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What is Cloud Computing ?
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Cloud computing hype spurs confusion, Gartner says
http://www.computerworld.com/s/article/print/9115904
#FEEREH (Cloud Computing)

http://www.cc.ntu.edu.tw/chinese/epaper/0008/20090320 8008.htm 6
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2006 %8 A 9 @1

Google AT R#EEF ( Eric Schmidt ) 7#- SES'08 &3+ & s
M ( Cloud Computing ) 1 ,:.fiﬁﬁ"é} gAY T

2006 % 8 A 2 r@
Amazon ¥ Elasiic Compute Cloud 4% £ EHE F ﬁ‘%ﬂ&%

@_,

THE WISDOM OF % /
CLOUDS —

What you need to knny:.r
about cloud computing

Source: http://www.cnet.co.uk/i/c/blg/cat/software/cloudcomputing/clouds1.jpg 7
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Information Versus Available Storage
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x Multiplier
|
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—— Information

7

— -#- Available Storage
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2005 2006 2007 2008 2008

I Computational Load

B Genome Data
8x Growth | 18 month

Moore's Law
2x Growth | 18 months

2010
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The Worldwide Growth of eMail

Trithons per Year
30

25

0

W Ferson-to-Person ellails

Spam and Alerts

L
Jup 2 Vigial) 2Roius
D3 Zaadl (0o Sp2un) = VY 25 fzar

00

500

400

300

200
1968 1889 IOOC R0 0OF G003 A00A  AAS PO 2007 003 FOOB 2D a

Large Had ron
11 Gothider
{|(15pB)

Annual Email
Traffic, no spam
(300PB+)

200 of London’s
Traffic Cams

(8TB/day)

UPMC Hospitals
Imaging Data

(500TB/yr)

slienze) Sanouicos =100 25 | f2:40

=-JU0Y) Bl (2214

Millions

Warlchwide The Growth of Images

W Digital Still Cameras
Camera Phones

2002 2003 2004 2005 2006 2007 2008 2009 2010

Intermet Archive

(1PB+)

2004 Walmarlt

JTransaction DB
(5007TB)

Fhillip B. Gibbons, Data-Intensive Computing Symposium

Source: http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
Source: http://lib.stanford.edu/files/see pasig dic.pdf

Wikipedia
10GB)
100% CAGR
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/ ( "It's the economy, stupid” )
IT S STILL THE T4 ( James Carville >, Bl A% 9] 4% 3E
= ECONOMY, RALATHIR S £ £ B 5 42 B Y. -

STUPID $1992 %

George [ RKE | TR ALK
W. Bush, ( "It's STILL the economy, stupid” )
Th%‘égps B3R N AT E R AR 0 BB o
| - 2002

PAUL BEGALA  Fshif R > A &3 TRE | T8 A T4
AUTHOR OF IS OUR CHILDREN LEARNING? < "It's the data, Stupid" >
EERTHRGETR > ARG TRAEYFTE
HEE > BN FHRRET > BURGZERR?
- 2007
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JER) 282 Application

Seglel Compuiing, Enteroiss,
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PR 22 Control

Qos Neyotiation, Ddmission Coniol,
Prieing, SLA Management, Meieng...

Jiz Fede, WJEJ'J::IHJ'//:IULOEJJ
VM, VIV snanegeines
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i 2inel Deployment

A DU
eyﬁ@ﬁ;, Nutcm
1}3 BJ_J _J,

Hadoop (MapReduce),
Sector/Sphere, AppScale

Openhebula, Enomaly,

Eucalyptus , OpenQRM, ...

Xen, KVM, VirtualBox,
QEMU;, Dpz0YZ,
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SaaS : Saal @
Web 2.0 Web 2.0
laa$S : PaasS :

Virtualization Big tay

amazon GO Ugl e

web services"

HE M LSRN R AR BEZ M EFHIRRAE T
Computing Intensive Data Intensive
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Sullellny Paud with Ypan Sulrs:
Ji &) ey 8 AT . PeizyS E i My

JER 5 Ppplication 2203, Nulch, ICAS,
Sogjal Compuling, Enterprise, ISV, HFRIME, ...

fograing Hadoop (MapReduce),

) ,/J;m 193, Woridlows, ... Sector/Sphere, AppScale

#%ﬁﬁ!ll % Confrol
Qg Negpliation, Ddmission Coniiral,

OpeniNebulza, Encmaly,

Pricing), SLA Wanagement, Vielering.... Bucalyps , OpenQRi, ...
BN Virualization Hem, R, VirualBoy,
ML, VI management and Deployment: QEMU), CpenVZ, ...
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* Google £ — & g9 F A 69 = K B s BT
* 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

17
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Sigranle HBase, Hypertable.
A Nuge ey-valus datsiors Cassandra,, ....
\J‘ﬁugrrfﬂrll Hadorop MapReduce AP
To parallel oiocsss Im Sphere MapReduce AP, ...
Google File Sysiein Hadoop Distributed File System, (HDFS),
T store peiEbyiss of det) Sector Distributed) File System

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

http://trac.nchc.org. tw/grid/intertrac/wiki%3Ajazz/09-O4-14%23MapReduce
HALBAF LR G A As R A&

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

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

> Ceph - http://ceph.newdream.net/
18



http://hadoop.apache.org

Hadoop A& Apache Top Level % £ %
Hadoop is Apache Top Level Project
B AT £% 9% Yahoo! ¥ B ~ B4 $2:E A
Major sponsor is Yahoo!

£144 # & Doug Cutting * 5% Google Filesystem

Developed by Doug Cutting, Reference from Google Filesystem
YA Java B & > #4E HDFS $2 MapReduce API

Written by Java, it provides HDFS and MapReduce API

2006 1 F £ Yahoo M 3% R 75 F

Used in Yahoo since year 2006

Eth E 74 LB g g o Facebook, Last.fm,
It had been deploy to 4000+ nodes in Yahoo Joost, Twitter
B3 Petabyte ¥4 &4t% o are also powered
Design to process dataset in Petabyte by Hadoop

19
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http://sector.sourceforge.net/

HEBRETHRDFOABEHEERBEER -

Developed by National Center for Data Mining, USA

A CIC++ 73 #E » A E Hadoop £ 4F o

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

4t T340 Google File System $2 MapReduce ) # %]

Provide file system similar to Google File System and MapReduce API
A7 UDT =k 3 5 1h  RAwig TAH G s

Based on UDT which enhance the network performance

Open Cloud Testbed A # #5233k 3% » i F 4 MalStone zX A8 #F b2k 78

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

w »
National Center for Data Mining U I C ‘ﬂ ' Open Data Group
A University of lllinois at Chicago anen data httpdiwww.opendatagroup.com/

20
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* September 30, 2008

ELESE A rlacdooy B

* 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 -+ =
avg. throughput (MB/s) | 5.8 18 40 66

21
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What is Hadoop ?

lieooop o s software platform
thatvietssoneeasihpwriterandvin
coplicErone Tisl process vast
amounts of data.

Hadoop = —1A# LA M HiESE i
FATRE ST TR GREE F & -

J‘]?TVX R —BRE ST EHRGEZELR » R
Z2e % &% map ik reduce IANsE G MR LF o

23
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# & Vast Amounts of Data

— VA5 R K B A A

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

~ TR Ed—#& PCATRZGHERREA

— Based on large clusters built of commodity hardware.

% £ Parallel Performance
— F BRI EZALGEY  UESFR iRGE R

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

T 5 Robustness

— FXE B AR R A B MED A AN FEL TR

— Robustness to add and remove computing and storage
resource without shutdown entire system.

24
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Doug Cutting Talks About The Founding Of Hadoop
clouderahadoop JEEH [z  RESTEEER

3E0p

Doug Cutting Talks About The Founding Of Hadoop

http://www.youtube.com/watch?v=qxC4urJOchs
25
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rlistory of rlzldooo 0 2005~ 002,

= L A, Gt L2 FERL O erp 2E -z
rlz1d o0 ) 13 E A B e S R L, 4004~ 00

a n o

e | ucene

— http://lucene.apache.org/

— Rl Java & 389 2 38 A8 U & 51 5] F API

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

S CECETEEERE S E P E N TR
B E 8 %

—Lucene create an inverse index of every word in

different documents. It enhance performance of
text searching.

26


http://lucene.apache.org/

Histury i idouy AU ULl
ff.’:_lij!)f)_,'J fi/é“ ff:_l. j”j/;\r’ //IJ//\, a1 JJ:):”JL)JJ—IJ

e i
— http://mutch.apache.org/

— Nutch A& A&7 B 2R %5 25 7 BB 69 5855 3 3 3] %
— Nutch is open source web-search software.

— #| B Lucene & 5\ & 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.

27


http://nutch.apache.org/

Trir=22 Slfis iron Soogla L,
S B Goorylo i Z B L

Nutch 7% K38 2] 4% & K & #8835 T m8a

Nutch encounter storage issue GO Ugle

Google £ — 3k &k 4~ F MM 69 = K B 42 34l
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

28


http://labs.google.com/papers/gfs.html
http://labs.google.com/papers/mapreduce.html
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rlistory of Hflrloop . 2004 ~ pMoyy

Hzcdoog 43 &g g iy i g L., 2004 ~ Noyy

« 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! !rloudera

p

29



Ticket #rADOOP- @) 2008-02-01

2 »
N — -
— s = U
1

I - >3 . H i ,l v K 79 2‘ ,’;. - ra — r
J'j;]CjQOfJ 38 &5 3K ';f J’j *“//zj' &, S 2008 ’J“’*/’J F|
The Apache Software Foundation Log n +
' = http://www.apache.org/

@ Hadoop Common / HADOOP-1
initial import of code from Nutch

Log In @ Views -
Details People
Type: Task Status: +4 Closed Assignee: Doug Cutting
Priority: # Major Resolution: Fixed Reporter: Doug Cutting
Affects Version/s: MNone Fix Version/s: 0.1.0 Vote (0) Watch (0)
Component/s: Mone
Labels: Mone Dates

Created: 01/Feb/06 02:54
Description Updated: 03/Aug/06 17:46
The initial code for Hadoop will be copied from Nutch. Resolved: 04/Febl/06 05:57
Issue Links

This issue is part of:

MNUTCH-183  move NDFS and MapReduce to a separate project L

Activity

All | Comments | Work Log  History  Activity  Subversion Commits 3
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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

n AS.com = [BM = Powerset

s ADSDAQ by Contextweb s ImageShack s The New York Times
s EHarmony n S s Rackspace

s Facebook s Joost n Veoh

s Fox Interactive Media s Last.fm s Metaweb 31


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

I —JrJJJJJ 1) orfodietlon U L.
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* February 19, 2008

e 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

32
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« September 30, 2008

« Scaling Hadoop to 4000 nodes at Yahoo!
http://developer.yahoo.net/blogs/hadoop/2008/09/scaling_hadoop_to 4000 nodes_a.html

B flzdooo 2 L

._];.J_o

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 40 66

33
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Comozrison o=z Soodla 2l :J zldJooy
Googla o flzi o i 50

E- Develop Group T Google ir Apache 1%
[ Sponsor { Google : Yahoo, Amazon ]
EL Algnrlthm Methud i MapRcc uce i MapRcducc j
iL Resource : open document . open source Ji
Somtmen e i
E Search Engine : Google | Nutch E
0S| Lnx | LiwgGPL |
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Search Jobs Browse Jobs Local Jobs Salaries Employment Trends

®  Employment Trends
Xen, Hyper-V, Hadoop

simply

job search made simple

Job Trends for #en = Hyper-v = Hadoop

= = = = =
= = = = =
[ o E I} s

Percentage of Matching Jobs
=
=

0
Moy 08 Jan 09 Mar 09

Nov 1, 2008 - May 31,2010

May 09 Jul09  Sep09 Mow0d  Jan 10

L

351

—
—
2

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

e

har 10

May 10
SimplyHired.com

rlziddooy 77

Ju Dzitz) Seplurs
2Ez bE LA

2 Dzitz Dlining Tool
7 2N AT ) AR
Y. Loy Jﬁdm@ for Juus

e
A 4]]’,.'

YA LAE

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
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Job Namenode

— AEF% — L AEEp Eh
Task Datanode

- LAk — TFoFHER
JobTracker Namespace

— AEFE — LAE R
TaskTracker * Replication

— NIRRT H — &k
Client * Blocks

— IRARAEFSG) B P 3% —- 18 E &R (64M)
Map  Metadata
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Reduce
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Control Permission of
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Execute the request

Replication of Replication
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NameSpace | Multiple Nodes

EKSingle Point of Failure / \ ///




JobTracker FraskTracker

/Master Node \/ \

Worker Nodes

Receive Jobs from

Hadoop Clients Excute Mapper and
Assigned Tasks to Reducer Tasks
TaskTrackers '

Save Results and

Define Job Queuing report task status

Policy, Priority and

Error Handling Multiple Nodes

Single Point of Failure Y
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layer

multi-node cluster
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‘Jn J"J J_)FS ﬁ?

* Hadoop Distributed File System
~ B HH L Google File System 2 # A\A4E £ A%
— Reference from Google File System.
— —EAZARAN TR EARAL  BOEHRETHETON
— A scalable distributed file system for large data analysis .
— A BRB S AR L LT UREST DR
— based on commodity hardware with high fault-tolerant.
— &K R P IREERT M AR 5 09 R FF
— It have better overall performance to serve large amount of
users.
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- MMM RAXZ S Fault Tolerance
— MR E LR MIERLT
— Failure is the norm rather than exception
— B IR E PR
— automatic recovery or report failure
- BANK FTHAFI Streaming data access
- BREESAAP X LRE
— Batch processing rather than interactive user access.
— 2 Throughput 7 3E4% Latency
— High aggregate data bandwidth (throughput)
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Fazilras o 'fHDFS
HDES 4

AAEEH# % Large data sets and files

— % 3% Petabytes 3 4 49 #L BE % ]

— Support Petabytes size

—HMHER Coherency Model

- —REAXN % RHFEB Write-once-read-many

—- BiL—E2 R ER A This assumption simplifies coherency
£ 3EH Data Locality

— Bl A S EHE > H A ERARBLHE

— “move compute to data” > “move data to compute”
BEHFE&4HMMH Heterogeneous

— Bpi B RS Rl AL ST #5148 ~ Pk A
— HDFS could be deployed on different hardware
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HDFS Architecture

Metadata (Name, replicas, ...):

/homeffoo/data, 3, ...
Metadam;_gpsf-f' Namenode
Block-ops
Datanodes Datanodes
_ [
Replication
\ Blocks
i
- e '
Rack 2

J1



rloy cddo2s rlDFES YWori Lo,

1 — - 41; //', _ugg ’f’(
_I'J_[)J":) P JJJ‘&"; F aad

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}

v

Metadata .-~

Datanodes (the slaves)

/O
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HDESEE Y Bk

« 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

53
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~

7

Data Corrupt

A% 34
i B R 3K

Network Fault
DataNode Fault

2 A Bp b 45 2R

NameNode Fault

TAF M Data integrity

— checked with CRC32

— & ABUX 8% F A

— Replcae corrupt block with replication one
» Heartbeat

— Datanode send heartbeat to Namenode

* Metadata
— FSImage - Editlog &% S FF %45 & B 3545
— FSImage — core file system mapping image
— Editlog — like. SQL transaction log
ZAIiE B 0 g L AR B T i R A F 4R
— Multlple backups of FSImage and Edltlog

— Manually recovery while NameNode Fault N
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Conzraney Modzl zind Parforfizinee

I -l - «4 -
_I'_/_U_I":j Fj — r’L—"J;’J ’J’,j “:;I 2 rJ: dJdJ

» #EE—KHMEF Coherency model of files

— MR EF AR EFRE L TR LM a7

— NameNode handle the operation of write, read and delete.
EZFHAXEMKS Large Data Set and Performance

~- AR HEERER KA 6AMB B FEix

— By default, the block size is 64MB

- RERTRGHZAER

— Bigger block size will enhance read performance

— A EA T KB — B AL

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

- ERY GG EZHBUFTRBERAET
— Fully distributed blocks increase throughput of reading.
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jazzfihadoop:~% hadoop fs
Usage: java FsShell

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

-1s <path=>]

-1sr =<path=]

-du <path>]

-dus <path=>]

count[-q] =path>]

mv <src> =dst>]

cp <src> <dst>]

rm <=path>]

rmr <=path=]

exXpunge ]

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

corlrzirels

/ 1
/l’ -fJ
rF’IJ‘V g

cdst>]
cdst>

get [-ignoreCrc] [-crc] =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 [-f] «file>]
-chmod [-R] <MODE[,MODE].

| OCTALMODE=> PATH. ..

-chown [-R] [OWMER][: [GF{DUF']] PATH. ..]

chgrp [-R] GROUP PATH...]
help [cmd]]
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Dividz zined Cor) JUss AJJJIJ NS
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Example 1: Example 2:
II:|l IIIIIII|.II} l/ RH‘“‘H III"
f/"l
ff"
\ B T 4|_)
R“mh__q_ )
Example 3:
1.41 1.42
sgrt{2)
Example 4: The way to climb m
5 steps stair within 2 steps —

each time. BRaj A LMK » &
RT3 E— 3 LR AR R
e 7 A g AT L

Ex: (1,1,1,1,1) or (1,2,1,1)



Yhnzre 1o JUlzlofdzcyes ¥Y
/7 ulzoidadyes 77
MapReduce & Google Y #F &M EH » TEZRARREXRERTH

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

AEE JREHBEFFE AL map & reduce H K

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)
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Gooegla's Nlzioiladies Dizi i
Goolz ) Uz 085 e s B F#H

Input

Intermediate | kl:v kl:v k2:v kl:v k3:v kd:v kd:v k5:v kd:v

Grouped |kl:v,v,v,v [k2:v [k3:v,v [kd:v,v,v [k3:v

R S TR T

Output




Soola’s Nlznodzdues 10 Pzirzll 2]

N7 -K/]"I/

G0l i) ulz o2 F T R B i

: 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 kdiw kdwv ki |1 | ke v klowv k3w
| Fartitioning Function I | Partitioning Function I | Partitioning Funetion

Sort and Group
klwvwwvy | k3w

(n

Reduce Task 2

Sort and Group
kd v v v

§<@@@

Reduce Task 1
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JobTracker IR
NameNode BX15§
FEIEEMN
blocks

rlz1d oo ulz102dH e 2

_____________________________________

. sort/copy

_____________________________________

g / N
L=l pivres

_____________________________________

map

JobTracker 1 ZE{H
TaskTracker 3R{E

[ 7o o

Map 1ER,

B

HRfEtE S

A 4

JobTracker &9 RS

ERBEHIFE,

ER2

TaskTracker Zx

REM

output

HDFS

» reduce M part0

» reduce > part1
JobTracker reduce T8 18%[

IRIE JobTracker 3

TaskTracker Namenode CAZE

{E reduce 4 output



Wziofzdiles 0oy 2.cunola (<)
zpidaducs LAETY ()
| am a tiger, you are also a
tiger
| 1,1 A
am IR
a map / lam,1 a (1,1)
a,l also (1)
tiger tiger,1 am, 1
2 sort
you reduce
are map you,1 > & are (1) >
are, 1 shuffle 1,1
tiger(1,1)
:'SO also,1 you(1) |,
: map a,1
tiger >
tiger,1

JobTracker /1% T =18
Tracker #X map

=/

Map % 1% ° hadoop 47
PR B R 8 E LB

JobTracker 7+ — 18
TaskTracker 7k reduce

a,2
also,1
am,1
are,1
1,1
UQerZ
you,1
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1.0 0.0

Mg I oamm f 3
iz yey LR (M

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

3.0
9
3.2 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, £(1.0 + 14.0 + 1.0))
Input File Loy sart
001.0 // A[0][1] = 1.0 (0,1.0) =
01 0.0 // A[0][1] 0.0 (0,0.0) T
0 2 3.0 // A[0][2] 3.0 map ~(0,3.0)
1 0 3.2 // A[1]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})
1 2 32.0 // A[1]1[2] = 32.0 (1,32.0) LIS (2,{1.0,14.0,1.0})
2 0 1.0 // A[2][0] = 1.0 (2,1.0)
2 1 14.0 // A[2][1] = 14.0 4P 75 1,4 o)
2 2 1.0 // A[2][2] = 1.0 (2,1.0)
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+ RAREHAR

o Large Data Set * Text tokenization
* Indexing and Search

* 7 ;ﬁ: ﬁ% * Data mining

* Parallelization » machine learning

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

*_http://wiki.apache.org/hadoop/PoweredBy
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Hadoop R & fl Java B &% 7
Is Hadoop only support Java ?

MR AL ASRAN AR Y T E AR ?
Can Hadoop work with existing software ?

T VAR B AR 4 Ao ?
Can Hadoop work with Databases ?

MEZMARIRKEGE R .
Yes, we hear the feedback of developers ...
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Is Fladooo orlly sugoort Jevel 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).
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rladooo Plogs (C-rr, PVyiriorn)

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

rleidooo Siresrrling

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

ca

Running rladooo Sirezrrling

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

$HADOOP 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 ..



rleidooo Sirearning wiin snell cornrnzarnds (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
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rleidooo Sitrearrirg witn sriell cornrnzrnds (2)

hadoop:~$

echo "sed -e \"s/ /\n/g\" | grep ." >

streamingMapper.sh

hadoop:~$S
$2 \"\t\"

hadoop:~$
hadoop:~$S
hadoop:~$
hadoop:~$S

echo "unig -c | awk '{print \
\S1}'" > streamingReducer.sh

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

hadoop jJar hadoop-streaming.jar -1nput

input —-output output -mapper streamingMapper.sh
—reducer streamingReducer.sh —-file
streamingMapper.sh -file streamingReducer.sh



Trneres are serveral rladooo sugorojecis

Apache = Hadoop =

Top Comrmaon Chubkwa HBase HOF= Hive MapReduce Pig Zookeeper

* About

:
7 Wil Wi SR 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.
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Otiner rladooo relaiiad orojecis

U

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

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

Hive: A data warehouse infrastructure that
provides data summarization and ad hoc

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

ZooKeeper: A high-performance coordination
service for distributed applications.
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Pig Chukwa Hive HBase
MapReduce HDFS ZooKeeper
Hadoop Core Avro

(Hadoop Common)

Source: Hadoop: The Definitive Guide




AVro

Avro is a data serialization system.
It provides: %m%

— 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/
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» http://nadoop.apache.org/zookeeper/ l £

« 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.
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~lg

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 following key
properties:

— Ease of programming
— Optimization opportunities
— Extensibility
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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.
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Criuywyal

 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
kv vl
__}q,£:?1|g ﬁuf:

! f&#ﬁ.}f_\.‘-ﬂf

=" =N

chubkwa
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Mainout

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

implemented 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 ...
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http://trac.nchc.org.tw/cloud/wiki/Hadoop4Win

Integrated SCM & Project Management
Login | Preferences | Help/Guide | About Trac | Forgot your password?

| " Wiki " Timeline i Roadmap " Browse Source " View Tickets |’ Search |

Start Page | Index | History | Last Change

hadnup4win hadoop4win
BRFEE T
-- Hadoop for Windows usin win EEREK
P g Cyg bl
BETH
i BETHE
hadoop4win, EEEEE2A THadoop for Windows, , TEEZ2{ Windows & B S%EE Hadoop MR EEER, It gggi}f
#xZEENS, TELEEERPOESEEBEEEBMERIRENEEZ — drbl-winroll fER, MEIRES S ENNER LHEE (1) BER
hadoop4win FiEEER, TEAE (2) #RE
RERERE (1) TEE
hadoop4win BRIEE R XEEELER %gﬁgif (2) X
e =:Cygwin - B{EFEREMR, X Linux RIERIE a:jg :;iizpmﬁligﬂ
e =r]JDK 1.6.0 update 18 - i&{T Hadoop 78/ JRE(Java Runtime Environment) EiREZFEAEZ javac RE 5t WordCount Rz
25 MRS
e =*Hadoop 0.20.2 - 81& Hadoop 0.20.2 Eisfezted rh s ERBA ¢ iE ==
e = HBase 0.20.6 - & HBase 0.20.6 LTS —

= Ant 1.8.2 - €15 Apache Ant 1.8.2 #iTH

FERE M N

o Dil&IE 512 MB ZIEEEER, BEFL 1024 MB,
o TLHEGEREEE/EE 500 MB B LIEREZRS,

RIEEWR

* Windows 2000, Windows XP
s« BHEIFRH Windnwe 7 8k FR#E~
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