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http://www.youtube.com/watch?v=25f2FQkLfdo  (flI¥4%)
http://www.youtube.com/watch?v=ae DKNwK_ms ('El¥45)



http://www.youtube.com/watch?v=Z5f2FQkLfdo
http://www.youtube.com/watch?v=ae_DKNwK_ms

he wisdom of Clouds (Crowds)
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What you need to know
about cloud computing’
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http://www.cnet.co.uk/i/c/blg/cat/software/cloudcomputing/clouds1.jpg
http://www.cnet.co.uk/i/c/blg/cat/software/cloudcomputing/clouds1.jpg
http://www.google.com/press/podium/ses2006.html
http://www.google.com/press/podium/ses2006.html

One key spirit of Cloud Computing
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Anytime e Key spirit of Cloud ~
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Fverything as a Service !!

Anywherey -

With Any Devices iz 1 Zip =0 &

Accessing Services 7 5~ = f fRix

Cloud Computing =~ Network Computing
FAEY =~ PpREY




2 R&D directions : Cloud or Device
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Evolution of Cloud Services
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Cloud Computing =~
Network Computing !
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Parallel’And Distributed Computing
=~ Cloud Computing 7/ 7/
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Computing with big
datasets
IS a fundamentally different

challenge than doing
“big compute” over a small
dataset
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Parallel And Distributed Computing
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» Grid computing (#%.3#@-%?)
— MPI, PVM, Condor..
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T'S STILL THE
Econony,

STUPID

George
W. Bush,
The GOP’s
CEO

PAUL BEGALA

AUTHOR OF IS OUR CHILDREN LEARNING?

T EF Rl A
("It's the economy, stupid“)
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("It's STILL the economy, stupid”)
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“It's the data, stupid”
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http://en.wikipedia.org/wiki/It's_the_economy,_stupid
http://zbookz.com/catalog/still-economy-stupid-p-575.html

Petabytes

x Multiplier

Information Versus Available Storage
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2007 Data Explore

Top 1 : Human Genomics - 7000 PB / Year

[ = omean [ Top 2 : Digital Photos — 1000 PB+/ Year

-8 Available Storage

Top 3 : E-mail (no Spam) - 300 PB+ / Year

/ /. The Worldwide Growth of eMail S
Warldwide The Growth of Images

Trillions per Year
/ /./ 3 600

W Person-to-Person eMails
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//./ c Spam and Alerts MW Digital Still Cameras
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2002 2003 2004 2008 2008 2007 2008 2009 2010

2005 2006 2007 2008 2009 2010
lite-

| Computational Load ot (7¢ World Wide Web (\’vilaédsla)

Large Hadron CAGH e
‘l WGollider DRE, +- , ‘ (NIPB) 100% CAGR

B Genome Data (15PB)

8x Growth | 18 month

Annual Email Internet Archive P_hm

Traffic, no spam
(300PB+) RS ) (1000PBP)
2008 CAGR

Moore's Law
2x Growth | 18 months PINEARIE NGl 2004 Walmart

Traffic Cams

! !a!gsggggn QE
(8TB/day) (500TB)

UPMC Hospitals MAL Babytalk | One Day of
Imaging Data m=peec = 1stant Messadging

Experiment : in 2002
(500TB/yr) ESEw1I (750GB)

Total digital data to be created this year 270,000PB (100

Phillip B. Gibbons, Data-Intensive Computing Symposium


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
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

Big Data Set Bottile Neck

SR R R FLEE

» Data processed by Google every
month: 400 PB ... in 2007

—Max data in memory: 32 GB
—Max data per computer: 12 TB
—Average job size: 180 GB

e k- Rdevicesenmg BrpF =45
minutes




Big Data Parallelizing
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—1 HDD = 75 MB/sec

» f#;% . parallel reads
— 1000 HDDs = 75 GB/sec




Three Core Technologies of Google ....;

GO0QIEEn= ~ i & H T ...

« Googlef— & g3kA X ¥ Peh= « BéEHjiF
 Google shared their design of web-search engine
— SOSP 2003 .

— “The Google File System” GO Ogle

— 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-osdiO6.pdf



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

Open Source vs Google Technologies

GOOQIe= * i ST e o e Al

BigTable HBase, Hypertable
A huge key-value datastore Cassandra, ....
MapReduce Hadoop MapReduce AP
To parallel process data Sphere MapReduce AP, ...
Google File System Hadoop Distributed File System (HDFS)
To store petabytes of data Sector Distributed File System

{ % 7 33 c9MapReduce APIF iF :

http://trac.nchc.org. tw/grid/intertrac/wiki%3Ajazz/09-O4-14%23MapReduce
His BEBEERTLIAER 5

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

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

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



http://trac.nchc.org.tw/grid/intertrac/wiki:jazz/09-04-14
http://trac.nchc.org.tw/grid/intertrac/wiki:jazz/09-04-14
http://trac.nchc.org.tw/grid/intertrac/wiki:jazz/09-04-14
http://trac.nchc.org.tw/grid/intertrac/wiki:jazz/09-04-14
http://trac.nchc.org.tw/grid/intertrac/wiki:jazz/09-04-14
http://trac.nchc.org.tw/grid/intertrac/wiki:jazz/09-04-14
http://www-03.ibm.com/systems/software/gpfs/
http://www-03.ibm.com/systems/software/gpfs/
http://www-03.ibm.com/systems/software/gpfs/
http://www-03.ibm.com/systems/software/gpfs/
http://www.lustre.org/
http://ceph.newdream.net/
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Hadoop

http://hadoop.apache.org
Hadoop & Apache Top Level R % & %

« P9 AiEdYahoo!Fes - B aiFr

Facebook ~ Last.fm ~ Joost are also powered
by Hadoop

)%H\‘.—‘»—‘ﬁ & Doug Cutting » %= Google
Filesystem

Java® g 0 H wHDFS&2 MapReduce API -
2006+ i# * f.YahoOop PR 737
< iH %‘ WwhFRpagko



http://hadoop.apache.org/

erewllie

48/ i

[ Data > 1 TB ]

[ % 38§ % AECPU |

i # Map / Reduce &%

High-level applications written in MapReduce
Programmers don'’t worry about socket(), etc.
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Hadoop#*tyahoo & 1® 3 3

¥y B ity PR LR
2006 DUIE, 1 8 479
2006 i F 500 49
2006 - — ] 50 42
2006 - — %] 100 L8
2006 - — £ 500 = 9
2006 - — % 900 - g
2007 = | 20 re
2007 = F 100 13
2007 =% 500 ,
2007 = % 900 )5

Sort benchmark, every nodes with terabytes data.
g rooo s WEHE )/
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% Hadoop 7 (1)

e Facebook

— &J2 internal log and dimension data sources for
reporting/analytics and machine learning.

* IBM

— Blue Cloud Computing Clusters

 Journey Dynamics

— * Hadoop MapReduce ~ +7 billions of lines of GPS
data I # 4 < i AR F .

 Krugle

— * Hadoop and Nutch 4 R4 305 31 &



http://www.facebook.com/
http://www.ibm.com/
http://www.ibm.com/
http://www-03.ibm.com/press/us/en/pressrelease/22613.wss
http://www.journeydynamics.com/
http://wiki.apache.org/hadoop/MapReduce
http://krugle.com/
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% Hadoop 7 (2)

« SEDNS - Security Enhanced DNS Group
— fc B 22 B DNS UIEE AN R,
 Technical analysis and Stock Research
— AATRE TR
* University of Nebraska Lincoln, Research
Computing Facility
— * Hadoop#a £ 200TB=nCMS 45 5% ~ 47
— R4 B3 ME (CMS: Compact Muon Solenoid) 3 724 %

MRy e R CERNen = A58 + $48 BohFlend < il % 3
F WP - B oo



http://wwwse.inf.tu-dresden.de/SEDNS/SEDNS_home.html
http://www.thestocksprofit.com/
http://t2.unl.edu/
http://t2.unl.edu/
http://zh.wikipedia.org/zh-tw/%E7%91%9E%E5%A3%AB
http://zh.wikipedia.org/zh-tw/CERN
http://zh.wikipedia.org/zh-tw/%E5%A4%A7%E5%9E%8B%E5%BC%B7%E5%AD%90%E5%B0%8D%E6%92%9E%E5%99%A8
http://zh.wikipedia.org/w/index.php?title=%E7%B2%92%E5%AD%90%E5%81%B5%E6%B8%AC%E5%99%A8&action=edit&redlink=1
http://zh.wikipedia.org/w/index.php?title=%E7%B2%92%E5%AD%90%E5%81%B5%E6%B8%AC%E5%99%A8&action=edit&redlink=1
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e * Hadoop 7 (3)

* Yahoo!
— Used to support research for Ad Systems and Web
Search
_—E Hadoop—‘I' S kB TR
FE B ERE GUE R

AR Y L 3t &

'
Intelligence Intelligence
ok B A 2 oon s TREND MICRO™
— jdég 'g\ﬂ—\{tj . “Pf- ";L

SMART
J- \ . g PROTECTION
z /~ : NETWORK



http://www.yahoo.com/

Hadoop i & 7 4

MapReduce
layer

HDFS
layer

/

|

master slave
)
task task
tracker tracker
F _______—-'I'
job
tracker J
_/
[ B B BN B By B N O N N ( B N BN B O O N O N NN
\
\
data
node
/
_/

multi-node cluster
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.Sw{JobTracker}

\ ” HTTP Monitoring Ul
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HDFS 3k 3+ % B

# % 11 % Hu(block) ™ ;N ks

— A RPEHL B S HERE ?fu‘,‘a’ﬁ'ﬁ’;?ﬁ'—’: (FE3X B =
64MB)

L APHRART AR

— E BRI CH AT = 52 emDataNode

« ¥ - master (NameNode) k=8 332 BIEFE
#(metadata)
- ?é?' g e

* X3 TR E-B14](No data caching)
— PeBEE TR 2 B R P & e

s RED w0 1w EF]ICeHAPI

— A CRR S B AT A ALY B




Namenode® JHDFS 3t

HDFS Architecture

Metadata (Name, replicas, ...):
/home/foo/data, 3, ...

Metadatagpsf”’{ Namenode

A

Blockops
Read Datanodes Datanodes
N — = Df’ Replication = B D
[ | a " Blocks
J
- i \/;’ N
/ Rack 2
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HDFS g R B

Namenode (the master)
PR RS 2 - F—i'ﬂkﬂ?‘ , PR ffblockas 7Y

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

-V

Metadaga,.,-*"

\”AO Datanodes (the slaves)
2
! 1 4 2 5
2
3
3 4 4
> 5




crawiile
Map / Reduce Framework

Compute Cluster
Data / | LS Block 1 \
data data data da [FS Ekock 1 |
data data data data data

data data data dara data

data data data daca data
dlata clara data daca data
dals dats dlats cdata dasta

s s dss Sas

s chats s Sas
H'.du:'. Ii s chats s Sas
s chats s Sas
s chats s Sas

data data data data data dws chirs dwes Jis

data cdlata data data data
dals data clata cata data

il s clais dvs Sain

I LS Bleck 2 dos dairs dys Saia

s rhirs dwes Jaia
Map
5 Block 3
DFE Block & |0

data clata data data data
dals dats clats clata data

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




Jobs #F HDFS & ¥

« = i_‘l’i . A% g‘!:’i ﬁiﬁ-%ﬁﬁgﬁ A ?g.#f '#' 3@‘%
WPk D ARCRBR R (4B~ PRl FLH)

Namenode JobTracker
filel (1,3) Map tasks TaskTracker
file2 (2,4,5) Reduce tasks

ask for task
Block 1

5 W Bl gyl
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Map

* One-to-one Mapper

let map(k, v) = — ) ) . )
Emit(k.toUpper(), (“Foo”, “other”) > (“FOO”, “OTHER”)
v.toUpper()) (“key2”, “data”) > (“KEY2”, “DATA”)

 Explode Mapper

|et map(k’ V) —_ (“A!!, “cats!!) 9 (“A”, “c!!), (“A!!, “a”),
foreach char c in v: (“A”, “t”), (“A”, “s”)
emit(k, c)

(“foo”, 7) = (“foo”, 7)
let map(k, v) = (“test”, 10) - (nothing)
If (isPrime(v)) then

emit(k, v)
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Reduce

Example: Sum Reducer

let reduce(k, vals) =
sum =0
foreach int v in vals:
sum +=v
emit(k, sum)

(“A”, [42, 100, 312]) > (“A”, 454)
(“B”, [12, 6, -2]) > (“B”, 16)




JobTrackerj? JobTracker:% #c JobTracker#-+¢ JobTracker reduce % {& il
NameNodeP~ 1B TaskTracker & WEEEEE© % iE srJobTracker®
B2 REY D TMapi& & » & AT EER D TaskTracker Namenode !/

blocks 4P B R TaskTracker iTreduce A 42 output
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2 % |

I am a tiger, you are also a 2.2
tiger also,1
1,1 a,2 am,1
map am,1 a, 1 also,1 are,1
a,l1 a.l am,1 11
also,1 are,1 :
rv— - tiger,2
iger, :
you,1 » are, 1 you,1
map ’
are,1 1
tiger,1 [, 1
tiger,1 tiger,2
also,1 you,1 reduce)| you,1
map a, 1 —
tiger,1
JobTracker:E 7 = B Map.i & ¢ > hadoopit JobTracker iE = i

Trackerfamap I Ny S p) S L TaskTracker iTreduce
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Parser
Index Pool {— || page Contents
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?Os I::> Return Results JJ
«?/ 4 d L I

ndex Po‘ |
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Results
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¥ $Hadoop

* Doug Cutting
. Nutch

ilréa «u+ mapreduce RN éﬁﬁ
* Nutch 08 i NS

&

. 2&; ~ "'y “/49\ ;I:l \ #% /:‘z éfb + mapreduce I‘Sg.;E.'; 7_1\?:'
A Hadoop 5%

« Hadoop 0.20 3= & 2_1{s
— 33 p : Core -~ Map/Reduce -~ HDFS

Hadoop — B4 E B & Xk 2 F 51 tF 1

Fen? 4
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@ v ﬁg & | €| http:/localhost:50030fjobtracker.jsp

crewille

l@| localhost Hadoop Map/Reduce ...

job 201011251829 0041 | NORMAL | waue
; . ; 100.00% 100.00%
job 201011251829 0042 | NORMAL |waue |dedup 1: urs by time 1 1 1
; . 100.00% 100.00%
job 201011251829 0043 [ NORMAL (waue |dedup 2: content by hash 1 1 1
; . ; 100.00% 100.00%
job 201011251829 0044 | NORMAL (waue |dedup 3: delete from indexies) 1 1 1
i - 100.00% 100.00%
job 201011251829 0045 [ NORMAL |waue |inject url 2 2 1
; 100.00% 100.00%
job 201011251829 0046 | NORMAL (waue |crawldb thfS/crawldb 1 1 1
; . 100.00% 100.00%
job 201011251829 0047 | NORMAL (waue |generate: select from thfs/crawldb 1 1 1
job_ 201011251829 0048 | NORMAL | waue | 9ENErate: partition this/segments | 100.00% 1 1 100.00% 2

f20101126161446 | |
) fetch thfs/segments 100.00%, 100.00%
job 201011251829 0049 | NORMAL | waue /20101126161446 2 2 1
; 100.00% 100.00%
job 201011251829 0050 | NORMAL (waue |crawldb thfS/crawldb 4 4 1
; . 100.00% 100.00%
job 201011251829 0051 | NORMAL (waue |generate: select from thfs/crawldb 2 2 1
job_ 201011251829 0052 | NORMAL | waue | 98NErate: partition this/segments | 100.00% 2 2 100.00% 2

f20101126161721 | |
) fetch thf5/segments 100.00% 100.00%
job 201011251829 0053 | NORMAL |waue /20101126161721 2 2 1
i 100.00% 100.00%
job 201011251829 0054 | NORMAL (waue |crawldb thfS/crawldb 4 4 1
; ; ; 100.00% 100.00%
job 201011251829 0055 | NORMAL (waue |linkdb thf5/flinkdb 3 3 1
; ; : ; 100.00% 100.00%
job 201011251829 0056 [ NORMAL (waue |index-lucene thfs/indexes 10 10 1
i . ; 100.00% 100.00%
job 201011251829 0057 | NORMAL |waue |dedup 1: urls by time 1 1 1
job 201011251829 0058 NDRI‘»‘

. < =2
job 201011251829 0059 [ NORM * < 02 ]
= £ 5




crawiile
Nutch £ Hadoop

* Inject url
« crawldb JOBNAME /crawldb
« generate: select from JOBNAME /crawldb

* generate: partition JOBNAME
/[segments/20101126161446

+ fetch JOBNAME /segments/20101126161446
« crawldb JOBNAME /crawldb

* linkdb JOBNAME /linkdb

* index-lucene JOBNAME /indexes
 dedup 1: urls by time

 dedup 2: content by hash

« dedup 3: delete from index(es
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Nutch 22 Tomcat

ks pels
Hits 1-2 {out of about 2 total matching pages):

Index of /hadoop/
. Index of /hadoop/ Index of /hadoop ...
ftp:/ /140,110,134, 161 /hadoop/ (cached) (explain) (anchors) (more from 140.110.134.161)

Index of /hadoop/
. Index of /hadoop/ Index of /hadoop ...
ftp: /140,110,134, 161 /hadoop/ (cached) (explain) (anchors) (more from 140.110.134.161)

powerdd by

2 Hadoopi#& E #:4p M
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What is Cloud Computing ?

SR SR B W 2

Is it about buying NEW Hardware and oftware?

b UpLgr < POV = ET 2

to another bubble economy ?

Sy 0 e B P = L
Cloud Computing is as simple as 5..4..3..2..1...

%
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fafa3c.com.tw Rese%?——iéﬂ@mﬁ#y

Result4 : & Fﬁ[[[‘;wf’ﬂ

wl 5 Results /= = g
R = " » :> SR

w9 Jﬁ?‘ﬁ;ﬂ ...... YAHOQ’®

w10 BFES
w3

w7

w
w4

WWW Search Results
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ﬁ%%%—tﬁﬁéaﬁﬁ*ﬁ R
— Search Engine Optimize (SEO) Tool
— How Search Engines Rank Web Pages

e Location, Location, Location...and Frequency

Mathematical PageRanks (out of 100) for a simple network
(PageRanks reported by Google are rescaled
logarithmically). Page C has a higher PageRank than Page

E, even though it has fewer links to it; the link it has is of a ,
much higher value. A web surfer who chooses a random link

on every page (but with 15% likelihood jumps to a random
page on the whole web) is going to be on Page E for 8.1% of
the time. (The 15% likelihood of jumping to an arbitrary page
corresponds to a damping factor of 85%.) Without damping,
all web surfers would eventually end up on Pages A, B, or C,
and all other pages would have PageRank zero. Page A is
assumed to link to all pages in the web, because it has no
outgoing links.
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s lUsage
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Download:
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A~ Feature Works

« pE P

e AJdax

« § % giprotocal (FTP, Samba, ....)

o { #eh& %% ¢ (Nutch, Hadoop, ...)
* 4340
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LIVE DEMO I

% & Crawlzilla

(1) Master % %
(2) Slave % %
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e Video Demo
% %% % (Demo Video also @ YouTube)

75/ 80 s g


http://www.youtube.com/watch?v=bRWQ3BXEj4A
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Future Work

° pBoEfR

« AJAX

» { % ei iz 2 (FTP, Samba, ....)

e { #¢h% % % £ (Nutch, Hadoop, ...)
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Start from Here!

Crawlzilla @ Google Code Project Hosting (¥ < #.P )
— http://code.google.com/p/crawlzilla/

Crawlzilla @ Source Forge (Toturial in English)

— http://sourceforge.net/p/crawlzilla/home/

Crawlzilla User Group @ Google

— http://[groups.google.com/group/crawlzilla-user

NCHC Cloud Computing Research Group

— http://trac.nchc.org.tw/cloud
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HDFS = Hadoop Distributed File System » &_
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HDFS Architecture

Metadata (Name, replicas, ...):
/home/foo/data, 3, ...

Metadatagpsf”’{ Namenode

A

Blockops
Read Datanodes Datanodes
N — Df’ Replication = = (1 -
[ | a " Blocks
J
- i \ N
' Rack 2
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HDFS & i
Namenode (the master)
TREE - RIREE, [P (blockas 75

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

.=V

Metadaga,.,-*"

\”,O Datanodes (the slaves)
2
! 1 4 2 5
2
3
3 4 4
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Namenode JobTracker
filel (1,3) Map tasks TaskTracker
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HDFS NameMNode
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HDFS DataNode
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Client computer
—
HDF S-Aware Application
POSIX API HDFS API
-
Regular VFS with local and Separate HDFS view
NF S-supported files )
Specific drivers... Network stack -4
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MapReduce & X i

Hadoop & & = ;% §_i% iEMap/Reduce
TR EHS 2 LT LB
Hadoop APl 38 T {7 &2 x5 425% » B
- Ti% i Map / Reduce
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Map / Reduce #_&

Compute Cluster
OF% Block 1 er'i- Rlock J
Data Map
dats data data da OF5 Block 1
data data data daza data —
data clata data data data 1 Results
su
data data data data data - CFS Block 2 des chaia dag Saia
|:i|.=||-\:.I |:|I:||:q.=||ll:||:q.=|||3|:l:|'=j-!13 d s chers dovs Smis
dala dats davs data dsta [IE% Blor Map | _——p Reduce > :E :::ﬂ:i:::
dws s s Sia
data data data data data . ::: ::: ""I_L::zj::
data data data data data OFS Block 2 s s dyes data
idala data data data data ‘\ s s dwis 22t
data clata dara dana data Aa
idala data data data data p
mata ok oloke cdane daaa ¥ 5 Block l—l
DFS Block &
| | 1

MapReduce is a software framework to
support distributed computing on large
data sets on clusters of computers.
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- L NPE-
* Functional Programming : Map
Reduce

—map(...) :
«11,234] - (*2)->[2,4,6,8]

—reduce(...):

*[11,2,3,4]- (sum) -> 10
— ¥R % & 2 ¢ &Divide and conquer
—%‘F‘:B%\/\ ’%\;x&?‘@‘ J ix {Nw ’ lwk




crewiille

Map

* One-to-one Mapper

let map(k, v) = — ) ) . )
Emit(k.toUpper(), (“Foo”, “other”) > (“FOO”, “OTHER”)
v.toUpper()) (“key2”, “data”) > (“KEY2”, “DATA”)

 Explode Mapper

|et map(k’ V) —_ (“A!!, “cats!!) 9 (“A”, “c!!), (“A!!, “a”),
foreach char c in v: (“A”, “t”), (“A”, “s”)
emit(k, c)

(“foo”, 7) = (“foo”, 7)
let map(k, v) = (“test”, 10) - (nothing)
If (isPrime(v)) then

emit(k, v)
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Reduce

Example: Sum Reducer

let reduce(k, vals) =
sum =0
foreach int v in vals:
sum +=v
emit(k, sum)

(“A”, [42, 100, 312]) > (“A”, 454)
(“B”, [12, 6, -2]) > (“B”, 16)
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MapReduce ¥

Input

Map #c& xz:%]%ﬁqzcm lv lv

vy
blockﬁ;: = 2 Reduce#c
R @ 7Y > ©Oe

Intermediate | kl:vkl:v k2:v k3:vkd4wv | kdvkdv | kdv | kl:vk3:v
¥
[[Group by Key]
Grouped |kl:v,v,v,v k3 v.v | kd:vvw [ kSv

ot A b ééééé
:5‘»: = ;:lgﬁ

Output
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| Partitioning Function | | Partitioning Funetion I | Partitioning Funetion I
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Sort and Group
klwvwvwyw | k3w

1

Sort and Group
k2w kd v v v kS

Reduce Task 1
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a,2
also,1
am,1
are,1
1,1
tiger,2
you,1l

tiger
[,1 a,2
map am,1 a 1 also,1
a,l a’l am11
also,1 are,1
tiger,1 am,1
ma you,1 » are,1
i are,1 1
tiger,1 [, 1
tiger,1 tiger,2
also,1 you,1l reduce) | you,1
map a, 1 —
tiger,1
JobTracker £ " = ([ Mapsidi N % > hadoopi& JobTrackerF |2 i f|i
Trackerfitmap = Fl 1R Elflﬁr%‘?#[ﬁﬂ TaskTracker[Ereduce




