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— http://trac.nchc.org.tw/cloud
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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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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&%
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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 o)




2yolution of Slotjel
G 7. :':'L rﬁ,r"f' “:"J ﬁf@%
= ST
WWM$MMﬁ¥

- o, b r -I
EEr 2 -J]uz S
= i)/ ;";»éfj{'/ 5

Eﬁmﬂda
| AR 5l Hee N 5 1 ke £
ﬁJF]]};{. AR ﬂ/ k;,,, (‘]J" jj/[{) i fi i fr
I Doz SulinEszt Wil Sloudi Sl

VGBSV

EHYSICHT)|

oila Ty

ffi‘/ﬂl

VI RIINE

Y/
':57'4'(}&
Ty

ik

RIVPEY RN IILEY,

3= e 'Eé“ - A. : < 22
nES—=1 FE DRI S
L, det g
I
- - n - » ‘rzi;
¢ '”7— Ve, rl
s ¢
o _JJQ,“JJ {/’f LT l IS
|

J)Ju» JTVJ

EVALLEY]

nl 2

[i{’ ljez= /,1' 7




BIIETEIISTONYIOTEGOINPULINY

iz ML gbe ete o s o
= “.=I "_—' p— f'r;— A “5 - :"p -J',‘.:! -
L S PAT 15 E m) 2

O-L
1977

2003 2006

P\ the gl amazon
) webservices™

C @ Goug'[e

Mainframe'\ PC / Linux \ Internet \Virtual @mj->>-, ta Explod
</ C

1960

SUPEY Clusize  )UIsidlouizd) Dl Clotil
Compluizr/ Pzuzllsl J Complising ol gbiilnl DIPUTIng

11



12

T
,&Mﬂ. J/.%
ENTL

i Clotie] Sugtiile)

e

M—Www.mh bwm\.w

N\ (et

—

— -~
Fﬂ@u NG
Ctzh ?4:/
st Lt

Ml

e '
AW S \
il Ss ’
R o

J| - \,/’.: f/




Information Versus Available Storage
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B Genome Data
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The Worldwide Growth of eMail
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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 (K& 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 > BURGEZERR?
- 2007
14




AR ENFRRAAE

W AN 0937 E 4
Devices share the wisdom of Cloud




ENHABEENMERIG

WWww. cw.com.tw

BRBRES ITEERATE

HIRERMNER, ZFNEEERIEHERNER, AMEAEmMER, PILSHEABRIEES
=1, 1THAAA SRS,

fEE: E58 HE: X THS gﬁ%ﬁﬁ

BELF, FERRTEEEARERE, HPEwR. KEHHN (big data) . E3KE

( smart assets ) =18, UBTRENEERR, ESARK, BRAASE, THERE k% ?gﬂﬁ\*ﬁ'

= ERERIEE. SORRES=IERH:

F—. EWER, "EiR, EEECHE-REIR, BREAXRSFNEEEEmESR
rRERIEHERE, ARIFHER, AEERERAEMESRGHEBRICSEZRE. HhERE
RtE, SUEEESE. BEERFETS, IEETNEAEmER, SXEETFREZHE. % %g

—. R=Eill. BAl, #XZHEEER, athA=REMEEH, NHEABLUMIIAEN
excelFRER, EEL, XAEHNEBREETSINT, EESRN. EBA. FAETITHE

F=. SERE. IfEAkE:s SEEREHEERE, REEBLARSE

SRR ERNERFH TROEEATE A 259 B RTF435455 8 (2010/09 )
http://www.cw.com.tw/article/print.jsp?id=41776
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FIfLEF TR, HEMBEIRNELREHES. EP E%ﬁ %

IREEB comScoreliftst, EEMAEBARHET 1, 14087 EEME L, SNBHEFEE

GooglelE FARIANBSE, MBME=LHOEEHRSENEEE, EhE35%MAERSA, > <
RESE IR EEERE é%@ %F ?- #%

R ERTENELET, AEBRESEANE700ENEHEAANR, U60%ER il

=W AORE, 55420 BARE LS, \. S

RIS, RESANTHEGER 'HRTE ., , RENSTHEREE, TAA. £

FREHAIUELR "®RE . BEECHTHEE. @Eﬁa‘i%lﬂfﬁﬂ%ﬁ%ﬁ%ﬁ. ERHAEC
Riuh, ARERENESERFAER, A3 AEREEERSK? R NI S e S S

the people i pour life,

EMEEEEMATREERURNE, FREEZNEA, REMIBCH "#H#E =
B, REBETHEIE, W IELEBCRBEESH. ASRERFERECHRERR 2
T8, , FAREA "HHRE, -8, FRERFHEMBRIRONE, AENBENRSHEE
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RigEH AR GRS E2012 £ T EHREITIR
i - BFTE K ESHEHAMANRELL
REE-

MR R ITENEA 2010 £ H 12 B A5 A e L84k
NRFH - BETH LERELILER
EXBH#¥ R - MihB(location) - EE
(motion)HMMA B A &S - TTEE—F
EERBAIHE -

A EAEL R RE SZHRNLRE2016 FEEBEH R

(collaboration) ESELHNCEERAD  BESpFEE
BEMNEE#3ECRM - B A RBMELRE
S4Bl L3z 4B LS -

B B 013 FEBUTHEERIPAES ' &
B 2AX%HEREA RS-

/R ¥ i EERE - TEHREERRES - Eitae
HE RECEINMRE SASER
EA{E MRS - IBM LLE B & 3r(Oracle)
BREZE-

s i WEA - EHELURELZMMAE SEF
fRA* 13248 R% - IBM FRETTE 2011 SRk
BEAENTEREZ—

TR AEE BATEBERAR WE&E2013F

(context-aware computing) B Fortune 500 Kt EFEREMEST
HMERARE-

HEEmEIEn REICIEMEE A RMER - R WP

(storage class memory) FIERES -

BATAENER B% Gartner EEIR R EEBIZHS

(ubiquitous computing) FHEEFR -HASFREBER
S BT LUE E 3R -

%2181t (fabric-based) EERENEREL  RETLLESTRMN

RIEER R L R B HEREE

HHHHR « DIGITIMES #3218 - 201010

Source .
Source .
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http://www.gartner.com/it/page.jsp?id=1454221
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web services”
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Computing Intensive
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Google
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Data Intensive
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» Google £ — &g 9 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

21
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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/
22



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

23
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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/

24




zidooo o 2 software platform
iGN ClSaoRBaaSTIyaVIlresanaan
“oollezidlons itz process vast
amounts of data.

Hadoop ~—1A%#EMNAMHES L
HATRE B2 A E A X RE -F &

BT ARG R —EREZ T AL ZER > RA
24Tk map % reduce LAk ER o

25



Fazilures of rlzidooo Lo

—_ & b 32 D 5 o
! - ; = J_ A A /.- e =
Z, /E- W etE BN Lf=F it =<2
J-J ;-l LJ \r)\r)p «{\(, —-,——‘ 4”/" I = .':J j ’I‘\l— ‘r,—( /{l e

# % Vast Amounts of Data

— ARG RE EA A

— Capability to STORE and PROCESS vast amounts of data.

& & Cost Efficiency

~ TUARALEE—& PCHRZNEERKEA

— Based on large clusters built of commodity hardware.

& # Parallel Performance

— EB RN R ARNF B 0 ABATE Prig o) & &

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

T 5% Robustness

— F R B A SR 0 BRI B B RAT O AR ARG EH B R

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

26
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rJ'J*Jwy FEBB AR/ Doy Cuiil

Doug Cutting Talks About The Founding Of Hadoop
clouderahadoop 9&7&

|

= iRERITRERHE

cT S CC) r

Doug Cutting Talks About The Founding Of Hadoop
http://www.youtube.com/watch?v=gqxC4urJOchs

27



rlistory of rlzidooo 0 Z00%~2002,
T R L, 2002~2002)

rlzaidoog & &G 8

o n o

* Lucene
— http://lucene.apache.org/
— A Java 3XETE9 Sk a8 U R 5] 5] # API
—a high-performance, full-featured text search engine
library written entirely in Java.

— 2*? 5l L P FFE—F 0 FHF AP AR E T KRR
54 %

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

28



rlistory of rlzidooy 0 Z00%~2 002,

2 »
.r’ - I

rlzidlooo G2 g3 o JE iR L, 2002~2002)

T e i
— http://nutch.apache.org/

— Nutch & A B 2R 46 25 BT B 25 04 #3548 5 5] %
— Nutch is open source web-search software.
— #] B Lucene & =\ & B2

— 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.




rlistory of rlzidooo 2.0 20024 ~ 3loyy
rlzidooy B i JE R L, 20020 ~ Moyy
* Nutch & K& 2| 6% A K 2 43k BAT69ALER » AT F 3]
Google £ — &gk o F 169 = R B 4EH AT -
* 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, user
* Doung Cutting joined Cloudera at year 2009

r(
YAHOO! ‘rloudera

atc.)

30
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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

» AD.com = [EM » Powerset

s ADSDAQ by Contextweb s ImageShack » The New York Times
s EHarmony n 5] s Rackspace

s Facebook 1 Joost s Veoh

» Fox Interactive Media s Lastfm » Metaweb



Pariorizines linoroYyzmzns of rlzidooy

rlzidooy #E B2 aa £ (from (z100)

F 14 HE Bi 25 20 R (D)
2006 T A 188 47.9
2006 HA 500 42
2006 +—A 20 1.8
2006 +—A 100 3.3
2006 +—A 500 52
2006 T+——AH 900 7.8
2007 + A 20 1.2
2007 + A 100 1.3
2007 + A 500 2
2007 +t A 900 2.5

Sort benchmark, every nodes with terabytes data.
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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

Size of output over 320 ',
P compressed!
Number of cores used to over 10,000

run single Map-Reduce job

Raw disk used in the

production cluster over 5 Pelabytes
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* September 30, 2008

E L E A Flzidoop

* Scaling Hadoop to 4000 nodes at Yahoo!
http://developer.yahoo.net/blogs/hadoop/2008/09/scaling_hadoop to 4000 _nodes_a.html

= I
E “r
2 A

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
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* 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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- UMM 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)

37
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AKAEEH % 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

— B A B LA > A AR ER A EBRFH

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

— BPAS AR RS R R LT A A ~ PR A

— HDFS could be deployed on different hardware

38



HDFS Architecture

Metadata (Name, replicas, ...):

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

3Y
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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}

v

Metadata .-~

Datanodes (the slaves)

/O

40
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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

41
41
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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 XM 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 .
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» #EE—KHMEF Coherency model of files

— MR EF AR EFRE L TR LM a7

— NameNode handle the operation of write, read and delete.
EZFHAZXEMKS 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

g1 i 7 2 i fr”

Example 1: Example 2:
II:|l IIIIIII|.II} l/ “‘*—RH III'*
ff’
f,f"'
\ B T 4|_)
R“mh__q_ =
Example 3:
1.41 1.42
sgrt{2)
Example 4: The way to climb —
5 steps stair within 2 steps —

each time. RajH LMK » &
R HE E—1% K3 LR o AR
e 7 A s AT L D

Ex: (1,1,1,1,1) or (1,2,1,1)
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MapReduce & Google Y #HF M &M E A » TEZRARREXRERTH

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

AEE JREHBEFF AL map £ reduce R

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)

47


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

Gooegla's Nlzioiladies Dizi i
Goolz ) Uz 05 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]

. D A= =3
Googla & iz 052y e 5 FFT i B
r—- - - - - - - - - = = L r—-— — - - - = = = — r—-— — - - - — = =
: Map Task 1 | : Map Task 2 | : Map Task 3
| L L
| L L
| L L
| L L
| L L
| L L
| klowv klowv k2w | | k3w kdw kdwv kv |l | kd v klov 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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—————————————————————————————————————

| sort/copy output
: i HDFS
map | —7] merge
----------------------------------- > » reduce > part0
map —+—1{ ¢ N
------------------------------------- > » reduce »  part
map | —7]

JobTracker ¥ JobTracker 3% 212 JobTracker #§ F H JobTracker reduce %1% i 4n

NameNode FAF TaskTracker R AE 1% ”7:?% ot Y & JobTracker $
THREH N Map EH > F 4 & R FE 2N TaskTracker Namenode VA &

blocks T EAE R TaskTracker * 1 reduce 2 output




Mzloidadies ¢ EAszI)JA (1)
Uzipidadiucs AT ()
| 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

51
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1.0 0.0

Mg o oamm f 3
iz yey LrEEY (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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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

53
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