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— Yao-Tsung Wang (Jazz) / Associate Researcher, NCHC

— Master, Electrical and Control Engineering, NCTU, Taiwan
— jJazz@nchc.org.tw
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It changes too fast, don't waste your paper !

{ % 33 AllInfo. will be updated :

— http://trac.nchc.org.tw/cloud

— http://www.classcloud.org/media - training course video archives

— http://www.screentoaster.com/user?username=jazzwang

=2 & F % %8 If youneedan environment of Hadoop :
— http://hadoop.nchc.org.tw

i ke R* %231 %  If you have questions about Hadoop

— http://forum.hadoop.tw
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Let's have a
QUICK
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about Cloud




HEEZHELAT?V LB EE T KRG Y
What is Cloud Computing ?
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s it about buying NEW Hardware and Software:
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Is it a trap to another bubble economy ?
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 AaaS
 BaaS
e CaaS
* DaaS
 DBaaS
 EaaS
* FaaS
* GaaS
* HaaS
* IMaaS

* laaS
* |IDaaS
* LaaS

* MaaS

* OaaS

- SaaS
* PaaS

* TaaS
* VVaaS
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Architecture as a Service
Business as a Service

Computing as a Service Cls .’:JJJJ ar-Orjarniacdf

Data as a Service i s 2 o
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Database as a Service = v y) P —l

Ethernet as a Service

Frameworks as a Service

Globalization or Governance as a Service

Hardware as a Service

Information as a Service

Infrastructure or Integration as a Service

|ldentity as a Service

Lending as a Service m g AAA ?ﬁ.ﬁfﬁ\iﬁ 3
Mashups as a Service
Organization or Operations as a Service Autnzntication

SOftware or Storage as a Service Aut'rlor]zg"tiom

Accouriting

Platform as a Service as
Technology or Testing as a Service an
Voice as a Service Service

51 % p @ https://www.ibm.com/developerworks/mydeveloperworks/blogs/sbose/entry/gathering_clouds_of xaas
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Rome wasn't bu:lt in a day !
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Srizf rlisiory of Coloiiingg (H5)

Source: http://gridcafe.web.cern.ch/gridcafe/whatisgrid/whatis.html
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| Computational Load - -' "1 word wide web (V;I-IaédBla)
‘ 100% CAGR

_ B Genome Data
8x Growth | 18 month

Annual Email Internet Archive

Traffic, no spam
(300PB+) (1PBr+)

(1000PB-#)

Moore's Law 1009 CAGR

2x Growth | 18 months

200 of London’s 2004 Walmart
Traffic Cams Transaction DB

(8TB/day)

x Multiplier
I

UPMC Hospitals ALT Babytalk ' One D:
- (500TB/yr) (1 4PB) - °(iPB) (750GB)

Total digital data to be created this year 270,000PB (oo
Source: http://lib.stanford.edu/files/see pasig dic.pdf Phillip B. Gibbons, Data-Intensive Computing Symposium
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What can we learn from the past ?!
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Sign in to see and export additional Tren

@ distributed computin... @ grid computing

All regions j IAII WEArS

'C.":':J"E'I VOIUMe indax
d" computing space

| HH 8] Microsoft's cloud computing system is growing up
r Fhiladelphia Inguirer - Moy 17 2009

c| Google looks to be 'cloud-computing rainmaker for other onling business senvices
Winnipeg Free Press - Mar 10 2010
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1. India

Rank by | cloud computing j o . S”'IQEEI:IT'E
oouth Korea

Regions Cities
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2. Singapore 2. Mahape, India
3. South Korea = 3. Mumbai, India . TEli"."'."Elrl
4. Hong Kaong 4. Chennai, India
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Cl10O 2010 3 Virsuzi1lizz1dio, Clotd ziaed Y20 2.0

CIlO strategic technologies reflect increased interest in “lighter-weight”

solutions

CIO technologies Ranking of technologies ClOs selected
as one of their top 5 priorities in 2010

Ranking 2009 2008 2007
Virtualization
Cloud computing 16 *

[=]
[=]
E

Business intelligence (Bl) 5
Mobile technologies 6
Data/document management and storage 7
8
9

RS S QP GENNGN
i
<

10 9 9
Service-oriented applications and architecture 9 10 7
Security technologies 8 2 6
IT management 10 2 4 2
Enterprise applications 11 E‘ E‘ E‘

* New question for that year

Source: Gartner Executive Programs : *“ Leading in Times of Transition: The 2010 CIO Agenda ”
27
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Ji% 4 i Application

social Computing, Enterprise, ISV,...

- __\ - — '
#3553  Programrming
Web 2.0 Mashups, Workflows

e flj 538 Cornirol

Clos Necuile rJorJ Ddrnission Conirol,
Pricing, SLA Managernznt, Vletering...

Virtuzllzzitlor)
VAVE \/J\/J rn~1r1~u~*rn~>m£ arnd Deoloyrerit

eyeOS, Nutch, ICAS,
XA-RIME, ...

Hadoop (MapReduce),
Sector/Sphere, AppScale

OpenNebula, Enomaly,
Eucalyptus , OpenQRM, ...

Xen, KVM, VirtualBox,
QEMU, OoenVz, ...
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B e X B EEEv v A & (UCSB) e 5 & &

It was a research project of UCSB, USA // ' Eucalyptus
*

P e g&d Eucalyptus System iz = & f 7 &

Now Eucalyptus System provide technical supports.

RIZ B AR ™ F 7 drig g 2 e EC2

It designed to help user to build their own Amazon EC2
#d 4P %> Amazon EC2 =+ eh* =/ 6

Its feature is compatible with existing EC2 client.

®% 2_Ubuntu 9.04 = §4z4+ Eucalyptus =z it

Ubuntu Enterprise Cloud powered by Eucalyptus in 9.04
p a3 #& & Eucalyptus e = pI3R-T 5 B p tREL

You can register trail account at http://open.eucalyptus.com/
ABED Py A B ITE B dp £

Cons @ you might need to type commands in some case

B> Eucalyptus =H{ % F# 5%
http://trac. nchc. org. tw/gr1d/w1k1/Eucalyptus
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https://help.ubuntu.com/community/Eucalyptus
https://help.ubuntu.com/community/Eucalyptus
http://open.eucalyptus.com/
http://trac.nchc.org.tw/grid/wiki/Eucalyptus
http://trac.nchc.org.tw/grid/wiki/Eucalyptus
http://trac.nchc.org.tw/grid/wiki/Eucalyptus
http://trac.nchc.org.tw/grid/wiki/Eucalyptus
http://trac.nchc.org.tw/grid/wiki/Eucalyptus
http://trac.nchc.org.tw/grid/wiki/Eucalyptus
http://trac.nchc.org.tw/grid/wiki/Eucalyptus

Doz Sl Ji2 O_,’J a0 2011z

http://www.opennebula.org

d ¥ A 3§ ¢ (European Union FP7 ) ¥ e+ OpenNebUIa.org

Cloud User
Interface

Sponsor by European Union FP7 e
R AR B LI kA A ——
Turn Physical Cluster into Virtual Cluster

OB I A el i~ 4R~ 3B 4% (migration)
manage status, scheduling and migration of virtual cluster

Ubuntu 9.04 provide package of opennebula

B R T Ap 4 KRBT RS E ol 4 (migration) -

Cons : You need to type commands to check or migration

(AR (]| 2

ure

Local Infrastruct

B >> OpenNebula { % F# > 3 st (i
%< http://trac. nchc. org. tw

SEVENTH ERAMEWORK /grid/wiki/OpenNEbula : L ——
PROGRAMME P

Virtualizer Virtualizer

i
(
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http://www.opennebula.org/
http://www.opennebula.org/
http://www.opennebula.org/
https://help.ubuntu.com/community/OpenNebula
http://trac.nchc.org.tw/grid/wiki/OpenNEbula
http://trac.nchc.org.tw/grid/wiki/OpenNEbula
http://trac.nchc.org.tw/grid/wiki/OpenNEbula
http://trac.nchc.org.tw/grid/wiki/OpenNEbula
http://trac.nchc.org.tw/grid/wiki/OpenNEbula
http://trac.nchc.org.tw/grid/wiki/OpenNEbula
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eye0S, Nutch, ICAS,
A-RIME, ...

J& % i Application
Social Cornputing, Enterprise, I1SV,...

Progrznnlngg Hadoop (MapReduce),
, Mzisnuos, Workilows, ... Sector/Sphere, AppScale
3
Qos N:%):gtzn%d?ng::go(!ontml Sgarinzlotliah Areal)
9 ’ " Eucalyptus , OpenQRM, ...

Pricing, SLA Managernent, Metering...
Bt Virtualization

VM, VM managernent and Deployment

W% H

‘Infr tructure: Corhputet, Sta'a e,

Aen, KVM, VirtualBox,
QEMU, OpenVZ, ...

__etworkl
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http://hadoop.apache.org

Hadoop #_Apache Top Level # % & %
Hadoop is Apache Top Level Project
par & d Yahoo! Fres ~ B &i@s
Major sponsor is Yahoo!

£14+ +_Doug Cutting - %% Google Filesystem
Developed by Doug Cutting, Reference from Google
Filesystem

w Java B % 0 #& = HDFS & MapReduce API -

Written by Java, it provides HDFS and MapReduce API
2006 & ¢ * {4 Yahoo p #RPRF% ¥

Used in Yahoo since year 2006 Facebook -
R T Last.fm »

It had been deploy to 4000+ nodes in Yahoo Joost are also
2 Petabyte & & 33 € o powered by

Design to process dataset in Petabyte Hadoop

40


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

‘ ' - J ,
Doz Cloid jid Sacigr | > oM2r=2

http://sector.sourceforge.net/
dERETOREM Y S d il

Developed by National Center for Data Mining, USA

* C/C++:2= R » Flptswiv i Hadoop { 4 -

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

# & T 2g 02 |, Google File System £2 MapReduce =4 1

Provide file system similar to Google File System and MapReduce API
A UDT B o g Be s Rk 4o il T @45 0

Based on UDT which enhance the network performance

Open Cloud Testbed7 # %RIz#%& 5 > & B & MalStonesz sy 2#v* dic 48

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

w ¥
National Center for Data Mining U IC ‘ﬂ ' Open Data Group
1 University of lllinois at Chicago aoen data httpliwww.opendatagroup.comi
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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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What is Fladoop ?

eooon o - software platform
thatvletssoneseasilawriterandisun
cpplicerone Hisl process vast
amounts of data.

4/—/% /— — r / g =z /:j a0 /,_j/ /< E jj/M 77 \/f
[ -~ JCCP = — o = hf =
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4 £ Vast Amounts of Data
—#?Eﬁlpqlfr"/i,_ F"f'mnb

_ Tt 7

— Capability to STORE and PROCESS vast amounts of data
& & Cost Efficiency
ad — 4 PC #r2E 3%

B R BN
— Based on large clusters built of commodity hardware
3z % Parallel Performance

_ _ﬁﬁjn\ B{}\‘tﬁl‘)%} ‘,Um%j'l?é » 1]

/
%5 4

R D iR e
— With the help of HDFS, Hadoop have better performance
¥ % Robustness

5 mE L

R R REREE T GEEFL 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 (= EHITHEEER

'_
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I
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) | 0011149 T CC £ |

Doug Cutting Talks About The Founding Of Hadoop
http://www.youtube.com/watch?v=qxC4urJOchs


http://www.youtube.com/watch?v=qxC4urJOchs

H]s:.égfy :)f" }J-:J:Joyp saa 2002~ 002,
rliidooy i2% gl sryin J A s 400940028
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* Lucene
— http://lucene.apache.org/
— % Java K 3 enE ey ~ %7 5151 &FAPI
—a high-performance, fuII-featured text search
engine library written entirely in Java.
— 25l 3¢ gE - 3o RIEH gL B RERT
LR E

— Lucene create an inverse index of every word |
n different documents. It enhance performance
of text searching.


http://lucene.apache.org/

rlistory of rlzidooy L, 200%~2002,

rlidoon 2% Fad £ J e L 20094~400-)

e i
— http://nutch.apache.org/

—Nutch F_& 3B 3 R 4088 9T B 2 chge b iox 91
— Nutch is open source web-search software.
— 41 #* Lucene & ;% E B &%

— 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/

Trir22 Giits frogn) Googla s

3t £ 7 J’ e BN e A
/- ;:J \Qf)f):'j :)) 'ET};:. jf.?/rj!_«[” |

Nutch {8 k8 7|k 5 « & b TR LT o I
Nutch encounter storage issue GO Ug C

Google % — gk A X & Pz X B AEHIF
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


http://labs.google.com/papers/gfs.html
http://labs.google.com/papers/mapreduce.html
http://labs.google.com/papers/bigtable-osdi06.pdf

rlisiory of rlzidoog .0 20020 ~ 3y loyy
rlzdooy &z g s I i Ly 20020 ~ 5oLy
» 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 2000.

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

YaHoO! ‘cloudera

7




Yo Usz rlzidoon 77
g P e rladogy ZE g 7Y
* 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
iIn 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/AmazonEC2
 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

FP2riorilznes Il oro/2012005 Of rlzidooo
=

rlzidooy i B E el iy (frog) (z0109)
F{p ABH Hi &L B FEF (/D)
2006 Y H 188 47.9
2006 H H 500 42
2006 T —AH 20 1.8
2006 T—AH 100 3.3
2006 T —AH 500 5.2
2006 T—AH 900 7.8
2007 + H 20 1.2
2007 t H 100 1.3
2007 + H 500 2
2007 Tt A 900 2.5

Sort benchmark, every nodes with terabytes data.



rlziddooo 10 prodicidon £ s
R E Y rldoop B
 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

Size of output over 309 T5.
compressed!
Number of cores used to over 10,000

run single Map-Reduce job

Raw disk used in the

production cluster over 5 Petabytes



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

rlziddooo 10 prodicidon £ s
50 rlz1doo0 iR L

l'"" Al e

« September 30, 2008

3 : 7’ r}
oy — = )
rf’ /r ‘\”l'] J"

« Scaling Hadoop to 4000 nodes at Yahoo!
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 = 4
avg. throughput (MB/s) | 5.8 18 40 66

12


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

Corlpzirison 92:8/220 Googlz zid rlzidoog
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i- Develop Group Ti Google i Apache E
. Spomor | Google | Yahoo, Amazon |
EL Algorithm Method il MapReduce i MapReduce j
EL Resource i open document i open source j
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Search Jobs Browse Jobs Local Jobs Salaries  Employment Trends

©  Employment Trends /. _DE_I 7] E.)f_,f)ff)ff:’

SilTIp'l.] Xen, Hyper-V, Hadoop ) J,:J
L 7~ - ‘r

-v.”\

job search made simple Tip: You can compare trends by separating them with commas. -{—_

Job Trends for ¥en = Hyper-v = Hadoop . - -
- - ‘ y p iy
_f);uu Wi Tool
5 WOEE R ep i
E 0.04
2
[
% 0.0z ff"'\
& e - - J b
for : S, Looxdneg for Joo:
[
En.m 'I'."l‘ i"‘/" L T{E‘ .:.':/
: Mow 08 Jan09  Mar 09 May 09 09 Sep09 MNow 09  Jan 10 Mar 10 May 10
Mev 1, 2008 - May 31, 2010 SimplyHired com

(s A

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:

e Xen jobs increased 141%

* Hyper-v jobs increased 551%

» Hadoop jobs did not change or there is no data available




Petabytes

Source:

x Multiplier

Sourc

1.000,000

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

1%

-

_ B Genome Data

: http:/

Information Versus Available Storage

-~ Information

/

- Available Storage

= Vi
o
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100,000

a : ' .
2005 2006 2007 2008 2008 2010

. Computational Load

8x Growth | 18 month

Moore's Law
2x Growth | 18 months

2007 Dzyiéz Z.¢olorz

Toop |2 rliumzn SGznomics — 7000 P55 | (2:r
Too 22 Digiial Proios — 4000 P3| (2:r
Too 33 Szl (1o Spzin) 500 P5-r | f2:r
The Worldwide Growth of eMail s The Growth of Images
Trillions per Year 600
30
M Person-to-Person eMails 500
25 Spanyand Alns M Digital Still Cameras
400 Camera Phones
20
15 300

2002 2003 2004 2005 2006 2007 2008 2009 2010

10 200
~ail | i
¢ o wm W

1908 1009 2000 2001 2002 2008 2004 2005 2006 2007 2008 2009 2010

Wikipedia
(10GB)
100% CAGR

World Wide Web

Annual Email
Traffic, no spam

(300PB+)

Internet Archive

(1PB+)

(1000PB-#)
2008, CAGR

200 of London’s
Traffic Cams

(8TB/day)

2004 Walmart
Transaction DB

UPMC Hospitals One Dz

Imaging Data
(500TB/yr)

Expe
ee 4PB)

(750GB)

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

Phillip B. Gibbons, 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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Job e Namenode
— =Ei% - AR
Task e Datanode
1 iF 7okl & Bk
JobTracker  Namespace
— AR R - HERE
TaskTracker « Replication
— o] 3 fEerE f‘*}% — P~
Client e Blocks
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Map e Metadata
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Two L2y Hola2s of rlDFS

I —_ - -_:J” ‘_;-.E. ;’}." '.“; w4 = ;r_:: :":} “\‘ :1 :»'. ’,,
rDFD il 58 e g & 4

7 g v {] \JJ e \j ~ /f =< 2] = W] Y L \j jf~
= /JLJU— ey 5> iNadimenoae 2 = DatanNnoage
I

"+ Master Node \ - \

\

* Worker Nodes
‘Manage NameSpace of | |
HDFS | « Perform operation of
* Control Permission of § Read and Write
Read and Write |
* Define the policy of |+ Execute the request
Replication | of Replication
* Audit and Record the g
| NameSpace | * Multiple Nodes :
K Single Point of Failure /i \ / / /




Two 2y Holas5 of JJ'J 5

racdiyfar

SR SRR AT S [ 2 FA g

JobTracker

/ Master Node

* Receive Jobs from
Hadoop Clients

* Assigned Tasks to
TaskTrackers

* Define Job Queuing
Policy, Priority and
Error Handling

* Single Point of Failure

v

TaskTracker

* Worker Nodes

* Excute Mapper and
Reducer Tasks

 Save Results and
report task status

* Multiple Nodes




master slave
task task
tracker tracker

MapReduce
layer

HDFS
layer

multi-node cluster

21
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Submit Job

Get Block
Locations

ooyl rlzidooo Clizd oo
W B rldooy Cliznz

JobTracker
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> HTTP Monitoring Ul
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