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Virtual Box image download
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Two Questions

e LINux?

e Java?




ThinRing in Big Data

TAIWAN &0 i)



* Big Data?
- FHREY wie

© FHAL

/ 2L
— ] i
~ \“)U

W po ol i
— 4 B{}\\‘z aA

Outline



Source: http://mmdays.com/2008/02/14/cloud-computing/
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Big Data Age

Inside Ancestry.com’s Top-Secret Data Center
Posted by Diane

Inside the unassuming building that is the data center for Ancestry.com and other
Generations Network properties, rows and rows of cabinets house the 5,328
servers that hold the Web site, all those indexes and digital images, and users’
family trees.

In all, it’s 2.5 petabytes of data (one petabyte is equivalent to 283,000 DVDs).

A lot of security protects that data. A guard watches cameras 24/7. Windows are
bulletproof. Sensors monitor windows and doors. The Ancestry.com guy walking us
around had to swipe his badge at several doors, then lay his palm in a Mission:
Impossible-like handprint reader to enter the server rooms.

I can't disclose the location and photographs weren't permitted (darn it, I forgot
my hidden-camera lapel pin), but the folks at Ancestry.com sent these approved
images:

Some rows of server-filled cabinets:
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« Ancestry.com, the genealogy site, stores around 2.5 petabytes of data.
* http://www.ancestry.com/




Big Data Age

New York Stock Exchange Ticks on Data
Warehouse Appliances

Netezza deployment replaces mega data warehouses while cutting query times from hours to
seconds.

By Doug Henschen b InformationWWeelk
May 16, 2008 04:59 PM

It's not a typical enterprise data warehouses story, but then NYSE Euronext (NY'SE), the parent company of
the New York Stock Exchange, 1s not a typical enterprise. For one thing, NYSE has not one but three
warehouses, each approaching 100 terabytes. Then consider NYSE's queries, some of which interrogate
more than 40 terabytes of data. The extreme data volumes and extreme query complexity led to an upgrade
onto data warehouse appliances.

After a period of rampant growth and mergers with two smaller exchanges, NYSE knew its large and aging
Oracle data warehouses needed replacement. After exploring alternatives in 2006, the company concluded a
successful 45-day proof-of-concept project on a Netezza Performance Server (NPS) appliance in early 2007.
The main warehouse for the New York Stock Exchange was migrated within two and a half months and went
into production in May 2007_ A second device, consolidating what had been two separate warehouses for the
Chicago-based Arca Equities and Options markets, went into production in July. Yet another warehouse, one
housing legacy data, will be migrated onto a third Metezza NP5S.




Big Data Age

Facebook Trumps Most Photo Sharing Sites
With 10 Billion Photos

m Stan Schroeder
74

Ads by Google
Like. Follow. Copy. - IBFX Connect - Follow and Copy Faorex Traders Worldwide, Free!

ibfxconnect.com

Sometimes | forget how big the Internet is, and then something reminds me just how :
flabbergastingly, enormously huge the damn thing is. This time it's Facebook, whose fﬂt&bﬂﬂk L
software engineer Doug Beaver announced that it now hosts a total of 10 billion

photos. And it's not even exclusively a photo sharing site!

Furthermore, since Facebook stores four sizes for each stored photo, this actually translates to 40 billion files.
However, what | find fascinating about this is that Facebook is no Photobucket; it's not just some repository (at
least from what I've seen) where people dump all kinds of images just because they can. Vast majority of

photos | see on Facebook are actually real life photographs taken by users; I'm not sure if this means much in

the grand scheme of life, universe and everything, but it seems like quite an accomplishment.
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What Is Big Data?

From Databases
to Big Data

Sam Madden * Massachusetts Institute of Technology

« Among all the definitions offered for “big
data,” my favorite Is that it means data
that’s too big, too fast, or too hard for
existing tools to process.
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7 4 45 - Traditional
* MERF RFHE B

0057 o072

332130 # USAF weather station identifier
99999 # WBAN weather station identifier
19500101 # observation date

0300 # observation time

4

+51317 # latitude (degrees x 1000)

00450 # sky ceiling height (meters)
1 # quality code

CN

010000 # visibility distance (meters)
1 # quality code

_ N9

;&2%83 # longitude (degrees x 1000) -0128 # air temperature (degrees Celsius
+0171 # elevation (meters) )1( i-foc)wality code

3%2%9 -0139 # dew point temperature (degrees

Celsius x 10)

1 # quality code

10268 # atmospheric pressure
(hectopascals x 10)

1 # quality code

320 # wind direction (degrees)
1 # quality code
N




7 & 45 — Traditional
« 1 * awkit {7 £ 5 1901~2001 %53 F kL

#!/usr/bin/env bash

for year in all/*

do

echo -ne "basename $year .gz "\t"

gunzip -c $year |\

awk '{ temp = substr($0, 88, 5) + O;

g = substr($0, 93, 1);

if (temp 1=9999 && q ~ /[01459]/ && temp > max) max = temp }
END { print max }'

done

s NEFE%

1901 317

oo e B A 242min on EC2 High-CPU

1903 289

1904 256 Extra Large Instance
1905 283
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« Hadoop?

 Why?

« Hadoop History

* Hadoop Ecosystem
« Hadoop Releases

« R it : Hadoop¥ %




Hadoop

- Hadoop & Apache#ic# & £ € “7F & chiR
WRB L FEE ARl B oA RS
i erMapReducefrGoogleff & & suin

PELBEIL o




About

o 1Javak

* B d A

« P+ &

* Petabyte® &3l &

. fPJ ﬂ Doug Cutting

* % Apache s¥2 & £ € ~top level project




Why Hadoop?

Need to process Multi Petabyte Datasets
Data may not have strict schema

Expensive to build reliability in each
application.

Nodes fail every day
— Failure is expected, rather than exceptional.
— The number of nodes in a cluster is not constant.

Need common infrastructure
— Efficient, reliable, Open Source Apache License
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A2/ . Google#k =

* 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”
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4= 2004~

« Dong Cutting B4 %5~ K &
 Added DFS & MapReduce implement to
Nutch

« Nutch 0.85x2_1s » Hadoop & $ = 38 F
* Yahoo *+2006# & * Dong Cutting =3
LR
— Team member = 14 ( engineers, clusters,
users, etc. )

» 2009 # g+, |Cloudera




History

* Dec 2004 — Google GFS paper published

« July 2005 — Nutch uses MapReduce

* Feb 2006 — Starts as a Lucene subproject

* Apr 2007 — Yahoo! on 1000-node cluster

« Jan 2008 — An Apache Top Level Project
 May 2009 — Hadoop sorts Petabyte in 17 hours

* Aug 2010 — World’s Largest Hadoop cluster at
Facebook

— 2900 nodes, 30+ PetaByte




Who Use Hadoop?

« Amazon/A9
 Facebook

* Google

e |IBM

e Joost

e Last.fm

* New York Times
 PowerSet

* Veoh

e Yahoo!

 http://wiki.apache.org/hadoop/PoweredBy




Search
— Yahoo, Amazon, Zvents

— /A **Yahoo! £2Hadoop

* http://www.slideshare.net/ydn/hadoop-yahoo-internet-scale-
data-processing

Log processing
— Facebook, Yahoo, ContextWebh. Joost, Last.fm

Recommendation Systems
— Facebook

Data Warehouse
— Facebook, AOL

Video and Image Analysis
— New York Times, Eyealike
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2006 H 188 47.9
2006 T H 500 42

2006 +—F 20 1.8
2006 +—H 100 3.3
2006 +—F 500 5.2
2006 +—F 900 7.8
2007 = 20 1.2
2007 T F 100 1.3
2007 = 500 2

2007 = 900 2.5




Hadoop*tYahoo #3328 g 1535

7 #14542 : Yahoo! Launches World' s Largest Hadoop
Production Application
7okt p 8 February 19, 2008

Number of links between

pages in the index roughly 1 trillion links

Size of output over 309 B
P compressed!
Number of cores used to over 10,000

run single Map-Reduce job

Raw disk used in the
production cluster

over 5 Petabytes




Hadoop*tYahoo e#R g 53

%42 - Scaling Hadoop to 4000 nodes at Yahoo!
7okl p ¥ @ 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




Hadoop ? Googles ¥t &

| Develop Group Google Apache |
i Sponsor Google Yahoo, Amazon i
. Algorithm Method MapReduce Hadoop i
i Resource open document open source !
| File System , | |
] GFS HDFS !
! (MapReduce) :
| Storage System (for big-table Hbase |
! structure data) i




Features supported by Hadoop

release series
mm-x-

Secure authentication

Deprecated Deprecated
Y Y

Old configuration names

New configuration names
Old MapReduce API
New MapReduce API
MapReduce 1 runtime (Classic)
MapReduce 2 runtime (YARN)
HDFS federation
HDFS high-availability

Z 2 2 < < < Z2 < <
Z =2 2 < <
< < < Z < <




The Hadoop
Ecosystem

J—J_IJ-I.—I.—I.J—J-I.I—I.J-I.J-I.J-I.I_IJ.I.J-IJ-I.J-I.J—-I_J-I.J-I._I-J—J-I.J-I.J-I. O O O S

.  ETLTools | Bl Reporting .' RDBMS

e e 1 _______________________

Pig (Data Flow) || Hive (SQL) Sqoop

Avro (Serialization)

Zookeepr (Coordination)

HBase (Column DB) -

Cloudera
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* http:/trac.nchc.org.tw/cloud/wiki/Hadoop Lab1l
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Jobtracker  Tasktrackers
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Hadoop:h s & & i

master slave
task task
tracker tracker
‘ L P
MapReduce job
layer tracker

HDFS name
layer _ node




Building Hadoop

JobTracker




7~
Tﬁ IW ﬁ N wwvz ?WChS_ org tw NEHE )



Outline

« HDFS?

 The Design of HDFS

« HDFS Concepts

« HDFS High-Availability
« HDFS Federation
 POSIX Like

« Data Flow




HDFS ?

« Hadoop Distributed File System
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Goals of HDFS

* Very Large Distributed File System
— 10K nodes, 1 billion files, 100 PB

 Assumes Commodity Hardware
— Files are replicated to handle hardware failure
— Detect failures and recovers from them




Goals of HDFS

* Optimized for Batch Processing

— Data locations exposed so that computations
can move to where data resides

— Provides very high aggregate bandwidth
« User Space, runs on heterogeneous OS

« Streaming data access
— Write Once, read many times.




# if & HDFS#j§ix

 Low-latency data access
* Lots of small files

* Multiple writers, arbitrary file
modifications




HDFS Concepts

 Blocks
« Namenodes and Datanodes
« HDFS Federation(2.x version)




Blocks

c MR e H i
* In HDFS, Block Size is 64MB by default
« Why?
— to minimize the cost of seeks
* & Ffhxblocks geiia)
— % hadoop fsck / -files -blocks




Block Placement

» Policy




Namenodes and Datanodes

« Namenode
- T a3 - B(Master)
—  F 7 HAR % ¢ stametadata
— In Local Disk

* namespace image
e edit log

« Datanode

_T 5B

— % %k sueworkhorses




Heartbeats

 DataNode #i¥ Heartbeats % NameNode
o 3%/}7@,@—— =K

« NameNode & * Heartbeats %k g /p]
DataNode R 4§ o




Others

« Secondary Namenode
— Not act as a hamenode

— periodically merge the namespace image with
the edit log to prevent the edit log from
becoming too large

— AR TR A FEENT - 510




Data Correctness

« # * Checksum k2 7 4l
— Cyclic Redundancy Check (CRC32)
A= 3 s
— % = xE fp 512 B ff_;u,fsy_ﬁ%g 7= & Checksum
— DataNode #% ¥ Checksum 3 3t
i R
— % 25 e P~ 7 R 22 Checksum
—de S B AT PR E E R H A A




Data Flow - Read

: > E:fet'rimystuﬁ |, Egetblocklocations 9 NameNode
dient |.>

HDFS

: FSData namenode
' InputStream
client JVM :
client node : .
&: read 5: read
v A

DataNode DataNode DataNode

datanode datanode datanode




HDFS if %

Namenode (the master)
FEZERER - BIARL, P4 (Eblock4H 5k

Metadq;a,.,-*""

10 Datanodes (the slaves)
2
! 1 4 2 5
2
3
3 4 4
> 5




HDFS if f®
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Namenode JobTracker
ask for task
Block 1
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1: create

Data Flow - Write

Distributed -
e FileSystem
client  }.3:write "

A

Py FSData
: OutputStream
client JUM 5

client node

4: write packet 5: ack packet

Pipeline of DataNode DataNode
datanodes

datanode datanode

NameNode

Datalode

datanode




HDFS Architecture

Metadata (Name, replicas, ...):

/homeffoo/data, 3, ...
Metadatg{_gpsff' Namenode

Bloc

Datanodes Datanodes

e ]
Replication
Q\ n Blocks
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Rebalancer

e Goal: % disk full on DataNodes should
be similar

— Usually run when new DataNodes are added
— Cluster 1s online when Rebalancer is active

— Rebalancer is throttled to avoid network
congestion

* Disadvantages

— Does not rebalance based on access patterns
or load

— No support for automatic handling of hotspots
of data




HDFS Federation(v2.x)

» f2/4-H - Namenode=nk® $%
— B2

— M5
« — #namenode ¥ ¥ support 60k tasks
o & kHadoop#-¥ & #4zi1F 100k tasks
— P32
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HDFS Federatlon(vz x)

-----------------------------------------

Namenode k

Namenode n




HDFS Federation(v2.x)

Current New
 HDFS Cluster « HDFS Cluster
— 1 Namespace — N Namespaces
— A set of blocks — Set of block-pools

» Each block-pool is set of blocks

« Phase 1: 1 BP per NS
— Implies N block-pools

« Implemented as

— 1 Namenode
— Set of DNs

* Implemented as

— N Namenode
— Set of DNs

« Each DN stores the blocks for
each block-pool




User Interface

« API
— Java API
— C language wrapper for the Java API is also avaiable

POSIX like command

— hadoop dfs -mkdir /foodir
— hadoop dfs -cat /foodir/myfile.txt
— hadoop dfs -rm /foodir myfile.txthadoop dfs -rm /foodir myfile.txt

DFSAdmin

— bin/hadoop dfsadmin —safemode

— bin/hadoop dfsadmin —report

— bin/hadoop dfsadmin -refreshNodes
Web ¢ 32 1 &

— http://host:port/dfshealth.jsp




POSIX Like

hadoop:fg][—Fs <local | file system URI>] [-conf <configuration file>]
[-D <property=value>] [-ls <path>] [-lsr <path>] [-du <path>]

[=chgrp [-R]
1]

[-help [cmd

[-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 <srcs]

[-copyTolLocal <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]
[-chown [-R]

<MODE[,MODE]... | OCTALMODE> PATH...]
[OWNER][: [GROUP]] PATH...]
GROUP PATH...]




Web ¢ 2 1 &

NameNode 'localhost: 9000

Started: Thu Sep 13 09:40:41 CST 2012
Version: 0.20.2,r911707

Compiled: Fri Feb 19 08:07:34 UTC 2010 by chrisdo
Upgrades: There are no upgrades in progress.

Browse the filesystem
Namenode Logs

Cluster Summary

8 files and directories, 1 blocks = 9 total. Heap Size is 15.31 MB / 966.69 MB (1%)

Configured Capacity : 18.82 GB
DFS Used : 36 KB
Non DFS Used : 6.8 GB
DFS Remaining : 12.02 GB
DFS Used% : 0 %
DFS Remaining% : 63.86 %
Live Nodes : 1

Dead Nodes : 0
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— Divide and Conquer
 MapReducedz
 MapReduce i& ie/x #2
* 74 4745 ] — Using MapReduce
 MapReduce Works Detial
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Divide and Conquer
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Divide and Conquer
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Ex: (1,1,1,1,1) or (1,2,1,1)




Hadoop MapReduce Z_&
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« Text tokenization
Indexing and Search
« Data mining
machine learning




MapReduce Overview

input _ map shuffle reduce > output
[ Y - .~ M Y { W r ) [ N
dog < 0, dog> <dog, 1>
cow < 4, cow> <cow, 1> <cow, (1,1)> <cow, 2> cow, 2
> — - e >
bee < 8, bee> <dog, (1) > <dog, 1> dog, 1
cow <12, cow> <cow, 1>




MapReduce Overview

_________________________________

output

HDFS

*  partO

" partl
JobTrackerji JobTrackerizE#] JobTracker& - [&] JobTracker reduce521& il
NameNodeHY {& TaskTrackerz HZE R OPEE S IRiE HllobTrackerki
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Example: Upper-case Mapper

let map(k, v) =
emit (k. toUpper(), v.toUpper())

(\\ fooll , \\barll) 9 (\\FOOII , \\BARII)
("Foo”, “other”) =» (“FOO”, “OTHER")
(“key2”, “data”) = (“KEY2”, “DATA")




Example: Explode Mapper

let map(k, v) =
foreach char ¢ in v:

emit(k, c)

(\\AII , \\catsll) 9 (\\A// , \\CII) , (\\A// , \\all) ,
(\\A// , \\ t//) , (\\A// , \\S//)

(\\B// , \\hi//) 9 (\\BII , \\h//) , (\\B// , \\i//)




Example: Filter Mapper

let map(k, v) =
i1f (isPrime(v)) then emit(k, wv)

(“foo”, 7) =D (“foo”, 7)
(“test”, 10) =» (nothing)




Example: Changing Keyspaces

let map(k, v) = emit(v.length(), v)

(“hi”, \\test//) 9 (4, \\test//)
(“X”, \\quux//) 9 (4, \\quux//)

(“yv”, “abracadabra”) = (10,
“abracadabra”)




Reduce

» $cf F 44 erintermediate key & #
H 914 4p B B chintermediate values - i
- Rl

l

I 2 % dkey/value & %




Reduce

reduce (inter key, inter value list) ->
(out _key, out value) 1list

ntal [l [l H HEBE N 00000

returned




Reduce

 Example: sum reducer

sum=0

foreach int v in vals:

sum +=v

emit(k,sum)

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




Reduce

 Example: Identity Reducer

reduce (k, vals) =

v vals:

(k, v)

(“A”, [42, 100, 312]) => (“a”, 42),
(*a”, 100), (va”, 312)

(“B”I [12/ 6/ _2]) 9 (“B”/ 12)/ (“B”I 6)/
(“B”, _2)




MapReducesg

| am atiger, you are also a
tiger

1,1
map am,1 a, 1l
a,l a’l
also,1
tiger,1 am,1
ma you,1 are,l
i are,1 ' ,1
tiger,1
tiger,1
also,1 you,1
map a, 1
tiger,1

A

reduce)
reduce)

g

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

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

l, 1
tiger,2
you,1l

JobTrackersi:5E T =1[#
Trackerffimap

Map%s Hi{% » hadoopit
| bR

JobTracker 575 [/
TaskTracker{Ereduce

91




0057

332130 # USAF weather station identifier
99999 # WBAN weather station identifier
19500101 # observation date

0300 # observation time

4

+51317 # latitude (degrees x 1000)
+028783 # longitude (degrees x 1000)
FM-12

+0171 # elevation (meters)

99999

V020

320 # wind direction (degrees)

1 # quality code

N

0072

00450 # sky ceiling height (meters)

1 # quality code

CN

010000 # visibility distance (meters)

1 # quality code

N9

-0128 # air temperature (degrees Celsius
x 10)

1 # quality code

-0139 # dew point temperature (degrees
Celsius x 10)

1 # quality code

10268 # atmospheric pressure
(hectopascals x 10)

1 # quality code




74+ — MapReduce

R e B o

006701199099999195005150/004.
0043011990999991950051512004.
0043011990999991950051518004.
0043012650999991949032412004.
0043012650999991949032418004.

..9999999N9+00001+99999999999...
..9999999N9+00221+99999999999...
..9999999N9-00111+99999999999...

..0500001N9+01111+99999999999...
..0500001N9+00781+99999999999...

Map — #B~¥7§ hF

(0, 0067011990999991950051507004...9999999N9+00001+99999999999...)

(106, 0043011990999991950051512004...9999999N9+00221+99999999999...)
(212, 0043011990999991950051518004...9999999N9-00111+99999999999...)
(318, 0043012650999991949032412004...0500001N9+01111+99999999999...)
(424, 0043012650999991949032418004...0500001N9+00781+99999999999...)




7L 4+ — MapReduce

* Map - shuffle

(1950, 0)

(1950, 22)
(1950, —11)
(1949, 111)
(1949, 78)

 Map - Output:<Key, Value>

(1949, [111, 78])
(1950, [0, 22, -11])




7L 4+ — MapReduce

 Reduce - Output: <Year, Max>

(1949, 111)
(1950, 22)

* Logical Flow

input | map | shuffle | reduce > output
0067011990, ([ 0,0067011950...) (1950, 0)
0043011990.. (106, 0043071990...) (1950, 22 (1949, [111,78]) (1949, 111) 1949111
0043011990..}---p> (212, 0043011990...) f- P (1950,-11) el o 5o ™y - oo 27 1P| 195022
0043012650.. (318, 0043012650...) (1949,111) /[0, 22,-11] ' '
0043012650.. (424, 0043012650...) (1949, 78)

cat* | map.rb | sort | reduce.rb > output

« F A -6 minon EC2 High-CPU Extra Large Instance




Combiner

On one mapper machine :

Map output . . . . ....

Combiner
replaces with :

Y Y
To reducer To reducer




Ref.

« Hadoop B # 3" ¥ %A% - CCHD #FHArid- K

‘Cloudera

 Hadoop - http://hadoop.apache.org/
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Outline

: 1‘*&,4‘,
o \iﬂ&ﬂ}ﬁ' }§{‘ -)-ba—%

0 ﬁfyl—:

— Hadoop =Hello World => Word Count

— 2k Word Count
— R

— ¥ £ A




ClassMR{
]I\éap 1 Class Mapper «--{ Map #2:% 45
X } B,
Reduce Class Reducer «+-{ Reduce #% 5% 8 ;
= } e i
main(){
JobConf conf = new JobConf( MR.class );
n conf.setMapperClass(Mapper.class);
¢ conf.setReduceClass(Reducer.class);

FileInputFormat.setlnputPaths(conf, new Path(args[0]));
F|IeOutputFormat setOutputPath(conf, new

........................................................................

JobCIlent runJob(conf);




Class Mapper(0.20)

1 class MyMap extends MapReduceBase

- OUTPUT OUTPUT
iImplements Mapper<-,-, KEY ¢+ VAWE  °

2
3 I EEEHE
4 public void map ( - key, - value, Context context)

throws IOException, InterruptedException

{
/& Sk S R A S R [
context.write( NewKey, NewValue);

}

S
6
-
8
9




N

>~ W

S
6
-
8
9

Class Reducer(0.20)

class I\/Iy Red extends MapReduceBase

: INPUT INPUT OUTPUT OUTPUT
implements Reducer < &y, vawe - KEY ) VALUE >

I 2 3g
INPUT INPUT

public void reduce ('« key, Iterator<' yaue > values,
Context context) throws IOException, InterruptedException

{
I 3B B A FURE [

output.collect( NewKey, NewValue);

}




Class Combiner
* 3 T Bcombiner - v § § ¥ ¥ FiEiE
oy L R B B A
Mapper 3| Reducergt:b;@ﬁ]i 0
— 51 % Reducer
— JobConf.setCombinerClass(Class)

- - Combiner || Combiner

S0t SV Sort & Shuffle

Natlanal Applled

il i T3




No Combiner

dog

== = [
= | (=

doz FEENERERN -« FRERENN v B

p
Reduce class

for each v In values
sum <« sum + v
EmiT(key, sum)




Added Combiner

doz IR - cat |H
- cat I  bird [P
' dog | - cat |H
' doz IR doz IR
- cat I  bird [P
A - cat I

' dog |

Sort and Shuffle

. .. B




HelloHadoop.java

package org.nchc.hadoop;

import java.io.|OException; public static void main(String[] args) throws IOException,
InterruptedException, ClassNotFoundException {

import org.apache.hadoop.conf.Configuration:; Configuration conf = new Configuration();

import org.apache.hadoop.fs.Path; Job job = new Job(conf, "Hadoop Hello World");

import org.apache.hadoop.io.LongWritable; job.setJarByClass(HelloHadoop.class); _

import org.apache.hadoop.io. Text; FilelInputFormat.setinputPaths(job, "/user/hadooper/input_exText");

FileOutputFormat.setOutputPath(job, new
Path("/user/hadooper/output_helloHadoop"));
job.setMapperClass(HelloMapper.class);
job.setReducerClass(HelloReducer.class);
job.waitForCompletion(true);

import org.apache.hadoop.mapreduce.Job;

import org.apache.hadoop.mapreduce.Mapper;

import org.apache.hadoop.mapreduce.Reducer;

import org.apache.hadoop.mapreduce.lib.input.FileInputFormat;
import org.apache.hadoop.mapreduce.lib.output.FileOutputFormat;

public class HelloHadoop { }
static public class HelloMapper extends
Mapper<LongWritable, Text, LongWritable, Text> {
public void map(LongWritable key, Text value, Context context)
throws IOException, InterruptedException {
context.write((LongWritable) key, (Text) value);

}
}

static public class HelloReducer extends
Reducer<LongWritable, Text, LongWritable, Text> {
public void reduce(LongWritable key, Iterable<Text> values,

Context context) throws I0Exception, InterruptedException {

Text val = new Text();

for (Text str : values) {
val.set(str.toString());

}

context.write(key, val);




L o
« P& & 4 Hadoopeyjar® 7 4#%
1. %%

— Javac , -classpath , hadoop-*-core.jar ,-d ,
MyJavaDir , MyCode.java

2. %

— Jar ,-cvf , MyJar.jar ,-C , MyJavaDir , .
3. #F
— bin/hadoop , jar , MyJar.jar , MyCode , arg0 ,
arg1 ......




BlidHelloHadoop
- R rER

$ cd /opt/hadoop/ Text

$ mkdir input_exText Hello

$ vim input_exText /text Hadoop
$ bin/hadoop fs —put input_exText input_exText HDFS

MapReduce

* HNIT

$ cd /opt/hadoop/
$ bin/hadoop jar helloHadoop.jar org.nchc.hadoop.HelloHadoop




Options without Java

o k2 FAHadoopi=z £ * Java® it e
Map/Reduce/g* &% B % — 2 & %
Javak g

* Hadoop Streaming :

_‘# 4= 22 W 2 E] 7 _:JZ""J‘ /y?'__‘.‘.
HTFEHIE > @ ¥ Ut Hi 2z

(4= : PHP) % * $|Hadoop:mapperic
reducer

« Hadoop Pipes : C++ API




\ﬂg “.‘
2L
* Mapper &%
— Mapper:#cg d Inputsh= | -2 Input 3 ks
Hadoop*~ &) = & f;}i}ag 3 % - B Mapper o
— ¥ 1% JobConf# 2 snsetNumMapTasks(int) & # -+
Hadoop i >~ Mapper«#cg - &4+ 7 8 7 d Hadoopi;
F1
 Reducer#x®

— ¥ 1% JobConf 2 e
JobConf. setNumReduceTasks(int) KB I
Reducershic® - A7 d @ * Fipd] o

— X 4rReducersn#icg € 3B & Suinf Ja H 4v o (2 3 4o
Reducer#ic® » ¥ 3% % I MapReducesMap#?
Reducesni 1T f§7g 4 cri=k 0 > o PFa 3 4r B 4514 o
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AL

 Eclipse 3.3.2 + Hadoop 0.20.2
— http://trac.nchc.org.tw/cloud/wiki/NCHCCloudCourse100928 2 IDE




Hadoop)is * - Crawlzilla
THIFLKHF e

TAIWAN &0 i)



FHF 58 T 2 - Phasel

e Crawl

iIng the Web

| =

Crawler visits the web
pages of the links

Page Contents




FFH 51 &FF T HhIE - Phase?

* Building the Index Pool

Page Contents |:> Index Pool

Parse Contents




#FF 51 tF:F it RI2 — Phase3

e Serving Queries

-

1
-' |
T’" |:> Inr@ooa |:> Return ResultsJJ

User Sent a Query Search from Index Pool




What 1s Crawlzilla?

 Crawlzilla 7%
— 1820093 & & 5 Al
— Crawlzilla 122010 & ¥ iE 48 &5 B hi 5 58 58 S Fh DO AE
- REBFELZREMRFEE T  BREUMSSIZENEGTE
- RERS|IERNEREINGE - S5 ZENEEMN—B 74




Why Crawlzilla?

¢ BRNWHFIFAFA AL ERN R

« i % Opensources > & 31 F e e+ 3
C LEBRER

« &% Crawlzillaig gt

— Opensource® & » # % ¥ ¥ ik p & chf R hinm
- R PFETERELERR
T 1Y L N

- AEVLNF O ORILEHER




Crawlzilla # it 4 & F

check_sunJava

Crawlzilla need Sun Java JDK 1.6.x or above version

System has Sun Java 1.6 above version.

System has ssh.

System has ssh Server (sshd).

System has dialog.

Welcome to use Crawlzilla, this install program will create a new accunt and to
assist you to setup the password of crawler.

Set password for crawler:

password:

keyin the password again:
password:

Master IP address is: 146.110.138.186
Master MAC address is: 08:00:27:99:4d:09
Please confirm the install infomation of above : 1.Yes 2.No

(1) Easy to Deploy Crawling Cluster Environment

Please choose what you want to do:

luster_statusf@ilCheck cluster state) Crawl

System | Setup | Logout

Fast Startup/Stop all Sevices How To Use
Set datanode & tasktracker 1. input Index Pool Name b
Set namenode & jobtracker 2 ::':ﬁ'::::::_’:_‘.';"'“‘m""’

it/ fumw. google com

Startup/Shutdown/Restart Tomcat
Change Tomcat port
http://code geagle. com/p/nutchez/

Change language e s
Client Install Steps 3. Choose Depth, then Submit !

Exit Index Pool Name

N~ unn —h

Index Pool Name

Input Crawl URLs

Input Crawl URLS

Crawl Depth Setup

Choase Crawi Depth [l s

(2) Easy to Manage (3) Easy to Use




Crawlzilla ,x st# 5t

Ak

X EREEEREE RN RS I R EE A
AR T . BBRPEABR DXL
% 18% T e Y ESEES

Y ES BB
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Web Ul ( Crawlzilla Website + Search Engine)

JSP + Servlet +

Lucene

Crawlzilla System Management

4 Y/ .
Hadoop

o
e

Tomcat
PC1 PC2 PC3
. Jpa e ke




FHFFNFA5e 2P 2 L
c BRIIFHBENU? 2 FFLALE 22 %3]
o e r P 2 AW HE - R RBEFEH

_WERFRY CAPH AP EFNET - T H

¢ 760 é«if"_ u-‘a? BF S b B | EREE
K] 55

Hits 1-10 (out of about 760 total matching pages):

—FHFFNFS P 2 L0WH A WHERBEET - T

e 43 s HF L& CRATLANL

E 17 | search | help

o .‘_!_, ﬁ % &'5 .., ,H: g )i Hits 1-11 (out of about 43 total matching pages):

M | wRmE




Crawlzilla- 2 %8 T &
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Resources

Crawlzilla @ Google Code Project Hosting (¥ ~ #.p )

— http://code.google.com/p/crawlzilla/

Crawlzilla @ SourceForge(& < #.P E )

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

Crawlzilla User Group @ Google

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

NCHC Cloud Computing Research Group

— http:/ftrac.nchc.org.tw/cloud




Hadoop 3.
b % %7
- 2k %
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Hadoop ¥ #63K T & x>
e stepl.K=ZF » L 355
- step 2. % ¥java
* step 3. T §*<% %Hadoop

. step 4.1 % #_hadoop-env.sh .
— export JAVA_ HOME=/usr/lib/jvm/java-6-sun
« step 4.2 3k ¥_hadoop-site.xml| W

— 3k ¥ Namenode-> hdfs://localhost:9000
— X T Jobtracker -> localhost:9001

« step 5.1 &34 i* HDFS
— bin/hadoop namenode -format
« step 5.2 gx#*Hadoop
— bin/start-all.sh
 step 6. = | HFITH G
— Job admin http://localhost:50030/

— HDFS http://localhost:50070/



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

Hadoop H # %5 7 % W

conf/
hadoop-site.xml:

fs.default.name ->

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

localhost:9001

Node 1

/ Localhost \

S Namenode

4

conf/slaves:

localhost

JobTracker

Datanode

4

Tasktracker



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

o stepl.&KZTFE &L A5
« step 2. ¥ ¥%java
* step 3. T §*% XHadoop
 step 4.1 3%k Z_hadoop-env.sh
— export JAVA_ HOME=/usr/lib/jvm/java-6-sun
« step 4.2 % Z_hadoop-site.xml
— 2k T Namenode-> hdfs://x.x.x.1:9000
— 2% z_Jobtracker -> x.x.x.2:9001
« step 4.3 ik Zslaves #%
« step 4.4 #HE Ep T faHadoop§t - therpe ¥
« step 5.1 £ ;% it HDFS
— bin/hadoop namenode -format
« step 5.2 gxd*Hadoop
— nodeNz% i @ bin/start-dfs.sh ; nodeJzi i= @ bin/start-mapred.sh
 step 6. 2= | B AFITRG
— Job admin http://x.x.x.2:50030/ HDFS http://x.x.x.1:50070/



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

Node 1
conf/
hadoop-site.xml: X.X.X.1
http://x.x.x.1:50070
fs.default.name -> . .
hdfs://x.x.x.1:9000 amenode
mapred.job.tracken |->
X.X.X.1:9001 .
JobTracker Node 2
7
o [ OXXX2 N
conf/slaves: | :
%1 : Datanode Datanode : ]
X.X.X.2 ! :P
Tasktracker Tasktracker | 2
|
|

1T namenode - format i start-all.sh
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conf / Node 1 Node 2
hadoop-site.xml:
/ X.X.X.1 \ / X.X.X.2 \
fs.defaultname->| ———~ || T
hdfs://x.x.x.1:900( - =
- "I Namenode
mapred.job.tracker| -
X.X.X.2:9001
*1 JobTracker
7
conf/slaves: : - i T e
X.X.X.1 : Datanode Datanode
X.X.X.2 :
| Tasktracker Tasktracker
|
|

http://x.x.x.l:50(170\

\
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B =

conf/ Node 1
hadoop.site.xml:

/ X.X.X.1 \
fs-default name -> L. ] http://x.x.x.1:50070
' 1l Namenode [~~~ °
hdfs://x.x.x.1:9000
mapred.job.trackel >——m™M8M ———| 0 __--
X.X.X.1:9001 | JobTracker |« ’hTtp_://;.x.x.l:50030
7 N\ ~/
AT M —_-_-_-—-—=-—-— .- RmDWER D |
| Node 2 Node N |
conf/slaves: : XX X2 ) A kn ) : - .
X.X.X.2 : l - 2
—>: Datanode Datanode I A
----- amnm I . z
| e ~ ‘
R P Tasktracker Tasktracker : %re
: |
' |
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conf/
hadoop-site.xml:

mapred.job.tracker->[ JobTracker

X.X.X.2:9001

fs.default.name ->
hdfs://x.x.x.1:9000 |—  ~ ‘
7

conf/slaves: i @@ @@ @@

X.X.X.3
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 Hadoop # & ¥ %
— http://trac.nchc.org.tw/cloud/wiki/Hadoop Lab7

 Hadoop # B i&fe?® &
— http://trac.nchc.org.tw/cloud/wiki/Hadoop Lab8



http://trac.nchc.org.tw/cloud/wiki/Hadoop_Lab7
http://trac.nchc.org.tw/cloud/wiki/Hadoop_Lab7
http://trac.nchc.org.tw/cloud/wiki/Hadoop_Lab7
http://trac.nchc.org.tw/cloud/wiki/Hadoop_Lab8
http://trac.nchc.org.tw/cloud/wiki/Hadoop_Lab8
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Big Data Programming using
Map/Reduce-HDFS in Hadoop
* Big Data

« Hadoop
— MapReduce
— HDFS, &] & {2, Heartbeat...
— Namenode, DataNode
— Jobtracker, Tasktracker
— Programming
— Cluster




Resources

NCHC Cloud Trac
— http://trac.nchc.org.tw/cloud

Hadoop # %&£ &
— http://hadoop.nchc.org.tw/

-4 Hadoop # it %
— http://forum.hadoop.tw/

BN E

— https://www.facebook.com/groups/hadoop.tw



http://trac.nchc.org.tw/cloud
http://trac.nchc.org.tw/cloud
http://hadoop.nchc.org.tw/
http://hadoop.nchc.org.tw/
http://forum.hadoop.tw/
http://forum.hadoop.tw/
https://www.facebook.com/groups/hadoop.tw

Ref.

Apache™ Hadoop®!

— http://hadoop.apache.org/

hdfs-federation-nadoop-summit2011

—  http://www.slideshare.net/huguk/hdfs-federation-hadoop-summit2011

Hadoop: The Definitive Guide

—  http://www.amazon.com/Hadoop-Definitive-Guide-Tom-White/dp/0596521979

Hadoop in Action

— http://manning.com/lam/
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