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Traffic Cams Transaction DB

(8TB/day)

x Multiplier
l

UPMC Hospitals ALT Babytalk One Day of
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Total digital data to be created this year 270,000PB oo)
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* AaaS
* BaaS
* CaaS
* DaaS
 DBaaS
 EaaS
* FaaS
* GaaS
 HaaS
* IMaaS

* |laaS
* [IDaaS
* LaaS

* MaaS

* OaaS

- SaaS
* PaaS

* TaaS
* VVaaS

gl % p

Architecture as a Service

Business as a Service S p | , a
Computing as a Service Clustorz2r-0riz2r52e
Data as a Service A

Database as a Service = = ""’ 'TJ'

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

Mashups as a Service

Organization or Operations as a Service

Software or Storage as a Service
Platform as a Service

Technology or Testing as a Service
Voice as a Service
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Amazon Web Service ( AWS ) amazon
E# FIRE © Amazon EC2
- Small (Default) $0.10 per hour $0.125 per hour

- All Data Transfer $0.10 per GB

B¢ 3 PRAE 1 Amazon S3

- $0.150 per GB — first 50 TB / month of storage used

- $0.100 per GB — all data transfer in

- $0.01 per 1,000 PUT, COPY, POST, or LIST requests
B.4 ° Paying for What You Use
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Google App Engine (GAE)
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- 500MB of storage

- up to 5 million page views a month

- 10 applications per developer account
)

- #2333 3 Python ~ Java
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http://open.eucalyptus.com/ Z, / ' EUCaIthU,S

Jo R A B Ty E o e (UCSB) 45 § B %

p < g d Eucalyptus System iz fF = & f & ;E

Pl B g R ™ 7 Mivid p oo EﬁECZ

Fd FApE 0 Amazon EC2 %3 eh* =41 o

®% % _Ubuntu 9.04 <= 44 Eucalyptus =z i2
Ubuntu Enterprise Cloud powered by Eucalyptus in 9.04
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http://www.opennebula.org OpenNebula.org
d % 1§ € (European Union FP7 ) % e

s MFHEEEH S L A EES O RAHAKA

« VR g EE E ok~ 248 - 384 (migration)

E% 2 Ubuntu 9.04_ = ¢ Jz4x OpenNebula #hz

© HAEEF Tap 4 KRBT m P F B4 (migration) -

B¢ >+ OpenNebula ={ % F3 > 3# %+ http://trac. nchc. org
. tw/grid/wiki/OpenNEbula
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http://hadoop.apache.org

Hadoop #_ Apache Top Level B % & %
pFai£d Yahoo! Fes~ BpyidH

£14>% &_Doug Cutting » %+ Google Filesystem - 1
Java B % » #& = HDFS ¥ MapReduce API -

2006 % ¢ * % Yahoo i 2R PR F3 @

S iF EAN £ B EL o

2 Petabyte % & T £ o
Facebook -~ Last.fm ~ Joost... %
¥ ¢ ejJRI+39F 3 * Hadoop -



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

« d £ WFARHFH ¢ o (National Center for Data Mining) #
g d e % o

e % C/C++ 5= HEH » Flptszyy ik Hadoop { 4 o

« & T30, Google Flle System £ MapReduce 3% 4
© AWUDTH sxF ettt T K4eig Tl @ﬁ‘i;:]iéai

* Open Cloud Consortium: Open Cloud Testbed » 7 # i
PR ER 0 B 7 MalStonesciy & st dl -

\@1 ¥
National Center for Data Mining U I C ‘ﬂ ' Open Data Group
1) University of lllinois at Chicago qren data http:liwww.opendatagroup.com/


http://sector.sourceforge.net/
http://sector.sourceforge.net/
http://sector.sourceforge.net/
http://udt.sourceforge.net/
http://udt.sourceforge.net/
http://www.opencloudconsortium.org/
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
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http://nchcrails.blogspot.com

http://nchc-gae.blogspot.com/

More to come ......

http://www.classcloud.org/media/
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The Other Open Source Projects:

University of

Eucal tus California, Santa http://open.eucalyptus.com
YD

Barbara

The National Center for
Sector Data Mining (NCDM) http://sector.sf.net

Thr ift Facebook http://developers.facebook.com/thrift


http://open.eucalyptus.com/
http://sector.sf.net/
http://developers.facebook.com/thrift
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Hadoop ?

Hadoop is a software platform that lets
one easily write and run applications
that process vast amounts of data



i Hadoop i HadOOp

- VA Java B

© B W 3K AY

i =t B

- Petabyte 4% 8 B A&

- #4454 # Doug Cutting

- B Apache #XEg L 2@ 69 top level progject
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EXEE L mom :9002-2004

- Lucene

— Rl Java 3L 3t & 2k A8 U & 31 3] % API
— R X P G E—F o BN F R B ILELEET
R EE 5 S
* Nutch
—nutch & 7 B 2% )57 44 75 BT B 5 69 web search
— %] | Lucene % R J& K &



EEE L &R . Google B L

- Google File System

—SOSP 2003 : “The Google File System’

—OSDI 2004 : “MapReduce : Simplifed Data
Processing on Large Cluster

—OSDI 2006 : “Bigtable: A Distributed Storage

System for Structured Data’
C THRANTHAAE R AL
KE 0 P AR AR = 69 IR A
- R EF EAREATH R
- A AR EE T AL
- R R T TR



ﬁ‘i’f&]bf?fi ﬁi& : 2004~

-+ Dong Cutting B4& 2% 34 R T

* Added DFS & MapReduce implement to Nutch
* Nutch 0.8 )R Z. 4% » Hadoop &% 78 H

* Yahoo 7+ 2006 51§ J{l Dong Cutting 485 % 0% B4

—Team member = 14 ( engineers, clusters,
users, etc. )

-+ 2009 =+ 8 H Dong Cutting #k4¥ %] Cloudera



+ Yahoo B K& B ™
+ IBM $# Google £ KREZHIRX TR EIZA L
- Hadoop on Amazon EC2/S3

* More---
= AS.com = [BM » Powerset
s ADSDAQ by Contextweb » ImageShack » The New York Times
= EHarmony s |5 » Rackspace
= Facebook » Joost = Veoh

» Fox Interactive Media s Last.fm » Metaweb



_## | Hadoop # yahoo # i 4 K3

$14 B fp Bs FuF (JBF)
2006 9 H 188 A7 9
2006 A A 500 42
2006 +—A 20 1.8
2006 +—A 100 3.3
2006 +—A 500 5.9
2006 +—A 900 7.8
2007 + A 20 1 o
2007 + A 100 1.3
2007 + A 500 o

Sort benchmark, every nodes with terabytes data.



_______ . Hadoop 7 Yahoo &4 B 15

~ k> =

#H1Z 7 : Yahoo! Launches World's Largest

Hadoop Production Application
ZH A2 . February 19, 2008

Number of links between

pages in the index roughly 1 trillion links
Size of output over 300 TB,
compressed!

Num_ber of cores used t_o over 10,000
run single Map-Reduce job

Raw disk used in the
production cluster over 5 Petabytes




A
%% | Hadoop 7> Yahoo & 45 B 15
HTF¥AERE . Scaling Hadoop to 4000 nodes at Yahoo!
%8 B 8 September 30, 2008
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 4
avg. throughput (MB/s) |5.8 18 40 66




AR
2% | Hadoop ¥ google BJ¥JE
___________________ Develop Group Google  Apache |
________________________________________ Sponsor ~ Google ~ Yahoo, Amazon
________ A lgorithm Method ~ MapReduce ~ MapReduce
Resource | open document ~open source
File System GFS HDES

; Storage System _
: (for structure data)
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om = mm

2z :
71 |
Job ) |
— i * Namenode —— |F|
Task — % A fp 2 ) s |
— Ttk * Datanode L
JobTracker — Bt ap 2 E —  “ i
— AEF5 5 kA - Namespace =i el
TaskTracker — AR % ] = -
— TAE 63T * Replication
Client — 3| N
— BT P . Blocks
Map —HEER (64M)
—HE - Metadata
Reduce — B E A

2z /_\.
—x¥ NCHC Y/



- Namenode  Datanode

Em\/laster \ / Workers \

| - & 22 HDFS MEMEM . HUTR BBk

| - EHHE RGO - # 4T Namenode £

| EE 8 AR% | AR

| e Mk E AR || T 51 y
R A — 18 - 2




.~ Jobtracker E Tasktrackers
:/Master \ | /Workers \
| AE R kA T AR #AE Map ¥ Reduce
AR A IR
Tasktrackers - BIEE S G9EBER
| B R R S TAE R - || &2 |
| SRR 5-@5@ |




MapReduce
layer

HDFS
layer

tracker

task
tracker

multi-node cluster
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Hadoop Package Topology

bin / £-34T4% + 4@ start-all.sh ~ stop-all.sh ~ hadoop
£ / FAZX AR A% B 4k 1 LB IKE M hadoop-env.sh ~ &B S
con hadoop-site.conf ~ TAE# E slaves o (7 & 7%)
docs / Hadoop api E3LEAX#H ( html & PDF)
. BINH R B2 > 4o 1 eclipse 893% A 9N ~ Streaming & 5\
contrib / 5,
13ib / Bl 4 hadoop % % X, % 3% hadoop AT EH BT A JXE » 4= ¢
1 jetty ~ kfs o {2 £ £ hadoop & 3\ /& 7> hadoop home
Src / Hadoop &7/ 4&%5 o
build / B4 Hadoop 4HFHRE)AH & o FHE ant FZ X I build.xml

logs / R BEMHEB G (TEK)



X T4 : hadoop-env.sh

% T Linux & %34T Hadoop 693 35 2 K
—export xxx=kkk
© M kkk 33 A A B A B xxx 53
—# string-:-
AR MEHRBMAET —ATHHEAS

# The java implementation to use. Required.
export JAVA HOME=/usr/1ib/jvm/java-6-sun
export HADOOP HOME=/opt/hadoop

export HADOOP LOG DIR=$HADOOP HOME/logs
export HADOOP SLAVES=$HADOOP HOME/conf/slaves

......... ' [

NLHL /



<configuration>
<property>
<name> fs.default.name</name>
<value> hdfs://localhost:9000/</value>
<description> --- </description>
</property>
<property>
<name> mapred. job.tracker</name>
<value> localhost:9001</value>
<description>--- </description>
</property>
<property>
<name> hadoop.tmp.dir </name>

<value> /tmp/hadoop/hadoop-$
{user.name} </value>

<description> </description>

</property>

hadoop-site.xml

<property>
<name> mapred.map.tasks</name>
<value> 1</value>

<description> define mapred.map tasks
to be number of slave hosts
</description>

</property>

<property>
<name> mapred.reduce.tasks</name>
<value> 1</value>

<description> define mapred.reduce
tasks to be number of slave hosts
</description>

</property>

<property>
<name> dfs.replication</name>
<value> 3</value>

</property>

</configuration>

NEHE )



X E A : hadoop-default.xml

- Hadoop ia\\’%x?;‘*gi
— A & hadoop.site.xml X T 8935 3L€ F ik
R IE ]

— 8 200858

http://hadoop.apache.org/core/docs/current/cluster_s
etup.htm1#Configuring+the+Hadoop+Daemons

NEHL
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XEZHE : slaves

. SbAE L AR B Y B Bh ke A AR F 4y
datanode & tasktracker

+ —4T—18 hostname 2 ip

192.168.1.1

192.16&8.1.100
Pc101

Pcl152

= NErc




X ETH : masters

- @K X T MR, secondary namenode

e EA

192.168.1.1

Pc101

NEHL



W2

JAVA 227 H 4%
HADOOP % H 4%
R A B

A 3548 & & H 8%
HADOOP T1F H 4k
JobTracker
Namenode
TaskTracker
Datanode

X5

#» — Namenode

H A3 fE

JAVA_HOME
HADOOP_HOME
HADOOP_CONF_DIR
HADOOP_LOG DIR

hadoop.tmp.dir
mapred. job.tracker
fs.default.name
(hostname)
(hostname)
(hostname)

3 hadoop-default.xml

“hadoop-env.sh

hadoop—env.sh
hadoop—env.sh
hadoop—env.sh
hadoop—-site.xml
hadoop—-site.xml
hadoop—-site.xml
slaves

slaves

masters

hadoop—-site.xml

15



TEINSTEF
Wl

—$ bin/hadoop namenode -format

’ %ﬁﬁa,mi%kﬂi

—$ bin/start-all.sh

—$ bin/start-dfs.sh

—$ bin/start-mapred.sh

—$ bin/stop-all.sh

—$ bin/stop-dfs.sh

—$ bin/stop-mapred.sh o

NLHL /



TRERSER
- 4% il hadoop #§ & % %44 4~
—$ bin/hadoop fs —Instruction

+ 4% ] hadoop % F ) A&
—$ bin/hadoop Jjar XXX.jar
Main Function ---

NEHL
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o Outline

DFS ehz % ©?
DFS ﬁnq%ﬁ ?

DFS Jgrfﬁéfd H 7 il
DES # i ?

&)

NLHLC >



:_.:_/._'._.:_'._:___. HDFS ?

* Hadoop Distributed File System
—Hadoop: p ¢ #x# % % » 2 7 I Google
MapReduce 7 #
— HDFS: Hadoop & % ¥ g & & 5t
* F I 2 Google File System
—GFS #- B 2 2 IF L N E kv
E’J/’J.%'% ”“fl_#‘}«—zi Aa\ﬂf’?
— & I’Ff"}%x% E AR X T UK ET
¥4 5

—ff@«’ B0t 2 R R B R R R TR AR

NEnE )
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° ﬁggﬁ%\zﬁ‘ﬁ % A 7
~ R FA Y AR
—ﬂﬁﬁﬁﬁﬁﬁ

. B nt T
_a@kuoz@@_;«v:«w S % T A
— B Throughput > i Latency

¢ LRWFR B

— 5t 3% Perabytes & & g7
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HDFS e ;oo e ea T
A ' > L) :
T ‘% L4 B 7
\n_ s
HDFS Architecture
Metadata (Name, replicas, ...):
/home/foo/data, 3, ...
Metadata ops~~ Namenode
BlockQps
Read Datanodes Datanodes
] -. .
H B ] = Replication g O D
[] [ ] n | Blocks
/
- ~ \ | V
Rack 1 Write Rack 2




i 9 HDFS & it

Namenode (the master)

RS - RIABE, (I8 [ block 7755

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

Meta‘c!_a"t,aL—»*"'/v
Datanodes (the slaves)

1[e]
! 2 1 4 2 5
2
3 4 > 4
5 5




- j.:;]“i: oo PRl BBl A o MdE D AE (T

— WP A m%ﬁm g (fy;i“g%n BN P FLE)
Namenode JobTracker
file1 (1,3) Map tasks TaskTracker
file2 (2,4,5) Reduce tasks

ask for task




* Original ~
— First: P27 F & 8L
— Second : F #$2ZEen¥ — & 8L
— Third: % F#$2E ¥ — & 8L
— More : SE ¥ PE
* Hadoop 0.17 ~
— First: & Client e& 2L
— Second : 7 B #2E ¢ g gE b
— Third: & % = B & ~ s 2 @
ey — a2
— More : S5 P4:E RackA RackB




B =2 B A= Ve \i
AR Gl WX 1 :

Tz

— checked with CRC32
— % g A Bl e ‘},.
 Heartbeat

— Datanode =Z_#P + Namenode :¥ heartbeat

 Metadata
— FSImage ~ Edltlog TS E R AR PR
— % i»# 7% > % NameNode 3 H-7 £ %48 f
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.+ POXIS #; 4
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¢ Az RN

* Web 417
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N . POSIX Like

hadoop fs [-fs <local | file system URI>] [-conf <configuration file>]
[-D <property=value>] [-1ls <path>] [-lsr <path>] [-du <path>]
[-dus <path>] [-mv <src> <dst>] [-cp <src> <dst>] [-rm <src>]
[-rmr <src>] [-put <localsrc> <dst>] [-copyFromLocal <localsrc> <dst>]
[-moveFromLocal <localsrc> <dst>] [-get <src> <localdst>]
[-getmerge <src> <localdst> [addnl]] [-cat <src>]

[-copyTolocal <src><localdst>] [-moveTolLocal <src> <localdst>]
[-mkdir <path>] [-report] [-setrep [-R] [-w] <rep> <path/file>]
[-touchz <path>] [-test -[ezd] <path>] [-stat [format] <path>]
[-tail [-f] <path>] [-text <path>]

[-chmod [-R] <MODE[,MODE]... | OCTALMODE> PATH...]

[-chown [-R] [OWNER][:[GROUP]] PATH...]

[=chgrp [-R] GROUP PATH...]
[-help [cmd]]

13
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Map Reduce A=k

* Functional Programming : Map Reduce
— map(...) :
« [1,2,3,4] - (*2)->[2,4,6,8]
— reduce(...):
[ 1,2,3,4]- (sum) -> 10
e ;w5 ;% ( Algorithms )
— Divide and Conquer

S
o I’_%L-\»F)Lm@\rgﬁ 1,:#]3\ y 3 Lé‘, B * ,’fl._—’: i’ﬁj}’i
g’tﬁmk—ﬁ P

NEnE )



Hadoop MapReduce Z_&

i @
o e B|L g
= @@ - / &

Hadoop Map/Reduce &_— # % >t ¢ * fngic 4§ -T
o » ™ MapReduce 5 A #FH B * 425 0 it 49
Withd FPF APCHrER XA EE L >
M- BT R F S T TR PR
NEnE 9



Hadoop-MapReduce :& i¥/ 4%

JobTracker 2
NameNode B~

PEREY
blocks

/.

e

map <]

map |

map <7
JobTracker :% #c

i# TaskTracker

* 1F Map i &

» A4 P R AR
2

-

merge

sort/copy._ ... _______

JobTracker #-°¢

FrEEEEER
o EIT R
e71 TaskTracker 3

output

______________________ HDFS

» reduce *  part0

» reduce »  part1
JobTracker reduce = {é i
% B i JobTracker
TaskTracker ¥7 Namenode
i reduce ™A 4 output



MapReduce & <Key, Value>

Input
Map
Output

Select Key

Input
Reduce
Output

Row Data
kevl val
key?2 val

kevl val

val  val
keyl val

key | values



MapReduce @] f%




MapReduce in Parallel

___________________ —_ —_ — o — — =
Ir Map Task 1 -: Ir Map Task 2 | Ir Map Task 3

| L L

| L L

| L L

| L L

| L L

| L L

I klow klowv k2w | | k3w kdw kdow ki ] | ked v kelow k3w

| Partitioning Function I | Partitioning Function | | Partitioning Function

Sort and Group
klwvwvvy [ k3wvy

22

r——— — —_—

Sort and Group
kd v v v

M@

Reduce Task 1




fv |

| am a tiger, you are also a

tiger
1,1
map am,1 a, 1
a,1 a,1
also,1
tiger,1 am,1
T you,1 are, 1
are,1 l,1
tiger,1
tiger,1
also,1 you,1
map 3, 1
tiger,1

JobTracker -£iE 7 = i
Tracker # map

Map % & f¢ > hadoop &
70 Rl e

a,2
also,1
am,1
are,1

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

I, 1
tiger,2
you,1

JobTracker £ %
B TaskTracker i®

reduce

NEnE )




Hadoop i #* % ..

A RETHE

o ¥ Ir ﬁ; * Text tokenization

Indexing and Search
* Data mining

* machine learning

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

*_http://wiki.apache.org/hadoop/PoweredBy

10
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http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/

Hadoop Applications (1)

Adobe

— use Hadoop and HBase in several areas from social services to structured
data storage and processing for internal use.

Adknowledge - Ad network

— used to build the recommender system for behavioral targeting, plus other
clickstream analytics

Alibaba

— processing sorts of business data dumped out of database and joining them
together. These data will then be fed into 1Search, our vertical search engine.

AOL

— We use hadoop for variety of things ranging from ETL style processing and
statistics generation to running advanced algorithms for doing behavioral

analysis Py
NLHL /


http://www.adobe.com/
http://adknowledge.com/
http://china.alibaba.com/
http://aol.com/

Hadoop Applications (2)

* Baidu - the leading Chinese language search engine

— Hadoop used to analyze the log of search and do some mining work on
web page database

* Contextweb - ADSDAQ Ad Excange

— use Hadoop to store ad serving log and use it as a source for Ad
optimizations/Analytics/reporting/machine learning.

* Detikcom - Indonesia's largest news portal

— use hadoop, pig and hbase to analyze search log, generate Most View
News,

— generate top wordcloud, and analyze all of our logs

1)
NLHLC'Y


http://www.baidu.cn/
http://www.contextweb.com/
http://search.detik.com/

Hadoop Applications (3)

DropFire

— generate Pig Latin scripts that describe structural and semantic
conversions between data contexts

— use Hadoop to execute these scripts for production-level deployments

Facebook

— use Hadoop to store copies of internal log and dimension data sources
— use it as a source for reporting/analytics and machine learning.
Freestylers - Image retrieval engine
— use Hadoop ¥’ tf /a2
Hosting Habitat
— B85 clients g £ 7 3

— & 73 2 soclients A % K A L AT

13
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http://www.dropfire.com/
http://www.facebook.com/
http://freestylers.jp/
http://www.hostinghabitat.com/

Hadoop Applications (4)

M

— Blue Cloud Computing Clusters

ICCS

— * Hadoop and Nutch to crawl Blog posts & 47 2_

III'T, Hyderabad

— We use hadoop F 3 #& & £ 4% B~

Journey Dynamics
— * Hadoop MapReduce 4 #7 billions of lines of GPS data I # # %
WO ALF
Krugle
— * Hadoop and Nutch 24 R 4405 51 &

TRy
NLHLC'Y


http://www.ibm.com/
http://www-03.ibm.com/press/us/en/pressrelease/22613.wss
http://www.iccs.informatics.ed.ac.uk/
http://search.iiit.ac.in/
http://www.journeydynamics.com/
http://wiki.apache.org/hadoop/MapReduce
http://krugle.com/

Hadoop Applications (5)

SEDNS - Security Enhanced DNS Group
— Jcf 22 K DNS MIFE R RRBRAIGIN F .
* Technical analysis and Stock Research

- A ERE TR

* University of Maryland
— * Hadoop 34 = machine translation, language modeling, bioinformatics,

.
e

email analysis, and image processing #p & 7 %
* University of Nebraska Lincoln, Research Computing Facility
— * Hadoop # 4 200TB 7 CMS 5% » 47

— ?é/ )3+ Z B ( CMS > Compact Muon Solenoid ) % 3L &2+ 2%
23 CERN:+ 3155 + R B3 31ena <3 % A+ R B - B o

STRY)
NLHL'Y/


http://wwwse.inf.tu-dresden.de/SEDNS/SEDNS_home.html
http://www.thestocksprofit.com/
http://www.umiacs.umd.edu/~jimmylin/cloud-computing/index.html
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

Hadoop Applications (6)

PARC
— Used Hadoop to analyze Wikipedia conflicts

Search Wikia

— A project to help develop open source social search tools

Y ahoo!

— Used to support research for Ad Systems and Web Search
— & * Hadoop T j %3 3 ¥ 2 K28 (2 ch7f fe e

AR L

YSIRYy
NLHLC'Y


http://parc.com/
http://alpha.search.wikia.com/

X KK EITH [

T AR MR F
jazz(@nchc.org.tw

waue(@nchc.org.tw
B 7B i R 5 7w (NCHC)
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Hadoop Package Topology

bin /

conf /

docs /
contrib /
lib /

SIC /

build /
logs /

230 (745 ¢ 4o start-all.sh - stop-all.sh -~ hadoop

TR K TAHP & ¢ X IR B % #c hadoop-env.sh ~ % 78 ¥
hadoop-site.conf ~ 1 ¥ & 8 slaves o (¥ { s /T )

Hadoop API &z p? ~ i+ (html & PDF)

Zpeb s % chw L B2 > 4ot oeclipse shdE L ¢b B~ Streaming
o¥ ;\ }E_ o

F"’ ’? hadoop % % & %% hadoop &' #7F & 975 S\ E >
i jetty ~ kfs o iz 2 ;g =71 hadoop & ;% & ** hadoop home

Hadoop R 4545 o

B % Hadoop #iBis enFl 4 o 2 45 ant #2358 2 build.xml

TR NP AT & o (7 Ui



K T A% ¢ hadoop-env.sh

* 2% 7_Linux ,% %3 {7 Hadoop «7k B % #k
— export xxx=kkk
o #-kkk T B B % > I xxx & #cV

— # string--
C iR K KfHT - 7 Ep 3

# The java implementation to use. Required.

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

export HADOOP HOME=/opt/hadoop

export HADOOP LOG DIR=$HADOOP HOME/logs
export HADOOP_ SLAVES=$HADOOP HOME/conf/slaves

/= NEnc )




X 4% - hadoop-site.xml (0.18)

<property>
<name> mapred.map.tasks</name>
<value> 1</value>
<description> define mapred.map tasks to be

<configuration>
<property>
<name> fs.default.name</name>

<value> hdfs://localhost:9000/</value> number of slave hosts </description>
<description> -+ </description> </property>
</property> <property>
<name> mapred.reduce.tasks</name>
<property>

<value> 1</value>

< > ' < > oy
name> mapred.job.tracker</name <description> define mapred.reduce tasks to be

<value> localhost:9001</value> number of slave hosts </description>
<description>--- </description> </property>
</property> <property>

<name> dfs.replication</name>
<value> 3</value>

</property>

</configuration>

<property>
<name> hadoop.tmp.dir </name>

<value> /tmp/hadoop/hadoop-$
{user.name} </value>

<description> </description>
</property>

NEHE 9



K ZA4% - hadoop-default.xml (0.18)

* Hadoop ¥f 3k %%k«
— i< % hadoop.site.xml & F_e7:% 3 ¢ %

ETIIE

— § % e/ 5 4% http:/hadoop
.apache.org/core/docs/current/cluster setup.html#Configuring+the-

NEHE )


http://hadoop.apache.org/core/docs/current/cluster_setup.html
http://hadoop.apache.org/core/docs/current/cluster_setup.html
http://hadoop.apache.org/core/docs/current/cluster_setup.html

— core-site.xuml

hadoop-site.xml — mapreduce-core.xml

— hdfs-site.xxml

— sreclcorelcore-default.>aml

hadoop-site.xml —  srcimapredimapred-default.xml

— srclhdfslhdfs-default.>aml

NEHE )



R ZTHp °  core-site.xml (0.20)

<configuration>
<property>
<name> fs.default.name</name>
<value> hdfs://localhost:9000/</value>
<description> -+ </description>
</property>
<property>
<name> hadoop.tmp.dir </name>

<value> /tmp/hadoop/hadoop-$
{user.name} </value>

<description> ... </description>
</property>
<configuration>

¥ hadoop core %k
2 % F http://hadoop.apache.org/common/docs/current/core-default.htm

NEnc )


http://hadoop.apache.org/common/docs/current/core-default.html
http://hadoop.apache.org/common/docs/current/core-default.html
http://hadoop.apache.org/common/docs/current/core-default.html

X 4% ° mapreduce-site.xml (0.20)

<configuration> <property>

<property> <name> mapred.reduce.tasks</name>
<name> mapred.job.tracker</name> <value> 1</value>
<value> localhost:9001</value> <description> ... </description>
<description>... </description> </property>

</property> </configuration>

<property>

<name> mapred.map.tasks</name>

<value> 1</value>

<description> ... </description>
</property>

:*m hadoop mapreduce %3k °
B % B http://hadoop.apache.org/common/docs/current/mapred-default.html

NEnL )


http://hadoop.apache.org/common/docs/current/mapred-default.html
http://hadoop.apache.org/common/docs/current/mapred-default.html
http://hadoop.apache.org/common/docs/current/mapred-default.html
http://hadoop.apache.org/common/docs/current/mapred-default.html
http://hadoop.apache.org/common/docs/current/mapred-default.html

% %4 hdfs-site.xml (0.20)

<configuration>

<property>
<name> dfs.replication </name>
<value> 3</value>
<description>... </description>

</property>

<property>
<name> dfs.permissions </name>
<value> false </value>
<description> ... </description>
</property>

</configuration>

¥ hadoop hdfs %%k >

;ﬁ‘ B  http://hadoop.apache.org/common/docs/current/hdfs-default.html

NEnL )


http://hadoop.apache.org/common/docs/current/hdfs-default.html
http://hadoop.apache.org/common/docs/current/hdfs-default.html
http://hadoop.apache.org/common/docs/current/hdfs-default.html
http://hadoop.apache.org/common/docs/current/hdfs-default.html
http://hadoop.apache.org/common/docs/current/hdfs-default.html

® 2 :

slaves

* % start-all.sh, stop-all.sh #

C ORI BT R g G A R D

datanode & tasktracker

* — {7— # hostname &\

1p

192.168.1.1

192.168.1.100
Pcl01

Pcl52

10
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3R T 4% °  masters

* % start-*.sh, stop-*.sh #

* € 43K T = secondary namenode
Gl

192.168.1.1

PclO1

R
NLHC')



JAVA HOME

JAVA % #
HADOOP 3. 4
P&t a2 P &

HADOOP HOME
HADOOP CONF DIR

HADOOP LOG DIR

HADOOP 1
JobTracker

T p 4 hadoop.tmp.dir

mapred.job.tracker
Namenode fs.default.name
TaskTracker (hostname)
Datanode (hostname)
% = Namenode (hostname)

1% 5 hadoop-
default.xml

hadoop-env.sh
hadoop-env.sh
hadoop-env.sh
hadoop-env.sh
hadoop-site.xml
hadoop-site.xml
hadoop-site.xml
slaves

slaves

masters

hadoop-site.xml



##| Hadoop &h3p %

o F gL
— § bin/hadoop , namenode |, -format
* ¥%F 4> (% SSH) * 2B R (HE SSH)
— §$ bin/start-all.sh — §$ bin/stop-all.sh
— § bin/start-dfs.sh — §$ bin/stop-dfs.sh
— § bin/start-mapred.sh — § bin/stop-mapred.sh

o Wi et /MP (3§58 SSH)
— § bin/hadoop-daemon.sh [start/stop] namenode
— §$ bin/hadoop-daemon.sh [start/stop] secondarynamenode
— §$ bin/hadoop-daemon.sh [start/stop] datanode
— $ bin/hadoop-daemon.sh [start/stop] jobtracker

— §$ bin/hadoop-daemon.sh [start/stop] tasktracker NE/M_E')



Hadoop sk v &8 5 4 £

* & * hadoop # % & sudp £

— $ bin/hadoop , fs , ~Instruction ...

« % * hadoop i& & # s

— $ bin/hadoop ,jar , XXX.jar ,Main_Function ,---

TRy
NLHLC'Y



$ bin/hadoop 45 %

ip £

EE T T

fs ¥t 7}.%?%_ /:‘4 SLiB (7 a@gg {F¥ hadoop fs —put i input

jar @iﬁv;”ﬁ _;E_'; b hadoop jar example.jar wc in
- out

archive 4t %{ hdfs } gﬁ;F,"”\ o hadoop archive foo.har /dir

distcp **EEFFFTH @ﬁg}
fsck %

job

version %8 T 'k~

/user/hadoop

hadoop distcp hdfs:/nn1:9000/aa
hdfs://mn2:9000/aa

hadoop fsck /aa -files -blocks
-locations

hadoop = job ~—kill " jobID

hadoop version

N



$ bin/hadoop 45 % TR S B

[T T

balancer I i @’5— hdfs ﬁé;\. ZFE—I_ hadoop balancer

dfsadmin fe %’F’T DN hadoop ' dfsadmin, —setQuota,3
ff_ < ﬁ #jg = Juserl/

namenode Z, 7]??’_ oS gl al;gg 1F hadoop namenode -format

$ bin/hadoop 45 4

datanode =~ & ?4(7} & Bl hadoop,datanode
jobtracker = 7‘% B AR .:FIB hadoop " jobtracker

Be
tasktracker =N ’E‘:Z'FJL :!FT hadoop/\tasktracker )
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— Hadoop @ Hello World => Word Count
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,______I

A2 30 A A

_=%_Program Prototype (v 0.18)

Reduce
[

.
!

& Y

Class MR {
Class Mapper { Map #2 P o |
} e |
Class Reducer «-{ Reduceﬁ;\ﬁ; """""""" !
1 TR R A 5
main(){

5

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

FileInputFormat.setInputPaths(conf, new Path(args[0]));
FileOutputFormat.setOutputPath(conf, new Path(args[1]));

JobClient.runJob(conf);

NEnE )



e

N

B~ W

© 00 N O O

E_;’q‘é _: Class Mapper

class MyMap extends MapReduceBase

INPUT INPUT OUTPUT OUTPUT
implements Mapper < xgy , valuE .,  KEY | VALUE
[l = ImAaElo il

INPUT INPUT
public void map ( KEY Kkey, VALUE value,
OUTPUT OUTPUT
OutputCollector< ey S > output,
Reporter reporter) throws |OException

[ Wb T = R =1 S [y
output.collect( NewKey, NewValue);

}

NEnE Y



Class Reducer

1 class MyRed extends MapReduceBase

. INPUT INPUT OUTPUT OUTPUT
implements Reducer < gy ,| vaLUE ,  KEY ,  VALUE
2 A
3 I =B
_ . INPUT INPUT
4 public void reduce (  kex key, lterator<" vaLue - > values,
OutputCollector< Vi7" [ Saioe | > output,
Reporter reporter) throws |OException
O {
6 [l [k delAeR o R = e [
/ output.collect( NewKey, NewValue);
8 }
9 3}

NEHE )



e

: Class Combiner

th ®— 1 combiner - v f F ¥ ¥ FiEsE
mﬁﬂ ',‘KE.]”J‘/%?,\E; y ‘LE'g )3 E'/a A
Mapper F| Reducer #cx @ ﬁaq] £ o

¥ 4 ¥ 2K F_ 2 d Hadoop Ff 3K
» ¥ A F Rt 23 0 51 % Reducer

— JobConf.setCombinerClass(Class)

F\-)Q‘

LY



=% Run Job

. submitJob(JobConf )
— PHIITE 2187 & g vEw N
RunningJob & fmevik i » ¥ RFFIRAB R o
* JobConf.setJobEndNotificationURI(String )
—KE-BIFR R~ VLR

NEnc )



#:- ! Word Count Sample (1)

1  class MapClass extends MapReduceBase implements
Mapper<LongWritable, Text, Text, IntWritable> {

2 private final static IntWritable one = new IntWritable(1);
3 private Text word = new Text();
4 public void map( LongWritable key, Text value,

OutputCollector<Text, IntWritable> output, Reporter
reporter) throws IOException {

5 String line = ((Text) value).toString();
6 StringTokenizer itr = new StringTokenizer(line);
7 while (itr.hasMoreTokens()) {
8 word.set(itr.nextToken());
9 output.collect(word, one);
Input
i3 / key <word,one>
/user/hadooper/input/a.txt
. <no,l>
e ’/ >pno *newi '>"1§\ ﬁ*g%(}\ *ne,V\VS <news , 1 >
No news is a good news. \ \ \ \ \ <is, 1>
..................... /\\\ \:\ 1tr ltr ltr ltr ltr <a, 1>
<good, 1> 8.
Input /
value line <news, 1 >




#£:- ! Word Count Sample (2)

1 class ReduceClass extends MapReduceBase implements Reducer< Text,
IntWritable, Text, IntWritable> {

2 IntWritable SumValue = new IntWritable();

3 public void reduce( Text key, lterator<IntWritable> values,
OutputCollector<Text, IntWritable> output, Reporter reporter)
throws IOException {

4 int sum = 0;

5 while (values.hasNext())

6 sum += values.next().get();

7 SumValue.set(sum);

8 output.collect(key, SumValue);

1}
<word,one>
<no, 1> Nncws
<key,SunValue>
<news, 1>
<is, 1> 1 — 1 <news, 2> ‘
<a, 1>

<good, 1> N@;
<news, | >



#
#2-1 Word Count Sample (3)

Class WordCount{
main()
JobConf conf = new JobConf(WordCount.class);

/] set path

FileInputFormat.setInputPaths(new Path(args[0]));
FileOutputFormat.setOutputPath(new Path(args[1]));
/[ set map reduce
conf.setMapperClass(MapClass.class);

conf.setCombinerClass(Reduce.class);
conf.setReducerClass(ReduceClass.class);
// run

JobClient.runJob(conf);

1

10
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L ks b L

—javac, -classpath hadoop-*-core.jar,-d,MyJava ;MyCode.java
i
—jar ,-cvi \Mylar jar ,-C ;MylJava, .
* R
— bin/hadoop ,jar,MylJar.jar, MyCode \HDFS Input/,
HDFS Output/

ot herdy 7 P 4% 5 Hadoop_Home ° £3wit ~ 245 3] HDFS * & input P &

. /MyJava = s 42548 P 4 . /input; . /ouput = hdfs &y » ~ frdi—
L . ‘ P 4% P iy
cMyjar. jar = 4318 e ,



e

#<%. WordCountl Y (1)

cd SHADOOP HOME
bin/hadoop dfs -mkdir input
echo "I like NCHC Cloud Course." > inputwc/inputl

echo "I like nchc Cloud Course, and we enjoy this
crouse." > mputwc/input2

= b=

bin/hadoop dfs -put inputwc imnputwce
bm/hadoo dfs | 1s ing ut -

Fo 11111 2 1T-m

AN

SIW-T--T-- | waue gupergrounp 262 E!-—__ 12:15% fugerfwane/input/inputl
-rW-r--r-- | waue supergroup 52 2009-03-22 12:15 fugerfwaune/input/inputZ
wane@vPro: fopthados -.!- y

1)
NLHLC'Y



— e e o o s o EEm EEm Em M M M R B R B B M B B R M B M M M M M M M M M R R
N

1. %»iE WordCount.java

http://trac.nchc.org.tw/cloud/attachment/wiki/jazz/Hadoop Lab6/WordCount.java?format=raw

2. mkdir MyJava

3. javac -classpath hadoop-*-core.jar -d MylJava
WordCount.java

4. jar -cvf wordcount.jar -C MylJava .
5. bin/hadoop jar wordcount.jar WordCount input/ output/

* 9 R 7 P &5 Hadoop_Home ( %1% hadoop-*-core.jar )
* javac %3i#pFZ & classpath, @ hadoop jar % #
* wordcount. jar = #¥{s iR 0 R FFE L 4 class name

*Hadoop £ X B » ¥ § input #4%%& 3% ¥ hdfs + » 12 hadoop
#1738 % 874 (wordcount. jar ) # 5+ @ -5 2 §% B node % _——,
o AN P~ 2 d java AR ”d‘f"’:n


http://trac.nchc.org.tw/cloud/attachment/wiki/jazz/Hadoop_Lab6/WordCount.java?format=raw

wanedvPro: fopt/hadeoopd mkdir Mylava

yane@vFPro:/opt/hadoop} javac -classpath hadoop-*-core.jar -d HyJlava WordCount.java
wane@vFPro: foptihadoop? jar -cvwf wordcount.jar -C MvyJawva .

i manifeszt

iz TordCount.claszs EEE_15161=§%_?4DJEE£%E 519

iz MordCountiRedoce.clazs (38=10910(E=042"( BEEE 599

E71%  WordCountPHap. clags (53=19181(E=795"7 BE&E 58%)

wane@vPro:foptihadoop? binfhadoop jar wordcount.jar WordCount input! ountput/
0903022 11:39:01 WARN mapred.Jobllient: Uze GenericOptionsParzer for parzing the argu
ments. Applications should implement Tool for the same.

090522 11:39:01 IHFO mapred FilelnputFormat: Total 1nput pathz to process @ |

090322 11:39:01 INFO mapred.FilelaputFormat: Total input paths to process @01
09/0%/22 11:39:02 THFD mapred.JobClient: Ruonning job: job 200903201526 0007
09/03/22 11:29:03 INFD mapred.JobClient: map 0% redoce 0%

09/02/22 11:39:08 THFD mapred.JobClient: map 100% redoce 0%

09/03/22 11:39:15 TNFO mapred.JobClient: Job complete: job 2009032201526 000%
09 0322 112915 TNFD mapred.JobClient: Counters: 16

0903022 112915 TNFD mapred.Jobllient: File Svatens

0903022 112915 TNFD mapred.Jobllient: HDF= bvtem read=320950
0903022 112915 TNFD mapred.Jobllient: HDF= bvtez written=130568

09/ 03022 112915 TNFO mapred.Jobllient: Local bytez read=1683448
090322 11:29:15 TNFO mapred.JobClient: Local bytez written=336932
090322 11:29:15 TNFO mapred.JobClient: Job Counters

090322 11:29:15 TNFO mapred.JobClient: Launched reduce tazks=l
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e

WordCount :&F# 5%

*  WordCount2

http://trac.nchc.org.tw/cloud/attachment/wiki/jazz/Hadoop Lab6/WordCount2.java?format=raw

* P A

* W

= » b=

AR EE L

7 E Al B

Ft (&3 WordCount ki )

echo "\." >pattern.txt && echo "\," >>pattern.txt

bin/hadoop dfs -put pattern.txt ./
mkdir MyJava2

javac -classpath hadoop-*-core.jar -d MylJava2
WordCount2.java

jar -cvf wordcount2 jar -C MylJava2 .

YSIRYy
NLHLC'Y


http://trac.nchc.org.tw/cloud/attachment/wiki/jazz/Hadoop_Lab6/WordCount2.java?format=raw

e

|__ij_'é'3:4:_ A %‘L*%,g\!:’?\j' gfu

— bin/hadoop jar wordcount2.jar WordCount2 input
output2 -skip pattern.txt dfs -cat output2/part-00000

yanedvFro:

—

—

17
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e

— bin/hadoop jar wordcount2.jar WordCount2
-Dwordcount.case.sensitive=false input output3 -skip pattern.txt

and l

clond
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_______

Gl Tool

* 2 Hadoop & 4 34 {7 g 58
-conf <configuration file>
-D <property=value>

-fs <localjnamenode:port>

jobtracker:port>

* HiE A B 2 d A2 AIT

— ToolRunner.run(Tool, String][])

-1t <local

19
NLHL')



_______

— 4 pattern.txt 4%

* DistributedCache.addCacheFile(URI,cont)
— URI = hdfs://host:port/FilePath

20
NLHCYY



_______

2772, Options without Java

* 27X Hadoop =2 &_* Java § 1T » (L
Map/Reduce & * 25 B+ — & *
Java X g

* Hadoop Streaming

_'EL' 4= 22 W 2 E' Y ___‘IZ""J‘ /l?‘.—_-‘—
NFFxend L o @A At 1 H s 2%

(4 @ PHP ) % * 3] Hadoop =7 mapper §v
reducer

* Hadoop Pipes : C++ API

oy
NLHCY)
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What 1s Nutch
Why Nutch
Nutch’s Details

Let’s go
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What's Nutch

. Nutch #_— 1% open source ° X Java kg
MR SIE > THRET EX P G
% 5l ¢ ?’"’T[ﬁ R o R

. 4}']’** Lucene 5 & 3" E

. ’-;‘-H#."i’:‘ Hadoop 2. }

NEnE )



Nutch’s goals
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Why Nutch ?
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— Opensource > F 3l 7+ FZ &
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Who use Nutch

Public search engines using Nutch

Flease sort by name alphabetically

+

@ AslkAboutdil is awertical search portal for the petroleum indust

@ Eaynote provides free hosted MNutch search for businesses.

@ EceThere BEeSquare is an Event Search Engine for the San Fre
category and get details about events in 4 different wiews.

@ Bigsearch.ca uses nutch open source software to deliver its se

@ BEusyTonight: Search for any event in the United States, by ke
from ariginal source Web sites.

& Central Eudapest Search is a search engine for English langus:
events.

@ Circuit Scout is a search engine for electrical circuits.

& Comiec Search is a search engine for Lk Tour Operator Pack

@ Coder-Suche de searchs for coding stuff like apis, documenta
enaglish.

& Cormell University Library is collaborating with the research grc
pages based on Mutch. The nutch-based search engineg is near tl

@ Cregtive Comimons is a search engine for creative commons |

@ Dadi260 Usee nutch search engine for providing search of Ch

@ Ecolhub Web Search an E. coli specific search engine based
thereby reducing the numiber of spurious hits. Searches can be o
More resources getting added.

@ Epivista is a search engine of epilepsy related web sites.

@ croscanner is a search engine for german adult stuff. YwWatching
NSFW)

.....1MOTIC

(http://wiki.apache.org/nutch/PublicServers)

krugle -+ gy

mutch] al v | Any area ¥
Results
Code Search for nutch

Code Files 1-10 (out of about 1549 matching files)

Nutchjava | € | Creative Commons Tools | Apache-2.0
* [@author Jseacute;rsocirc;me Charron
g
public interface Hutch {

public static final String ORIGINAL CHAR ENCODING
"OriginalCharEncoding™;

Nutchjava | €| Huich | Apache-2.0

* Bauthor Jseacute;rsocirc;me Charron

w4

public interface Hutch {

public static final String ORIGINAL CHAR ENCODING
"OriginalCharEncoding™;

NutchConfigurationjava | &  Nutch | Apache-2.0

J*% Ttility to create Hadoop {@link Configuration)s that include Hutch-specific
¥ rezgurces. */

public class HutchConfigquration !

private final static 3tring EEY = HutchConfigquration.class.getName();

private HutchConfiquration() {} // singleton

NutchJohjava | © | Nutch | Apache-2.0 | Show Clones
import org.apache.hadoop.napred. JobCont;
S5 & {@link JobConf} for Wutch jobs. */
public class HutchJob extends JobConf {
public HutchJob (Configuration conf) |

super (conf, HutchlJob,class):
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1) i 4: URL & § b ;

2) %‘URLE:J_)‘ '7_' e ......................................................
crawldb-—inject ilipm A N |
3) 134f crawldb & = 1B~
i+ 8 ———generate

5.) update crawlDB with new extracted urls Index

content parser

Wt

lucene query

3 bi ’ e P

4) FAT AP Lk N 2.) generate segment V
2: ———fetch {nuntams urls scheduled for fetching) —\

- e 4 e : 4.) parse content
H) * EBI| T & LA & \‘
#1 crawlDB-——updatedb :
6) £A4F:iEF 3~
> B OFIR AR TOPRBE

fetch list fetched content

7T) € #7 linkdb ———1nvert11nks R 4 L
8) E - ? | ——1ndex SN = s i L

9) ¥ i ST ETAHIT
10) &% = A8 i 5 lucene 434
11) Ew 2%



Plugin

* 2z conf/nutch-site.xml #7 plugin.includes /& 1+
A nutch 2L A% 5 2 P LH B

— “parse-xx” : 4v > fE47 xx R HE A e 4

- “protocol -xx” : 4e > At EN GRS AT
parse-text parse-msword protocol-file
parse-ext parse-msexcel protocol-ftp
parse-html parse-pdf protocol-http
parse-js parse-rss protocol-httpclient
parse-mp3 parse-00
parse-zip parse-swi
parse-rtf parse-mspowerpoint

/_;.
NLHL /
http://wiki.apache.org/nutch/PluginCentral



International

cF SREFETRTVE R ERE R
the page header

— src/web/include/language/header.xml

the "about" page

— src/web/pages/lang/about.xml

the "search" page

— src/web/pages/lang/search.xml
the "help" page

— src/web/pages/lang/help.xml
text for search results

— src/web/locale/org/mutch/jsp/search lang.properties

10
NLHL'Y



No ! Nutch

AR THE LT AR
* ¥ robots.txt *t & web |

* robots.txt

User-agent: Nutch
Disallow: /

R
NLHC')
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Start

« 23 March 2009 - Apache Nutch 1.0 Released

Let’s Go

13
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References..

* Nutch Website
— http://lucene.apache.org/nutch/

* Nutch wiki
— http://wiki.apache.org/nutch/

* Nutch API
— http://lucene.apache.org/nutch/apidocs-1.0/inde:

TRy
NLHLC'Y
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* ~10,000 machines running Hadoop in US

* The largest cluster 1s currently 2000 nodes
* Nearly 1 petabyte of user data (compressed, unreplicated)
. Runmng roughly 10,000 research jobs / week



Hadoop H 83K Z &7

step 1. 3K & » & 255

step 2. % % java
M@3T§*%wap

step 4.1 3k ¥_ hadoop-env.sh

— export JAVA HOME=/usr/lib/jvm/java-6-sun
step 4.2 X T_ hadoop-site.xml

— 2k Z_Namenode-> hdfs://localhost:9000
— 2k Z_Jobtracker -> localhost:9001

step 5.1 ¥ ;% i* HDFS

— bin/hadoop namenode -format

step 5.2 Ex#» Hadoop

— bin/start-all.sh

step 6. % = | ¥ §iF Tk

— Job admin http://localhost:50030/ HDFS http://localhost:50070/

NEnL )


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

Hadoop ¥ #$% 8 7 & W

conf /
hadoop-site.xml:

fs.default.name ->

hdfs://localhost:9000
mapred.job.tracker ->

localhost:9001

Node 1

/ Localhost \

v

Namenode

v

7

conf/slaves:

JobTracker

Datanode

v

localhost

/4

Tasktracker

\J



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

Hadoop 3 3K T & fad

stepl. K 2% » £ 215

step 2. % % java

step 3. T % % Hadoop

step 4.1 X T_ hadoop-env.sh

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

step 4.2 X Z_ hadoop-site.xml

— 2% T_Namenode-> hdfs://x.x.x.1:9000

— 2k T_Jobtracker -> x.x.x.2:9001

step 4.3 KX Z_slaves 5

step 4.4 #-%_ & PN 07 "% Hadoop ",5'3 - tRenfe B

step 5.1 %3¢ it HDFS

— bin/hadoop namenode -format

step 5.2 kx#> Hadoop

— nodeN #4 {7 : bin/start-dfs.sh ; nodeJ 34 = : bin/start-mapred.sh
step 6. == | & & 3T T A

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

NEnL )


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

oﬁ-»}ﬁ,—

Node 1
conf /
hadoop-site.xml: / X.X.X.1 \ http://x.x.x. LiS0070
fis.default.name -> S A
= http://x.x.x.1:50030 _
hdfs://x.x.x.1:9000 Namenode | | hupi/xx 150030
mapred.job.tracker -> -7
X.X.x.1:9001 | N ra
7 JobTracker Node 2
L (o Xxx2 D\
conf/slaves: |
] : Datanode Datanode
X.X.X.2 :
l Tasktracker Tasktracker
|
| NG ~/
|



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

i =

conf / Node 1 Node 2
hadoop-site.xml:

. / X.X.X.1 \ / X.X.X.2 \ http://x.x.x.l:SO.
fs.default.name -> N - B
hdfs://x.x.x.1:9000 | Namenode
mapred.job.tracker ->
x.x.x.2:9001

“|JobTracker

V
conf/slaves: :_ N 1 ——— — — —
X.x.X.1 : Datanode Datanode
X.X.X.2 '

: Tasktracker Tasktracker

AN \

I



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

) R

conf / Node 1

hadoop.site.xml:

/ X.X.X.1 \
fis-default.name -> ' Namenode [
hdfs://x.x.x.1:9000
mapred.job.tracker -> |
X.x.x.1:9001 JobTracker [
7\ —/
o T T T T
! Node 2 Node N .
conf/slaves: e X.X.X.2 N e o Y :
' |
X.X.2
e — Datanode Datanode :
I | BN B I
A 11 | Tasktracker Tasktracker | |
' |
|



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

conf/
hadoop-site.xml:

mapred.job.tracker-3

X.X.X.2:9001
s.default.name ->
dfs://x.x.x.1:9000

|

|

conf/slaves: I

|

X.X.X.3 I

—

------- I
X.X.X.n -
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What is Cluster Computing ?

How to deploy PC cluster ?
AN
What is DRBL and Clonezilla ?

Can DRBL help to deploy Hadoop ?
AT Y
Live Demo of DRBL Live
and Clonezilla Live
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o1 Nlzinzgz rlods,
Vo nzzdd to insiall Scheduler zi.
Network File System 7or snziring

rllas witn Comolliz 1locd=

Joo g, = Jd2s352410¢ ANecolns Yl
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> V. Y. .Y Y J y y g - J y r Y Y o ik o &
2s2zrer) toules 2100 2O Clisiar

| Process ) Siorec)e
Arcriliscilrs Arcrijiscilrs
- Sysierr
Arcrltecilrs
L MNetwors - Sysierm-level
Arcriltscilres Vliclellzwere
Cluster
Corng ElfJJ o Parzllel | Srlere ]V]*‘HJOF/
Cornputing Prograrrirning

Digiriouted Vlernory

ST Prograrrirning
~ Algoritnmns
And L Aoolication-lgvel
Applications Micdlgweire Prograrnrnirig

Ref: Cluster Computing in the Classroom: Topics, Guidelines, and Experiences
http://www.gridbus.org/papers/CC-Edu.pdf


http://www.gridbus.org/papers/CC-Edu.pdf

Crzillzngzs of Clusizr Corlliingg

 Hardware

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

« Software

- Job Scheduler ( Cluster level )

- Account Management

- File Sharing | Package Management
 Limitation

- Shared Memory

- Global Memory Management



Corron zinod o d2oloy Clisiar

2. Cloning
10
IpeIe

111zl e

1. 52700 oz
Template

1z el e

3. COnﬂgure

JJJ_)

r

4. /15i2])
Job
Scheduler

)

O. 2Urisidsiyg
Benchmark
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7 or 42 Scaling Hadoop to 4000 nodes at Yahoo!
T p 2 September 30, 2008

-
-4

Total Nodes 1 4000
Total cores : 30000 :
Data 16PB i
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

-
-



Addvzinezd ainods to daoloy Cliusiar

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

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

- Rocks : RPM only

- cfengine : configuration engine



Comzrison of Clisiary Dagloy Tools

Support Node Cluster
. .- . . . . Database
Distribution Diskless| configuration A management | ;
installation
Sysmless
System
Imager

Kadeploy

--
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SmartFron%-

* Make Hadoop deployment agile
*Integrate with dynamic cluster deployments

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


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

SmartFrog - HPLabs' CM tool

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

Runtime to create components from the model

Components have a lifecycle
LGPL Licensed, Java 5+

http://smartfrog.org/

Source: Deploying hadoop with smartfrog hp]
http://[people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf ['-ABS



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

Basic problem: deploying Hadoop

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

Nan_*\e Hode Data Node Data Node Data Node
HDFS -index
Hardware

+ 0S8 =gl =S I=So9f =i

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

Source: Deploying hadoop with smartfrog 2
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf (LABS]



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

I The hand-managed cluster

Manual install onto machines
SCP/FTP in Hadoop zip
copy out hadoop-site.xml and other files

edit /etc/hosts, /etc/rc5.d, SSH keys ...
Installation scales O(N)

Maintenance, debugging scales worse

Source: Deploying hadoop with smartfrog -
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf [LABSJ



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

The locked-down cluster

PXE Preboot of OS images

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

Requires:

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

Source: Deploying hadoop with smartfrog 2
http://[people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf [LABSJ


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

CM-+ool managed cluster

Configuration Management tools

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

Worktlow: apply a sequence ot operations to
change a machine's state

Centralized: central DB in charge

Decentralized: machines look after themselves

CM tools are the only way to manage big clusters

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



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

Model the system in
the SmartFrog language

TwoNodeHDFS extends OneNodeHDFS {

localpataDir2 extends TempDirwithCleanup {

}

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

}
}

Inheritance, cross-referencing, templating

Source: Deploying hadoop with smartfrog 2
http://[people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf [LABSJ



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

The runtime deploys the model

NameMNodeHost
namenode: logDir:
NameNode TempDirWithCleanup
nameDir:
TempDirWithCleanup
dataDir:
TempDirWithCleanup
DataNodeHost2 DataNodeHost2
datanode1: datanode2:
DataNode DataNode
localDataDir: localDataDir2:
TempDirWithCleanup TempDirWithCleanup
Source: Deploying hadoop with smartfrog he
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf [LABS]


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

I Steps to deployability

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

Add workflow components to work with the
tilesystem; submit jobs

Get the tests to pass

Source: Deploying hadoop with smartfrog -
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf [LABSJ



http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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@ i DRBL I 5 rladooo

* drbl-hadoop - # ﬁ“ ¥ A HDFS *

svn co http://trac.nchc.org.tw/pub/grid/drbl-hadoop

* hadoop-register — i %27 ssh applet

svn co http://trac.nchc.org.tw/pub/cloud/hadoop-register

% trac

Integrated 5CM & Project Management

2% trac

Integrated SCM & Project Management

root / drbl-hadoop-0.1 root / hadoop-register|

Name 4 Mame & Size Rev Age Las!
- drbl-hadoop b Jetc 183 4 weeks | wa
| drbl-hadoop-mount-disk ~| adduser.php 1.3kB 85 & weeks | wa

z.zke 85 6 weeks W

| check_activate_code. php

P —




i 5 reldooo.rcre.org. iy

* DRBL Server -1 - (hadoop) ° *t =~ /home 2 /tftpboot 7

* DRBL Client - 19 - (hadoop101~hadoop119)
« #* Cloudera - Debian % i*
« ¢ * drbl-hadoop % Z 2 init.d script & s 8 %

« & * hadoop-register * it i * iﬂz iy 2 ssh applet /i &

) hadoop Haduup Map/Reduce Administration - Mozilla Firefox
v FOEYT M |._] hHpeatad o nehe nrg e hesk_nsy_denttrsion php ]

! Ealuop Howwbole laloopandeog 3020 | ) Euluop 836 - i % &E @ | ¢ hfm."m&donpm]'uzorgtw5l:|03ﬂ."]nbtm£ H 4

PR |hzmvauy [Donil | mvaug r@uulcons b |EHB (S8 oo 5cer B (SR [R5 [ [SHER wbaoe F T : -
BRE EEE SN Ehy TED SUH ! hadoop Hadoop Map/Reduce Admin- | | | Hadoop HREE

L-nux hadcon 2.6.26-2-amd6d &7 SMP Fri Mar 27 04:02:59 xh6_04 hadoop Hadoop Map/Reduce Administration
5 included with the Debian GNU/Linu Em are WATE RUNNING|
Lribul g seribe

Stun Jul 19 22:46-19 EDT 2009
0.18 3-4cloudera 3.0, ¢

(, to the extent Fri May 29 22:20:49 I TC 2009 by root
200007192248

chz ore Tw

Cluster Summary

Maps Reduces Total Submissions Modes
1] a 711 18

Running Jobs

Map Task Capacity Reduce Task

a8

Running Jobs

a8




L assorn Lazirn

Cloudera = & c47 i - 2 * init.d script & fz#: i B
- name node, data node, job tracker, task tracker
E L FRE
- v DRBL p &4; £ = = /opt/drbl/sbin/drbl-useradd
i® * —*‘F{?Eﬁ,{ HDFS #.f &%
- R B EEY 07 hadoop fs -mkdir tmp
KLk * F§ HDFS £
- e BT T hadoop dfs -chown $(id) /usr/$(id)
HDFS ¢ iz * /var/lib/hadoop/cache/hadoop/dfs

MapReduce ¢ i¢ * /var/lib/hadoop/cache/hadoop/mapred
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Hadoop Distributed File System

ey

i+ f-2_HDFS ?
— Hadoop & % # &gk & & X

LL

AY
T

— 43 % % ~ & Throughput ~ < R FH & ~ - = %

WEE BT S H

HDFS Architecture

Metadata ops~—

Dy
—_—

N

»-"‘ Namenode

Metadata (Name, replicas, ...
Thome/foo/data, 3, ...

):

Datanodes

Replication

Bloc Ps
Datanodes
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MapReduce

* i+ & f_MapReduce
—Map #-= B FHARL 5 - B key » 1%
<key,value> cHfie %+ » Reduce £ 3t & #775
Map & & wd! <key, list(value)>

S L

Input | | |

v

@@?@?@ @@?@?

Intermedis: e| kKl:v kl:v K2:v | | kl: k3w k< | kbow kS | | T BT kKl:v k3w
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Hadoop % 23K Z_

it

step 1. 3K T8 ~ & %45

step 2. % % java

step 3. T §*- %X Hadoop

step 4.1 3% Z_ hadoop-env.sh

— export JAVA_ HOME=/usr/lib/jvm/java-6-sun
step 4.2 K Z_ hadoop-site.xml

— 2k Z_Namenode-> hdfs://x.x.x.1:9000

— 2k Z_Jobtracker -> x.x.x.2:9001

step 4.3 3K E_slaves ##§

step 4.4 #-E & p (07 % Hadoop ?;rs - ke B

step 5.1 #& 3% it HDFS

— bin/hadoop namenode -format

step 5.2 Ex#* Hadoop

— nodeN 34 {7 : Dbin/start-dfs.sh ; nodeJ 34 {7 :
step6. == | & AT TR

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

Java-6-sun ;J

Hadoop-coreij

hadoop—env.sy

hadoop-site.xn;lj

slaves ;J

bin/start-mapred.sh

NEnc )


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

Map
152

Reduce
[

& Y

!
!

Class MR{

Hh

Class Map ...{

! L Mdp AMaAS i

} L DLE s A Yo é

main(){

JobConf conf = new JobConf(“MR.class”);
conf.setinputPath(“the path_of HDFS ”);
conf.setOQutputPath(“the path _of HDFS ”);
conf.setMapperClass(Map.class);
conf.setReduceClass(Reduce.class);
JobClient.runJob(conf): :
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1. %
— javac -classpath hadoop-*-core.jar -d MylJava
MyCode.java
1. &%=

— jar -cvf Mylar.jar -C MyJava .
1. R
—  bin/hadoop jar MylJar.jar MyCode HDFS Input/
HDFS Output/

41 A e (7 P &% % Hadoop_Home ket e A F] HDFS + e input P

. /MyJava = %:¥is 42N 55 P &% P
L e * . /1input; ./ouput = hdfs @

* Myjar. jar = #E ¢ %34 CES O | oAn



His ip & &

HBase ( http://hadoop.apache.org/hbase/ )
— * Hadoop » A#H N Z BT HE

Nutch ( http://lucene.apache.org/nutch/ )
— 1 Hadoop % sA# cnybz 31 &f

Pig  (http://hadoop.apache.org/pig/)

."'-. 4]
~ - #7¥ * & Hadoop } s 3 - i 23733 (Pig ﬁ

Latin) 12 ff (* .8 4 5 ofe 2

Disco ( http://discoproject.org/ ) ,
— Nokia #7#7 % & MapReduce 7 # > * erlang disco

tf’[-—B:

HEASE

i

—

Ymassive data - minimal code

& ¥ 12 python S $> > #f 12 Hadoop #f o il & % o

10
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http://hadoop.apache.org/hbase/
http://lucene.apache.org/nutch/
http://hadoop.apache.org/pig/

* 3

Hadoop F = 4=t
— http://hadoop.apache.org/core/
Hadoop API

— http://hadoop.apache.org/core/docs/r0.18.3/api/index.html
Hadoop Taiwan User Group

— http://www.hadoop.tw/

¢ ~ Hadoop + #

— http://cn.hadoop.org/doc/index.html
AT A

— http://en.wikipedia.org/wiki/Hadoop

— http://zh.wikipedia.org/wiki/Hadoop

R
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http://en.wikipedia.org/wiki/Hadoop
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http://chinese.storylands.org/1329magic_al/story1c15.php
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