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s Cloud Computing ?

ZoREE EARA KR T - L ATH A ATHRE 2
s it about buying NEW Hardware and Software?

ZHEE T N AL RIRE G FHR S e ?
Is it a trap to another bubble economy ?

AN AR ET e =
loud Computing is as simple as 5..4..3..2..1...
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 AaaS Architecture as a Service

* BaaS Business as a Service S ‘ | , a

* CaaS Computing as a Service Clustornz2r-0ri2052¢
* DaaS Data as a Service A G oh E

- DBaaS Database as a Service /r;: = "’“’ 'TJ' O S0y B R
 EaaS Ethernet as a Service

* FaaS Frameworks as a Service

 GaaS Globalization or Governance as a Service

 HaaS Hardware as a Service

* IMaaS Information as a Service

* laaS Infrastructure or Integration as a Service

* |IDaaS |dentity as a Service

* LaaS Lending as a Service a3 AAA f&,ﬁ}}k.fug 3 )
* MaaS Mashups as a Service

* OaaS Organization or Operations as a Service Alinentication

-SaaS  Software or Storage as a Service Aoz

Accouriting

* PaaS Platform as a Service a:
* TaaS Technology or Testing as a Service a
* VVaaS Voice as a Service Service

sl #* g o https://'www.ibm.com/developerworks/mydeveloperworks/blogs/sbose/entry/gathering_clouds_of xaas
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Rome wasn't bu:lt in a day !
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Source: http://www.scei.co.jp/folding/en/dc.html %
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Mainframe\ PC | Linux Internet
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1999 SETIQHOME

2009 Glooys Tooll<is 2

g, the globus toolkit®
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Source: http://gridcafe.web.cern.ch/gridcafe/whatisgrid/whatis.html

Mainframe\ PC | Linux Internet Virtual Org.
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2005 Uzility Coroliiingg 2007 Cloud Cormpliing
Amazon EC2 | S3 Google + IBM
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Information Versus Available Storage 2007 Dz)iz) Exp]ure
1,000,000 - /
900,000 ———— _g_ |nformation / 'f',f)_,'J 2 rlunzin Gznomics - 7000 25 | /2217

800,000 —#- Available Storage / -f'f)_,’J F-4 _).I:'jJ.C'E.I./ IS — 000 P3-r (=2:r
700,000 / Too 33 Zwnall (no Spzien) — 00 25 | (227

wn
@ 600,000 / /l
— i s
E 500,000 The Worldwide Growth of eMail i The Growth of Images
E / Trillions per Year 600
@ 400,000 w
(a8 M Person-to-Person eMails 500
300,000 / 25 SpafTaERdAlEHS M Digital Still Cameras
! / " e Camera Phones
200,000
100,000
10 200
0 d d ! 5
2005 2006 2007 2008 2009 2010 l I I o
o om m 0N | B B - l
Source: http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf T N WD RN AR RO R R | e T e NG B WS mY B 2k Mo

W Computational Load s VT "N world wide web (Wi'i':écé'a)
Large Hadron

| ” (u_fiio;g%) . A2 100% CAGR

u B Genome Data
8x Growth | 18 month

Annual Email Internet Archive

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

(1000PB-#)

Moore's Law 1009, CAGR

2x Growth | 18 months

200 of London’s 2004 Walmart
Traffic Cams Transaction DB

(8TB/day)

x Multiplier
l

UPMC Hospitals ALT Babytalk One Day of
Imaging Data 1 & stant M aging
(500TB/yr)

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

Source: http://lib.stanford.edu/files/see pasig dic.pdf Philip B. Gibbons, Data-Intensive Computing Symposium
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Source: http://mmdays.com/2008/02/14/cloud-computing/

nframe’ PC | Linux internet Virtual Org. \Data Explode\

PEX, Clusiar Disiriosze Gl Clotyd

PULEY Pzirzll2] CormnpUiing [ Colpiineg // Corlpliiineg /
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Source: http://cyberpingui.free.fr/humour/evolution-white.jpg 23
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Sign in to see and expaort additional Tren

® distributed computin... ® grid computing

All regions j |Allyears

aaarch valume index
d" computing space

| HH |5] Microsoft's cloud computing system is growing up
F Fhiladelphia Inguirer - Moy 17 2009

|c| Google looks to be ‘cloud-computing' rainmaker for other online business services
Winnipeqg Free Press - Mar 10 2010
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2004 2005 2006 | 2007 2008 2008 y‘]zm He gions
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N\

1. India
i} ‘\"“ i
. . Singapare
Rank by | cloud computing j R
south Korea

Regions Cities

. India — 1. Bangalare, India Hl:lrlg Hﬂﬂg

2. Singapore 2. Mahape, India

3. South Korea 3. Mumbai, India . TEIi"."'."Elrl

4. Hong Kang 4. Chennai, India

5. Taiwan = 5. San Jose, CA, USA . Ireland

[5

. Ireland = B, DEIFI.I',.MMEHMHIIIH..
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Cl10O 2010 3 Virsuzi1lizz1dion, Clotd zind /20 2.0

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

solutions

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

Ranking 2009 2008 2007

Virtualization
16 -

Cloud computing

15 156

t

t
Business intelligence (BI) 5 &
Mobile technologies 6 ‘[‘ 12 12 11
Data/document management and storage T 4 10 9 9
Service-oriented applications and architecture 8 4 9 10 7
Security technologies 9 4} 8 - 6
IT management 10 g 4 :
Enterprise applications 11 J E‘ E‘ E‘

* New question for that year

Source: Gartner Executive Programs : “ Leading in Times of Transition: The 2010 CIO Agenda ”

26
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Amazon Web Service ( AWS) amazon
e F& B PR B 1 Amazon EC2 webservices”

- Small (Default) $0.085 per hour(L) - $0.12 per hour(W)
- All Data Transfer $0.15 per GB
&3 JRF%  Amazon S3
- $0.15 per GB — first 50 TB / month of storage used
- $0.15 per GB — all data transfer in
- $0.01 per 1,000 PUT, COPY, POST, or LIST requests

TSR

. Paying for What You Use

http://eblog.cisanet.org.tw/post/Cloud-Computing.aspx
http://aws.amazon.com/ec2/pricing/
http://aws.typepad.com/aws/2010/02/aws-data-transfer-prices-reduced.html
http://aws.amazon.com/s3/#pricing

32
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http://aws.amazon.com/ec2/pricing/
http://aws.typepad.com/aws/2010/02/aws-data-transfer-prices-reduced.html
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| - Ue] -ra) R
PUolle Slote] 1773 - _/3) ) ‘:,{/(,,

. 3%559% HE RS2 ERET /2507 Google T 52 b oo

: SOOMB of storage

- up to 5 million page views a month

- 10 applications per developer account
]

- 2K E S R Python & Java
PR R

_ @ D4 F $0.12 £ ~/GB, 1@ » 47 % $0.10 £ ~/GB
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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
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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
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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
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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 )



o Ea@;z)\;g:%ﬁﬁ%ﬁ I
Ncrﬂr/ D= RAAESESTE DN

NATIONAL CENTER FOR HIGH-PERFORMANCE COMPUTING

wEnc Jp 4 R R E



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
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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




EaEk: HDFS

Namenode (the master)

ﬁfi I l—r- Fﬂjﬁ EJ’(‘ , E[ [I]ﬂl’ﬁxw\ ’[_{ block ,:I»\tr

name:/users/joeYahoo/myFile - copies:2, blocks:{1,3} e
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 > -
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 :

[REX 2:3

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

— Datanode =Z_#P + Namenode :¥ heartbeat

» Metadata
— FSImage - Edltlog TS E R E PR

— % &% » % NameNode 34+ 11 £ $543
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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 4=k

 Functional Programming : Map Reduce

—map(...) :

«[1,234] - (*2)->[2,4,68]
— reduce(...):

«[1,2,3,4] - (sum) -> 10

« ;% & ;2 (Algorithms)
— Divide and Conquer
— A2
. éj&_«\«‘ﬁéim@gﬁ 7&#,}\ BT SN Y

~ R dEcyp iE
/_3'
NLCHL /



Hadoop MapReduce #_s

G EbL

Hadoop Map/Reduce®_— i % >+ & * engfic gL
o 0 M MapReduce z A A TR F A2 R 0 5 4918
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Split 1 —— Key Class 1 | Value Class 1 InputFormat
= b e —————— = B - - qu l—L‘
o .. Key Class 1 |Value Class 1

S— v vy |Mapper
——— Value Class 2 |
— Value Class 2|
e————— Value Class 3

Key Class 3 |Value Class 3
RecordWriter
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Hadoop-MapReduce i& it/ 2

_________________________________

input output

HDFS / map <: __“““_““—“““““““““““1: HDFS

' A » reduce »  part0

map | S
T " partl
map <

JobTrackerj? JobTracker:% #ic JobTracker -+ JobTracker reduce = {$ id
NameNodeB~ i TaskTracker % R EEEE i srJobTracker
HEZREEY D iTMapi& & - & 8o I TR TaskTracker #* Namenode

blocks EAR N eriTaskTracker3 Treduce A& 4 output



MapReduce £2

Input
Map
Output

Select Key

Input
Reduce
Output

<Key, Value>

Row Data
keyl val
Key2 val
eyl val

val | val
keyl val

key | values

Map



MapReduce R} j#

Intermediate | kl:v kl:v k2:v

Output




MapReduce In Parallel

: Map Task 1 | : Map Task 2 | : 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

r——— — —_—

Sort and Group
kd v v v

M@

Reduce Task 1

Sort and Group
klwvwvvy [ k3wvy

22
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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
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http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
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 iSearch, 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 Nr/m:_l?f
behavioral analvsis



http://www.adobe.com/
http://www.contextweb.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

7 13
NCHLC'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 2° a2
Hosting Habitat

— B~{##73 clientssgic 48 7 3
— A5 34 Geclients & % £ A A T 3Tendc

14
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http://www.dropfire.com/
http://www.facebook.com/
http://freestylers.jp/
http://www.hostinghabitat.com/

Hadoop Applications (4)

IBM

— Blue Cloud Computing Clusters

ICCS

— * Hadoop and Nutch to crawl Blog posts & 4 47 2_

11T, Hyderabad

— We use hadoop 3 3t # % £2 3% B~

Journey Dynamics

— * Hadoop MapReduce % +7 billions of lines of GPS data & # 24 < i §&
RE M.

Krugle

— * Hadoop and Nutch = 4 f 4245465 31 &

7 15)
NLHL


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

— fcd 24 HDNS IE & RS AGER F

Technical analysis and Stock Research

- ATREFR

University of Maryland

— * Hadoop # = machine translation, language modeling, bioinformatics,
email analysis, and image processing 4p i #2 3

University of Nebraska Lincoln, Research Computing

Facility

— * Hadoopia £ 200TB e7iCMS 5 5% 4 47

- j‘i&‘i%‘)ﬁ'}-; X B (CMS > Compact Muon Solenoid) = 3 L g+ #2%
oS CERNen~ A5 + R FeH3lona <@ * A3 GRFY - @

2 16)
NLHC'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://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

Yahoo!

— Used to support research for Ad Systems and Web Search
— i * Hadoop-T /5 %3 33 ¥ B A 20 12 v b e

L A e

— R GALN b RS EL R RDRET T

-
NCHLC


http://parc.com/
http://alpha.search.wikia.com/
http://alpha.search.wikia.com/
http://www.yahoo.com/
http://www.yahoo.com/
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: Source:
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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,
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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
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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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Diskfull

Diskless
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Diskless Remote Boot in Linux

PRAG T ARl A L5 5o

EAHE R
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Server

source: http://www.mren.com.tw


http://www.mren.com.tw/
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* 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 —
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* 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 ]
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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
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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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