
: 3| 1™ 3, w(ts, ds) | 4,w(ts,dy) | T, w(t3, d7)
*An index has two partS Tyl O™ 1, wity, dq) | 4,w(ts, dy) | 6, w(ty, dg) | 8, w(ty, ds)
* a set of inverted lists ;| 1™ 1, w(ts, di) | 4, w(ts, dy) | 7, w(ts, d7) | 8, w(ts, dg)
- a set posting entries Ts| 1™ 2, w(te, ds) | 3, w(ts, d3) | 5, w(te. ds)
- document id T.| 12, w(ts, dy) | 3, w(ts, ds)
« word score 7| &4 14, w(ts, dy)

- word positions
* an index into these lists

) .
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Query Processing...

» Query processing is the problem of generating the best- matching
answers (typically, top 10 documents) to a given user query,
spending the least amount of time

- Many features

- term statistics (e.g., BM25)

» term proximity

- link analysis (e.g., PageRank) — spam detection
- click data

» search session analysis

e social media
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...In a single computer...
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I,-,i' 1, w(ts,dy) |4, w(ts, dy) | 7, w(ts, dr) | 8, w(ts, ds)

Ts| T 2, w(te, da) | 3, wlts, d3) | 5, wts, ds) — Im —

I,vi 2, w(tz,dy) | 3, w(tz,ds)

T| 1™ 4, w(ts, da) — R — *
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...In a single cluster...
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central broker

result cache
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Distributed Data Storage Architecture

Client Requests

——
@ @ @ % @ @ Page Rendering Services
\ /
| Request Routing |
/ \
@ @ Stateless Aggregator Services
\ /

| Request Routing |

— T~
y iy

‘///’

Stateful Services

Datastores
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Everything as a Service
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amazon
webservices”

Elastic Compute Cloud (EC2)

Cloud Machine On-Demand
Computing Images Instances
Services

Simple Storage Service (S3)

SimpleDB CloudFront

Support

Services Simple Queue Service (SQS)

Infrastructure

Google App Engine Home Docs FAQ Atticles

Run your web apps on Google's infrastructure
Easy to build, easy to maintain, easy to scale

Platform

Google App Engine enables you to build and host web apps on the same systems that power Google
applications. App Engine offers fast development and deployment; simple administration, with no
need to worry about hardware, patches or backups; and effortless scalability.
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Software
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HDFS Google File System
Hadoop Google MapReduce

HBase Google BigTable
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Map Reduce

p,?::.. Submit Job >

M1
Provide tasks to TaskTrackers
Co-ordi & reduce
— Task natemap & r phase
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Provide Job progress info
Tracker
InputFormat R1 DFS
combine() , Task
Region1 Output
D sz Tracker file 1
M2 R2
Task Region1 ﬂraSk \
Tracker Region2 Tracker sort
l DFS
M3 read reduce() Output
J fle 2
Task Regionl OutputFormat
Tracker Region2 \
\ ] | J
| |
Map Phase Reduce Phase
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Where? & When?
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Course Organization

*44 hours: ~30 lessons, ~14 laboratory

» Agreement on room and timetable

- Currently: Thu 9-11 (room L1), Fri 9-11 (room N1)
- Depending on availability

* Highly interactive lectures

- Laboratory

- Java programming skills required
- Bring your own laptop (don’t forget plugs!)

 Slides and references available online
- Updated in real time on the course wiki

 Final examination: project + oral session
- To be agreed with teacher




