UNIVERSITA DI PISA

Piattaforme Abilitanti Distribuite
- PAD -

Nicola Tonellotto

ISTITUTO DI SCIENZA E TECNOLOGIE
DELLINFORMAZIONE “A. FAEDO”



UNIVERSITA DI PISA

‘I MCSN - N. Tonellotto - Distributed Enabling Platforms

ISTITUTO DI SCIENZA E TECNOLOGIE
DELLINFORMAZIONE “A. FAEDO”




v

Who?

UNIVERSITA DI PISA

I‘II MCSN - N. Tonellotto - Distributed Enabling Platforms

ISTITUTO DI SCIENZA E TECNOLOGIE
DELLINFORMAZIONE “A. FAEDO”



UNIVERSITA DI PISA

- Nicola Tonellotto

- Laurea degree in Computer Engineering

- PhD in Information Engineering @ UNIPI (Italy)

- PhD in Computer Engineering @ UNIDO (Germany)

- Researcher @ ISTI-CNR since 2002

» Grid Computing
» Scheduling
» Information Retrieval

- TA @ UNIPI since 2002
» Parallel and Distributed Applications
» Fundamentals of Computer Science
» C/C++ Programming
» Java Programming
» Distributed Enabling Platforms
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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!
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Solve large scale problems!
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. In research
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Solve large scale problems!

UNIVERSITA DI PISA

. In research

- Frontier research in many different fields today requires world-wide
collaborations
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Solve large scale problems!

UNIVERSITA DI PISA

- In research
- Frontier research in many different fields today requires world-wide
collaborations
- Online access to expensive scientific instrumentation
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Solve large scale problems!
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» 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
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Solve large scale problems!
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- 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
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Solve large scale problems!
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- 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
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Solve large scale problems!
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- 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
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Solve large scale problems!

343
UNIVERSITA DI PISA

» 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
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Solve large scale problems!
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- 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
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Solve large scale problems!
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- 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
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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
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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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RUSSIA/U.S.
Zarya:

Propulsion and
power module, built

in Russiawith ~

American funds. Set

RUSSIA to launch Nov. 20

Service Module:
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Escape Vehicle:

Can accommodate
up to seven
crewmembers in the
event of emergency
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U.S.
Unity:

Six-porthole
docking pod. Set
to launch Dec. 3

u.s,

U.S, Habitation Module:
~Contains galley, toilet,

shower, sleep station
and infirmary

] 5 U 5/

CANADA
Canadian
Manipulator Arm:
Upgraded version
of shuttle arm

\ Japanesre Lavoratory:
- Ineliides manipulator
arm and outdoor porch®
for eXpos r;: oxpcdmcnts
el M ; s
U.s Laboratories:
include a centrifuge
for material studies

ESA

European Laboratory

Built by the European -~

Space Agéncy, a - L4

consortium of 14 countries
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Batch analysis of huge data
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Managing the Web

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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Our data driven world...

343
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» Science
- Databases for astronomy, genomics, natural languages, seismic modeling, ...
- Humanities
- Scanned books, historic documents, ...
- Commerce
- Corporate sales, stock market transactions, census, airline traffic, ...
- Entertainment

- Hollywood movies, Internet images, MP3 music, ...

« Medicine

- Patient records, drugs composition, ...
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Big Enough?

- Large Hadron Collider:

- 10 EB/year generated
1 ZB/year forecasted
103 scientists

102 institutions

- Large Synoptic Survey Telescope (2016)
- 15TB/night
- 6.8 PB/year

- Google (2010)

- 24 PB/day processed (queries)
- 8 EB/day processed (documents)
- 0.1 sec query latency

- Facebook (2009)
- 15 TB/day user data
- eBay (2009)
- 50 TB/day user data
- Walmart
- 6000 stores, 267 M items/day
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Data everywhere!

UNIVERSITA DI PISA

Ehe New JJork Thmes suaLL BUSINESS UPDATE

"'. '- A M '..-.- . ...'v'y

Sprint } YOU, NO £GGS BEINC ON SALE NOW

Mege Buid Pendant

I'd

This is Now. | I —

ADD YOURSELF
Take X 10 go with Mobie Broadband +

taken'

Google

BABIES BPING BORN WORLD MOOC
N cas ‘ !
”~
UM CAM \ .' A MOUSES BUILT NOW LEE SAVY FAW
: 1. POTE A PV
N . 2. THE DOUT TR
P 5 .

THE TEAN BCTONL
& PATTY LIX
S WAT DOLD BOLVEE D9

2 6 2 3 &. DRACE YOURSILS
upn

BUT AL VW AND
o rrencns S MICIACE

CURRENT NATTONAL DEBT

ISTITUTO DI SCIENZA E TECNOLOGIE
DELLINFORMAZIONE “A. FAEDO”



http://now.sprint.com/nownetwork/
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CRM \ —\ S
™y Traditional
ERP ETL Normalized Data Data
/ N Data Quallty Warehouse

Finance - —

|

Business Analyst —— |
Data Warehouse Administrator .lgll. > ' '

i 2.

Business User ¥
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http://now.sprint.com/nownetwork/

Current Data Nature Sources...

- Nature of data
- Volume
- Variety
- Speed
« Sources of data
- Social Networking and Media
- Mobile Devices
- Internet Transactions
- Networked Devices and Sensors

™
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“traditional” data

gigabytes to terabytes

centralized

stable data model

known complex
interrelationships
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Big AAT#\

Streams I

Streaming
Systems
™ e N
Real- ime '

Analytic
Systems

Systems of
Record (flash ] §

Archive & Backup Systems (Object, geographically distributed)

taken from: http://wikibon.org/
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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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Famous(?) predictions (I)

. "I think there is a world market for maybe five computers.”
- Thomas Watson, chairman of IBM, 1943

- "I have travelled the length and breadth of this country Prentice
and talked with the best people, and | can assure you that
data processing is a fad that won't last out the year.

-The ed in charge of biz books for Prentice-Hall, 1957

- "There is no reason anyone would want a computer in
their home!'
- Ken Olson, president, chairman and founder of DEC,1977
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How?

UNIVERSITA DI PISA

I‘II MCSN - N. Tonellotto - Distributed Enabling Platforms

ISTITUTO DI SCIENZA E TECNOLOGIE
DELLINFORMAZIONE “A. FAEDO”



(not so?) Hot Technologies

Large Scale
Programming

Grid/Cloud Resource/Data
Computing Management

Virtualization
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Famous(?) predictions (ll)

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

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 Utilit
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The 5th Utility
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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

™

ISTITUTO DI SCIENZA E TECNOLOGIE
DELLINFORMAZIONE “A. FAEDO”



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 ,asingle or
multiprocessor system with memory, I/0
and OS

- Generally two or more nodes connected
together

. Inasingle , or physically separated and
connected via a LAN

- Appears as a single system to users and
applications

- Specialized access, management and
programming

™
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1990
Software as a
Service
Utility Computing

. . . Network-based

Grid Computing Offering subscriptions to
| computing applications
Solving large scale  resources as a
problems with metered service

parallel computing

™
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Utility Computing History

UNIVERSITA DI PISA

2010

Cloud Computing

Anytime anywhere
access to resources
delivered
dynamically as a
service



Grid Computing

« Problem:

Scientific instruments and experiments provide huge amount of
data

- Goal:

Researchers perform their activities regardless geographical
location, interact with colleagues, share and access data

 Solution:

Networked data processing centers and “middleware” software as
the “glue” of resources.

™
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Microcomputer
Y S Re——

I |
|
|
|

Mainframe
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...up to the Grid
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Why not just distributed?

- Distributed applications already exist!
- But they tend to be specialised system
- Single purpose
- Single User Group

» Grids go further!

- Different kinds of resources

- Different kinds of interactions
- Dynamic nature
- Multiple institutions

|
|
il

|

ability to negotiate resource-sharing arrangements among a set of
participating parties (providers and consumers) and then to use the
resulting resource pool for some purpose

™
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Grids in action
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*PISA®

- High Energy Physics
- European Data Grid

- LHC Computing Grid ;’:
 Earth Observation
- ESA EO Grid esa

- Global Earth Observation Grid GE?_@d
. Bioinformatics
- Genome Grid

- Mathematics .

GM0

- Zetagrid

) GeOIOgy NEESgrid
- Earthquake Engineering Simulation

» Astronomy # Semome,
- SETI@home
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Cloud Computing

» “Cloud computing”is a very fuzzy term (to be kind)
« Depending on who you talk to:

- a revolutionary idea that is rapidly changing the face of computing
- an old idea whose time has come
- just hype
- evil
- In any case, it is changing economics behind computing in important
ways

Now In two years
All nations All nations m 20%
Australia Australia E =~
Brazil Brazil ET
China China '
France France
Germany Germany
Japan Japan
Singapore 23% Singapore
United Kingdom m United Kingdom
United States o United States
0 20 40 60 80 0 20 40 60 80
Il Using for critical applications O Using for critical applications
B Using for less important applications Using for less important applications

Copynght ©2010 Accenture All Rights Reserved
Source: Jeanne G. Hams and Allan E. Alter, “Cloudnse Reward and Risks at the

T Dawn of Cloud Computing " Accenture Institute for High Performance, November 2010
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Tisramazon
7 webservices"

r Elastic Compute Cloud (EC2) \

Cloud Machine On-Demand

Computing Images Instances
S / Software
( Simple Storage Service ($3) \

SimpleDB CloudFront

Support

\SG rvices Simple Queue Service (SQS) j
Infrastructure
Google App Engine Home Docs FAQ Aticles

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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The World is going Mobile

UNIVERSITA DI PISA

New Computing Cycle Characteristics

Reduce Usage Friction Via Better Processing Power + Improved User Interface +
Smaller Form Factor + Lower Prices + Expanded Services = 10x More Devices

Computing Growth Drivers Over Time, 1960 - 2020E

1,000,000 |
Mobile 4

Internet Kindle
100,000

: Desktop MP3
10,000 Internet —

Car Electronics

1000 -
PC v/ 10B+ GPS, ABS, AV
Units???
100 .

100MM+ Users Entertainment

Units

-t
o

Mainframe Wireless Home

10MM+ Units K Appliances

3
S
7))
S
-
=
=
o
%
=
g
2

1MM+ Units

! ] 1

1960 1970 1980 1990 2000 2010 2020

Nolfe: PC instalied base reached 100MM in 1993, coliphone / infermel users reached 18 in 2002 /7 2005 respeciively,

MOI'ga n Sta n ley Souwrce: ITU, Mark Lipacis, Morgan Stankey Research
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Large Scale Programming

HDES Google File System
Hadoop Google MapReduce
HBase Google BigTable

™
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:

9 2
ol Map Reduce
s, R

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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Virtualization
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CENTRALIZED
VIRTUAL DESKTOPS

VMWARE
INFRASTRUCTURE 3

vinware

VMWARE VIRTUAL
DESKTOP MANAGER

™ @Q

CLIENTS

VM

MICROSOFT ACTIVE

VMWARE DIRECTORY
VIRTUALCENTER

QEMU

Open source processor emulator
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Where? & When?
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Course Organization

48 hours: ~32 lessons, ~16 laboratory

- Agreement on room and timetable
- Currently: Thu 11-13 (room C1), Fri 9-11 (room N1)
- Depending on availability

- Highly interactive lectures

- Laboratory
- Java programming skills required

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

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




