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Slgraula HBase, Hypertable.
A huge key-velueg datasioge Cassandra,, ....
Magrzduse Hadorop MapReduce AP
To parallzl orocsss dei) Sphere MapReduce AP, ...
Gouyle fiile Sysisin Hadoop Distributed File System, (HDFS),
T siuie gsiEnyies of da) Sector Distributed File System

¥ % T Fl3& % 8 MapReduce API F1F :

http://trac.nchc.org. tw/grid/intertrac/wiki%3Ajazz/09-O4-14%23MapReduce
AR R AR AL

> |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%3Ajazz/09-04-14%23MapReduce
http://www-03.ibm.com/systems/software/gpfs/
http://www.lustre.org/
http://ceph.newdream.net/
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JEF) 259 Application 2205, Nuleh, ICAS,
Soejal Compuling, Enferprize, ISV, SRIME, ...

Proyraiinnlng Hadoop (MapReduce),

1, Meshu s, Wordlows, ... Sector/Sphere, AppScale
mu i}a Conitrol

s Ayt Openilebula, Encmaly,
Qo3 Neqoliation, Ddmission Contirol, A .
Pricing, SLA Management, Metering... Bucalypius, OpenQRM ...
3 Virtualization Hem, VM), VirualBox,
L, VI management and Deployment: QEMU, OpenVZ, ...
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http://hadoop.apache.org

Hadoop A& Apache Top Level % % %
Hadoop is Apache Top Level Project
B Al £ % Yahoo! A By ~ B4 413 J]

Major sponsor is Yahoo!
£]44 # 5& Doug Cutting °* 5% Google Filesystem

Developed by Doug Cutting, Reference from Google Filesystem
A Java B > %4+ HDFS 32 MapReduce API -

Written by Java, it provides HDFS and MapReduce API

2006 1% il £ Yahoo W3 R% F

Used in Yahoo since year 2006

Cth &7 LB e 2 o

It had been deploy to 4000+ nodes in Yahoo

B2 Petabyte & A4t o

: : Facebook, Last.fm
Design to process dataset in Petabyte

. Joost are also
powered by Hadoop

4


http://hadoop.apache.org/
http://hadoop.apache.org/
http://hadoop.apache.org/

"
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http://sector.sourceforge.net/

HEBREHRDF OB ERBER -

Developed by National Center for Data Mining, USA

A CIC++ 34 E » bz ft® Hadoop #4F o

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

4t T#4L 1 Google File System $2 MapReduce %9 # %]

Provide file system similar to Google File System and MapReduce API
JE7AUDT 2 50 & M3 ¥ 8 A ik B AR F

Based on UDT which enhance the network performance

Open Cloud Testbed A ## 4 B 3X3% 3%, » 3t B 45 MalStonesX A8 #F P 3K 34

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

W
Mational Center for Data Mining U IC ‘ﬂ ' Open Data Group
A University of lllinois at Chicago qoen data httpiliwww.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/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
http://www.opencloudconsortium.org/
http://www.opencloudconsortium.org/testbed.html
http://www.opencloudconsortium.org/testbed.html
http://code.google.com/p/malgen/wiki/Malstone
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Search Jobs Browse Jobs Local Jobs Salaries  Employment Trends

©  Employment Trends /. _DE_I 7] E.)f_,f)ff)ff:’

SilTIp'l.] Xen, Hyper-V, Hadoop ) J,:J
L 7~ - ‘r

-v.”\

job search made simple Tip: You can compare trends by separating them with commas. -{—_

Job Trends for ¥en = Hyper-v = Hadoop . - -
- - ‘ y p iy
_f);uu Wi Tool
5 WOEE R ep i
E 0.04
2
[
% 0.0z ff"'\
& e - - J b
for : S, Looxdneg for Joo:
[
En.m 'I'."l‘ i"‘/" L T{E‘ .:.':/
: Mow 08 Jan09  Mar 09 May 09 09 Sep09 MNow 09  Jan 10 Mar 10 May 10
Mev 1, 2008 - May 31, 2010 SimplyHired com

(s A

Xen, Hyper-v, Hadoop Job Trends
This graph displays the percentage of jobs with your search terms anywhere in the job
listing. Since November 2008, the following has occurred:

e Xen jobs increased 141%

* Hyper-v jobs increased 551%

» Hadoop jobs did not change or there is no data available
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i- Develop Group Ti Google i Apache E
. Spomor | Google | Yahoo, Amazon |
EL Algorithm Method il MapReduce i MapReduce j
EL Resource i open document i open source j
S B L
(orsrereda | PEO HBase
E Search Engine i Google i Nutch E
O L LineGPL



What is Hadoop ?

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

Hadoop = —fREAE R Z M HIEE #
LTSS S CEEVTTE

ﬁﬁuﬁ@ﬁﬂﬁﬁﬁéﬁﬁﬁ%iéﬁ’ﬂ’
Lo TR Map 3B Reduce ITAEshZMAREE
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4 ¥ Vast Amounts of Data
—#?Eﬁlpqlfr"/i,_ F"f'mnb

_ Tt 7

— Capability to STORE and PROCESS vast amounts of data
& & Cost Efficiency
ad — 4 PC #r2E 3%

B R BN
— Based on large clusters built of commodity hardware
3z % Parallel Performance

_ _ﬁﬁjn\ B{}\‘tﬁl‘)%} ‘,Um%j'l?é » 1]

/
%5 4

R D iR e
— With the help of HDFS, Hadoop have better performance
¥ % Robustness

5 mE L

R R REREE T GEEFL TR
— Robustness to add and remove computing and storage
resource without shutdown entire system
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Doug Cutting Talks About The Founding Of Hadoop
clouderahadoop 988N (= EHITHEEER

'_

-2
I

f U - - -
) | 0011149 T CC £ |

Doug Cutting Talks About The Founding Of Hadoop
http://www.youtube.com/watch?v=qxC4urJOchs


http://www.youtube.com/watch?v=qxC4urJOchs

H]s:.égfy :)f" }J-:J:Joyp saa 2002~ 002,
rliidooy 2% g sryin J e s 400920028

a ﬂ o

* Lucene
— http://lucene.apache.org/
— % Java K 3 enE ey ~ %7 5151 &FAPI
—a high-performance, fuII-featured text search
engine library written entirely in Java.
— 25l 3¢ gE - 3o RIEH gL B RERT
LR E

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


http://lucene.apache.org/

rlistory of rlzidooy L, 200%~2002,

rlidoon 2% Gl £ J e L 20094~400-)

e i
— http://nutch.apache.org/

—Nutch F_& 3B 3 R 4088 9T B 2 chge b iox 91
— Nutch is open source web-search software.
— 41 #* Lucene & ;% E B &%

— It builds on Lucene and Solr, adding web-
specifics, such as a crawler, a link-graph
database, parsers for HTML and other
document formats, etc.



http://nutch.apache.org/

Trir22 Giits frogn) Googla s

e (2 2= 5550 %
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Nutch {8 k8 7|k 5 « & b TR LT o I
Nutch encounter storage issue GO Ug C

Google % — gk A X & Pz X B AEHIF
Google shared their design of web-search engine

— SOSP 2003 : “The Google File System”
— http://labs.google.com/papers/gfs.html

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

— http://labs.google.com/papers/mapreduce.html

— OSDI 2006 : “Bigtable: A Distributed Storage System for
Structured Data”

— http://labs.google.com/papers/bigtable-osdi06.pdf


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

rlisiory of rlzidoog .0 20020 ~ 3y loyy
rlzidooy &z g s I g Ly 20020 ~ oLy
» Dong Cutting reference from Google's publication
 Added DFS & MapReduce implement to Nutch
» According to user feedback on the mail list of Nutch ....
« Hadoop became separated project since Nutch 0.8
* Nutch DFS — Hadoop Distributed File System (HDFS)

* Yahoo hire Dong Cutting to build a team of web search
engine at year 2000.

— Only 14 team members (engineers, clusters, users, etc.)
* Doung Cutting joined Cloudera at year 2009.

YaHoO! ‘cloudera

7
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* Yahoo is the key contributor currently.

« |IBM and Google teach Hadoop in universities ...

 http://www.google.com/intl/en/press/pressrel/20071008 _ibm_univ.html

« The New York Times used 100 Amazon EC2 instances and a
Hadoop application to process 4TB of raw image TIFF data (stored
iIn S3) into 11 million finished PDFs in the space of 24 hours at a
computation cost of about $240 (not including bandwidth)

— from http://en.wikipedia.org/wiki/Hadoop
 http://wiki.apache.org/hadoop/AmazonEC2
 http://wiki.apache.org/hadoop/PoweredBy

» ADcom = |BM » Powerset

s ADSDAQ by Contextweb s ImageShack s The New York Times
s EHarmony 5 [S| s Rackspace

s Facebook s Joost s Veoh

» Fox Interactive Media s Lastfm s Metaweb


http://www.google.com/intl/en/press/pressrel/20071008_ibm_univ.html
http://en.wikipedia.org/wiki/Hadoop
http://wiki.apache.org/hadoop/AmazonEC2
http://wiki.apache.org/hadoop/PoweredBy

Fa2riorznes 1loro/201208 of rlzidooy
rlzdooy W B E ki sy (Frog) (z00)

F 4 HH B B0 2 FERF (/DEF)
2006 wy= 188 47.9
2006 FHA 500 42
2006 +—A 20 1.8
2006 +—A 100 3.3
2006 +—A 500 5.2
2006 +—A 900 7.8
2007 + H 20 1.2
2007 + A 100 1.3
2007 + A 500 2
2007 + A 900 2.5

Sort benchmark, every nodes with terabytes data.
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 February 19, 2008

« Yahoo! Launches World's Largest Hadoop Production Application
http://developer.yahoo.net/blogs/hadoop/2008/02/yahoo-worlds-largest-production-hadoop.html

Number of links between

pages in the index roughly 1 trillion links

Size of output over 309 T5.
compressed!
Number of cores used to over 10,000

run single Map-Reduce job

Raw disk used in the

production cluster over 5 Petabytes



http://developer.yahoo.net/blogs/hadoop/2008/02/yahoo-worlds-largest-production-hadoop.html

rlziddooo 10 prodicidon £ s
50 rlz1doo0 iR L

l'"" Al e

« September 30, 2008

3’ : 7’ r}
oy — odl !
f?’ VDR

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

Total Nodes 4000
Total cores 30000
Data 16PB
500-node cluster 4000-node cluster
write read write read
number of files 990 990 14,000 14,000
file size (MB) 320 320 360 360
total MB processes 316,800 316,800 | 5,040,000 | 5,040,000
tasks per node 2 2 = 4
avg. throughput (MB/s) | 5.8 18 40 66

12


http://developer.yahoo.net/blogs/hadoop/2008/09/scaling_hadoop_to_4000_nodes_a.html
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Introduction to'Hadoop Termii
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Tzrminologizs of rlzidooo

s

rlidooy = 2 end SLiEg

Job e Namenode
— =Ei% - AR
Task e Datanode
1 iF 7okl & Bk
JobTracker  Namespace
— AR R - HERE
TaskTracker « Replication
— o] 3 fEerE f‘*}% — P~
Client e Blocks
— A E AR P — A E R H (64M)
Map e Metadata
Reduce

2R

1R
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Two L2y Hola2s of rlDFS

I A - __:J“ _;;!. ;’}l" 'L-‘; w4 - ;r_:: :":} “\‘ :1 :A'. ’,,

7 g v {] \JJ e \j ~ /f =< 2] = W] Y L \j jf~
= /JLJU— ey 5> iNadimenoae 2 = DatanNnoage
I

"+ Master Node \ - \

\

* Worker Nodes
‘Manage NameSpace of | |
HDFS | « Perform operation of
* Control Permission of § Read and Write
Read and Write |
* Define the policy of |+ Execute the request
Replication | of Replication
* Audit and Record the g
| NameSpace | * Multiple Nodes :
K Single Point of Failure /i \ / / /




Two 2y Holas5 of JJ'J 5

racdiyfar

= . Z
,L'r_/;:; j-;:;,f_‘_'}'lr} ,]-_Jf', v—‘;,-. J

JobTracker

/ Master Node

* Receive Jobs from
Hadoop Clients

* Assigned Tasks to
TaskTrackers

* Define Job Queuing
Policy, Priority and
Error Handling

* Single Point of Failure

v

TaskTracker

* Worker Nodes

* Excute Mapper and
Reducer Tasks

 Save Results and
report task status

* Multiple Nodes




master slave
task task
tracker tracker

MapReduce
layer

HDFS
layer

multi-node cluster

21
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Submit Job

Get Block
Locations

ooyl rlzidooo Clizd oo
W B rldooy Cliznz

JobTracker

-~/
J

D@

(D@

> HTTP Monitoring Ul

D@

D@
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Intfroduction to Hadoop Distributed File System

Jz122 Y/z100)
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. Hadoop Distributed File System
F IE 12 Google File System 4 $7:% 5% k%
— Reference from Google File System.
— - BENF DI AR LR PO H ST RESAT
— A scalable distributed file system for large data analysis .
—~ FIENRR PP EARE X VIR EFTES G
— based on commodity hardware with high fault-tolerant.
— B gt 2 R R N B TR

— It have better overall performance to serve large amount of
users.



e« A4 ZE L+ Fault Tolerance
— AW FE T ¥ a2t Ry
— Failure is the norm rather than exception
— f B
— automatic recovery or report failure
¢ B inzienF il 3B Streaming data access
— PR AGE G A 2T
— Batch processing rather than interactive user access.
— 3 Throughput » #t4 Latency

— High aggregate data bandwidth (throughput)



Faz1iras of rlDFES L
r1OFS g d & L
<~ {HEFH F  Large data sets and files
— % ¥ Petabytes & & di 7 &
— Support Petabytes size
- ®#5-3 Coherency Model
— - & B » > % =3P Write-once-read-many
— v - kM2 5 This assumption simplifies coherency
A i@E Data Locality
— IFA SR Y > BT AR A W R
— “move compute to data” > “move data to compute”
RET -#41: Heterogeneous
— TRAEARETFL T~ o
— HDFS could be deployed on different hardware



1 -—'\-_\ ! /'.'; X . a7 :-_;?: «_J
_I'J_I-)J" o T = 2 ?{ )= a4

HDFS Architecture

Metadata (Name, replicas, ...):

/home/foo/data, 3, ...
Metadata ops~~ Namenode
Block-ops
Datanodes Datanodes
L] ] — H = =
Replication
- [j\ i Blocks
J/
) ~ o N
Rack 2

Rack 1
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rlovy cddoas flDES yWords ..

LW ! pa > 44
_I'J_I-)J":) ‘iff'li‘jl‘\; 1's g

Namenode (the master)
Path and Filename — Replication , blocks

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

.f"v

Metadata .-

Datanodes (the slaves)

/O
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 Increase reliability and read bandwidth
— robustness : read replication while found any failure
— High read bandwith : distribute read ( but increase write bottlenet )

Namenode JobTracker
file1 (1,3) Map tasks TaskTracker
file2 (2,4,5) Reduce tasks .

ask for task

Block 1




Aools Fls Tolarzine L,
_I'J_)J"J lr' J:\-; "‘—J\ ?:"‘ “r,j' rv‘ l,’] ddd

o = B Data integrity
:F‘T\ Fol B e — checked with CRC32
Data Corrupt — R AP g R
— Replcae corrupt block with replication one
* Heartbeat
— Datanode send heartbeat to Namenode

* Metadata
— FSImage -~ Editlog = #3594 % P &
— FSImage — core file system mapping image
— Editlog — like. SQL transaction log
— STy PR EERET LS R
NameNode Fault — Multiple backups of FSImage and Editlog
— Manually recovery while NameNode Fault

Network Fault
DataNode Fault




Conaraacy odal zind Pariormzinez of rl e
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W%k - ki3 Coherency model of files

— FIERENATH B R A NH PR R Y LS R T

— NameNode handle the operation of write, read and delete.
F¥ 73 F2 34| Large Data Set and Performance

— FEEF B RHB A 1L 64MB E H -

— By default, the block size is 64MB

- X HRATHEG FEOCF

— Bigger block size will enhance read performance

—AnRE T T o < - R

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

— FRIDIALH LB A R E
— Fully distributed blocks increase throughput of reading.
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jazzfihadoop:~% hadoop fs
Usage: java FsShell
-1s =path>]
-lsr «=path=]
-du =path>]
-dus <=path>]
count[-q] <path=]
mv <src> <dst>]
Ccp <src> <dst>]
rm <path>=]
rmr <path>]
eXpunge]
put <localsrc> ... <dst>]
copyFromLocal =localsrc> ... =dst>]
-moveFromLocal <localsrc> ... =dst>]
-get [-ignoreCrc] [-crc] =src>» «<localdst>]

[ -
[ -
[ -
=
[ -
[ -
[ -
[ -
[ -
[ -
[ -
=
[
[ -getmerge <src> <localdst> [addnl]]
I
[ -
[ -
[-
[ -
[ -
[ -
[ -
=
[ -
[ -
[ -
=
[-

|

-cat «src>|

-teXt <src>]

copyToLocal [-ignoreCrc] [-crc] =src> =localdst>]
-moveToLocal [-crc] =src> <localdst>]

-mkdir =path>=]

setrep [-R] [-w] <rep> <path/file>]

-touchz <path>]

-test -[ezd] <path>]

-stat [format] <path>]

-tail [-T] «=file>]

-chmod [-R] <MODE[,MODE]. | OCTALMODE> PATH...]
-chown [-R] [OWNER][: [GRDUP]] PATH. ..]

chgrp [-R] GROUP PATH...]

help [cmd]]
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MapReduce ﬁfj i

Introduction tolMapReduce

Jz122 Y/z00¢
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Example 1: Example 2:
||| ||||||||.||} I."r '“"'-,_,HH III"
f;"'l
f,f’"
\ B T 4|_)
h““--‘_q_ﬁ_ s
L L > Example 3
sgrt{2)
Example 4: The way to climb 5 —
steps stair within 2 steps each —

time. EELﬁr'J”EJEI ek > =
o b g g s
fjﬁf‘:ﬂ F %El?“j[ij ? i

Ex : (1,1,1,1,1) or (1,2,1,1)
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MapReduce £ _Google ¥ #enfrdi & ] > 1 & * kg2 + L 7T

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

R p ¥R ¥ dhmap & reduce S ¥k -

The framework is inspired by map and reduce functions commonly
used in functional programming, although their purpose in the
MapReduce framework is not the same as their original forms

— Map( . ) : Source: http://en.wikipedia.org/wiki/MapReduce
e Ex.[1,2,3,4]—-(*2)->[2,4,6,8]
— Reduce(...):

« [1,2,3,4]-(sum)->10
Logical view of MapReduce

 Map(k1,v1) -> list(k2,v2)

* Reduce(k2, list (v2)) -> list(v3)


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

Googla's Ylzpidadics

Googla i ilzioidady

TR e

Diz1e)rz111]

Input

® 9O ¢

¢

'

'

? ¢

Intermediate | kl:v kl:v k2:v

k3:v kd:v

kd:v k5:v

led:v

kl:v k3:v

Grouped

Output

[[Gmup by Keyj]

kl:v,v,v,v

kS‘»"-,

kd:v,v,v

k5:v

ééééé
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___________________ —_ —_— — e — e — -
Ir Map Task 1 -: Ir Map Task 2 | Ir Map Task 3

| L L

| L L

| L L

| L L

| L L

| L L

| klowv klow k2w | || k3w kdw kdw kv | | ke v lelov k3w

| Fartitioning Funetion I | Fartitioning Function | | Fartitioning Funection

Sort and Group
klvwvwvwy | k3w

<0

Reduce Task 2

[ ——— — —_ —

Sort and Group
ke ov v v

§<@@@

Reduce Task 1




rlovys dozs Yzioaduca vwori in rlzidooy

JobTracker §?
NameNode B~ %
F &8 8
blocks

rlzdoop izoidsdyss &

map |7

map 7|

map |7
JobTracker i% #c B

TaskTracker % i®
Map & & » & 2
A

& ,I_/l__ ;._‘-7
3

i

S5 £
1N= =0

_____________________________________________

reduce

output
HDFS

JobTracker #-¢ ¥

HERERA G
T E D
TaskTracker 3

reduce

y

part0

JobTracker
B
TaskTracker

it reduce

part1

reduce = 4 i v
JobTracker £2
Namenode 1 &
4 output
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| (1)
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| am a tiger, you are also a
tiger
' 1,1 A
am

a,1 also (1)
: : ’1
t'gjr tiger, 1 o am
y map )|you,1 > & are (1)
are ;

are, 1 shuffle 1,1

tiger(1,1)

also also,1 you (1)
2 map )| a,1
tiger ’

tiger,1 1)
JobTracker #£:E 7 = B Map 4 #& {4 > hadoop i& {7

Tracker & map

AN sl 2

=/

reduce

JobTracker £ % —
TaskTracker i® reduce

B

a,2
also,1
am,1
are,1
1,1
UQerZ
you,1
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ab sqrt(a + b)
cd sqrt(c + d)

10 00 3.0
32 0.8 32.0 $ ?

1.0 14.0 1.0 (0,sqgrt (1.0 + 0.0 + 3.0))
- ] (1,sqrt (3.2 + 0.8 + 32.0))
. 2,sqrt (1.0 + 14.0 + 1.0
Input File (s sare )
001.0 // A[0][1l] = 1.0 (0,1.0)
010.0 // A[O][1l] = 0.0 (0,0.0) erdliee
02 3.0 // A[0][2] = 3.0 map »(0,3.0)
10 3.2 // A[1][0] = 3.2 (1,3.2)
110.8 // A[1][1] = 0.8 (1,0.8) | sort/ (0,{1.0,0.0,3.0})
(1,{3.2,0.8,32.0})
12 32.0 // A[1]1[2] = 32.0 (1,32.0) ELEE 77 (2, (1.0,14.0,1.0})
20 1.0 // A[2][0] = 1.0 [ (2,1.0)
21 14.0 // A[2][1] = 14.018P 7 » 14 0
22 1.0 // A[2]1[2] = 1.0 (2,1.0)
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o Large Data Set  Text tokenization
* |ndexing and Search
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* Data mining
* Parallelization » machine learning

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

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