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Trands ... |t's 2l 2000t Buzzwords ... [z | grae, TifdTse | 7
|

Weo 3.0, C

GOUSIQ Tre ﬂdS |c|0ud computing, social network, big data, semantic web | E

Tip: Use commas to compare multiple search terms.

Searches Websites

- Scale is based on the average worldwide traffic of cloud computing in all years. Leamn more

- An improvement to our gecgraphical assignment was applied retroactively from 1/1/2011. Leamn more

cloud computing == 100 social network

2.40 0.20

semantic web == 040

Search Volumg indeax Google Trands
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GO«USIQ Tre ﬂdS \big data, semantic web, hadoop, web 3.0 | E

Tip: Use commas to compare multiple search terms.

Searches Websites
- Scale is based on the average worldwide traffic of big data in all years. Leamn more
- An improvement to our geographical assignment was applied retroactively from 1/1/2011. Leamn more
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cloud computing, hadoop, big data, nosql Job Trends

0.4

0.2

Percentage of Matching Job Postings

Scale: Absolute - Relative 4

Job Trends from Indeed.com
== cloud computing = hadoop = big data == nosql

r

2B RBRETH>H 0 RE
indeed ¥ simply hired ™ /A 3] &9
ARBSLES » AATE]| — A g &R

Jan 06 Jan'07 Jan'08 Jan'09 Jan'10

Indeed.com searches millions of jobs from thousands of job sites.
This job trends graph shows the percentage of jobs we find that contain your search terms.

Find Cloud Computing jobs, Hadoop jobs, Big Data jobs, Nosgl jobs

Job Trends for Cloud Computing = Hadoop = Big Data = Mosgl

= Big Data > Cloud Computing >
Hadoop > NoSQL
Cl0 technologies Ranking of technologies ClOs selected as
one of their top 3 priorities in 2012
Ranking 2012 201 2010 2009
/ Analytics and business intelligence 5 5
Mobile technologies 2] 6 12
Jan’11 Cloud computing (Saas, laaS, PaaS) 3| 2] 16
Caollaboration technologies (workflow) 4 B 11 5
Virtualization ] |§|
Legacy modernization il T 15 4
IT managament T 4 10 *
Customer relationship management 8 18 & !
ERF applications 2 13 14 @
Security 12 9 8

Social media®™eb 2.0

=i T
=k O

10 |§1 15

i

May 100 Jul 10 Sep 10 Mow 10 Jan i1 Kar 11 May 11 Jul 11
May 1, 2010 - Nov 30, 2011

Sep 11 Nov 11 3

SimplyHired.com

%% %kt htt

Gartner CIO Agenda 2012 AT =% :

Business Intelligence (Big Data)

. ——~___—__— | [2] Mobile technology

Cloud Computing

p://www. gartner. com/DisplayDocument?1d=1524714 6
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Bit (b) lorO

Byte (B) 8 bits
Kilobyte (KB) 1,000 bytes
Megabyte (MB) 1,000 KB
Gigabyte (GB) 1,000 MB
Terabyte (TB) 1,000, GB
Petabyte (PB) 1,000 TB
Exabyte (EB) 1,000 PB

Zettabyte (ZB) 1,000 EB
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Information Versus Available Storage

Information Created, Captured and Replicated

1,000,000 -
6-Fold Growth
EI]D.ﬂl]I] — +|r'|fDI'maTIOI"i / in Four Years
soo,000 — —#— Available Storage /
700,000 /
ﬂ 600,000
E" 500,000 / /
% 400.000 /./ 2006 2010
0o ' / 161 Exabytes 988 Exabytes
300,000
200,000
s 2007 & > IDC 7 f
| 2010 & ¢ = £ = 2 |
0 - = = . 2
2005 2006 2007 2008 2009 2010 ( 7}5 ﬁ’k 2006 + )
2006 161 EB
11 ke * The Expanding Digital Universe, 2010 933 EB ( ?F‘ ’P )

A Forecast of Worldwide Information Growth Through 2010,
March 2007, An IDC White Paper - sponsored by EMC
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf 3
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2009 # » IDC3E 5
Digital Information Created, Captured, Replicated Worldwide 2011 &+ g £ L

(4p#% 2006 & )

Exabyles
1,800

e Tenfold 2006 161 EB
1200 Growth in 2007 281 EB

Five Years! 2010 988 EB ( 8| )
B (3gp])

1,000
Diginal camores

800 Camara pt 15, ValP
I'.'lu:*d:-:':! -r::a.»;-:u_]:;mLap-;uns 201 1 1 773 E

500 1 Dataconior applications, Games,
<00 salsllile images, GPS, ATMS, SCanners

Sensors, Diginl radio, DLP theaters, Telematics,
200 Feaar-lo-pass, Email, Instant messaging "."i-IEIJ'l:‘-‘.'."I"-"I!TE"".'_H"-'J.

CADNCAM Tows, Industigd machines. Securily svsiems, Appdgnoss
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2006 2007 2008 2009 2010 2011

41 & : The Diverse and Exploding Digital Universe,

An Updated Forecast of Worldwide Information Growth Through 2011

March 2008, An IDC White Paper - sponsored by EMC
http://www.emc.com/collateral/analyst-reports/diverse-exploding-digital-universe.pdf
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~ sponsored by EMC I 2007 281 EB
_2008_ 48 CEB ... ,

1 2009 800 EB (0.8 ZB) |
1 2010 988 EB (Fgipl ) |
: 2010 1200 EB (1.2 ZB):

1 2011 1773 EB ( 3gi#])

ZETTABYTES 2011 1800 EB (1.8 7B)

(1.8 trillion gigabytes) of information %
will be created and replicated in 2011- T LmRAFE?
and growing fast (it has grown by a factor of 9 in just five years) E\“ % %’?;}i,’{ﬂ’f#ﬁﬁilj ?

4y & Extracting Value from Chaos,

June 2011, An IDC White Paper - sponsored by EMC
http://www.emc.com/collateral/about/news/idc-emc-digital-universe-2011-infographic.pdf 10
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'Big Data' = few dozen TeraBytes to PetaBytes in single data set.

Definition [edit]

Big data is a term applied to data sets whose size is beyond the ability of commonly used software tools to capture,
manage, and process the data within a tolerable elapsed time. Big data sizes are a constantly moving target
currently ranging from a few dozen terabytes to many petabytes of data in a single data set.

In a 2001 research report[l‘” and related conference presentations, then META Group (now Gartner) analyst, Doug
Laney, defined data growth challenges (and opportunities) as being three-dimensional, i.e. increasing volume
(amount of data), velocity (speed of data in/out), and variety (range of data types, sources). Gartner continues to use

this model for describing big data.[??!

M e http://en. wikipedia. org/wiki/Big data
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http://en.wikipedia.org/wiki/Big_data
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Volume
(amount of data)

A

+ EB

Batch ( #tX1F ¥ )

Unstructured
JE 4 AL At

Variety ##+ %ttt
(data types, sources)

¥ I#sl

AHERE

(35 32 T 2400

SRR

[1] Laney, Douglas. "3D Data Management: Controlling
Data Volume, Velocity and Variety" (6 February 2001)
[2] Gartner Says Solving 'Big Data' Challenge Involves
More Than Just Managing Volumes of Data, June 2011

Structured
4E AL F R

Semi-structured

FEARILAH

Realtime ( B & F 4} )

Velocity ##}3E hw %
(speed of data in/out)
12


http://blogs.gartner.com/doug-laney/files/2012/01/ad949-3D-Data-Management-Controlling-Data-Volume-Velocity-and-Variety.pdf
http://blogs.gartner.com/doug-laney/files/2012/01/ad949-3D-Data-Management-Controlling-Data-Volume-Velocity-and-Variety.pdf
http://www.gartner.com/it/page.jsp?id=1731916
http://www.gartner.com/it/page.jsp?id=1731916
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Source: Big Data, not Big Problems, http://www.talend.com/products-big-data/
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120 of Informzriion Mznzigzmaniy 12 [HEE
) . Qualification and Assurance
Validation Linking
Classification Contracts
U i
* Access Enablement and Control
Technology Pervasive Use
Velocity Volume ]
BE o S
Q tificati FooR ¥ ﬁ;i
* Quantrication = s A%
y Pl p IR
= = PR |

Variety Complexity

Source: Gartner (March 2011), 'Big Data' Is Only the Beginning of Extreme
Information Management, 7 April 2011, http://www.gartner.com/id=1622715
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Siri. 2
Your wish is
its command.

Siri on iPhone 4S lets you use your voice
to send messages, schedule meetings,
place phone calls, and more. Ask Siri to
gs just by talking the way you talk.
inderstands what you say, knows
w"at you mean, and even talks back.
Siri is so easy to use and does so much,
you'll keep finding more and more ways
t.
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M &3 ( Cloud Computing ) J 4

953" 06 f%}fﬁ rl'[!’ J] //(f [}Fr']]

"EEM TR AE b 4R 38 PR

T
f/

2006 %8 A 24 B
Amazon . Elasiic Compute Cloud 4% £ B8 F ’%ﬁw&%

THE WISDOM OF % /
CLOUDS -

What you need to knny::
about cloud computing

Source: http://www.cnet.co.uk/i} c/blg/cat/software/cloudcomputing/clouds1.jpg
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http://en.wikipedia.org/wiki/Virtualization

— ZFS ~ Lessfs ~ SDFS...



http://www.emc.com/
http://www.netapp.com/
http://www.opensolaris.com/
http://www.lessfs.com/
http://opendedup.org/
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Source : http://en.wikipedia.org/wiki/Data integration

>

Data Source A

~

AT
\\_________.//

Data
Warehouse

Data Source B > ETL

-

Data Source C

Figure 1: Simple schematic for a
data warehouse. The ETL process
extracts information from the
source databases, transforms it and
then loads 1t into the data
warchouse.

<>

Data Source A | Wrapper

----------------------------
e .

. -t
. s
---------------------

i Mediated Schema

Data S g <+—»| Wrapper : :
e SO : “Virtual Database” :

-

PN
M~

b +f
""""""""
------------------

Data Source ¢ =] Wrapper

~

Figure 2: Simple schematic for a data-
integration solution. A system designer
constructs a mediated schema against
which users can run queries. The virtual
database interfaces with the source
databases via wrapper code 1f required.


http://en.wikipedia.org/wiki/Extract,_transform,_load
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Data scientist: The hot new gig in tech

By Michal Lev-Ram, writer September 6, 2011: 5:00 AMET
Companies that want to make sense of all their bits and bytes are hiring so-called data
scientists - if they can find any.

A .
ILLUSTRATIOM: SAWIMN FOTEMZA

FORTUNE -- The unemployment rate in the U.S. continues to be abysmal (9.1% in July ), but
the tech world has spawned a new kind of highly skilled, nerdy-cool job that companies are
scramblina to fill: data scientist.

g BRI RN ﬁ@@j\'
P4 & 32 ;a FORTUNE) % 323r & £ &
B A o # 5 r e = A

Source : http://tech.fortune.cnn.com/2011/09/06/data-scientist-the-hot-new-gig-in-tech/
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What is data science?

Data science can be broken down into four essential parts.

Mining data Statistics

Collecting and formatting Information analysis

the information

Interpret Leverage

Implications of the data,
application of the data, interaction
using the data and predictions
formed from studying it

Representation or visualization in
the form of presentations,
infographics, graphs or charts

34

http://visualoop.tumblr.com/post/4052912103/the-role-of-the-data-scientist
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How to Get a Hot Job in Big Data, Dan Tynan, InfoWorld, March 19, 2012
I ket http://www. cio. com/article/print/702388
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Data Scientist Study

The explosion in digital data, bandwitdth and processing power — combined with new tools

for analyzing the data— has sparked massive interest in the emerging field of data science.
Organizations of all sizes are turning to people who are capable of translating this trove of data—
created by mobile sensors, social media, surveillance, medical imaging, smart grids and the like —
into predictive insights that lead to business value. Despite the growing opportunity. demand for
data scientists has outpaced supply of talent, and will for the next five years.

Who are data science practitioners, what skills do they need, and why are they so different?

Over 2/3 believe demand for talent will outpace the supply of data scientists

OVER THE NEXT FIVE YEARS, DEMAND FOR DATA SCIENTISTS WILL:

Be significantly less 49,
than the talent available 1 /o 31 o/ Significantly outpace
(]

Be less than the [0, ? the supply of talent
talent available 5/0 w
Be met by the 0
available talent 3 1 /o
320 Somewhat outpace
‘0 the supply of talent

Only 12% see today’s Bl professional as the best source for new data scientists

THE BEST SOURCE OF NEW DATA SCIENCE TALENT IS:

34, Tty
277 - ID EA

professionals

Professionals in Students studying Other
Students studying disciplines other than | fields other than ) 2% D r ﬂ ﬂ E '5
compurter science computer science computer science 1 2 /o °

Lack of training and resources are the biggest obstacle to data science in organizations

THE BIGGEST OBSTACLE TO DATA SCIENCE ADOPTION IN OUR ORGANIZATION IS:

4 kR AR DA BE TR PE F http://www. bnext. com. tw/print/article/1d/21740
X AT B IR & http://www. inside. com. tw/2011/04/13/infographics 4
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DECISIONS FUTURE

| change, WHAT ACTION?
movement reveals direction

given purpose,

becomes ]

| WISDOM WHAT IS BEST?
understanding, integrated, reveals principles

| actionable

gh;aen insight,
ecomes

o > PAST
OntEXIla es1zeq WHY?
iven meanin = : reveals
7 becomes 7 patterns

| o) 0 @
| - e e . WHAT?
reveals
Q’Vggcgom”teesﬂ relationships
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http://www .pursuantgroup.com/blog/tag/dikw-model/


http://www.pursuantgroup.com/blog/tag/dikw-model/

AR EITE R F DA & F i

e P AR RS e A F 5 BGiE LAMP
4 #P °® SMAQ ( Storage, MapReduce and Query )

' '
‘ . Query
.\, i Perl
& python
% Map Reduce
APACHE
LAMP K
N—

Linux Apache MySQL  PHP,Perl,Python

%< %k ¢ The SMAQ stack for big data ° Edd Dumbill > 22 September 2010 -
http://radar.oreilly. com/2010/09/the-smag-stack-for-big-data. html
B * Xk . http://smashingweb. geb. org/wp-content/uploads/2011/10/apache-php-mysql-ubuntu. png 8


http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html
http://smashingweb.ge6.org/wp-content/uploads/2011/10/apache-php-mysql-ubuntu.png

~
o

Query

Map Reduce

Storage
S——e

Key features

» Distributed

« Non-relational or
unstructured

%% %k ¢ The SMAQ stack for big data > Edd Dumbill - 22 September 2010 -
http://radar. oreilly. com/2010/09/the-smaq-stack-for-big-data. html



http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html

b 1T 35k F7F)3F 5
FiR IR GE

~
A
3o

Query

Key features

- Distributes computation
Map Reduce OVer many servers

- Batch processing model

Storage
———————

% %k ¢ The SMAQ stack for big data ° Edd Dumbill > 22 September 2010
http://radar. oreilly. com/2010/09/the-smaq-stack-for-big-data. html 10


http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html

’ ot -
ULIET",F Key features
- Efficient way of
defining computation
- Platform for user
map Honuce frendly analytical systems
—
Storage BB DT TR T
] I m‘g?“ FLE & 5L
I—i

% %k ¢ The SMAQ stack for big data ° Edd Dumbill > 22 September 2010
http://radar. oreilly. com/2010/09/the-smag-stack-for-big-data. html 11
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* (Google shared their design of web-search engine
— SOSP 2003 :

— “The Google File System” GO Ugle

— http://labs.google.com/papers/gfs.html
— OSDI 2004 :

— “MapReduce : Simplifed Data Processing on Large Cluster”
— http://labs.google.com/papers/mapreduce.html

— OSDI 2006 :

— “Bigtable: A Distributed Storage System for Structured Data”
— http://labs.google.com/papers/bigtable-osdi06.pdf

12


http://labs.google.com/papers/gfs.html
http://labs.google.com/papers/mapreduce.html
http://labs.google.com/papers/bigtable-osdi06.pdf
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Sigranls HBase, Hypertable.
A huge ey-value datasioge Cassandra, ....
Magisduss Hadoop MapReduce API
rrw, rallle) urocess date Sphere. MapReduce AP, ...
Goouyle file Yysis Hadoop Distributed File System, (HDFS),
Ty siefs pstvyiss of daite) Sector Distributed File System

# % X F3% % # MapReduce API & 1% :

http://trac.nchc.org. tw/grid/intertrac/wiki%3Ajazz/09-O4-14%23MapReduce
HALBAF LR K AAE R AR

> IBM GPFS - http://www-03.ibm.com/systems/software/gpfs/

> Lustre - http://www.lustre.org/

> Ceph - http://ceph.newdream.net/
13


http://trac.nchc.org.tw/grid/intertrac/wiki%3Ajazz/09-04-14%23MapReduce
http://www-03.ibm.com/systems/software/gpfs/
http://www.lustre.org/
http://ceph.newdream.net/
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http://hadoop.apache.org

Hadoop A& Apache Top Level % % %
Hadoop is Apache Top Level Project
B AT £% 9% Yahoo! &8 ~ B4 923%E A
Major sponsor is Yahoo!

£]44 # 5& Doug Cutting °* 5% Google Filesystem

Developed by Doug Cutting, Reference from Google Filesystem
A Java B > %4+ HDFS 32 MapReduce API -

Written by Java, it provides HDFS and MapReduce API

2006 1% il £ Yahoo W3 R% F

Used in Yahoo since year 2006

S E 7~ BT 1R dp B o

It had been deploy to 4000+ nodes in Yahoo

B2 Petabyte & A4t o

Design to process dataset in Petabyte

Facebook, Last.fm
. Joost are also
powered by Hadoop 1


http://hadoop.apache.org/
http://hadoop.apache.org/
http://hadoop.apache.org/
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http://sector.sourceforge.net/

HEBREHRDF OB ERBER -

Developed by National Center for Data Mining, USA

A CIC++ 34 E » bz ft® Hadoop #4F o

Written by C/C++, so performance is better than Hadoop

4t T#4L 1 Google File System $2 MapReduce %9 # %]

Provide file system similar to Google File System and MapReduce API
JE7AUDT 2 50 & M3 ¥ 8 A ik B AR F

Based on UDT which enhance the network performance

Open Cloud Testbed A ## 4 B 3X3% 3%, » 3t B 45 MalStonesX A8 #F P 3K 34

Open Cloud Consortium provide Open Cloud Testbed and develop
MalStone toolkit for benchmark

W
Mational Center for Data Mining U IC ‘ﬂ ' Open Data Group
A University of lllinois at Chicago qoen data httpiliwww.opendatagroup.com/



http://sector.sourceforge.net/
http://sector.sourceforge.net/
http://sector.sourceforge.net/
http://udt.sourceforge.net/
http://udt.sourceforge.net/
http://www.opencloudconsortium.org/testbed.html
http://www.opencloudconsortium.org/testbed.html
http://code.google.com/p/malgen
http://code.google.com/p/malgen
http://code.google.com/p/malgen
http://www.opencloudconsortium.org/
http://www.opencloudconsortium.org/testbed.html
http://www.opencloudconsortium.org/testbed.html
http://code.google.com/p/malgen/wiki/Malstone
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http://rationalintelligence.com/wp_log/?p=104
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Bl Applications
(query, analytics, reporting, statistics)

Orchestration Framework
ED\YX/

connectors V[T | 1| | R
' = = = :
Data Access Framework
.

Network

Data Storage Framework Data Processing Framework
(HDFS) (MapReduce)

Security
Management

JVM
Operating System (Linux)
Dell PE-R, PE-C Servers

http://rationalintelligence.com/wp log/?p=104
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SQL Server
About SQL Server Solutions & Technologies

(€ Contact Us > | f I & BRI Tube]

Editions Get SQAL Server Learning Center Partners

Share this page

Big Data Analytics

w o0 e

Strata Big Data Conference 2012 and Power View
Contest

Strata Big Data Conference 2012..

{ill

Big Data Solution

Unlock business insights from all your structured and unstructured data,
including large volumes of data not previously activated, with Microsoft's
Big Data solution. Microsoft's end-to-end roadmap for Big Data embraces
Apache Hadoop™ by distributing enterprise class Hadoop based solutions
on both Windows Server and Windows Azure. Our solution is also
integrated into the Microsoft Bl tools such as SQL Server Analysis
Services, Reporting Services and even PowerPivot and Excel. This
enables you to do Bl on all your data, including those in Hadoop.

Key Benefits

# Broader access of Hadoop to end users, IT
professionals and Developers, through easy
installation and configuration and simplified
programming with JavaScript.

# Enterprise ready Hadoop distribution with greater
security, performance, ease of management and
options for Hybrid IT usage.

%+ %k ¢ Big Data Solution | Microsoft SQL Server 2008 R2
http://www. microsoft. com/sqlserver/en/us/solutions-technologies/business—intelligence/big-data-solution. adfx


http://www.microsoft.com/sqlserver/en/us/solutions-technologies/business-intelligence/big-data-solution.aspx
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Oracle -4 £ Hacdooo

Manage Packages With UPS My Choice

News Download CMNETTV HowTo Ma

HP OFFICEJET PRO

MAKE YOUR BUSINESS SHINE FOR LESS

LEARM MORE I

CMET * News * Software, Interrupted

Cloudera teams up to connect
Oracle and Hadoop

Cloudera and Quest software are parinering to provide connectivity
between Oracle and Hadoop.

by Dave Rosenberg | June 21, 2010 5:30 AM PDT

‘ A Follow

This week Cloudera, a provider of software and ; _
services for the Apache Hadoop project, is set o s
announce a partnership with Quest Software to =, = ﬂ[ﬂ[ﬂ } ﬂ)

develop, support, and distribute an Oracle
connector for Hadoop.

-

%% %k ¢ Cloudera teams up to connect Oracle and Hadoop
http://news. cnet. com/8301-13846_3-20008242-62. html

20
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PERE: SWBRETR, MERHIFTRE

BxE: JHET

BRHE: 2012-03-06

[214 ERFEEEHEE]

LERANPEZERMITIESE. MiE. HIFEE. MOD......, SEEBRRERE, NERMEFEMBE30008, e
EEA0EZ, XAZEARBHEASZI0EEEN., RTEE. EIREE, EFASRIOMBMRRE, TEI0ERR
15, ERFATIERFPN, ERHNEHAEEA,

"TENEEREX, ARSI LIFRERSEME, EMMNEERBEAMATESERE, | PEEGEENEERMRFHET
i, 2010FFHE, BRATEEEFENFHEEFR, FASHINERREHadoopii, TEHAEHERTS, MEMATBEBNEHE
=, EEIIEHEHERER,

LAMOD®RfI, —XBETEZ=EH, WFAKHERSEMNERERME T TES ? EEN&XM ? "TRERNEZE, SR4005EAEST TR
AHadoop XEHFES, 137EMERR, BEEE S, o ik,

ERtERR
REHERRNRTESEM, SEMLEEEAR. "BENRBTRETEIRE,  FREECHERE, MERXE—&, TREIRIURMERT,
AFNEHEREF =1, BLLEBTTARISN, EFNFREEFEEZ:E, LEREEFNEEEE,

S35 kiR P ELL IAWBELEL  IRRRAITRIE F AP Y 0 2012-03-06

http://www. bnext. com. tw/print/article/1d/22333
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Ll READ LATER

T ERHOE R ARSI B R A, TESEENESHARRES —*&
R, FERRFIAA HHadoopE s E BT B TR T —(EHF AR HTIELE R
ERHEEER (BigData) EHTFE, EREEREREREMARKZAT. ST
R AT SRR AR SRR RREOERLR -

ERTEFRFTSENEN, &7 EEAFFEETERLTHE, —HhENEED
o, BiEHEZER, FREERFENER, (ETEEEEEIENENRER
1 o

FEEFEHRITERERESREMMoZERICARE, BEEVEEANTEET S
- —EHF200094F, {55 % E A\ Teradataf’) s (5 ¥ 84 &R AcLDM 9.0/, %
EFELZEREMBENHEER - BEF—F R, EVEAZERNENTZERETEATT
BiEE - B4 - BHEAER, BT NBEFORSITER - AEAZE], FEEEH
ERERELGFEATD, BEANRRENLRERBFEENFRERE, EEET
AR -

c ¢ &7 3% Hadoop Hirs 17 2P > B4 p H ¢ 2011-06-12
http://www. 1thome. com. tw/1tadm/article. php?c=68023
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What is Hadoop ?

liecoopn o - software platform
thatletsioneeasilpwriterancun
Sl asrone sl process vast
amounts of data.

Hadoop ~— 1834 Rl A 585 i
PATRE BT EAERARNGREFE -

T ARG R—BRZES ARG LEL » RA
24T & map 3k reduce LAk G ML FF o
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# & Vast Amounts of Data

- B ALK F A

— Capability to STORE and PROCESS vast amounts of data.
&7 Cost Efficiency

— TR LG —ZPCAIRZGRERRA

— Based on large clusters built of commodity hardware.
% % Parallel Performance

- FROHABEALOFEY > ABUFF iR E

— With the help of HDFS, Hadoop have better performance.
T3 Robustness

— FRMEBE AR R BRI ED BN AGFEL TR

— Robustness to add and remove computing and storage
resource without shutdown entire system.
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Doug Cutting Talks About The Founding Of Hadoop
clouderahadoop 988N [z EHITHER
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Doug Cutting Talks About The Founding Of Hadoop
http://www.youtube.com/watch?v=qxC4urJOchs


http://www.youtube.com/watch?v=qxC4urJOchs
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* Lucene
— http://lucene.apache.org/

— FlJava 3% 3T 89 & 2L ae UM % 31 5] FAPI

—a high-performance, full-featured text search
engine library written entirely in Java.

— &5 T F éﬁv@t-—- F o0 R F R R &
W R R 50 %
—Lucene create an inverse index of every word |

n different documents. It enhance performance
of text searching.



http://lucene.apache.org/

rlistory of rlzidooo L 20 052~750 0]

Flzid ooy AR R L, 200D )

e i
— http://mutch.apache.org/

— Nutch & &7 B 3R 46 75 PT B 25 09 58 55 44 3 5] %
— Nutch is open source web-search software.
— #] Fl Lucene & 3\ & B 2

— It builds on Lucene and Solr, adding web-
specifics, such as a crawler, a link-graph
database, parsers for HTML and other
document formats, etc.



http://nutch.apache.org/
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Nutch & K& 2164 & K & #8135 AR
Nutch encounter storage issue GO Ugle
Google /& — ¥ g%k 5 F A 69 = K B 4& B g
Google shared their design of web-search engine

— SOSP 2003 : “The Google File System”
— http://labs.google.com/papers/gfs.html

— OSDI 2004 : "MapReduce : Simplifed Data Processing on
Large Cluster”

— http://labs.google.com/papers/mapreduce.html

— OSDI 2006 : “Bigtable: A Distributed Storage System for
Structured Data”

— http://labs.google.com/papers/bigtable-osdi06.pdf

b

LS

—

—


http://labs.google.com/papers/gfs.html
http://labs.google.com/papers/mapreduce.html
http://labs.google.com/papers/bigtable-osdi06.pdf
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« Dong Cutting reference from Google's publication
 Added DFS & MapReduce implement to Nutch

* According to user feedback on the mail list of Nutch ....
« Hadoop became separated project since Nutch 0.8

* Nutch DFS — Hadoop Distributed File System (HDFS)

* Yahoo hire Dong Cutting to build a team of web search
engine at year 2006.

— Only 14 team members (engineers, clusters, users, etc.)
* Doung Cutting joined Cloudera at year 2009.

YaHoO! ‘cloudera

p
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* Yahoo is the key contributor currently.

« IBM and Google teach Hadoop in universities ...

« http://www.google.com/intl/en/press/pressrel/20071008 ibm_univ.html

« The New York Times used 100 Amazon EC2 instances and a
Hadoop application to process 4TB of raw image TIFF data (stored
in S3) into 11 million finished PDFs in the space of 24 hours at a
computation cost of about $240 (not including bandwidth)

— from http://en.wikipedia.org/wiki/Hadoop
 http://wiki.apache.org/hadoop/AmazonEC?2
 http://wiki.apache.org/hadoop/PoweredBy

» ADcom = |BM » Powerset

s ADSDAQ by Contextweb s ImageShack s The New York Times
s EHarmony 5 [S| s Rackspace

s Facebook s Joost s Veoh

» Fox Interactive Media s Lastfm s Metaweb


http://www.google.com/intl/en/press/pressrel/20071008_ibm_univ.html
http://en.wikipedia.org/wiki/Hadoop
http://wiki.apache.org/hadoop/AmazonEC2
http://wiki.apache.org/hadoop/PoweredBy

}JasJ o) 11l orodiletlon £l L.
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* February 19, 2008

« Yahoo! Launches World's Largest Hadoop Production Application
http://developer.yahoo.net/blogs/hadoop/2008/02/yahoo-worlds-largest-production-hadoop.html

Number of links between

pages in the index roughly 1 trillion links

_ over 300 TB,
Size of output compressed!
Number of cores used to over 10,000

run single Map-Reduce job

Raw disk used In the

production cluster over 5 Petabytes

10


http://developer.yahoo.net/blogs/hadoop/2008/02/yahoo-worlds-largest-production-hadoop.html
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o September 30, 2008

« Scaling Hadoop to 4000 nodes at Yahoo!

0o 1 prodietlon i L.
f L sz ooo B L.

http://developer.yahoo.net/blogs/hadoop/2008/09/scaling_hadoop_to 4000 nodes_a.html

Total Nodes 4000
Total cores 30000
Data 16PB
500-node cluster 4000-node cluster
write read write read
number of files 990 990 14,000 14,000
file size (MB) 320 320 360 360
total MB processes 316,800 316,800 |5,040,000 | 5,040,000
tasks per node 2 2 < =
avg. throughput (MB/s) | 5.8 18 %) 66

11


http://developer.yahoo.net/blogs/hadoop/2008/09/scaling_hadoop_to_4000_nodes_a.html

Compzifison vaiyaz2r Sooela 2l ;J zlddooy
Googla o plzd o) i) st

E- Develop Group T Google ir Apache

[ Sponsor E Google I Yahoo, Amazon
EL Algorithm Method i MapReduce i MapRcducc
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Search Jobs Browse Jobs LocalJobs Salaries  Employvment Trends

®  Emplioyment Trands
Xen, Hyper-V, Hadoop

Tip: You can compare trends by separating them with commas.

simply

job search made simple

Job Trends for
0.06

Hen = Hyper-y = Hadoop

=
=
i

=
fmm]
=

=
=
b

S

Percentage of Matching Jobs
3

=
=

0
Mow 05  Jan09  Mar 09 May 04

Nov 1, 2008 - May 31, 2010

Jan 10 Mar 10 Kay 10

SimplyHired.com

Jul0s Sep 09 MNov 04

L

Xen, Hyper-v, Hadoop Job Trends

This graph displays the percentage of jobs with your search terms anywhere in the job

listing. Since November 2008, the following has occurred:
+ Xen jobs increased 141%

* Hyper-v jobs increased 551%
+ Hadoop jobs did not change or there is no data available
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Petabytes

Source:

x Multiplier

Sourc

1.000,000

http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf

1%

_ B Genome Data

: http:/

L o

Information Versus Available Storage

—&— Information
800,000 ~#- Available Storage

/

o

600,000

500,000

400,000

300,000

200,000

100,000

a : ' .
2005 2006 2007 2008 2008 2010

. Computational Load

8x Growth | 18 month

Moore's Law
2x Growth | 18 months

27 Dzigz) Zepluis

r)r)

Top 2 sluezu Seuouios="1000 25 /| (22
Tup i Vigtal Pnoius =1U0Y R5a) (2
N9 D Szl (0o Ipzun) = YUY R5a ) 220

id i il
The Worldwide Growth of eMail il The Growth of Images
Trillions per Year 600
30
M Person-to-Person eMails 500 - ‘
5 spamand Alerts W Digital Still Cameras
400 Camera Phones

20
15 300

=}

10 200 +

5

oomm BH : m B
1998 19899 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 1] —

2002 2003 2004 2005 2006 2007 2008 2009 2010

Wikipedia
(10GB)
100% CAGR

World Wide Web

i Photosas

(1000PB+)
100% CAGR

Annual Email
Traffic, no spam

(300PB+)

Internet Archive

(1PB+)

200 of London’s
Traffic Cams

(8TB/day)

2004 Walmart
Transaction DB

UPMC Hospitals
Imaging Data

(500TB/yr)

Total digital data to be created this year 270,000PB (oc)

Phillip B. Gibbans, Data-Intensive Computing Symposium


http://lib.stanford.edu/files/see_pasig_dic.pdf
http://lib.stanford.edu/files/see_pasig_dic.pdf
http://lib.stanford.edu/files/see_pasig_dic.pdf
http://lib.stanford.edu/files/see_pasig_dic.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
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Introduction'to'Hadoop Terminology
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Job

— {EF5
Task

— JNITAE
JobTracker
— AEF5 iRk
TaskTracker

— NI ARIATH
Client

— RRETSE B P 35
Map

— JE#t

Reduce

— 4o

Namenode

— LAR B Bh
Datanode

— Bk gk
Namespace

— &Ad e
Replication

— &lA
Blocks

— 1% E B3R (64M)
Metadata

— BMHEEH

17
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u 1

DNSE & 8=y %

1 ep 25 NameNode

Cem

aster Node

‘Manage NameSpace of
HDFS

* Control Permission of
Read and Write

* Define the policy of
Replication

* Audit and Record the
NameSpace

K Single Point of Failure

/KL‘

Y

©

i) 75) 5 ) i€ ¥

a j 2 JJ DO J <

- Worker Nodes

* Perform operation of

Read and Write

* Execute the request

of Replication

* Multiple Nodes

X
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JobTracker

v

Master Node

* Receive Jobs from
Hadoop Clients

* Assigned Tasks to
TaskTrackers

* Define Job Queuing
Policy, Priority and
Error Handling

* Single Point of Failure

v

S5 of Joo Senzeiylar
O - I R
i 22 A ey
TaskTracker

- Worker Nodes

* Excute Mapper and
Reducer Tasks

* Save Results and
report task status

* Multiple Nodes
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master slave
task task
tracker tracker

MapReduce
layer

HDFS
layer

multi-node cluster

20
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l Hadoop
Namenode D)oo 5EE poeeeennoes .
|
JobTracker

Java Java Java
Linuux Linuux Linuux
"[ Nodel ]" "'[ Node2 }" "[ Node3 ]'" 2l
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InfroductionforHadoop Distributed File'System
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* Hadoop Distributed File System
— EHRHM Google File System 4 # X4 £ A 4
— Reference from Google File System.
- —A AR T KA E AL > B EHRKET EAET)N
— A scalable distributed file system for large data analysis .
— FEVEARAB LA L LT AR5
— based on commodity hardware with high fault-tolerant.
— & RXENR P REEEERE 5 R
— It have better overall performance to serve large amount of
users.



- BMUMHMRAFX TS Fault Tolerance
~ MR R LT mIERLT
— Failure is the norm rather than exception
— B IR R E PR
— automatic recovery or report failure
« BANE FHAB Streaming data access
- BREESHARAP X LRE
— Batch processing rather than interactive user access.
— 2 Throughput 7 3E1& Latency
— High aggregate data bandwidth (throughput)
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KAEAEHE Large data sets and files

— X 3% Petabytes 3 4 69 # B % ]

— Support Petabytes size

—HMHERH Coherency Model

~ —REXN % RHEI Write-once-read-many

—- #Bfb—EHREHEEAE This assumption simplifies coherency
£ ¥E R Data Locality

— B AR B LA > KA ERARBREHE

— “move compute to data” > “move data to compute”
EHF+E&44 M Heterogeneous

— PP AR B8 R F LT A48 ~ PR A
— HDFS could be deployed on different hardware
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HDFS Architecture

Metadata (Name, replicas, ...):

/home/foo/data, 3, ...
Metadata ops~~ Namenode
Block-Qps
Datanodes Datanodes
L] ] - H B =
Replication
- [j\ B Blocks
J
) ~ % N
Rack 2

Rack 1
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Namenode (the master)
Path and Filename — Replication , blocks

name:/users/joeYahoo/myFile - copies:2, blocks:{1,3}
name:/users/bobYahoo/someData.gzip, copies:3, blocks:{2,4,5}

Priad

Metadata’./,x""
/ Datanodes (the slaves)
I/0
1 2
1 4 2 )
2

3

3 4 4

S 5
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* Increase reliability and read bandwidth
— robustness : read replication while found any failure
— High read bandwith : distribute read ( but increase write bottlenet )

Namenode JobTracker
file1 (1,3 Map tasks TaskTracker
file2 22 4)5) Reduce tasks .

ask for task

Block 1
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Data Corrupt

@ 3 A
A B K 53X

Network Fault
DataNode Fault

L A B BL 4R 2R

NameNode Fault

« A ZEM Data integrity

— checked with CRC32

— @] ABUX 4% E A

— Replcae corrupt block with replication one
 Heartbeat

— Datanode send heartbeat to Namenode

* Metadata
— FSIlmage -~ Editlog & #% < FF %458 & H 3545
— FSImage — core file system mapping image
— Editlog — like. SQL transaction log
Ikt G 0 g L ARy BB R B T A F 48
— Multiple backups of FSImage and Edltlog
— Manually recovery while NameNode Fault

10
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Conzrzey Modal zined Pariorizines

e

I N Zh P ki J il
JJJ)J":) i) 2= /724 i) 7N X rJfJ ddd

1 E—XMEMEF Coherency model of files

— MR R \FEGABEEFERE e a LM% A

— NameNode handle the operation of write, read and delete.
E¥ XM AKEEMS Large Data Set and Performance

- AR EEER KA GAMB B Eix

— By default, the block size is 64MB

- RERTRZHHIIER

— Bigger block size will enhance read performance

- WEA TR KB — R

— Single file stored on HDFS might be larger than single
physical disk of DataNode.

- BERBDGBRHEESHBUFRBRAE
— Fully distributed blocks increase throughput of reading.

U

11
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jazzfihadoop:~% hadoop fs
Usage: java FsShell

[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-
[-

-1s =path>]

-lsr «=path=]

-du =path>]

-dus <=path>]
count[-q] <path=]
mv <src> <dst>]
Ccp <src> <dst>]

rm <path>=]

rmr <path>]

eXpunge]

put <localsrc> ... <dst>]
copyFromLocal =localsrc> ... =dst>]
-moveFromLocal <localsrc> ... =dst>]

get [-ignoreCrc] [-crec] <src> <localdst>]
getmerge <src> <localdst> [addnl]]

-cat «src>|

-teXt <src>]

copyToLocal [-ignoreCrc] [-crc] =src> =localdst>]
-moveToLocal [-crc] =src> <localdst>]

-mkdir =path>=]

setrep [-R] [-w] <rep> <path/file>]

-touchz <path>]

-test -[ezd] <path>]

-stat [format] <path>]

-tail [-T] «=file>]

-chmod [-R] <MODE[,MODE]. | OCTALMODE=> PATH...]
-chown [-R] [OWNER][: [GRDUP]] PATH. ..]

chgrp [-R] GROUP PATH...]

help [cmd]]

12
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Introduction to MapReduce
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Example 1: Example 2:
II| IIIIIII|.II} ,.-" “““-—HH III'*
f,x’
f_,,f“
\ B Tl 4|_)
HH“H-__,_'_‘_ )l -
IS L > Example 3:
sgrt{2)
Example 4: The way to climb m
5 steps stair within 2 steps —

each time. BRarH AEER
R TH E—F X LRI - A

JRR T A A KA XY

Ex: (1,1,1,1,1) or (1,2,1,1)
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MapReduce & Google Y #H M KB &F » TZARREKRE XA

MapReduce is a patented software framework introduced by
Google to support distributed computing on large data sets on
clusters of computers.

AE A RBEHETE ALY map £ reduce R o

The framework is inspired by map and reduce functions commonly
used in functional programming, although their purpose in the
MapReduce framework is not the same as their original forms

- Map() : Source: http://en.wikipedia.org/wiki/MapReduce
e Ex.[1,2,3,4]— (*2)->[2,4,6,8]
— Reduce(...):

«[1,2,3,4]- (sum)->10
Logical view of MapReduce
« Map(k1, v1) -> list(k2, v2)
* Reduce(k2, list (v2)) -> list(k3, v3)


http://en.wikipedia.org/wiki/MapReduce

Soosgla’s Nlzioidadues Dz Z1¢)r2110)
Googla iy Yz 089 e s B i

Input

Intermediate | kl:v kl:v k2:v kl:v k3:v kd:v kd:v k3:v kd:v

Grouped |kl:v,v,v,v [K2:iv |kK3:v,v | kdiovovov (K3

S S SRR T

Output




Soogla’s Nlzioidaducz 10 Pzirzll=]

22 b A= Jn’ l?—-’.] ”'fj

fjouj +Y J'/'/"J_IJ-,K-JJ-*-/ oD T el 2 e

: Map Task 1 -: Ir Map Task 2 | : Map Task 3

| L L

| L L

| L L

| L L

| L L

| L L

| klowv klow k2w | || k3w kdw kdw kv | | ke v lelov k3w
| Fartitioning Funetion I | Fartitioning Function | | Fartitioning Funection

Sort and Group
klvwvwvwy | k3w

<0

Reduce Task 2

Sort and Group
ke ov v v

§<@@@

Reduce Task 1
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input . ' output
HDFS A map | | ; 5 HDFS
D EnCLEET TR TR R, ; > » reduce > part0
map |7 N
: > » reduce — »  parti
] me =T
JobTracker §¥ JobTracker % #c # JobTracker #-¢ FF¥ JobTracker reduce % {$ i &
NameNode 2~ # TaskTracker * i® WEEEEE© e JobTracker ##
TREFY N Map &% » &2 4 A EDZ R TaskTracker Namenode 7 &

blocks U L TaskTracker 2 % reduce 4 output



VlzioRzduca 0y 2.cunola ()
Uz d ey ELETH ()

| am a tiger, you are also a

tiger
am I
ma

a P/ lam,1 a (1,1)

a,1 also (1)
tiger tiger,1 am, 1

2 sort

you map you 1 > & are (1) > reduce
are :

are,1 shuffle 1,1

tiger(1,1)

also also,1 you (1) J)
g map ) a1
tiger :

tiger,1 1)
JobTracker /2% T =18 Map % 4% » hadoop EAT JobTracker # 1% — 18

Tracker # map P EOR A F AL TaskTracker 1F reduce

a,2
also,1
am,1
are,1
1,1
tiger,2
you,1




Mzloidadies 0y 2. JmJ)JA (Z)
Wzt 2 s LD (2

sqrt(a + b)
sqrt(c + d)

Bl g

10 00 3.0
32 0.8 32.0 $ ?

1.0 14.0 1.0 (0,sqgrt (1.0 + 0.0 + 3.0))
- ] (1,sqrt (3.2 + 0.8 + 32.0))
. 2,sqrt (1.0 + 14.0 + 1.0
Input File (s sare )
001.0 // A[0][1l] = 1.0 (0,1.0)
010.0 // A[O][1l] = 0.0 (0,0.0) ediEe
02 3.0 // A[0][2] = 3.0 map »(0,3.0)
10 3.2 // A[1][0] = 3.2 (1,3.2)
110.8 // A[1][1] = 0.8 (1,0.8) | sort/ (0,{1.0,0.0,3.0})
(1,{3.2,0.8,32.0})
12 32.0 // A[1]1[2] = 32.0 (1,32.0) NELEE 77 (2, (1.0,14.0,1.0})
2 0 1.0 // A[2]1[0] = 1.0 (2,1.0)
21 14.0 // A[2][1] = 14.03@P 7 » 14 0
22 1.0 // A[2]1[2] = 1.0 (2,1.0)




Mzloidzcle
JJ_/,J_,J_/K -—’J

KRB THE
Large Data Set
T ¥ A&

Parallelization

Text tokenization
Indexing and Search
Data mining
machine learning

*_http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/

*_http://wiki.apache.org/hadoop/PoweredBy
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MapReduce Programing 101
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Progrzug Protosyoa (v 0.740)

Class MR{ i_ ........................................... :
Map 1 static public Class Mapper - { Mapper 2 f\/ﬁ‘%
E v T k
static public Class Reducer --- i . i
Reduce } b { - Reducer ##%
- maingl
Configuration conf = new Configuration();
Job job = new Job(conf, “job name');
job.setJarByClass(thisMainClass.class);
job.setMapperClass(Mapper.class);
;’ri job.setReduceClass(Reducer.class);
’é FileInputFormat.addInputPaths(job, new Path(args[0]));

FileOutputFormat.setOutputPath(job, new Path(args[1]));

............................................................................................

Hh



Map
B

Reduce
=

T A R

!

Progrzg) Protoiyoz (v U9)

ClassMR¢{
:tatlc public Class Mapper - { M ap 2 X 5
static public Class Reducer «--{ 7~~~ -7~ oo g
) - Reduce #s#%
maing{

5

JobConf conf = new JobConf( MR.class );
conf.setMapperClass(Mapper.class);
conf.setReduceClass(Reducer.class);

FileInputFormat.setInputPaths(conf, new Path(args[0]));

Other configure - H893% € 5 #H A2 X 75

JobClient.runJob(conf);

12
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1 class MyMapper extends Mapper<LongWritable, Text, Text, IntWritable> {
' private final static IntWritable one = new IntWritable(1);

2 private Text word = new Text();
3 public void map( LongWritable key, Text value, Context context)
4 throws I0Exception , InterruptedException {
. § tring line = (( Text) value).toString();
6 |
573 word.set(itr.nextToken());
| context.write(word, one);
9
o
/ Input key < d >
word,one
/user/hadooper/input;’a.txt / 7
<no,l>
...................... >tno Pp neWS’J‘>>iS >ta PP good [>P news <news, 1>
............ SESTRRSYE A N N N N N
No news is a good news. | \ \ | | | | <is, 1>
""""""""""" NS itr || atr itr | 1tr | 1tr itr itr <a, 1>
\ \ <good, 1>
| e <news, 1>




WN -

o ~NO O~

Weore Cotjner o facijear

class MyReducer extends Reducer< Text, IntWritable, Text, IntWritable> {

<word,one>

<a, 1>

<good, 1 >

<is, 1>

<news, 121>

<no, 1 >

IntWritable I'C Slllt = new IntWritable();

public void reduce( Text key, Iterable <IntWritable> values, Context context)
throws IOException, InterruptedException {

int sum = 0;

: sum += val.get(); sum += values[i].get()

= tesuttset(sum)y — - ———— - - - - I }

context.write ( key, result);

<key,SunValue>

1 1 <news, 2>

14
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Class WordCount{

1

main()
Configuration conf = new Configuration();
Job job = new Job(conf, “job name” );
job.setJarByClass(thisMainClass.class);
job.setMapperClass(MyMapper.class);
job.setReduceClass(MyReducer.class);
FileInputFormat.addInputPaths(job, new Path(args[0]));
FileOutputFormat.setOutputPath(job, new Path(args[1]));
job.waitForCompletion(true);

15



1 IU ESEETILDY /L ACHICH RO ORI/ Cl1ouu

)

Powered by DRBL

Jzrz2 ylzly
ML ST T VY AT
jazz@nche.ory.tw

16


http://trac.nchc.org.tw/cloud
http://trac.nchc.org.tw/cloud

N-N-N-N-

ﬂf /’A /)lf {; /J/J LY,

Hadoop 1 =7 € Aot

Sefup Hadoop Eully Distributed Mode

Jzrz2 ylzly
ML ST T VY AT
jazz@nche.ory.tw




{2009's rladog p CJ Lsiar

— e
-
-

Sy,
e g ) o E

* ~10,000 machines running Hadoop in US
* The largest cluster 1s currently 2000 nodes
* Nearly 1 petabyte of user data (compressed, unreplicated)

* Running roughly 10,000 research jobs / week
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Step 1: Setup SSH key exchange

Step 2. Install Java f!ﬁa_

Step 3: Download Hadoop Source Package ——
Step 4: Configure hadoop-env.sh t
— export JAVA HOME=/usr/lib/jvm/java-6-sun o

Step 5: Configure *-site.xml '
— Set Namenode to hdfs://localhost:9000

— Set Jobtracker to localhost:9001

— bin/hadoop namenode -format

Step 6: Format HDFS

Step 7: Start Hadoop
— bin/start-all.sh

Step 8: Complete!! Let's check the status of Hadoop
— Job admin http://localhost:50030/ HDFS http://localhost:50070/


http://localhost:50030/
http://localhost:50030/

Dizigreirr) of Pss
J‘j'JJJJO v;—/Lx/* JZIJ‘

conf / core-site.xml;

fs.default.name ->

J—-f ' l r,l

Node 1

/ Localhost \

hdfs://localhost:9000

[~

conf / mapred-site.xml:

mapred.job.tracker ->

|

Namenode

€ o~

localhost:9001

[~

conf/slaves:

| JobTracker

4~

Datanode

v

localhost

Tasktracker

\

Lclo=-Disirioutacd Vocle

',’_.
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Step 1: Setup SSH key exchange

Step 2. Install Java

Step 3: Download Hadoop Source Package

Step 4: Configure hadoop-env.sh

— export JAVA HOME=/usr/lib/jvm/java-6-sun

Step 5: Configure *-site.xml

— Set Namenode to hdfs://x.x.x.1:9000

— Set Jobtracker to x.x.x.2:9001

Step 6: Configure Slaves

Step 7: Syncronization of all slaves

Step 8: Format HDFS

— bin/hadoop namenode -format

Step 9: Start Hadoop

— On NameNode : bin/start-dfs.sh

— On JobTracker : bin/start-mapred.sh
Step 10: Complete!! Let's check the status of Hadoop

— Job admin http://x.x.x.2:50030/ HDFS http://x.x.x.1:50070/


http://x.x.x.2:50030/
http://x.x.x.1:50070/

conf / core-site.xml:

fs.default.name ->
hdfs://Node1:9000

v

[~

conf / mapred-site.xml:

mapred.job.tracker ->

Nodel:9001

[~

Namenode

JobTracker

conf/slaves:

Nodel
Node2

!
!
!
!
— "
!
!
!
!
1

Datanode

Tasktracker

Run namenode —-format

and

start-all. sh

Datanode

Tasktracker



http://www.pc-magazin.de/common/images/firefox_ie_desktop/firefox_ie_desktop_800x600.jpg

conf / core-site.xml:

fs.default.name ->
hdfs://Nodel:9000

Node 1

/ x.X.X.1

~

[~

conf / mapred-site.xml:

" Namenode

mapred.job.tracker ->

Node2:9001

conf/slaves:

Nodel
Node2 :
!
l

Run namenode -format
start—-dfs. sh

and

Datanode

Tasktracker

Datanode

Tasktracker

run start-mapred. sh


http://www.pc-magazin.de/common/images/firefox_ie_desktop/firefox_ie_desktop_800x600.jpg

conf / core-site.xml:

fs.default.name ->
hdfs://Nodel:9000

[

conf / mapred-site.xml:

Namenode

mapred.job.tracker ->

JobTracker [

http://x.x.x.1:50070

—
-
—
—
-

-

Nodel:9001 _ K

r

|
conf/slaves: | Node 2

L xxx2 )
Node2 :
s — Datanode
NodeN :

r | Tasktracker
AN =/

/

X.X.X.1

~

Datanode

Tasktracker
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conf / core-site.xml:

fs.default.name ->
hdfs://Node1:9000 » »JobTracker

conf / mapred-site.xml:

mapred.job.tracker ->
Node2:9001

conf/slaves:

Node3

NodeN
I
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Source:http://www.funnyjunksite.com/wp-content/uploads/2007/08/programmer.jpg Source:
http://www.sysadminday.com/images/people/136-3697.JPG
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cizllang2s of Slusiar Cuiiiting

 Hardware

-  Ethernet Speed / PC Density
-  Power / Cooling /| Heat
- Network and Storage Architecture

* Software

- Job Scheduler ( Cluster level )

- Account Management

- File Sharing / Package Management
* Limitation

- Shared Memory

-  Global Memory Management

18
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3. Configure
SELANYS
2. Cloning |
1Y
d ’ :“‘lc::'
uliiols 4. lnsizll
mzienins Job
Scheduler

v

1. S=2:up uns
Template

e

8. Jiunning
Benchmark
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HOWROHEPIDYEUVU N DUES I o o ¢

& k4228 : Scaling Hadoop to 4000 nodes at Yahoo!
%k B #5 : September 30, 2008

Total Nodes E 4000 E
Total cores = 30000
Data :  16PB
5(.}(;-;1:1:1:3 .cl'u;;e}. il --4000-110(1& cluster
write read write read
number of files 990 990 14,000 14,000
file size (MB) 320 | 320 360 360
total MB processes 316800 316,800 5,040,000 5,040,000
tasks per node 2 2 - 4

avg. throughput (MB/s) 5.8 18 40 66

21
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* SSI ( Single System Image )
- Multiple PCs as Single Computing Resources
-  Image-based

* homogeneous
* eX. Systemimager, OSCAR, Kadeploy
- Package-based
* heterogeneous
° easy update and modify packages
* ex. FAIL, DRBL
* Other deploy tools

- Rocks : RPM only

- cfengine : configuration engine

22



Comziisun of Slusize Usaloy Tuuls

Support Cluster
Database
Distribution Diskless/ configuration | management
installation

tools tools

Sysmless

LET [T [

DRBL ALL Yes Package Yes Yes No

DIJELE
Package
Based

23
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SmartFron%-

* Make Hadoop deployment agile
*Integrate with dynamic cluster deployments

Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop with smartfrog.pdf [I.ABS""]


http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

SmartFrog - HPLabs' CM tool

Language for describing systems to deploy
—everything from datacentres to test cases

Runtime to create components trom the model

Components have a lifecycle
LGPL Licensed, Java 5+

http://smartfrog.org/

Source: Deploying hadoop with smartfrog [LABS""]
http://people.apache.org/~stevel/slides/deploying hadoop with smartfrog.pdf



http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

Basic problem: deploying Hadoop

User Job Job Map Reduce Map
Map/ Job Tracker Task Task Task
Reduce -scheduler Tracker Tracker Tracker

Nan_ﬁe [Hode Data Node Data Node Data Node
HDFS -index
Hardware
+0S =l =SSal S=f ===}

one namenode, 1+ Job Tracker, many data nodes and task frackers

Source: Deploying hadoop with smartfrog [I.ABS""]
http://people.apache.org/~stevel/slides/deploying hadoop with smartfrog.pdf



http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

The h

and-managed cluster

Manual install onto machines

SCP/
copy

FTP in Hadoop zip
out hadoop-site.xml and other files

edit /etc/hosts, /etc/rc5.d, SSH keys ...

Instal

ation scales O(N)

- Mainf

enance, debugging scales worse

Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying hadoop with smartfrog.pdf

™)


http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

The locked-down cluster

PXE Preboot of OS images

RedHat Kickstart to serve up (see instalinux.com)
Maybe: LDAP to manage state, or custom RPMs

Requires:

uniform images, central LDAP service, good ops
team, stable contigurations, home-rolled RPMs

Source: Deploying hadoop with smartfrog [LABS""]
http://people.apache.org/~stevel/slides/deploying hadoop with smartfrog.pdf


http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

CM-+tool managed cluster

Configuration Management tools

State Driven: observe system state, push it back into
the desired state

Workflow: apply a sequence of operations to
change a machine's state

Centralized: central DB in charge

Decentralized: machines look after themselves

CM tools are the only way to manage big clusters

Source: Deploying hadoop with smartfrog [I.ABS""]
http://people.apache.org/~stevel/slides/deploying hadoop with smartfrog.pdf



http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

Model the system in
the SmartFrog language

TwoNodeHDFS extends OneNodeHDFS {

localpataDir2 extends TempDirwithCleanup {

}

datanode?2 extends datanode {
dataDirectories [LAZY localDataDir2];
dfs.datanode.https.address "https://localhost:0";
}
}

Inheritance, cross-referencing, templating

Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying hadoop with smartfrog.pdf

[Lass”])


http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

The runtime deploys the model

NameNodeHost
namenode: logDir:
NameNode TempDirWithCleanup
nameDir;
TempDirWithCleanup
dataDir:
TempDirWithCleanup
DataNodeHost2 DataMNodeHost2
datanode1: datanode2:
DataNode DataNode
localDataDir: localDataDir2:
TempDirWithCleanup TempDirWithCleanup
Source: Deploying hadoop with smartfrog [I.A BSh"]
http://people.apache.org/~stevel/slides/deploying hadoop with smartfrog.pdf


http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

I Steps to deployability

Contigure Hadoop from an SmartFrog description
Write components tor the Hadoop nodes
Write the tunctional tests

Add workflow components to work with the
filesystem; submit jobs

Get the tests to pass

Source: Deploying hadoop with smartfrog [I.ABS""]
http://people.apache.org/~stevel/slides/deploying hadoop with smartfrog.pdf



http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Wizt 1s DRsl 7%

* Diskless Remote Boot in Linux

« Network is cheap, and our time is expansive

* In simple words, DRBL is .....
— Replace IDE/SATA cable with network cable
— 40+ student PCs connected to one DRBL server

Powered by DRBL

Diskfull
PC

Diskless
PC

source: http://www.mren.com.tw
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Config; Files;
Ex. hosthame.

initrd-pxe.
vmlinuz-pxe.
pxelinux
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Config; Files;
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Hadoop R it A Java B &% ?
Is Hadoop only support Java ?

KT AL AR EATRTE ? e TR E AR 7
Can Hadoop work with existing software ?

AR B R R & A 7
Can Hadoop work with Databases ?

P M AIRB KRG FR .. ...
Yes, we hear the feedback of developers ...




Is Fladooo only suooort Jepye 7

 Although the Hadoop framework is implemented

in Java™, Map/Reduce applications need not be
written in Java.

« Hadoop Streaming is a utility which allows users
to create and run jobs with any executables (e.g.
shell utilities) as the mapper and/or the reducer.

 Hadoop Pipes is a SWIG-compatible C++ API to

implement Map/Reduce applications (non JNI™
based).



rlaidooo Ploes (C+F, Pyinor))

Hadoop Pipes allows C++ code to use Hadoop
DFS and map/reduce.

The C++ Interface is "swigable" so that interfaces
can be generated for python and other scripting
languages.

For more detail, check the APl Document of
org.apache.hadoop.mapred.pipes

You can also find example code at
hadoop-*/src/examples/pipes

About the pipes C++ WordCount example code:
http://wiki.apache.org/hadoop/C++WordCount


http://hadoop.apache.org/common/docs/current/api/org/apache/hadoop/mapred/pipes/package-summary.html
http://wiki.apache.org/hadoop/C++WordCount

rlaicdlooo Sirearririg

Hadoop Streaming is a utility which allows users
to create and run Map-Reduce jobs with any
executables (e.g. Unix shell utilities) as the
mapper and/or the reducer.

It's useful when you need to run existing program
written in shell script, perl script or even PHP.

Note: both the mapper and the reducer are
executables that read the input from STDIN (line
by line) and emit the output to STDOUT.

For more detail, check the official document of
Hadoop Streaming



http://hadoop.apache.org/common/docs/current/streaming.html

)

Funning rladogoo Sirsarrling

jazzlhadoop:~5 hadoop jar hadoop-streaming.jar -help
10/08/11 00:20:00 ERROR streaming.StreamJob: Missing required option -input
Usage: S$SHADOOP HOME/bin/hadoop [--config dir] jar \

SHADOOP HOME/hadoop-streaming.jar [options]

Options:
—-input <path> DFS input file(s) for the Map step
—output <path> DFS output directory for the Reduce step
-mapper <cmd| JavaClassName> The streaming command to run

—combiner <JavaClassName> Combiner has to be a Java class

—reducer <cmd|JavaClassName> The streaming command to run

-file <file> File/dir to be shipped in the Job jar file

-dfs <h:p>|local Optional. Override DFS configuration

-Jjt <h:p>|local Optional. Override JobTracker configuration

—additionalconfspec specfile Optional.

—inputformat TextInputFormat (default) | SequenceFileAsTextInputFormat |
JavaClassName Optional.

—outputformat TextOutputFormat (default) |JavaClassName Optional.

. More ..



rlaidooo Sirsarning witn snell cornemearnds (7))

hadoop:~$ hadoop fs -rmr input output
hadoop:~$ hadoop fs -put /etc/hadoop/conf input

hadoop:~$ hadoop Jar hadoop-streaming.jar -input
input -output output -mapper /bin/cat
-reducer /usr/bin/wc



rladooo Sirezimning witn snell cornerzarids (2)

hadoop:~$ echo "sed -e \"s/ /\n/g\" | grep ." >
streamingMapper.sh

hadoop:~$ echo "unig -c | awk '{print \$2 \"\t\"
\S1}'" > streamingReducer.sh

hadoop:~$ chmod a+x streamingMapper.sh
hadoop:~$ chmod a+x streamingReducer.sh
hadoop:~$ hadoop fs -put /etc/hadoop/conf input

hadoop:~$ hadoop jar hadoop-streaming.jar -input
input —-output output -mapper streamingMapper.sh
-reducer streamingReducer.sh —-file
streamingMapper.sh —-file streamingReducer.sh
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Top oMo Chuliwa HBase HOFS Hive MapReduce Fig Zookeeper

+ About

i
* Wl W (s Welcome to Apache Hadoop!

o Mailing Lists

Hadoop Common: The common utilities that support the other
Hadoop subprojects.

HDFS: A distributed file system that provides high throughput
access to application data.

MapReduce: A software framework for distributed processing of
large data sets on compute clusters.




Otrier rladooo relziied oroject

Chukwa: A data collection system for managing
large distributed systems.

HBase: A scalable, distributed database that
supports structured data storage for large tables.

live: A data warehouse infrastructure that
provides data summarization and ad hoc
guerying.

Pig: A high-level data-flow language and
execution framework for parallel computation.

ZooKeeper: A high-performance coordination
service for distributed applications.

10



rlaidooo =cosysiar)

Pig Chukwa Hive HBase
MapReduce HDFS ZooKeeper
Hadoop Core Avro

(Hadoop Common)

Source: Hadoop: The Definitive Guide

11



AVIo

Avro Is a data serialization system.

It provides: W
— Rich data structures.

— A compact, fast, binary data format.
— A container file, to store persistent data.

— Remote procedure call (RPC).

— Simple integration with dynamic languages.

Code generation is not required to read or write data files
nor to use or implement RPC protocols. Code generation
as an optional optimization, only worth implementing for
statically typed languages.

For more detail, please check the official document:
http://avro.apache.org/docs/current/

12
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 http://hadoop.apache.org/zookeeper/ l £y

« ZooKeeper is a centralized service for maintaining
configuration information, naming, providing distributed
synchronization, and providing group services. All of
these kinds of services are used in some form or another
by distributed applications.

 FEach time they are implemented there is a lot of work that goes into
fixing the bugs and race conditions that are inevitable. Because of the
difficulty of implementing these kinds of services, applications initially
usually skimp on them ,which make them brittle in the presence of change
and difficult to manage. Even when done correctly, different
implementations of these services lead to management complexity when
the applications are deployed.

13


http://hadoop.apache.org/zookeeper/
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http://hadoop.apache.org/pig/

Pig is a platform for analyzing large data sets that
consists of a high-level language for expressing data
analysis programs, coupled with infrastructure for
evaluating these programs.

Pig's infrastructure layer consists of a compiler that
produces sequences of Map-Reduce programs

Pig's language layer currently consists of a textual
language called Pig Latin, which has the foIIowmg key
properties: -

— Ease of programming
— Optimization opportunities
— Extensibility

14


http://hadoop.apache.org/pig/

rlive

» http://hadoop.apache.org/hive/

 Hive is a data warehouse infrastructure built on top of
Hadoop that provides tools to enable easy data
summarization, adhoc querying and analysis of large
datasets data stored in Hadoop files.

« Hive QL is based on SQL and enables users familiar with
SQL to query this data.

15


http://hadoop.apache.org/hive/

Criuyyel

http://hadoop.apache.org/chukwa/

Chukwa is an open source data collection system
for monitoring large distributed systems.

built on top of HDFS and Map/Reduce framework

includes a flexible and powerful toolkit for
displaying, monitoring and analyzing results to
make the best use of the collected data.

/}N
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chubkwa

16


http://hadoop.apache.org/chukwa/

Mainout

http://mahout.apache.org/
Mahout is a scalable machine learning libraries.

iImplemented on top of Apache Hadoop using the
map/reduce paradigm.

Mahout currently has

— Collaborative Filtering
— User and Item based recommenders
— K-Means, Fuzzy K-Means clustering
— Mean Shift clustering
— More ...

17
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Tt

Warning: fopenihome/dodgersipublic_htmli fogsforacle_error_log td) [function fopen)]: failed to open stream: Permission denied in
usrlocaliapachehtdocsinclude 2007 ‘oracle/db_oracle.inc.php on line 194

Cannot open Database Error Log, please check! (fhomeidodgersfpublic_htmif fogsioracle_error_log. td

Warning: fopenifhome/dodgersipublic_htmli fogsforacle_etror_log.td) [function fopen)]; failed to open stream: Permission denied in
usrlocaliapache Wtdocsinclude2007 ioracle/db_oracle.inc.php on line 194

Cannaot open Database Error Log, please checkl! (homefdodoersioublic_htmlf flogsforacle_error_log. td)

Warning: fopenifhome/dodgersipublic_htmlf fogsforacle_error_log. td) [function fopen): failed to open stream: Permission denied in

usrlocaliapacheMtdocsinclude2007 'oracleidb_oracle.dnc.php on line 194

Cannot open Database Error Log, please checkl! (fhomefdodgersioublic_htmlf flogsforacle_error_log. td)
Warning: fopen{home/dodgersipublic_htmlIi flogsforacle_errar_log.td) [function fopen]: failed to open stream: Permission denied in
asrlocal/apache htdocsinclude 2007 ‘oracle/db_oracle.inc.php on line 194

Cannot open Database Error Log, please checkl! (thomefdodgersfoublic_htmlf flogsforacle_error_log. td)

al BAEE &8

el"® L denied in usrlecaliapachehtdocsinclude2007 'oracle/dh_oracle.nc.php on linge 194

Cannot open Database Error Log, please check!! fhomerldodgersipublic_htrmlf. flogsforacle_error_log.td)

Warning: fopenihomefdodgersipublic_htmlf flogsforacle_error_log .t [function.fopen]: failed to open stream: Permission



rlow to scals o Wweo service i) e ozst 7

perlbal
“LAHMM Linux
MPPS?” b [css+)s
l Smarty | __—}| lighthttpd
1 i XHTML | Linux
| MySQL / PHP .
Ny || Memcached | Hadoop
4| Linux 1 S
MogileFS
i Apache _
Linux

Where we can go: horizontal LAMP scaling example

2. A few definitions

Source: http://www.slideshare.net/mallipeddi/scalable-lamp-development-for-growing-web-apps


http://www.slideshare.net/mallipeddi/scalable-lamp-development-for-growing-web-apps

Tools used oy large scalls

® Perlbal - http://www.danga.com/perlbal/
¢ ZEMAEIRE N & RTFH
¢ oad balancer
® MogileFS - http://www.danga.com/mogilefs/
* R AR AL
¢ Distributed File System fo small files
& 5B MogileFS ruAe Hadoop 86 & A% 3 ME
® memcached - http://memcached.org/
&L Z e iEa 99
¢ Share Memory
Sl FH R R T HRR IS
Ji] 32 1E 78 P BL (Cache) 7 A\ 43 2L
® Moxi - http://code.google.com/p/mox1/
®Memcache # PROXY

® More Resource:
¢ http://code.google.com/p/memcached/wiki/HowToLearnMoreScalability

M

@
&2

Without Memcached

web server web server

When Used Separately
Total Usable Cache size: 64MB

<

With Memcached

web web
Server server

When Logically Combined
Total Usable Cache size: 128MB

¢ http://www.slideshare.net/techdude/scalable-web-architectures-common-patterns-and-approaches



http://www.danga.com/perlbal/
http://www.danga.com/mogilefs/
http://memcached.org/
http://code.google.com/p/moxi/
http://code.google.com/p/memcached/wiki/HowToLearnMoreScalability
http://code.google.com/p/memcached/wiki/HowToLearnMoreScalability
http://www.slideshare.net/techdude/scalable-web-architectures-common-patterns-and-approaches

MySOL )

Memcached & MySQL

read write

- a ﬁ E +
i ..- “- J
I‘ -‘ _‘
Application
A “ € & +
Memcached '
Clients % % : +
+ - y
4‘ : —\
Memcached .
Servers % : +
£ : y
* cache update : .
MySQL Sewer ---------------------------- r
J

Source: http://mashraqi.com/2008/07/memcached-for-mysql-advanced-use-cases 09.html


http://mashraqi.com/2008/07/memcached-for-mysql-advanced-use-cases_09.html

GET de-duplication

a-ache

moxi

geta b c d e BN laNe1 0
getabc

4 8et bcd
getcde

memcache

Source: http://www.slideshare.net/northscale/moxi-memcached-proxy



http://www.slideshare.net/northscale/moxi-memcached-proxy

draining and filling

lazily migrate items from old server to new server

moxXi moxi

memcached memcached memcached memcached

draining filling

Source: http://www.slideshare.net/northscale/moxi-memcached-proxy



http://www.slideshare.net/northscale/moxi-memcached-proxy
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HBase 1s a distributed column-oriented database built
on top of HDFS.

A distributed data store that can scale horizontally to
1,000s of commodity servers and petabytes of indexed
storage.

Designed to operate on top of the Hadoop distributed
file system (HDFS) or Kosmos File System (KFS, aka
Cloudstore) for scalability, fault tolerance, and high
availability.

Integrated into the Hadoop map-reduce platform and
paradigm.



02

Distributed storage

Table-like 1n data structure
— multi-dimensional map

High scalability

High availability

High performance

¢
(D

(—-
2
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Wro Usa rlBase

Adobe

— M3R4L A (Structure data)

Kalooga

— B R #F5]1 % http://www kalooga.com/
Meetup

— B R G ML http://www.meetup.com/
Streamy

— Migrate from MySQL to Hbase http://www.streamy.com/

Trend Micro
— EiRiF 5 R4  http://trendmicro.com/

Y ahoo!
— #44 L fingerprint # % ¥ http://www.yahoo.com/

More - http://wiki.apache.org/hadoop/Hbase/PoweredBy


http://www.kalooga.com/
http://www.kalooga.com/
http://www.kalooga.com/
http://www.meetup.com/
http://www.meetup.com/
http://www.meetup.com/
http://www.streamy.com/
http://www.streamy.com/
http://www.streamy.com/
http://trendmicro.com/
http://trendmicro.com/
http://trendmicro.com/
http://www.yahoo.com/
http://wiki.apache.org/hadoop/Hbase/PoweredBy
http://wiki.apache.org/hadoop/Hbase/PoweredBy
http://wiki.apache.org/hadoop/Hbase/PoweredBy
http://wiki.apache.org/hadoop/Hbase/PoweredBy

Belcielrog

Started toward by Chad Walters and Jim
2006.11
— Google releases paper on BigTable
2007.2
— Initial HBase prototype created as Hadoop contrib.
2007.10
— First useable HBase
2008.1

— Hadoop become Apache top-level project and HBase becomes
subproject

2008.10~
— HBase 0.18, 0.19 released



rigase |s Not .

Tables have one primary index, the row key.
No join operators.

Scans and queries can select a subset of available columns,
perhaps by using a wildcard.
There are three types of lookups:
— Fast lookup using row key and optional timestamp.
— Full table scan
— Range scan from region start to end.



e Limited atomicity and transaction support.
— HBase supports multiple batched mutations of single rows only.
— Data 1s unstructured and untyped.
« No accessed or manipulated via SQL.
— Programmatic access via Java, REST, or Thrift APIs.
— Scripting via JRuby.



Wriy Bigieiole?

* Performance of RDBMS system is good for transaction
processing but for very large scale analytic processing, the
solutions are commercial, expensive, and specialized.

* Very large scale analytic processing
— Big queries — typically range or table scans.

— Big databases (100s of TB)



Wriy Bigtaiole? (2)

 Map reduce on Bigtable with optionally Cascading on top to
support some relational algebras may be a cost effective solution.

« Sharding 1s not a solution to scale open source RDBMS
platforms

— Application specific

— Labor intensive (re)partitionaing



r) r

Wy rFlBzise 7

HBase 1s a Bigtable clone.
It 1s open source
It has a good community and promise for the future

It 1s developed on top of and has good integration for the Hadoop
platform, 1f you are using Hadoop already.

It has a Cascading connector.
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rlBasae oenails inarn RDBIVIS

/
D
@,
D

(1)

No real indexes

Automatic partitioning

Scale linearly and automatically with new nodes
Commodity hardware

Fault tolerance

Batch processing



Dzitel Mocle)

Tables are sorted by Row
Table schema only define it’s column families .

— Each family consists of any number of columns

— Each column consists of any number of versions

— Columns only exist when inserted, NULLSs are free.

— Columns within a family are sorted and stored together

Everything except table names are byte[]
(Row, Family: Column, Timestamp) = Value

Column Family ’

"comeants:” "anchor:cnnsi.com”  "anchor:my.look.ca”
|

Row key

"com.cnn.wawew T

R SR

—_—_——_— - —_- —_ —_ —_—_— —- —_—- —_—- —_— . — — — — —

I
|

IS TETRITES | (I SR T Tors
|

"CMNN" = tg "CMNMN.com” (= tg

-— 1s

~—te L ____

| ; .
|

TimeStamp



Marnoars

* Master
— Responsible for monitoring region servers
— Load balancing for regions
— Redirect client to correct region servers

— The current SPOF
* regionserver slaves

— Serving requests(Write/Read/Scan) of Client
— Send HeartBeat to Master
— Throughput and Region numbers are scalable by region servers



Architecture

% Store (MemStore )

©

M

L
DFS
Clienl

%KDDDE‘DDDWDNSDEFE\YDDD%Z(D ‘ooogoo || ﬁagm

9 | 000000 || DODOOO |*000000 || 0OD000 || DpOoCo

% | 000000 || DO0000 || 000000 || 000000 || oboooc

L \ DataNode ) \ DataNode J \ DataNode ) \ DataNode ) \ DataNode )




B

ase depends on

ZooKeeper (Chapter 13)
and by default it manages

ZooKeeper

Master

a ZooKeeper instance as

the authority on cluster

state

Regionserver

----------------------------------

Regionserver Regionserver



Operation
/The —ROOT—\
table holds the
list of . META.

table regions \

o 2 . "~ RGOT
Region L
[ Serﬁ%(%TA

, Region 1
Region .
Serv rﬁg{ton >

Mas{er ] S
HRPC HRPC —Reg
\ %7 The META.

[ Cll\eFﬂs/] Region —Regid table holds the
Serve “Reod list of all user-

—| space regions.

N




Jzrz2 ylzly
ML ST T VY AT
jazz@nche.ory.tw

1\“

Powered by DRBL

40


http://trac.nchc.org.tw/cloud
http://trac.nchc.org.tw/cloud

Introduction to
Pig programming

9 m~ Yahoo Search Engineering

[ (Yiwei Chen)

a m




fEA ~ FE AR B EEE04P) @ osaki's Blog - Xuite HEE

:m?’l*ﬁj gE~FronlinefE iz g I iR R E S EREF AEFET A TR 35  FiEE
BEfE : FEFE RS ¢ 100cm §BEE © d2kg =B : 30E/Z23/33 & H ¢ 1990716 ..
blog.xuite_net/fosaki99/blog/21665265 - BETFERE - B{HAHE

Q00BEBEIE .. 1S E S 2 TR E o Eﬁsrﬁf%%%z'i} http Iblog xuite-net
'kaiger/daily/231364 30 ... 200005913 FiEE e 48— B 2RE Kk J38FEEE ..
blog.xuite_net/kaiger/daily/19126616 - B Bl - HLAE

BT ELSHE blog xuite net B R

[2yS1943 FSERENO 24 SEF7E5E 95 F 3

et ARSI M A e E RS E T E E RSN R FEE- T E H AR
IEFREE R A PRI T ERE R f 2 R 2 e —2k ...
blog.roodo.com/fjays194 3/archives/6850053 himl - B EFIE - L AE

~ OO
v




Rz arre - Powered by Discuz!

FEFEANZE - Discuz! Board ... 0VIPHEE - BE4ORIN0A FEFEATZE (2008-4-7) @EVIPHEE - &N
AFEFEMZE(2008-3-13) ... FRIEEEE EERIEERE—FE EEREEEE REERERTEER
FrRiE Saniles IRIERTRTIE Al TR ..

www.yaoyaofly.com - EEEH - E£hubiEs

FERENE WS~ - S o[

FRFEMNE~ - #gqah Blog Album... FEOEEEE . RESHERESESE)T .. ITEREELET
H FEaEENmEdE (More,) goukigouki at gl at 02:39 PM post | Reply(27) |
Trackback{0) | prosecute ...

www.wretch.cc/blog/goukigouk - 74k - EFEEH - & Hebit B




5 SITIEDA (i) Fatur s T M 3 e
s AE_TT ﬂ\§1§JVg—7%l CE 2




Hadoop Programming — Map/Reduce

Intermediate m’ 2:v GLIJD k3:v kd:v | kd:vkdv | kd:v (KA K3:v

!
[[Gmup I.y Keyj]

D ——

Grouped w k2:v |k3:v,v [ kd:v,v,v | kS:v

Output




Map / Reduce

—>

mappers




Map-Reduce

SES

%7 mappers & reducers

|k f RS 21V mapper/reducer
ST

ﬂ\_‘n




We usually do ...

o A G
filtering, projecting

grou

r =
® &\ E

ning, aggregation, |

. %ri\ A }‘""

oining
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Pig (Latin)

e Procedural dataflow language (Pig Latin)
for Map-Reduce
=L SQL
e group, join, filter, sort ...

“ I SQL




Pig Script Example

e Top sites visited by users aged 18 to 25

Users = LOAD'users.in’ AS (name, age);
Fltrd = FILTER Users by age >= 18 and age <= 25;

Pages = LOAD'pages.in’ AS (user, url);

Jnd =  JOIN Fltrd BY name, Pages  BY user;

Grpd = GROUBNd by url;

Smmd = FOREACHsrpd GENERATEroup, COUN®Nd) AS

clicks;

Srtd = ORDERSmmMd BY clicks:
Topl00 = LIMIT Srtd 100;

STORET0op100 INTO ‘topl00sites.out’;




Pig script — Map/Reduce

o 7 I%’ﬁ[]a“fa* Map-

UCeE )’E’. Iﬁ: automatic
rewrite +.

O P|g H[Eﬁﬁﬂﬁ optimize
Logical Plan

l

Physical Plan

M/R Plan







import java.util.List; ' reporter.setStatus("OK"); Ip setJobName( Load Pages")
Ip.setinputFormat(TextinputFormat.class);
import org.apache.hadoop.fs.Path; Ip.setOutputKeyClass(Text.class);

im orl Joly apache had P.i0remg bl // Do the cross roduct and C ct the values Ip.setOutputValueClass(Text.class);
l | S p. | AD u S e rS AS n a g sl: Ip.setMapperClass(LoadPages.class);
pa(ﬂad g s FileInputFormat.addinputPath(lp, new

|mport org.apache. hadoop io. ertableComparable. Strin outval +""+82; Path("/user/gates/pages"));

|mpo org.apach Op.Ma oc.coll new Text(oulva 1)): FileOutputFormat.setOutputPath(Ip,

p mapre —ﬁpo tus| — L] new Path("/user/gates/tmp/indexed_pages

i mapre J Cun S e rs a e > a n a e < — Ip.setNumReduceTasks(0);

import org. apache hadu op.mapred.KeyValueTextinputFo ) Job loadPages = new Job(Ip);

import org.apache.hadoop.mapred.Mapper;

import org.apache.hadoop.mapred.MapReduceBase; JobConf Ifu = new JobConf(MRExample.class)
import org.apache.hadoop.mapred.OutputCollector; public static class LoadJoined extends MapReduc eBase Ifu.s etJobName("Load and Filter Users
import org.apache.hadoop.mapred.RecordReader; implements Mapper<Text, Text, Text, LongWri table> { Ifu.setinputFormat(TextinputFormat.class);
import org.apache.hadoop.mapred.Reducer; Ifu.setOutputKeyClass(Text.class);

import org.apache.hadoog. mapgeehRepgter; publlc void map( Ifu.setOutputValueClass(Text.class);
cheﬂmi. oot ma @ e c - Ifu.setMapperClass(LoadAndFilterUsers.class
ché‘ﬂ!ﬁoo ey utp FilelnputFormat.add InputPath(lfu, n

rt org.apache.hadoop.mapred.TextInputF Output oIIector<Tex: ngertabIe> oc, Path("/user/gates/users"));

import org.apache.hadoop.mapred.jobcontrol. Job Reporter reporter) throws IOExcepti on{ FileOutputFormat.setOutputPath(lfu,
import org.apache.hadoop.mapred.jobcontrol.JobContr ol; I Find the url new Path("/user/gates/tmp/filtered_user
import org.apache.hadoop.mapred.lib.IdentityMapper; String line = val.toString(); Ifu.setNumReduceTasks(0);

int firstComma = line.indexOf(',"); Job loadUsers = new Job(lfu);
public class MRExampIe ( int secondComma = Ilne |ndex0f(' !, fir stComma);

public static class [X .sub: onpma, secondComma); JobConf join = new JobConf( MRE
J n |mplelﬂEHTs Mapjd Iv {r B n am e p re need it anymore, join.setJobName("Join Users and Pages");
er to sum instead. join.setinputFormat(KeyValueTextinputFormat

public void map(LongWritable k, Text val, y = new Text(key) ), join.setOutputKeyClass(Text.class);

OutputCollectgr<Text Text> oc,collect(uutKey. new LongWritable(1L) )i join.setOutputValueClass(Text.class);
Repester refj @ roy) ti . } join.setMapperClass(ldentityMap
rp [/ Pull tre=key & n y u r } join.setReducerClass(Join.class);
tring line = val.toString(); ) public static class ReduceUrls extends MapReduc eBase FilelnputFormat.addinputPath(join, new
int firstComma = line.indexO! implements Reducer<Text, LongWritable, Writ ableComparable, Path("/user/gates/tmp/indexed_pages"));

Smnmi kafgg'-'"::;i‘REACHnGrpd GENERATE group, COUNT(IRAFAS...

Il Prepend an index to the value so we know which file Text key, Path("/bser/gates/tmplj ned"))
Iteralor<LongWr|tabIe> iter, join.. setNumReduceTasks(SO)

// it c: . fro
'1 + value); OutputCollector<WritableComparable, Writable> oc, Job joinJob = new Job(join);
Reporter reporter) throws IOExcepti on{ joinJob.addDependingJob(loadPages);

/I Add up all the values we see joinJob.addDependingJob(loadUsers);

publlc static class LoadAndFlIterUsers extends MapReduceBase long sum = 0; JobConf group = new JobConf(MRE
1ts Mapper<Long' , Text, Text, Text>{ while (iter.hasNext()) { group.setJobName("Group URLs");
sum += iter.next().get(); group.setinputFormat(KeyValueTextinputForm
public void map(LungWritabIe k, Text val, reporter.setStatus("OK"); group.setOutputKeyClass(Text.class);

Output r group.setOutputValueClass(LongWritable.clas
Srtd SORDER Smm BY click
// ul l*ey, new LongWritable(sum)); group.setMapperClass(LoadJoined.class);

Strlng Ilne vaI toStnng() group.setCombinerClass(ReduceUrls.class);

mt = Ilne |n exO ) group.setReducerClass(ReduceUrls class);

& 1); publlc static class LoadCIlcks extends MapReduc eBase FilelnputFormat.addin| group, new
O m egs-pursel 1tV r 1ts Mapper<Wwri omp . Writa ble, LongWritable, Path(" /userlgatesltmpljolned )N

It (age < 18 || age > 25) retur Text>{ FileOutputFormat.setOutputPath(group, ne

String key = line.substring(0, flrleom Path("/user/gates/tmp/grouped"));

Text outkey = new Text(key); public void map( group.setNumReduceTasks(50);

/I Prepend an index to the value so we know which file WritableComparable key, Job groupJob = new Job(group);

Il it came from. Writable val, groupJob.addDependingJob(joinJob);

Text outval = new Text("2" + value); OutputCollector<LongWritable, Text> oc,

|l itk lVaI) Rep rter reporteg) throws IOExcepti on{ JobConf top100 = new JobConf(MRExample.c
aBle)val, (Text)key ) top100.setJobName("Top 100 sites");
’g top100.setinputFormat(SequenceFileInputForr
public static class Join extends apReduceB top100.setOutputkeyClass(LongWritable.class
implements Reducer<Text, Text, Text, Text> publlc static class leltcllcks extends MapRedu ceBase top100.setOutputValueClass(Text.class);
implements Reducer<LongWritable, Text, Long Writable, Text> { top100.setOutputFormat(SequenceFileOutputF
public void reduce(Text key, top100.setMapperClass(LoadClicks.class);
Iterator<Text> iter, int count = 0; top100.setCombinerClass(LimitClicks.class);
OutputCollector<Text, Text> oc, public void reduce( top100.setReducerClass(LimitClicks.class);
Reporter reporter) throws IOExcepti on{ LongWritable key, FileInputFormat.addinputPath(top100, new
11 For each value, figure out which fil eit's from and Iterator<Text> iter, Path("/user/gates/tmp/grouped"));
store it OutputCollector<LongWritable, Text> oc, FileOutputFormat.setOutputPath(top100,
1 accordingly. Reporter reporter) throws IOException { Path("/user/gates/top100sitesforusers18to25"));
List<String> first = new ArrayList<Stri ng>(); top100.setNumReduceTasks(1);
List<String> second = new ArrayList<Str ing>(); 11 Only output the first 100 records Job limit = new Job(top100);
while (count < 100 && iter.hasNext()) { limit.addDependingJob(groupJob);
while (iter.hasNext()) { oc.collect(key, iter.next());

String value = t.toString(); } 18 to 25");
} jc.addJob(loadPages);




Why (NOT) Pig?
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Sweet spot between SQL — M/R

Programming
style

SQL Pig Map-Reduce

Large blocks of declarative

: 4
constraints

“Plug together pipes”

Built-in data
manipulations

Group-by, Sort, Join, Filter,

Aggregate, Top-k, etc... €

Group-by, Sort

Execution
model

Fancy; trust the query
optimizer

Simple, transparent

Opportunities
for automatic
optimization

Many

Few (logic buried in
map() and reduce())

Data Schema

Must be known at table
creation

Not required, may be
defined at runtime
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Execution and Syntax




Pig Example

e Show users aged 18-25

Users = LOAD'users.txt'

USING PigStorage(',') AS (name, age);
Fltrd = FILTER Users

BY age >= 18 AND age <= 25;
Names = FOREACHFItrd GENERATHmHame;

STORENames INTO 'names.out’;




How to execute

e Local:
pig -Xlocal foo.pig

e Hadoop (HDFS):

pig foo.pig
pig -Dmapred.job.queue.name=xxx foo.pig
o hadoop queue -showacls




How to execute

e Interactive pig shell
$ pig
grunt>




Load Data

Users = LOAD'users.txt
USING PigStorage(',') AS (name, age);

e LOAD ... AS ...
e PigStorage(’,’) to specify separator

name age
John 18

John,18
Mary,20

Bob.30 Mary 20
Bob 30




Fltrd= FILTER Users
BY age >= 18 AND age <= 25;

o FILTER ... BY ...
constraints can be composite

name | age name

John 18 John

Mary 20 Mary
Bob 30




Generate / Project

Names = FOREACHFItrd GENERATHame;

e FOREACH ... GENERATE




Store Data

STORENames INTO 'names.out’;

e STORE ... INTO ...

PigStorage(’,’) to specify separator if multiple
fields




Command - JOIN

LOAD‘users’
LOAD'pages’
JOIN Users

AS (name, age);
AS (user, url);
BY name, Pages

Users =
Pages =

Jnd = BY user:

name

age

John

18

Mary

20

Bob

30

user

John

Mary

Bolb

DINg




Command - GROUP

Grpd = GROUBNd by url;
describe  Grpd,;

name | age url yhoo |(John, 18, yhoo)
(Dee, 25, yhoo)

John |18 yhoo

Mary |20 |goog (Mary, 20, goog)

Dee |25 yhoo

(Kim, 40, bing)

Kim |40 |bing (Bob, 30, bing)

Bob |30 bing




Other Commands

e PARALLEL- controls #reducer
e ORDER- sort by a field

® COUNT- eval: count #elements
e COGROUR structured JOIN

e More at
http://hadoop.apache.org/pig/docs/r0.5.0/
piglatin_reference.html







Parameter Substitution

%odefault TYPE 'view '
%declare ID '18987
A = load '/data [/ $DATH $ID/ $TYPE

Dig  a.pig
nig -param DATE=20091009 a.pig

0ig -param DATE=20091009 —param
TYPE=click a.pig




RegEx Comparison

e itsyou = FILTER urls by
($0 MATCHESttp :/[.* \\.yahoo \\.com

e MATCHE®natches ‘whole’ string
‘aaaa ' MATCHES ‘aaa .* ' Is true
‘bbaaaa ' MATCHES ‘aaa .* ' Is false

® pattern syntax. java.util.regex.Pattern

N




User-defined Function (UDF)

(John,171) (JOHN,171)
(Mary,165) (MARY,165)
(Bob,183) (BOB,183)




UDF — user function part

my T

Java. o, [ Ubxception;
org.apache . pig. bEvalFunc;
org.apache . pig.data. Tuple;

oub |l ic class UPPER| extends EBEvalFunc<strings
|
oublic String exec(Tuple in) throws |0Exception {
it (in == null || in.size() == 0) return null;
Btring str = (String)in. get(0);
return str.tolpperCasel ),
I
I




e http://hadoop.apache.org/pig/docs/r0.3.0/udf.html
e http://hadoop.apache.org/pig/javadoc/docs/api/

e PiggyBank
Pig users UDF repo

http://wiki.apache.org/pig/PiggyBank




Embedded Iin Java

/* create a pig server in the main class*/
{
PigServer pigserver = new PigServer(args([0]);
runMyQuery(pigsServer, "/user/viraj/mydata.txt")
}

/* submit in function runMyQuery */

runMyQuery(PigServer pigServer, String inputFile) throws
TIOException {

pigServer.registerQuery("A = load '" + inputFile +
"'as (f1,f2,f3);");

pigServer.registerQuery("B = group A by f1;");

pigServer.registerQuery("C = foreach B generate
flatten(group);™);

pigServer.store("C", "/user/viraj/myoutput");




References

o FAQ
http://wiki.apache.org/pig/FAQ

e Documentation
http://hadoop.apache.org/pig/docs/r0.5.0/

e Talks & papers
http://wiki.apache.org/pig/PigTalksPapers

http://www.cloudera.com/hadoop-training-pig-
Introduction




Questions?




Backup slides




Parameter Substitution

$ pig -param myparam=val foo .pig

B = filter A by ($0 eq ‘ $myparam’) |

e pig -dryrun produces processed script

B = filter A by ($0 eq* val )




Parameter Substitution

e Params In file instead of command line
e $ pig —param file myparams .txt a.pig

#myparams .ixt
DATE=20081009
TYPE=clicks




UDF — build user function

® javac
-cp $PIG_HOMHb /pig .jar
-sourcepath Src
-d classes
src /myudf /UPPERjava

e jar cf myudf .Jjar -C classes
myudf /UPPER.class




UDF — pig latin part

eregister  myudf .jar ;

foreach A generate
myudf .UPPER(name) ,height ;




SQL vs. Pig Latin
Pig Example

Load SQL: from X;
file(s) Pig: A = load ‘mydata’ using PigStorage(‘\t’)
as (coll, col2, col3);

Foreach SQL: select coll + col2, col3 ...
Pig: B = foreach A generate coll + col2, col3;

generate

Filter SQL.: select coll + col2, col3
from X
where col2>2;

Pig: C = filter B by col2 > ‘2’;

(adapted from Viraj’@ ’
.



SQL vs. Pig Latin

xample

Group + | SQL: select coll, col2, sum(col3)
foreach from X group by coll, col2;
Pig: D = group A by (coll, col2);

E = foreach D generate flatten(group),
SUM(A.col3);

generate

Filter SQL.: select coll, sum(col2) from X group by coll
having sum(col2) > 5;
Pig: F = filter E by $1 > '5’;

SQL: select coll, sum(col2)
from X group by coll order by coll;

Pig: H = ORDER E by $0;
(adapted from Viraj's @ ’
.




SQL vs. Pig Latin

SOL |[Pig |Example

Distinct | Distinct | SQL: select distinct coll from X;
Pig: | = foreach A generate coll;
J = distinct [;

Distinct | SQL: select coll, count (distinct col2)

In from X group by coll;

foreach Pig: K =foreach D {

L = distinct A.col2;

generate flatten(group), SUM(L); }

adapted from waj’s@’
-




SQL vs. Pig Latin

Pig

Example

Cogroup +
flatten

(also
shortcut:

JOIN)

SQL: select A.coll, B.col3
from A join B using (coll);
Pig:
A = load ‘datal’ using PigStorage(‘\t’) as (coll, col2);
B = load ‘data2’ using PigStorage(‘\t’) as (coll, col3);
C = cogroup A by coll inner, B by coll inner;
D = foreach C generate flatten(A), flatten(B);
E = foreach D generate A.coll, B.col3;




Debug Tips

e Use sma pig -x loca
o LIMIT
A = LOAD'data ' AS(al,a2,a3)
B = LIMIT A 3;
e DUMP DESCRIBE




e hitp://wiki.apache.org/pig/FAQ
can assign #reducer
support regex

can use allocated HOD cluster




pIig.vim

e hitp://www.vim.org/scripts/script.php?script _id
=2186

A = load as (f1,f2,13);

dump

E = foreach A generate t1,13;

dump | .
store B into using PigStoragel )




