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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 25 Application 2205, Nuleh, ICAS,
Soejal Compuling, Enferprize, ISV, SRIME, ...

Proyraiinlng Hadoop (MapReduce),

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

s Ayt Openilebula, Encmaly,
Qo3 Neqoliation, Ddmission Contirol, A AR
Pricing, SLA Management, Metering... Bucalypius , OpenQRi, ...
E3e Virtualization Hem, VUM, VifualBoy,
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/

"

OECLDIYISPIHETE!

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

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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Disirlotitae

r1z1d00 I

~ Namenode

Java

I Do=zrzielng Sysiem of rlzidoooy

: |
JobTracker

Linuux

1

Hadoop
""""" o
1] |
1] |
1] |
1] |
1] |
1] |
1] |
] |
] |
Java I: Java I
| |
Linuux | | Linuux l
| | |
1] |
_"[ Node2 ]"""[ Node3 J""

f«-.r' 'r~ .—( — & = - Z5 L7
)"f/z /JL'] /f rlrar /r flr jjv fj‘a ;"E)

o0



Diffarzns Rolas of rlzidooo Are J]ﬁ AU
HENIDUOPE & =% 0P E -

master slave

MapReduce
layer

HDFS
layer

multi-node cluster




Two L2y Roulas of FlDFD

IDESE X 2% % | 4 # &
D7D gt S 7F) 5 57 e A =

>

2z 45 % NameNode &+ % DataNode

-Master

&2 HDFS ) 2 14 % I | * Workers
iﬁﬁi ZHFEIE | HATH | 5 BiE
Bt B &) A% | +#47 Namenode &

B LB ERERE R RS | &) AR R -
A AeH — 18 | 7T % 1A

VAN:!
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Intfroduction to Hadoop Distributed File System

Jz122 Y/z100)
(20-TsUney Y/z1ny)
Jjazz@nche.oryg.tw




YSnz12 15 DRSS 77
A DPD 7Y

. 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.



« M4 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 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 iFE Data Locality
— IFA SR Y > BT AR A W R
— “move compute to data” > “move data to compute”
R¥T -#4E1: Heterogeneous
— TRAEARETFL T~ o
— HDFS could be deployed on different hardware
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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 ddoas £ DFES wweorl/ o,
_I'J_I-)J":‘j ‘1’15'1?.{3?1/? |

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

=2

_I'J_)J":) £ I— V‘I /"" lj‘! ‘.J v J5 o

W% - k34 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¥ 7223 i4] 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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Introduction tolMapReduce
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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 8 * kg2 + 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 Si¥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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Goolz iyl oo d e o 2E FF A ]

___________________ —_ —_— — 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
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JobTracker §?
NameNode B~ %
F &8 8
blocks

rlzdoop izoidsdyss &

map |7

map 7|

map |7
JobTracker i% #c B

TaskTracker % i®
Map & & » & 2
A

& T/l__ ;._‘-7
L

it

5 £
(1= =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



Wz1piEadica 9y Z.¢Gi) ,JJ 2 (<)
| (1)

- 2/
| |

ISP E I CEREE

| am a tiger, you are also a

T = -
” ,
-

tiger
' 1,1 A
am
a =/ Lam.1 a (1.1)
a,1 also (1)
tiger tiger,‘l sort am,1
)a,?eu map )|youl |> & are (1)
shuffle 1.1
are,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




Wz1piRadica 9y 2. ,JJ—» (Z

UzoRaducs &1y vl (2
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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VPR EWUCENSESTIA
1zokdsdycs £

C A RHTH B

o Large Data Set  Text tokenization
* |ndexing and Search
+ T4 fR X

* Data mining
* Parallelization » machine learning

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

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



http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
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Prodrigl Proioiyoz (v 0.20)

Class MR{ PR VEIEICIEIESIET IR PR EIERSE R, :
Map static public Class Mapper -+ { Mapper A% 3 25
B ; e ',
. }statlc public Class Reducer ---{ Pedlieer ﬁff.;(\‘ Pt
B main(){
Configuration conf = new Configuration();
Job job = new Job(conf, “job name"");
job.setJarByClass(thisMainClass.class);
o job.setMapperClass(Mapper.class);
ET\L_’ job.setReduceClass(Reducer.class);
5k FileInputFormat.addInputPaths(job, new Path(args[0]));

H

FileOutputFormat.setOutputPath(job, new Path(args[1]));

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

[->)
(_'_
=y
D
'—*
@
@)
=
—t
P o
0Q
c
'—*
D
|t
=
\\\ﬁr
il
<9
oy
L
=

Job.waltForCompletlon(true),

11



Prodgril Proioiyoz (v 008

Class MR{

Map 1 static public Class Mapper «--{ | \
i : } LB e

Reduce static public Class Reducer ---{ -------------- i
i } - Reduce #2375

main(){

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

YA

FileInputFormat.setInputPaths(conf, new Path(args[0]));
FileOutputFormat.setOQutputPath(conf, new Path(args[l])),

JobClient.runJob(conf);
13

12



YWord Colins « z1002r

1 class MyMapper extends Mapper<LongWritable, Text, Text, IntWritable> {

. private final static IntWritable one = new IntWritable(1);
2 | private Text word = new Text();

3 public void map( LongWritable key, Text value, Context context)
4 throws IOException , InterruptedException {
. § tring line = ((Text) value).toString();
6 |
’ word.set(itr.nextToken());
& context.write(word, one);
9
o
/ Lty > <word,one>
/user/hadooper/input‘fa.txt / |
<no,1l>
...................... ko >P news’J- is >har>b good PP news <news . ] >
............ O X K 5 X X :
No news is a good news. \ \ \ \ \ \ \ <is, 1>
""""""""""" AN itr || itr itr | itr| itr itr itr <a 1>
\ \ <good, 1>
| e <news, 1> §




WN -

o ~NO O~

YWord Cotjrge ~ racftjear

class MyReducer extends Reducer< Text, IntWritable, Text, IntWritable> {

IntWritable I'CSlllt = new IntWritable();

public void reduce( Text key, Iterable <IntWritable> values, Context context)
throws IOException, InterruptedException {

int sum = 0;
~ Tor (IntWritable val: values )~ ~ ~ "1
sum += val.get(); :

— resultset(sutm)yr ——————--——— -
context.write ( key, result);

for (inti ;i< values.length ;i++){
sum += values[i].get()

h

<word,one>

<a, 1>

<good, 1>

<is, 1>

<news, 121>

<no, 1 >

<key,SunValue>

<news, 2>

14



YSord Colind — 1zl D70 7]

Class WordCount{

1

main()
Configuration conf = new Configuration();
Job job = new Job(conf, “job name” );
job.setJarByClass(thisMainClass.class);
job.setMapperClass(MyMapper.class);
job.setReduceClass(MyReducer.class);
FileInputFormat.addInputPaths(job, new Path(args[0]));
FileOutputFormat.setOutputPath(job, new Path(args[1]));
job.waitForCompletion(true);

15
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Hadoop R % 4% il Java B &% 7
Is Hadoop only support Java ?

AR RE AR AR AT R TS Y e T A S AR B 7
Can Hadoop work with existing software ?

AR B R R & A 7
Can Hadoop work with Databases ?

MAEAMARIREOER ...

Yes, we hear the feedback of developers ...




Is Fladoogy only suoport Java 7

 Although the Hadoop framework is implemented

in Java', Map/Reduce applications need not be
written in Java.

« Hadoop Streaming Is a utility which allows users
to create and run jobs with any executables (e.g.
shell utilities) as the mapper and/or the reducer.

 Hadoop Pipes I1s a SWIG-compatible C++ API to

implement Map/Reduce applications (non JNI™
based).




rleiclooo Ploes (Crr, PYinor))

Hadoop Pipes allows C++ code to use Hadoop
DFS and map/reduce.

The C++ interface Is "swigable" so that interfaces
can be generated for python and other scripting
languages.

For more detall, check the APl Document of
org.apache.hadoop.mapred.pipes

You can also find example code at
hadoop-*/src/examples/pipes

About the pipes C++ WordCount example code:
http://wiki.apache.org/hadoop/C++WordCount


http://hadoop.apache.org/common/docs/current/api/org/apache/hadoop/mapred/pipes/package-summary.html
http://wiki.apache.org/hadoop/C++WordCount

rleicdoog Strearning

Hadoop Streaming is a utility which allows users
to create and run Map-Reduce jobs with any
executables (e.g. Unix shell utilities) as the
mapper and/or the reducer.

It's useful when you need to run existing program
written in shell script, perl script or even PHP.

Note: both the mapper and the reducer are
executables that read the input from STDIN (line
by line) and emit the output to STDOUT.

For more detail, check the official document of
Hadoop Streaming



http://hadoop.apache.org/common/docs/current/streaming.html

Furnning rladoop Sirearnirig

jazz@hadoop:~$ hadoop jar hadoop-streaming.jar -help

10/08/11 00:20:00 ERROR streaming.StreamJob: Missing required option -input

Usage: $HADOOP_HOME/bin/hadoop [--config dir] jar \
$HADOOP_HOME/hadoop-streaming.jar [options]

Options:
-input <path> DFS input file(s) for the Map step
-output <path> DFS output directory for the Reduce step
-mapper <cmd | JavaClassName> The streaming command to run

-combiner <JavaClassName> Combiner has to be a Java class

-reducer <cmd|JavaClassName> The streaming command to run
-file <file> File/dir to be shipped in the Job jar file
-dfs <h:p>|local Optional. Override DFS configuration

-jt <h:p>|local Optional. Override JobTracker configuration

-additionalconfspec specfile Optional.

-inputformat TextInputFormat(default) |SequenceFileAsTextInputFormat |
JavaClassName Optional.

-outputformat TextOutputFormat(default)|JavaClassName Optional.

. More ..
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nacC
nag

nag

input -out

0]0)
0]0)
(0]0)

0 ~$
N ~$
0:~$

nadoo
nadoo
nadoo

0 fs -rmr 1nput output
0 fs -put /etc/hadoop/conf 1input

0 jar hadoop-streaming.jar -1input

out output -mapper /bin/cat
-reducer /usr/bin/wc
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hadoop:~$ echo "sed -e \"s/ /\n/g\" | grep ." >
streamingMapper.sh

hadoop:~$ echo "unig -c | awk '{print \$2 \"\t\"
\$1}'" > streamingReducer.sh

N1adoo

hadoop:~$

nadoop:~%$
input -out

n:~$ chmod a+x streamingMapper.sh
nadoop:~$ chmod a+x streamingReducer.sh
D
D

nadoop fs -put /etc/hadoop/conf 1input
nadoop jar hadoop-streaming.jar -1input

out output -mapper streamingMapper.sh

-reducer streamingReducer.sh -file
streamingMapper.sh -file streamingReducer.sh
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Triere are servereal rladoogy sugorojecis

Apache » Hadoop =

Top oMo Chuliwa HBase HOFS Hive MapReduce Fig Zookeeper

+ About

N el come

S Welcome to Apache Hadoop!
Hadoop Common: The common utilities that support the other
Hadoop subprojects.

HDFS: A distributed file system that provides high throughput
access to application data.

MapReduce: A software framework for distributed processing of
large data sets on compute clusters.
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Otrier rladoog relaied orojact

Chukwa: A data collection system for managing
large distributed systems.

HBase: A scalable, distributed database that
supports structured data storage for large tables.

Hive: A data warehouse infrastructure that
provides data summarization and ad hoc

guerying.
Pig: A high-level data-flow language and
execution framework for parallel computation.

ZooKeeper: A high-performance coordination
service for distributed applications.

10
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Pig Chukwa Hive HBase
MapReduce HDFS ZooKeeper
Hadoop Core Avro

(Hadoop Common)

Source: Hadoop: The Definitive Guide

11



AVIo

Avro Is a data serialization system.
It provides: %m%

— Rich data structures.

— A compact, fast, binary data format.
— A container file, to store persistent data.

— Remote procedure call (RPC).

— Simple integration with dynamic languages.

Code generation is not required to read or write data files
nor to use or implement RPC protocols. Code generation
as an optional optimization, only worth implementing for
statically typed languages.

For more detall, please check the official document:
http://avro.apache.org/docs/current/

12
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 http://hadoop.apache.org/zookeeper/ l £

« ZooKeeper Is a centralized service for maintaining
configuration information, naming, providing distributed
synchronization, and providing group services. All of
these kinds of services are used in some form or another
by distributed applications.

 FEach time they are implemented there is a lot of work that goes into
fixing the bugs and race conditions that are inevitable. Because of the
difficulty of implementing these kinds of services, applications initially
usually skimp on them ,which make them brittle in the presence of
change and difficult to manage. Even when done correctly, different
implementations of these services lead to management complexity when
the applications are deployed.

13
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http://hadoop.apache.org/pig/

Pig I1s a platform for analyzing large data sets that
consists of a high-level language for expressing data
analysis programs, coupled with infrastructure for
evaluating these programs.

Pig's Infrastructure layer consists of a compiler that
oroduces sequences of Map-Reduce programs

Pig's language layer currently consists of a textual
anguage called Pig Latin, which has the following key
oroperties:

— Ease of programming
— Optimization opportunities
— Extensibility

14
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« http://hadoop.apache.org/hive/

 Hive Is a data warehouse Infrastructure built on top of
Hadoop that provides tools to enable easy data
summarization, adhoc querying and analysis of large
datasets data stored in Hadoop files.

« Hive QL iIs based on SQL and enables users familiar with
SQL to query this data.

15
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CriLcywel

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

Chukwa Is an open source data collection system
for monitoring large distributed systems.

built on top of HDFS and Map/Reduce framework

Includes a flexible and powerful toolkit for
displaying, monitoring and analyzing results to
make the best use of the collected data.

&\\
Valuisialtir
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http://mahout.apache.org/
Mahout is a scalable machine learning libraries.

Implemented on top of Apache Hadoop using the
map/reduce paradigm.

Mahout currently has

— Collaborative Filtering
— User and Item based recommenders
— K-Means, Fuzzy K-Means clustering
— Mean Shift clustering
— More ...

17
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Warning: fopenifhome/dodgersipublic_htmlf ogsfaracle_error_log.td) [function fopen]: failed to open stream: Permission denied in
usrlocaliapachehtdocsinclude 2007 ‘oracle/db_oracle.inc.php on line 194

Cannot open Database Error Log, please checkl! (thomefdodgersfoublic_htmlf flogsforacle_error_log. td)

Warning: fopenifhome/dodgersipublic_htmli fogsforacle_etror_log.td) [function fopen)]; failed to open stream: Permission denied in
usrlocaliapache ltdocsinclude2007 ‘oracle/db_oracle.inc.php on line 194

Cannot open Database Error Log, please check! (fhomeidodgersipublic_htmif fogsioracle_error_log g

Warning: fopenifhome/dodgersipublic_htmlf fogsforacle_error_log. td) [function fopen): failed to open stream: Permission denied in

usrlocaliapache tdocs/include2007 ‘oracle/db_oraclenc.php on line 194

Cannot open Database Error Log, please checkl! (fhomefdodgersioublic_htmlf flogsforacle_error_log. td)
Warning: fopenifhome/dodgersipublic_htmli fogsforacle_etror_log. td) [function fopen]: failed to open stream: Permission denied in
asrlocal/apache htdocsinclude 2007 ‘oracle/db_oracle.inc.php on line 194

Cannot open Database Error Log, please checkl! (thomefdodgersfoublic_htmlf flogsforacle_error_log. td)

al BB EE Sl &0

al® L denied in usrlecaliapache htdocsinclude2007 'oracle/dh_oracle.nc.php on line 194

Cannot open Database Error Log, please check!! fhomerldodgersipublic_htrmlf. flogsforacle_error_log.td)

Warning: fopenihomefdodgersipublic_htmlf flogsforacle_error_log .t [function.fopen]: failed to open stream: Permission
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1 perlbal
LAHMM :
Inux
3 |
MPPS? ' a | CSS+JS
! Smarty __—|| lighthttpd
= I - | Linux
| MySQL / PHP |
L [ ik 1|| Memcached | 4 Hadf:;op
MogileFS
il Apache _
] Linux

Where we can go: horizontal LAMP scaling example

2. A few definitions

Source: http://www.slideshare.net/mallipeddi/scalable-lamp-development-for-growing-web-apps
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Tools used oy large scale w

® Perlbal - http://www.danga.com/perlbal/
¢ ZEMAEIRE N & RTFH
¢ oad balancer
® MogileFS - http://www.danga.com/mogilefs/
¢S MAEEAK
¢ Distributed File System fo small files
& 5B MogileFS ruAe Hadoop 86 & A% 3 ME
® memcached - http://memcached.org/
&L Z e iEa 99
¢ Share Memory
Sl FH R R T HRR IS
Ji] 32 1E 78 P BL (Cache) 7 A\ 43 2L
® Moxi - http://code.google.com/p/mox1/
®Memcache # PROXY

® More Resource:
¢ http://code.google.com/p/memcached/wiki/HowToLearnMoreScalability

S

W

C

o
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Without Memcached

web server web server

When Used Separately
Total Usable Cache size: 64MB

<

With Memcached

web web
server server

When Logically Combined
Total Usable Cache size: 128MB

¢ http://www.slideshare.net/techdude/scalable-web-architectures-common-patterns-and-approaches
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http://code.google.com/p/moxi/
http://code.google.com/p/memcached/wiki/HowToLearnMoreScalability
http://code.google.com/p/memcached/wiki/HowToLearnMoreScalability
http://www.slideshare.net/techdude/scalable-web-architectures-common-patterns-and-approaches

MySOL )

Memcached & MySQL

read write

Ty 6 6

VAN

L & i .....

Application
Servers

b

i
-

Memcached '
Clients % % : +
+ . y
4‘ : —.\
Memcached .
Servers % : +
.l. s J
* cache update : .
MySQL Sewer ---------------------------- r
J

Source: http://mashraqi.com/2008/07/memcached-for-mysql-advanced-use-cases 09.html
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GET de-duplication

a-ache

moxi

geta b c d e BN laNe1 0
getabc

4 8et bcd
getcde

memcache

Source: http://www.slideshare.net/northscale/moxi-memcached-proxy
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draining and filling

lazily migrate items from old server to new server

moxi moxi

memcached memcached memcached memcached

draining filling

Source: http://www.slideshare.net/northscale/moxi-memcached-proxy
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HBase 1s a distributed column-oriented database built
on top of HDFS.

A distributed data store that can scale horizontally to
1,000s of commodity servers and petabytes of indexed
storage.

Designed to operate on top of the Hadoop distributed
file system (HDFS) or Kosmos File System (KFS, aka
Cloudstore) for scalability, fault tolerance, and high
availability.

Integrated into the Hadoop map-reduce platform and
paradigm.
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Distributed storage

Table-like 1n data structure
— multi-dimensional map

High scalability

High availability

High performance
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—
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Wro Lse FlBase

Adobe

— M3R4L A (Structure data)

Kalooga

— B R #F5]1 % http://www kalooga.com/
Meetup

— B R G ML http://www.meetup.com/
Streamy

— Migrate from MySQL to Hbase http://www.streamy.com/

Trend Micro
— EiRiF 5 R4  http://trendmicro.com/

Y ahoo!
— #44 L fingerprint # % ¥ http://www.yahoo.com/

More - http://wiki.apache.org/hadoop/Hbase/PoweredBy
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BacKdrogy

Started toward by Chad Walters and Jim
2006.11
— Google releases paper on BigTable
2007.2
— Initial HBase prototype created as Hadoop contrib.
2007.10
— First useable HBase
2008.1

— Hadoop become Apache top-level project and HBase becomes
subproject

2008.10~
— HBase 0.18, 0.19 released
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Tables have one primary index, the row key.
No join operators.

Scans and queries can select a subset of available columns,
perhaps by using a wildcard.

There are three types of lookups:

— Fast lookup using row key and optional timestamp.

— Full table scan

— Range scan from region start to end.
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e Limited atomicity and transaction support.
— HBase supports multiple batched mutations of single rows only.
— Data 1s unstructured and untyped.
« No accessed or manipulated via SQL.
— Programmatic access via Java, REST, or Thrift APIs.
— Scripting via JRuby.
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* Performance of RDBMS system is good for transaction
processing but for very large scale analytic processing, the
solutions are commercial, expensive, and specialized.

* Very large scale analytic processing
— Big queries — typically range or table scans.

— Big databases (100s of TB)



Why Bigtaole? (2)

 Map reduce on Bigtable with optionally Cascading on top to
support some relational algebras may be a cost effective solution.

« Sharding 1s not a solution to scale open source RDBMS
platforms

— Application specific

— Labor intensive (re)partitionaing
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HBase 1s a Bigtable clone.
It 1s open source
It has a good community and promise for the future

It 1s developed on top of and has good integration for the Hadoop
platform, 1f you are using Hadoop already.

It has a Cascading connector.



FlBase geneflis inearn RDBMS
No real indexes

Automatic partitioning

Scale linearly and automatically with new nodes
Commodity hardware

Fault tolerance

Batch processing
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Tables are sorted by Row
Table schema only define it’s column families .
— Each family consists of any number of columns
— Each column consists of any number of versions

— Columns only exist when inserted, NULLSs are free.
— Columns within a family are sorted and stored together

Everything except table names are byte[]
(Row, Family: Column, Timestamp) = Value

‘ Column Family ’

"comtaents:" "anchor:cnnsi.com”

":mn::h::ar'r’rﬁ.r look.ca”

Row key

"com.cnn.wawew T

1

|

I
: : |
e it + ______

"CINNM. r::::m

TimeStamp



Merroars

* Master
— Responsible for monitoring region servers
— Load balancing for regions
— Redirect client to correct region servers

— The current SPOF
* regionserver slaves

— Serving requests(Write/Read/Scan) of Client
— Send HeartBeat to Master
— Throughput and Region numbers are scalable by region servers



Architecture

% Store (MemStore )

©

M

L
DFS
Clienl

%KDDDE‘DDDWDNSDEFE\YDDD%Z(D ‘ooogoo || ﬁagm

9 | 000000 || DODOOO |*000000 || 0OD000 || DpOoCo

% | 000000 || DO0000 || 000000 || 000000 || oboooc

L \ DataNode ) \ DataNode J \ DataNode ) \ DataNode ) \ DataNode )




B

ase depends on

ZooKeeper (Chapter 13)
and by default it manages

ZooKeeper

Master

a ZooKeeper instance as

the authority on cluster

state

Regionserver

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

Regionserver Regionserver



Operation
/The —ROOT—\
table holds the
list of . META.

table regions \

N 2 . __RGOT
Region L
[ Se“‘ﬁ:%<%m

- —
Region . o
Serv rﬁgion2
Mas{er ] on 3
HRPC HRPC —Regio
\ %7 The META.

[ C|I\eﬂ15/] Region —Regid table holds the
Serve “Read list of all user-

—| space regions.

N
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