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Los inicios: sistemas no distribuidos...
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Los inicios: sistemas centralizados...

~ 1960




Los inicios: sistemas centralizados...
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e Sistema centralizado
* Mejor mantenimiento
* Comparticidon de recursos
* Reparticién de costes

~ 1960



Los inicios: ARPANET...




Los inicios: pre-Internet...
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Los inicios: TCP/IP...

(5] wopicosonioyer |

The Application layer is the group of applications
requiring network communications.
\

HostA  Geperates the dataand mlioStB
Web requests connections eb Server|
Browser

o Transport Layer (TCP/UDP) |

frames that move across the network.
b &

&==1 [Establishes connections
The Transport layer establishes the connection ‘B, with remote host J:l B
between applications on different hosts. > < >
=

e | Transfers packets with

The Network layer is responsible for creating the J:lL virtual (IP) addresses :J
L packets that move across the network. =7 < PQ— )
e' — Transfers frames with —

The Data Link layer is responsible for creating the physical (MAC) addresses Jil-

=< >

(] oo ]

The Physical layer is the transceiver that drives
the signals on the network.

Transmits and

- receives bits
i i )

TCP/IP

1972
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Los inicios: Ethernet...

Pin Signal ID | T568AColor | T5688Color  Pins on plug face (socket is reversed)

&= «—

white/green stripe ‘meloango stnpe

- e oo

| 3 green solid orange solid

3 RX+ L= )
white/orange ﬁnpo_mdgrm stnpe
b P

¢ . 7-30VDC blue solid ‘biue solid

€ — G
5 7-30VDC white/blue stnpe .WMM stnpe

s | k. —) b =)

1 TX+

| (orange sold (green solid
&— &
7 GROUND ‘whilolbrm stnpe white/brown stripe

s GROUND =) b ]
brown solid brown solid

Xerox PARC

~1974

http://www.nethistory.info/History%200f%20the%20Internet/origins.html#apps
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Los inicios: primeros servicios en red...

UUCP: Store and forward delivery
| I — mr bronson lion cashew f—=m l |
Rs5]  tebicninm | hosth et iy HostB
‘/\\/ \_'_\/' oy el ‘m 3.":....3:.:‘..:.‘ w
bronson!lion!cashew!kristen - gmm :
local user kristen e - J
e | L SRR,
SMTP: End-to-end delivery oL e S
Do | L] i ],
OECT— ] )
Somma: -
| I — m, acom.nuts.com f—— l |
'/\\/ '
: . s
kristen@acorn.nuts.com
local user kristen
UUCP,

Xerox PARC  Mail, ete.

~1974  ~1975



Los inicios: un ordenador en cada...
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Los inicios: Ethernet mas rapida...

Ethernet Speeds
100000 &
10000 : —
v !
£ 1000 £
= 100 E:S
10 (& '
1
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Year

IEEE 802.3

+————+—
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Los inicios: un disco duro en segundos...

HDD capacity (bytes)
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Ethernet Speeds
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http://cdn.arstechnica.net/2011/09/23/hdd-capacity-scale-4e7cebc-intro.png
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File

firea

1-31], ILlist, [Hielp, [Qluit,
New Uploads
Communications
TriBBS Utilities
BBS Utilities
File Compression
Word Processors/Editors
DOS Utilities

d/Audio/Music Utilities
Games [Windows]
Game Levels [WADs etc..]
LORD/LORD IT Utilities
Business Utilities
Self-Improvement
Miscellaneous Other
USR PalmPilot Utilities
File Uploading Area

File firea List

ENTER

ALL : [1 ]

Special Downloads
Internet Utilities

BBS Software

Anti-Virus

Text Files

Windows 95/NT Utilities
Windows 3.1 Utilities
Graphics/Image Utilities
Games [DOS]

Online BBS Doors/Games
Programming Teols
Home/Finance
Educational/Childrens Programs
Wildcat § Utilities/Games
Christian Interest

Computer network (& net. apps.):
computers are explicitly visible

IEEE 802.3

1983
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Transicion...
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Centralized # Distributed

Distributed system:
existence of multiple elements is transparent




Las transiciones no son faciles...
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Centralized # Distributed

Distributed system:
existence of multiple elements is transparent




Las transiciones no son faciles...
Expectativas

TN ERENS “We define a distributed system as one in
which hardware or software components
located at networked computers

“A distributed system is a collection of
independent computers that appears to its
users as a single coherent system”




Las transiciones no son faciles...
Realidades

o “A distributed system is one in
which the failure of a computer
you didn't even know existed
can render your own computer
unusable”

Leslie Lamport



Las transiciones no son faciles...

Retos...
Pe‘e‘.c“ =
° e‘ 9‘.

]
I

0 The network is reliable

1 The network is secure

11 The network is homogeneous
1 The topology does not change
0 Latency is zero

0 Bandwidth is infinite

0 Transport cost is zero

71 There is one administrator

b
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COMPLEXITY

Las transiciones no son faciles...

Redistribute Data
Replication Throttle movement
Fault Detection
Cluster
Partitioning Recove Expansion
Discove
f\_l Fault

Co-Location Tolerance

Multi Node U
Single a
Node

TIMELINE



Las transiciones no son faciles...

Areas de trabajo...

o Heterogeneity
01 Openness

0 Security

0 Scalability

0 Failure Handling
0 Concurrency

0 Transparency

M
b

I
I
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Las transiciones no son faciles...
Lecciones aprendidas...

0 Heterogeneity
01 Openness

0 Security

0 Scalability

0 Failure Handling
0 Concurrency

0 Transparency

)]
1]

o

[

II Software/hardware extra en S.D.:
conseguir que la existencia de
multiples elementos sea transparente

b1
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Las transiciones no son faciles...
Lecciones aprendidas...

JISC-funded institutional external
content providers  content providers content providers

authentication/authorisation (Athens) i o /
; . E}OQ
| JE
metadata schema registries brokers aggregators catalogues indexes .
identifier services (= I I I I /
institutional profiling OpenURL  media-specific institutional subject  learning management \g}db
services link servers portals portals portals systems b

terminology services

&
K4 end-user qj;q"

shared infrastructure desktop/browser <

@ Andy Powell (UKOLN, University of Bath), 2005



Las transiciones no son faciles...
Lecciones aprendidas: elementos tipicos...

Distributed services

Distributed File System
Distributed Multimedia System
Mobile and Ubiquitous Computing

Middleware

Remote invocation
Dist. Objects and components

Shared data

System services

Security and Fault Tolerance Transactions and Concurrency Control

Name Service Distributed Transactions

Networking+Internetworking Replication and Consistency

Distributed d

Coordination and Agreement Distributed Models

Time and Global States Client/Server

Peer-to-Peer




Las transiciones no son faciles...
Lecciones aprendidas: arquitectura tipica...

e
26

Distributed System Software

Structure

Centralized

System

Distributed Applications

System

Distributed £
3 services
programming support

Operating system kernel services

Computer and network hardware
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Sistemas distribuidos: mayor tamano...
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Distributed ‘

Distributed system:
existence of multiple elements is transparent

.
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Cloud

o <

Cloud computing:
Ubiquitous, on-demand access to
shared pool of computing resources
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Sistemas distribuidos: mayor tamano...
Todas las casas conectadas

Who populated the Internet?
oMm !
7 Percentages mon

g

g

3 ¥ & 3 8

1990 1991 1992 1993 1994 1905 1096 1997 1098 1999 2000 2001 2002 2003 2004 2005
Source: UNSD key glodal mscatersiill) Thanks 1 flare

Xerox PARC Internet explotes

~1974 ~1990

https://bitcointalk.org/index.php?topic=430357.0
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Sistemas distribuidos: movilidad...

High

Mid

Low

1985 1995 2000 2005 2010 2015 Year

COMA2000 1xEV-DoRel0
COMA2000 IxEV-DoRel A

HSUPA -
co:;:“:m gy '
36 3G+
— umMe
26 LTE
— COMA2000
- 16 WCOMA
TO-SCOMA WMAN
AMPS
TACS /
WLAN
7
<10kbps <200kbps 300k-10Mbps  <100Mbps  100M-1Gbps
1G

11—

1985



. Sistemas distribuidos: mayor tamano...
Todas las personas conectadas

vanr

X

Flight to New York

PROFLIGHT o ZAMBIA o o vt

Lusaka (LUN) v

Chipata (CIP) (V]

pr e - Virgin America
One way - Flight VX404
B

Tuesday, November 4
Leaving 02/1172012 @)

Departs Los Angeles (LAX)
Retuming 05112012 | @

Adults: 10
Asrives New York (JFK)
350 PM
| Ead G Bazavan Terminal 5

vpoming Widey ngt Gate 11
L TRt g s o

Smartphones
a computer in your hands

+——+——+—+—+

2007



Sistemas distribuidos de mayor tamano...
Todas las cosas conectadas

Everythlng zs s connected

PAL/BAY AREA NEWS GROULP



Ejemplo de loT:
Pl, + HTMLS5 Server-Sent Events

PI ZERO IN PICTURES RASPBERRY PI ZERO

PI ZERO N,

IN PICTURES & 3

But it's nearty three times smaller than
the original Raspberry Pi

Send us your best comparison shots on Twitter to @ TheMagP1




Ejemplo de loT:
Pl, + HTMLS5 Server-Sent Events

o
'
)

Server Client

data: som

data: another message
data: with two lines

 Web page gets updates from a server

— without ask for updates, the updates came automatically

 Examples: Twitter updates, stocks prices, news feeds, etc.



Ejemplo de loT:
Pl, + HTMLS5 Server-Sent Events

= Server Client
= (demo.php) (demo.html)

<span id="result"></span>
<script>
var source = new EventSource("demo.php");

while (1) { source.onmessage = function (e) {

header('Content-Type: text/event-stream'); I
echo "data: {'time": " . date('r') . "\n\n"; | var ref = document.getElementByld("result") ;

header('Cache-Control: no-cache');

ob_flush(); flush(); ref.innerHTML += e.data + "<br>";

sleep(1); I
} source.onerror = function(e) { alert(“Problems..."); };
?> </script>

 Web page gets updates from a server

— without ask for updates, the updates came automatically

 Examples: Twitter updates, stocks prices, news feeds, etc.



Ejemplo de loT:
Pl, + HTMLS5 Server-Sent Events

Server Client
(demo.sh) (demo.html)

_____________________________________________

echo "HTTP/1.1 200 OK"

w8
N

<IDOCTYPE html>

echo "Access-Control-Allow-Origin: *" <html>
EEEg "ggcnfi?;r:tprii'tr?;zz‘éﬁre"t'-s“eam <head> <meta charset="utf-8" /> </head>
echo mn <b0dy>

while[1]; do
T=S(date +%H:%M:%S)
echo "data: {'timestamp': ST}\n\n"
sleep 1

done I
————————————————————————————————————————————— ' </script>

(demo-nc.sh) - </body>
' </html>

var s = new EventSource('http://<ip>:8080');
s.onmessage = function(e) {

. <script>
document.body.innerHTML += e.data + '<br>';

________________________________________________________________________________________________



Sistemas distribuidos de mayor tamano...
Internet of Things (loT)

INTERNET
o' THINGS



Sistemas distribuidos de mayor tamano...
Internet of Things (loT)

THE INTERNET OF THINGS i (G
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Dependencia cada vez mayor...

eja
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Distributed ‘

Distributed system:
existence of multiple elements is transparent

%
R
>

Cloud

o <

Cloud computing:
Ubiquitous, on-demand access to
shared pool of computing resources
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Dependencia cada vez mayor...

criticidad con dificil vuelta atras

Safety and Security

Physiological Needs (survival)
Air, Shelter, Water, Food

WiFi
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BILLIONS OF DEVICES

Nuevos retos...

- THE INTERNET OF THINGS i @

AN EXPLOSION OF CONNECTED POSSIBILITY —
42,1 BILLION

) g iLion L=
284 BiLLioN (B2
22.9 BILLION Q PR :
m.zauuﬁﬁ ﬂ _______
4.4 BILLION %- S s s
- _n2eion (i
oo @)
loT INCEPTION £ -
@ o osoudi @) U

YEAR
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Big data is coming...

From a Molehill To a Mountain
A timeline of digital data

Everyone knows that the amount of digital data has exploded in

recent years. But it isn't always easy to put today’s mountain of data in

perspective.

To illustrate the data boom, here’s a timeline with snapshots of some

of the largest corporate data collections from each decade since the
Univac computer was the hot new thing.

2010s | 100 Petabytes
Facebook Is Facebook’s data hoard
bigger than Google’s today? Some say
yes, some say no. According to Facebook,
its user content makes up more than 100
petabytes of stored photos and video.
And analyzing that data generates about
500 terabytes of new information every
day—more than 2% times the size of a
'90s Wal-Mart data cache.

2000s | 25 Petahytes
Google The explosion of the Internet
in the "90s set the stage for Web-based
companies to emerge in the following
decade as the global leaders in big data.

1990s | 180 Terahbytes
Wal Mart Wal-Mart in this decade
became the largest American bricks-and-
mortar retail operation, and, it is believed,
had the biggest commercial data ware-
house in the world. To put this number in
perspective, experts have estimated that
Amazon.com in the late "90s had
single-digit terabytes of stored data.

1980s | 450 Gigabytes
CitiCorp’s NAIB In the 1980s, banks
were at the forefront of data growth,
with ATMs coming into vogue and banks
focusing on collecting and analyzing
transaction data for all their businesses.

1970s | 80 Gigabytes
Federal Express Cosmos FedEx’s
Cosmos system, introduced in the 1970s,
allowed the company to scan and track
its huge volume of packages being
shipped around the world.

1960s | 807 Megahytes

American Airlines Sabre Inthe
1960s, American Airlines developed
Sabre, a flight-reservation system built
around one of the largest IBM computing
systems available. Sabre was one of the
first online computing systems, allowing
the airline to keep track of an immense
matrix of reservations, flight schedules
and seat inventories.

—Matthew Kassel

1950s | 600 Megahytes
John Hancock In the 1950s,
insurance companies had the biggest
data hoards as they collected and stored
information about policyholders. John
Hancock Mutual Life Insurance Co. was
one of the pioneers in digitizing customer
information, storing data from two
million life-insurance policies on a Univac
computing system acquired in 1955.

100,000,000,000,000,000

B R R R D

90,000,000,000,000,000

80000000,000,000000.

70,000,000,000,000,000



Disefio de Sistemas Distribuidos
Alejandro Calderén Mateos

a4

Big data is coming...

From a Molehill To a Mountain
A timeline of digital data

Everyone knows that the amount of digital data has exploded in

recent years. But it isn't always easy to put today’s mountain of data in

perspective.

To illustrate the data boom, here’s a timeline with snapshots of some

of the largest corporate data collections from each decade since the
Univac computer was the hot new thing.

2010s | 100 Petabytes
Facebook Is Facebook’s data hoard
bigger than Google’s today? Some say
yes, some say no. According to Facebook,
its user content makes up more than 100
petabytes of stored photos and video.
And analyzing that data generates about
500 terabytes of new information every
day—more than 2% times the size of a
'90s Wal-Mart data cache.

2000s | 25 Petahytes
Google The explosion of the Internet
in the "90s set the stage for Web-based
companies to emerge in the following
decade as the global leaders in big data.

1990s | 180 Terahbytes
Wal Mart Wal-Mart in this decade
became the largest American bricks-and-
mortar retail operation, and, it is believed,
had the biggest commercial data ware-
house in the world. To put this number in
perspective, experts have estimated that
Amazon.com in the late "90s had
single-digit terabytes of stored data.

1980s | 450 Gigabytes
CitiCorp’s NAIB In the 1980s, banks
were at the forefront of data growth,
with ATMs coming into vogue and banks
focusing on collecting and analyzing
transaction data for all their businesses.

1970s | 80 Gigabytes
Federal Express Cosmos FedEx’s
Cosmos system, introduced in the 1970s,
allowed the company to scan and track
its huge volume of packages being
shipped around the world.

1960s | 807 Megahytes

American Airlines Sabre Inthe
1960s, American Airlines developed
Sabre, a flight-reservation system built
around one of the largest IBM computing
systems available. Sabre was one of the
first online computing systems, allowing
the airline to keep track of an immense
matrix of reservations, flight schedules
and seat inventories.

—Matthew Kassel

1950s | 600 Megahytes
John Hancock In the 1950s,
insurance companies had the biggest
data hoards as they collected and stored
information about policyholders. John
Hancock Mutual Life Insurance Co. was
one of the pioneers in digitizing customer
information, storing data from two
million life-insurance policies on a Univac
computing system acquired in 1955.

Ciencia
Industri,
Logs de Sistemga
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Big Data frequently used...

APPS &y
A

SPEED ”

L A
ANALYTICS DATA

e Text mining v

* Index building

* Graph creation and
analysis

* Pattern recognition

 Prediction model



Big Data & Big Processing...

Las cuatro V

del Big Data m

VERACIDAD

=

 ——

https://www.linkedin.com/pulse/open-source-network-has-organized-workshop-big-data-unlock-sharmin



Las transiciones siguen sin ser faciles...
Areas de trabajo...

] Heferogeneify m A system is scalable if will remain
effective when there is a significant

[ Openness increase in the number of resources and

O Securi’ry fh.e number of users (represented by
client programs).

0 Scalability  se—)

0 Failure Handling
01 Concurrency

01 Transparency



Big Distributed Systems are coming...

] Heferogeneify m A system is scalable if will remain
effective when there is a significant
L] Openness increase in the number of resources and

the number of users (represented by

0 Security

0 Scalability  s—
0 Failure Handling

client programs).

1 Many challenges:
o Control of performance degradation

O Cost of physical resources

01 Concurrency

B But preventing running out of resources

] Trd nsp (@ rency ® But avoiding performance bottlenecks
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Repaso de opciones... (1/3)

DAS
Direct Attached Storage

File System

N N R N N W NN

R o —————_—

Ordenador

V/I:
— Rapidez, simplicidad

— No comparticion, crecimiento limitado



Repaso de opciones... (2/3)

NAS
Network Attached Storage

Cliente
NFS, CIFS Network

————————— )

NAS

— Comparticién (RO), crecimiento

— Red limita velocidad y crecimiento
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Repaso de opciones... (3/3)

SAN
Storage Area Network

App. server

o V/I:

— Mejor crecimiento-velocidad

e
RAID/JBOD — Complejidad, coste



Combinacion de opciones...

DAS + NAS + SAN
Direct Attached Storage Network Attached Storage Storage Area Network
. T 1
| AP
|
L
2
G Cliente
4 Networy Shared F.S.
=
File System . App. server
Y File System > PP
A SAN
|
|
|
L

Ordenador NAS RAID/JBOD



Combinacion de opciones...

NAS + SAN

GPFS, Lustre,...

iSCSI




Combinacion de opciones...

Objs. Files
Blocks

GPFS, Lustre,...

r——--

iSCSI




Combinacion de opciones...

S3,IL7, ... NFS, CEPH, ...

Ne twork Blocks

iSCSI, FCoE, ...

GPFS, Lustre,...

iSCSI




Combinacion de opciones...

s s s

Objs. Files

L—_—-—_'—_—w
Blocks
< > iSCSI, FCOE, ...

Gran almacenamiento
con capacidad de
“crecimiento”

~

S3,IL7, ... NFS, CEPH, ...
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GPFS, Lustre,...
r—---

iSCSI

Problemas...

Gran cantidad de trafico
por movimiento de datos.




Opciones para almacenamiento...

eja
59

GPFS, Lustre,...

iSCSI

Gran cantidad de trafico
por movimiento de datos.
Posible disminuir si se
acerca parte del computo
al almacenamiento.
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Opciones para almacenamiento...

Gran cantidad de trafico
por movimiento de datos.
Posible disminuir si se
acerca parte del computo
al almacenamiento.

GPFS, Lustre,...

iSCSI



Opciones para almacenamiento...

Gran cantidad de trafico
por movimiento de datos.
Posible disminuir si se
acerca parte del computo
al almacenamiento.

iSCSI




Buscar/crear la herramienta adecuada...
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The Google File System

* Google presenta MapReducey
Google File System (GFS)

— MapReduce es una propuesta para aplicar |la
misma funcion a particiones de datos (map) y
luego se tiene el resultado procesando los
resultados parciales (reduce)

— GFS es una propuesta para almacenar
petabytes de datos en muchas maquinas
comunes, tratando con fallos, distribucion, etc.
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iSCSI

De esta opcion...




...a esta opcion
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...a esta opcion
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a]azlg] Breve historia

Doug Cutting trabajando en Yahoo!
e inspirado por estas tecnologias,
inicia el desarrollo de Hadoop.

— El proyecto usa Java, implanta las ideas detras
de GFS y MapReduce.

— El logotipo se basa en el elefante amarillo que
era el juguete favorito de su hijo.

— Doug Cutting pas6 a trabajar a cloudera.




a]azlg] Breve historia

* Actualmente es un proyecto de codigo abierto
bajo licencia Apache.

— Su licencia ha facilitado que sea adoptado por un
importante numero de empresas.

* El apoyo de IBM, Oracle, EMC, etc. ha acelerado
su implantacion y su mejora en prestaciones.
— Gran uso en proyectos tipo big data.

— JPMorgan Chase: “We’re hiring, and we’re paying
10% more than the other guys.”



http://hadoop.apache.org

* Apache Hadoop es un proyecto software open source para
computacion distribuida escalable y de confianza (reliable).

e Ofrece un framework que permite la computacion
distribuida de grandes conjuntos de datos mediante clusters
de ordenadores usando modelos de programacion simples.

— Disefiado para poder pasar de un solo servidor a miles de maquinas
‘ ir (scale-up), donde cada una ofrece tanto computaciéon como
almacenamiento.

— El framework esta disefiado para detectar y tratar fallos a nivel de
% aplicacion. Esto permite ofrecer servicios con alta disponibilidad
sobre un cluster de ordenadores (aungue estos tengan fallos).



B.D.A. Workflow example...

Big Data Testing Focus Areas

O
2 .
Map Red

o HBase (MoS0L DB) 1 l [JuhpEmquEnJ — 'x_,.l Map-ﬂeduc:e
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Big Opportunities

A study by International Data Corp. cited data from these sources as being particularly ripe for analysis:
: MEDICAL DEVICES

.

SURVEILLANCE FOOTAGE
There is
greater
opportunity
to embed
more
intelligence

into digital surveillance

cameras so that footage can
be captured, analyzed and
tagged in real time. This can
expedite crime investigations,
enhance retailers’ analysis of
consumer traffic patterns and
improve military intelligence.

Source: International Data Corp.

of sensors,
including
some that
may be
implanted in

: the body, have the potential to :
: capture biometrics, track the
. effectiveness of medicines,

. correlate bodily activity with
. health, monitor potential

: outbreaks of viruses and

: more, all in real time.

Big Opportunities...

: SOCIAL MEDIA
Various kinds

Information

freely

published

by massive

groups

of people
through online social outlets

: can be a great source of data
: to help bring the next big

. thing to market, predict the

: outcome of elections, and

: much more.

CONSUMER IMAGES

People say
(" a lot about
‘ themselves
4) when they
post pictures
of themselves

or family and friends

online. The key will be the
introduction of tagging
algorithms that can analyze
images in real time when
pictures are uploaded, or

en masse after they are
aggregated from various sites.

The Wall Street Journal
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L
f |
MapReduce Job Tracker Task Tracker Task Tracker Task Tracker
| AdminNode | DataNode || DataNode || DataNode
HDFS Name Node
| | 1 |
)

|




Elfalalm Arquitectura

Hadoop 1 Hadoop 2 w/YARN
» Silos & Largely batch * Multiple Engines, Single Data Set
+ Single Processing engine + Batch, Interactive & Real-Time
Batch Interactive  Real-Time
MapReduce Others Others
MapReduce .
(Cluster Resource Management YARN: Data Operatmg sy5tem
& Batch Data Processing) (Cluster Resource Management)
HDFS HDFS

(Hadoop Distributed File System) (Hadoop Distributed File System)
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a]azlg] Despliegue

Hadoop Server Roles

[ 1 Clients | |
Distributed Data Processing Distributed Data Storage
Map Reduce HDFS
| |
o |
Secondary ‘
—masters
Job Tracker Name Node | Name Node [
Data Node & .: Data Node & )
«__Task Tracker > | Task Tracker Task Tracker
. . @ @ @ — slaves
Data Node & Data Node & Data Mode &
Task Tracker Task Tracker | Task Tracker B

ERAD HEDLUND .com
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o

B
—_— DN+ TT
DN+ TT DN+ TT DN+ TT DM+ TT © © © oM+ TT
DN+ TT DN +TT DN+ TT DM+ TT oM+ TT
DM+ TT DM+ TT DM+ TT DM+ TT DM+ TT
DM+ TT DM+ TT DM+ TT DM+ TT DM+ TT
Rack 1 Rack 2 Rack 3 Rack 4 Rack M

BRAD HEDLUMD _com
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Writing files to HDFS

| want to write
Blocks A,B,C of

) File.txt
Filetxt ————

QK. Write to
Data Modes
1,56

——

. | Client —_—
BlkA Blke BIkC ' S ‘ Name Node ‘

Data Node 1 Data Node 5 Data Node 6 o Data Mode N

Blk A ElkE BlkC

Client consults Name Node
Client writes block directly to one Data Node
Data Nodes replicates block
Cycle repeats for next block

ERAD HEDLUMD .com
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(U TiEEEEm Despliegue

Hadoop Rack Awareness — Why?

I
8

Name Node ]

switch [\ s\Witch Rackaware | metadata
£3 2 File.txt=
Data Node. 5 Rack 1: A
‘B"‘f"g oag_%ug,?mL e Blk A:
Dt o | Data Node 2 Do, DN DIV
Data Nod :2 i Data Node 3 Blk B
s ' i :
—) vy e DN7, DN1, DN2
Data Node 3 Data Node 7 Data NodeS Ik
Blk C:
Data Node s Data Node8 g:‘t: :z:z;’ DNS, DNS,DNG
Rack 1 Rack 5

* Never loose all data if entire rack fails
* Keep bulky flows in-rack when possible

* Assumption that in-rack is higher bandwidth,
lower latency BRAD HEDLUND com
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Typical Workflow

L ]

Load data into the cluster (HDFS writes)
Analyze the data (Map Reduce)

 Store results in the cluster (HDFS writes)

Read the results from the cluster (HDFS reads)

Sample Scenario:

How many times did our customers type the word
“Refund” into emails sent to customerservice?

Huge file containing all emails sent

to customer service File.txt

ERAD HEDLUND .com
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~ Data Processing: Map

ow many tirN
does “Refund” ————_  Client
Count
"Refund”
in Block C

appearin -

Mame Nods ‘ Job Tracker ‘
Map Task Map Task Map Task ‘
Diata Mode 1 | Drala Mode 5 Data Node 9 -
= E 1=
Refund=3 Refund=0 Refund =11
.
File.txt

* Map: “Run this computation on your local data”
* Job Tracker delivers Java code to Nodes with local data

BRAD HEDLUND .com
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Data Processing: Reduce

Client

Job Tracker — Sum
T l k~\‘H_”Fh'a-w"unld”
HDFS -
Results.txt Data Node 3
Refu nd 14 Reduce Task
=32 Ref,
ﬁﬁ Uhef _
Rel Refund = 0 | 9= 15
EHIEEL: Map Task Map Task
Data Mode 1 Data Mode 5 |l'.'lmn'n|:|=g
A B c

* Reduce: “Run this computation across Map results”
* Map Tasks send output data to Reducer over the network
* Reduce Task data output written to and read from HDFS

ERAD HEDLUND .com
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Almacenamiento

'1} Apache SAmbarci
BPEIEOT i e e . e T S et

" \(opésg| =TAJO

f

Data Exchange

' B
HEASE Hbase
Calumnar Shore

L% ’

L ™)
" MapReduce
istributed Processing
Framework

. A
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Procesamiento

@FN ~poche Ambarni Ambari
o Provisioning, Managing and Monitoring Hadoop Clusters
L
' ™ — Tal \Va ™
= djo
00GEE| =TAIO .
Oozie Impala Avro
k Workflow Real-firme SOL qurey d-u-:r:-l.-.-&-
r A ‘
Zookeceper AR BTE Hiho
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DIDZ/Q] CD H (Cloudera Hadoop Distribution)

andro Calderén Mateos
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MANAGEMENT
SOFTWARE, DATA
MANAGEMENT &
TECHNICALSUPPORT
(SUBSCRIPTION)

CERTIFIED
CONNECTORS

CDH
100% OPEN SOURCE

CLOUDERA MANAGER (Sold with Support)

USER INTERFACE WORKFLOW MGMT

BATCH PROCESSING REAL-TIME ACCESS

HI | [Pl | [MA][DE] %°°MVE
e
BATCH COMPUTE

YA , Z0

RESOURCE MGMT
& COORDINATION
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— CI[CIIDZIQ] AE M R (Amazon Elastic MapReduce)

e ™~
11

I
Amazon CloudWatch The Amazon EMR job flow
runs on a cluster of
g Amazon EC2 Instances
g
=
— input data . — Amazon EC2 Instance

Crutput results

Amazon Simple
Storage Service

\ (S3) Amazon EMR Job Flow _/
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Ecosistema

~
f Sentry
. Tez
Evolution of the Apache Hadoop Ecosystem Parquet
Spark YARN
Impala Spark
Solr YARN
Kafks impala
Solr
Flume Flume Ka fka
Bigtop Bigtop Flume
Oozie Oozie Bigtop
MRUnit MRUnit Oozie
HCatalog HCatalog MRUnit
Sqoop Sqoop Sqoop HCatalog
Whirr Whirr Whirr Sqoop
Avro Avro Avro V:‘m o
Hive Hive Hrve Hive ;:wo
wve
Pig Pig Pig Pig Pig
Mahout Mahout Mahout Mahout Mahout
Hbase Hbase Hbase Hbase Hbase Hbase
Core Hadoop ZooKeeper ZooKeeper Zookeeper Zookeeper Zookeeper Zookeeper
HDFS, MR Core Hadoop Core Hadoop Core Hadoop Core Hadoop Core Hadoop Core Hadoop
Knox
2006 2008 2009 2010 20m 2012 m
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Provisioning, Managing and Monitoring Hadoop Clusters
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Almacenamiento
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Procesamiento

—— purchases = LOAD " /data/purchases" AS (id, client_id, product_id);
{ bigpurchases = FILTER purchases BY price > 1000;

TR [ = " % o i i ]| 1

SELECT * FROM purchases WHERE price > 1000 ORDER BY client_id
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Figure 1. Hype Cycle for Big Data, 2012

expectations

Open SCADA

brid Cloud Computing

Advanced Fraud

Detection and Analysis Technologies
Social Network Analysis
noSQL Database Management Systems
Logical Data Warehouse

Alternativas

Complex-Event Processing
Social Analytics
Semantic Web

- Cloud-Based Grid Computing

Cloud Collaboration Services

Cloud Parallel Processing

Geographic Information Systems for Mapping, Visualization and Analytics

Context-Enriched Services P Social Database Platform as a Service (dbPaaS)
Content Analytics ¥~ Content In-Memory Database Management Systems
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— Se evita en lo posible escribir en disco
Logistic regression in Hadoop and Spark IOS reS u Ita d OS i nte rm ed iOS

file = spark.textrile("hdfs://...™) ° Fa Ci I id a d d e u SO

file.flatmap(Tambda Tine: Tine.split())

— Transformaciones y operaciones

Word count in Spark's Python API
[ ]
e Polivalente

— En Scala, Python, Java
— Combina SQL, streaming, analitico...
o — Trabaja con HDFS, HBase, S3, ...
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Spark” .

%

CrTEDEED

Hadoop

Spark

Datos

Resultados intermedios en disco

Mantener en memoria todo lo
posible

Tolerancia a fallos | HDF (2+1) RDD
en datos
Procesamiento Trabajos map/reduce DAG

Programacion

Java + Otros con tuberias

Scala, Python, Java, etc.

Escenario

Trabajos lentos en batch

Batch + Real-time + Iterativo + Interactivo

(Mas) E/S de disco + red que Spark

(Mdas) memoria RAM que Hadoop

Marco de trabajo de propdsito
general

Alternativa mas que
remplazamiento de Hadoop




SpQﬁ(Y VS. DIDZ'Q]

HDFS RDD
(HDFS + 3copies) (Resilient Distributed Dataset)

HDFS Client
Flo 1 oo
o, e
BEEE e g NJ
= = ] e e g | (i
 compite o
: rooordl—| | 20 avaen o S T
|NameNode ni | ni |D ni :z:: = [Fatition 7) [Pettion 3 )
m | |m «||{[@m - o] TR
ERE N EERNEEE [ g
|D n4 | n4 | n4
rack 1 rack 2 rack 3
* Datos leidos en bloques  Datos leidos como RDD
— 64MB por defecto — Inmutable, regenerable, en memoria

 Usados como en ficheros  DataFrame = RDD[fila] + Schema
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Spark” .

M-R
(Map-Reduce)

~MPI_Scatter ° e °
~MPI_all-to-all °

~MPI_Gather e 0

e DAG con 2 estados
— Map + Reduce

e Datos intermedios a disco

ala[,c_r]

DAG
(Directed Acyclic Graph)

e DAG con N estados
e Datos intermedios en memoria



ejan
107

%

Spark” .

HDFS + M-R

~MPI_Scatter

~MPI_all-to-all

~MPI_Gather

 Operaciones sobre bloques:
— En Mse leeran
— En R se escribiran

CrTEDEED

RDD + DAG

* Dos tipos operaciones:
— Transformaciones (RDD[] -> RDD’[])
— Acciones (RDD[] -> valor)
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Streaming Data

Kafka

Pig

SQL NoSQL Log Data
Pd
Flume Sqoop NFS
- SN
Map Reduce Spark Drill
e
Mahout Ooize Hive
HBase Elastic Search Slor
SiLK/
Web Tier Banana Kibana

http://aptuz.com/blog/is-apache-spark-going-to-replace-hadoop/

DataWarehouse
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Spark

conf = new SparkConf().setMaster("local[2]")
sc = new SparkContext(conf)

lines = sc.textFile(path, 2)

words = lines.flatMap(_.split(" "))

pairs = words.map(word => (word, 1))
wordCounts = pairs.reduceByKey( + )
localValues = wordCounts.take(100)

localValues.foreach(r => printin(r))
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conf = new SparkConf().setMaster("local[2]")
sc = new SparkContext(conf)

lines = sc.textFile(path, 2)

words = lines.flatMap(

pairs = words.map( )
wordCounts = pairs.reduceByKey( + )
localValues = wordCounts.take(100)

localValues.foreach(r => printin(r))
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conf = new SparkConf().setMaster("local[2]")
sc = new SparkContext(conf)

lines = sc.textFile(path, 2)

words = lines.flatMap(_.split(" "))

pairs = words.map(word => (word, 1))
wordCounts = pairs.reduceByKey( + )

localValues =

localValues.foreach(r => printin(r))




Google Dataflow

\‘f-},.
Data and Analytics Challenges @ )

/—\rmouncmg

Cloud Dataflow

e Data pipelines for helping to
ingest, transform, and analyze data.



Google Dataflow

™ Google Cloud Platform
Multiple One Many
Modes Pipeline Runtimes

R i—h R0

Apache Flink —‘

Local
or

cloud
Dataflow Apache Spark J
e - :

¢o-NERNEEEEETEEET—O Direct Pipeline Local
Stream Processing |

Google Cloud

Batch Processing




Read

SEIED T

Top(3)

Predictions

ExpandPrefixes

i

Google Dataflow

Pipeline p = Pipeline.create();
p.begin()

.apply(TextIO.Read.from(“gs://..”))
.apply(ParDo.of (new ExtractTags()))
.apply(Count.create())

.apply(ParDo.of (newgxpandPrefixes())

class ExpandPrefixes .. {

.apply(Top.larges

p.run();

bbblic void processElement (ProcessContext c) {
String word = c.element().getKey();

for (int i = 1; i <= word.length(); i++) {
-apply(TextIO.Wr String prefix = word.substring(0, i);

c.output(KV.of (prefix, c.element()));
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Google Dataflow

Cloud Datafiow Jobs / 2015-10-20_15.19_07-11085538862393896250

3 homeLogs‘l’ex\Read z bvowsel.ogs‘fextﬁeod 3 bcaloLogsTffthcad
Flatpq mnWlx(L..
3 allesTquy
3 allLog.sta?fTWalw
° logMossageToDestRos... v logMessage‘To“I.’a:bhm
Combine PerKey ~ Mean PecKey A

GroupByKey GroupByKey

alltogsToBigQuery

Summary Job Log

Job Name
Job 10

Job Status

Job Type

Start Time

Elapsed Time
Errors

Warnings

Reserved CPU Time

Cancel job  View logs

1 W

I "
1020221855

201510-20.15.19.07-
11085538862393896250

& Running

Batch

Oct 20,2015, 5:119:07 PM
1 min 49 sec

0

0

4 min 36 sec



Big
Big
Big
Big
Big
— Inicio
— Transicion
— Evolucion
— Retos

Contenidos

APACHE

Spor

— |Inicio
— Hadoop
— Ecosistema

— Evolucion



Bibliografia: tutoriales

* Pagina Web oficial:
— http://hadoop.apache.org/

* Introduccidon a como funciona Hadoop:
— http://blog.csdn.net/suifeng3051/article/details/17288047

e Tutorial de como instalar y usar Hadoop:

— http://www.bogotobogo.com/Hadoop/BigData _hadoop_Install_on_
ubuntu_single node_cluster.php

— http://www.bogotobogo.com/Hadoop/BigData_hadoop_Running_ M
apReduce_Job.php



Bibliografia: libro

 Hadoop: The Definitive Guide, 3rd Edition:
— http://shop.oreilly.com/product/0636920021773.do
— https://github.com/tomwhite/hadoop-book/

quoop

T Dxefrnailive & erdidir

CYREILLY"




Bibliografia: TFG

Extraccion de informacion social desde Twitter y
analisis mediante Hadoop.
— Autor: Cristian Caballero Montiel

— Tutores:
Daniel Higuero Alonso-Mardones y Juan Manuel Tirado Martin

— http://e-archivo.uc3m.es/handle/10016/16784

Adaptation, Deployment and Evaluation of a Railway
Simulator in Cloud Environments

— Autora: Silvina Caino Lores

— Tutor: Alberto Garcia Fernandez
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