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Hadoop #2 3% & 3+

Computing with bic

datasets

IS a fundamentally different
challenge than doing “bi
compute” over a small dataset



T LA ER

® FLiEiF N (R$2iF 5 Grid computing)
¢ MPI, PVM, Condor..

—gﬁ“f" A ,3(‘1 I/E"E_‘_

P SR AL A L Ae e A AT E

¢ Reading 100 GB off a single filer would leave
nodes starve- just store data local

@



L %r~ & T ¢ Slow and Tricky

® LEFTHET K H A
¢ Deadlock becomes a proble
® 7 'Ueuip B

¢ Fallovers can causmscading failure

@



BT g R

® Data processed by Google every month:
400 PB ... In 200

¢Max data in memory: 32 GB
¢Max data per computer: 12 TB
¢Average job size: 180 GB

® k- Bdevicerig BpF =45 minutes

@ 10
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@ :F B FRT U {0 2

H A 1/0
¢ 1 HDD =75 MB/sec

® #;> . parallel reads
¢ 1000 HDDs =75 GB/sec

@
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MapReduce 7% #%

Data>1 TB

2 3 534 § eCPU

RIS
¢ High-level applications written in MapReduce
¢ Programmers don’t worry about socket(), etc.

12
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Hadoop

m Jave# w

pod fic kg

g Ly 12

Petabytér s e 4L £

fpljﬁ‘;—*ﬁ Doug Cutting

= Apachesix 88 & £ ¢ < top level project
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E Hadoop*T Yahoos:& i
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F.

B CT R

47.9
42
1.8
3.3
5.2
7.8
1.2
1.3

2
2.5

Sort benchmark, every nodes with terabytes data.
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=g &= * Hadoop ? (1)

® Facebook
¢ 2 internal log and dimension data sources

¢ for reporting/analytics and machine learni

® BM

¢ Blue Cloud Computing Clusters

® Journey Dynamics

¢ * HadoopMapReduc #4 +7 billions of lines of GP¢
data & # < il B4 F .

® Krugle
@ ¢ * Hadoop and Nutch® if R 4o 48% 51 &

18



=g &% Hadoop ? (2)
® SEDNS- Security Enhanced DNS Group
& i 22 A DNSIIFE 2 BRI B
® Technical analysis and Stock Rese
SR R
® University of Nebraska Lincoln, Research
Computing Facility

¢ * Hadoopgsa £ 200TB:#CMSE 5 4 17
& R 2B+ mE (CMS > CompaciMuor Solenoic) & 351w

b3 8§ e CERN:A 15 5 $HR B4 $leha 2 » T
g B - oo

@
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g &% Hadoop ? (3)

® Yahoo!

¢ Used to support research for Ad Systems and Web S
i * Hadoop®™ & K2 I3 2 K e 9uE h e &

Oﬁ%%ﬁ

¢ Eph AR ERREDRET PN F

Correlation
| Infrastructure

()
Community Threat
Intelligence Intelligence
: SMART

: PROTECTION
: NETWORK

Cloud / Client
Architecture

-

- 20,



MapReduce
layer

HDFS
layer

master slave

job
tracker

NS E N ----.----.----.--q-.-

name
node

e ———,

data
node

multi-node cluster

—



Building Hadoop

|
Namenode i

JobTracker |

Java Java l Java
I
Linuux Linuux : : Linuux
| I
@iﬁ Node1l ]“ “[ Node2 ]‘ ‘II"[ Node3 }'“

22



Job

® ITix

Task

¢ ]aiF
JobTracker

& iR
TaskTracker

2 fj‘lf’tﬁﬂ;t*if«?—%

Client

o  FAEseE o

AR

=

3\

gl

¢

4

¢

4

¢

Namenode

o AL
Datanod

Forta g
Namespace

CHEE
Replication

Rl ~
Blocks

% % B (64M)
Metadata

G e
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® Master e Workers

® FHDFSHEfEz R |, H 7B 0T A

® Iril¥HhEIRR/B | » 4 Namenodeén \

® i gl A Hux | Rl RY
Wl & 45 e 272 z E ® T—J )/; f[a; E

® I A - 1T e % ; .




Jobtracker

-

Master

® &% Kidea it

#13 L N>
Tasktrackers

® PiriR ~1iF
L i~ 4 SR RJE

Faep — 1

\\a

Tasktrackers

§/Workers \
| « & {*Map ¥ Reduce
e 1 (E

e R - RiE

NS
-+ P
¥ 5




% 4 2 h1Client

.sw{JobTracker
\ > HTTP Monitoring Ul
Get Block

~
/

O® e 0® 0O® 0@
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H

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

&=

Hi % E= 9 (Feh MapReduce &3¢ B

http://trac.nchc.org.tw/grid/wiki/jazz/09-04-14#MapReduce

27



e http://sector.sourceforge.net/

o d 2 R T #4FH ¢ . (National Center for Data Mining)# %
i d R % o

© ® C/C++pp S HER 0 F1t kit i Hadoop { 4 o
o & T4 v, Google File System#? MapReduce 4% |
* AWUDTE »ed el TR 4eif FoB B aoes

* Open Cloud Consortium::Open Cloud Testbed - 5 # & 7]
SRR B 0 T B0 MalStonescsp & sk o

National Center for Data Mining 4 i Open Data Group

University of lllinois at Chicago . http:/lwww.opendatagroup.com/

-



Conclusions

® 3 1 iv3Rd JobTrackefe— 4 7% > d F 7
TaskTrackersy = » = i TaskTracker #
# 7 % B Taskthread

® i LAELE R
Namenodet % > #§ %

H i

£\

/

mmetadat@m g — i
2 B

¥ & “1t73 Datanode
bl block

by =

I £ > hdfssrfl &
® Client®” & & 117
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mopﬂ L Er JavaR F o ?
Is Hadoop only support Java ?

\

WA RIFVERTR T Qe 2 e R 0
an Hadoop work with existing software ?
o

GRS A
Can Hadoop work with Databases ?
\
s, we hear the feedback of developers ...




Spache = Hadoop =

_[aﬁaz'a}

HBase HDF= MapReduce Fig Zookeepeaer

Welcome to Apache Hadoop!

= ~ Hadoop #p B
R

« Hadoop Common: The common utilities that support
the other Hadoop subprojects.
« HDFS: A distributed file system that provides high
throughput access to application data.

g/(jh‘" « MapReduce: A software framework for distributed
W processing of large data sets on compute clusters.

31



Hadoop 18 B + &
 Chukwa A data collection system for managing
large distributed systems.

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

e Hive: A data warehouse infrastructure that provide
data summarization and ad hoc querying.

* Pig: A high-level dati-flow language and executic
framework for parallel computation.

« Z0ooKeeperA high-performance coordination
service for distributed applications.



Hadoop # i ,4 (Ecosystem)

Pig Chukwa| Hive HBase
MapReduce HDFS ZooKeeper
Hadoop Core AVro
(Hadoop Common)

Source:Hadoop: The Definitive Guide



AVro

e Avrois adata serialization system
|t provides:

=R

- Rich data structures.

— A compact, fast, binary data format.

- A container file, to store persistent data.

-~ Remote procedure call (RPC).

— Smple integration with dynamic languages.

 Formore detalil, please check the officdocumen
http://avro.apache.org/docs/current/

@

34



Zoo Keeper | i
o http://hadoop.apache.org/zookeeper/ l

e Z0oOKeepe is a centralizer service for maintaining
configuration information, naming, providing distributed
synchronization and providing group services. All of these
kinds of services are used In some foron another by
distributed applications.

0 .



Pig

« http://hadoop.apache.org/pig/

* Pig is a platfornfor analyzing large data setisat consists of a
nigh-level languag for expressin date¢ analysi: programs
coupled with infrastructure for evaluating these programs.

* Pig's infrastructure layer consists af@mnpilerthat produces
seguences dflap-Reduce programs

* Pig's language layer currently consists of a textual language
calledPig Latir, which has the following key properti

— Ease of programming
- Optimization opportunities

@ Extensibility




Hive

* http://hadoop.apache.org/hive/

e Hive Is adata warehousmfrastructure built on top of Hadoop
tha! provide: tools to enabl¢ eas' date summarizatio, adho
gueryirg and analysis of large datasets data stored in Hadooj
files.

 Hive QL Is based on SQland enables users familiar with
SQLto query this data.

@



HBase

« HBase Is a distributedolumn-oriented databadiilt on top of
HDFS.

e A distributec date store that car scale horizontally to 1,00Cs of
commodity servers angetabyte®f indexed storage.

e Designed to operate on top of the Hadoop distributed file syster
(HDFS) or Kosmos File System(KFS, aka Cloudstore) for
scalabillity, fault tolerance, and high availabllity.

 |ntegratelinto the Hadooj mag-reduct platforn anc paradign.

tf-@:

HEBASE

@



Chukwa

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

e Chukwzeis an open sourcdata collection syste
for monitoring large distributed systems.

 built on top of HDFS and Map/Reduce
framework

* Include¢ a flexible anc powerfu toolkit for
displaying, monitoringand analyzingres C (2
make the best use of the collectdaka. éﬁﬁ

@ Lchuhma\




Mahout

« http://mahout.apache.org/

 Mahout is a scalableachine learning libraries

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

 Mahout currently has
— Collaborative Filtering
- User and Item based recommen
- K-Means, Fuzzy KMean
- Mean Shift clustering
- More ...

@




Hadoop ¥ £ # Javarg ?

 Although the Hadoop framework is implemented inaddy
Map/Reduce applications need not be written in Java

 Hadoop Streamings a utility which allows users twreate
and run jobs with any executables (e.g. shelltiad) as the
mapper and/or the reducer.

 Hadoop Pipess a SWIGcompatibleC++ APlto implement
Map/Reduce applications (non ." based

@



Hadoop Pipes (C++, Python)

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

 The C++ Interface isswigabl¢' so that interfaces can be gener:
for pythonand other scripting languages.

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

* You can also find example code at

® hadool-*/srdexamples/pipe

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

@




Hadoop Streaming

 Hadoop Streaming is a utility which allows users to crea
and run Map-Reduce jobsith any executables (e.g. Unix
shel utilities) as the mappe and/o the reduce.

* |It's useful when you need to rwgxisting progranwritten in
shell script, perl script or even PHP

* Note: both themapperand thereducerare executableshat
read the input frons TDIN (line by line) and emit the output
to STDOUT.

e For more detail, check the official document of Hadoc
Streaming

@




Running Hadoop Streaming

jazz@hadoop:~$ hadoop jar hadoop-stream ng.jar —help
Usage: $SHADOOP_HOME/bin/hadoop [--config dir] jar \
$HADOOP_HOME/hadoop-streaming.jar [options]

Options:
- input <path> DFS i nput file(s) for the Mafg step
-output  <path> DFS out put directory for the Reduce step
-mapper  <cmd|JavaClassName> The stream ng command to run
-combiner <JavaClassName> Combiner has to be a Java class
-reducer <cmd|JavaClassName> The stream ng 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 configurat ijon
-additionalconfspec specfile Optional.

- inputformat
Text | nput For mat ( def aul t) |SequenceFileAsTextinputFormat|JavaClassNam
e Optional.

-outputformat Text Qut put For mat ( def aul t) |JavaClassName Optional.

. More ...




Hadoop Streaming # & (1)

hadoop:~$ hadoop fs -rmr input output

hadoop:~$ hadoop fs -put/etc/hadoop/conf
Input

hadoop:~$ hadoop jar hadoop-streaming.jar
-input  Input  -output  output -mapper
/bin/cat -reducer  /usr/bin/wc




Hadoop Streaming # & (2)

hadoop:~$ echo "sed -e\"s/An/g\" | grep .">
streamingMapper.sh

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

hadoop:~$ chmod at+x streamingMapper.sh
hadoop:~$ chmod a+t+x streamingReducer.sh
hadoop:~$ hadoop fs -put/etc/hadoop/conf input

hadoop:~$ hadoop jar hadoop-streaming.jar -input input
-output output -mapper streamingMapper.sh -reducer
streamingReducer.sh -file streamingMapper.sh
- file  streamingReducer.sh




Hadoop #2 7" % 3+

= ~ Map Reduce
e HDFS

3.A: HDFS # % i 5t
3.B : MapReduce /7 & =

0 .
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@

Hadoop #% ;" & 3+

 Map Reduce: HDFS

3.A : HDFS - #,% 4 %

HDFS = Hadoop Distributed File Syst >

Hadoop** ARE RN S s FE A= R _*
F & %Hadcopﬁﬁ P ﬁ‘» },qu:& B-FE e
, B IR W aridE b

”p“?ﬂ‘ii*v’w BEREAw

mjp(‘}"... 0

-—\\
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BRIE ok RSB R <

HDFS: B % $

+ Google File System (GFS)

fé’q ﬁj;,ﬁ”';bgg’fi'gf
EFEA 0 £ RGFRBEFTH
7‘ 7,

i * IPF R e ?
=g :fﬁ g\.b'% KRk

-

AR B
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H el

¢ TEHBATHE SLELY &R
AEMEO TR 24 T

¢ REEASTERBAFA

& =B 9I00MB { ;i@ ¥ 12 #GBrh % B
T AR R AR B - =t (write-once): § Bk E_
v (append)

~ BRI ERE R

g a < B enF i £ (throughputig v e

ik it & (latency)k 7 £ &
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HDFS 3k 3+ & 7|

fh % 2 R Bu(block)? 5\ 23
& FBFHAPB THEAGF FIFRE X (FFRE
% 64MB)
GEAT AP RIER T LR
& FBFERHICHALIF= Lt mDataNode
H - master (NameNode)k 133 322 H T
#L(metadata)
'S ?;’? 5 r’v’ﬂ?ﬁ -8 1
23 A=~ $541(No data caching)
L S s S ”"‘1‘*' Borg Bt & Fles
?némﬁ \;ﬁ {2 Z 4] 1 AP
& IR BAAAG R



HDFS Architecture

Metadata (Name, replicas, ...):

| /home/foo/data, 3, ...
Metadata ops~ Namenode
A A
Block-ops
Read Datanodes | Datanodes
’ ] l H = i
H B { Replication
[ ] = / B Blocks
J
Rack 1 Rack 2

{
92



HDFS :& i®

Namenode (the master)
WEBRE - BlaE, J S Bblocki =
L name:/users/joeYahoo/myFile - copies:2, blocks:{1,3} J

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

N 4

Metadata..-~"~
‘\UP Datanodes (the slaves)
2
L 1 4 2 5
2
3
3 4 4
5 5




¢ o

THM D EELL B A BT FEF Y
PR (TR 4 B o PEA L)
Namenode JobTracker

L filel (1,3) J [ Map tasks J Task'lilcker

file2 (2,4,5) Reduce tasks

ask for task

Block 1

2|!
1114
2




Client computer

= HDFS NameNode

HDFS-Aware Application

POSIX API HDFS API f f

- HDFS DataNode

i

- HDFS DataNode

Regular VFS with local and Separate HDFS view
NF S-supported files

Specific drivers... Network stack -t




—
—
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Hadoop #2 3% & 3+

Map Reduce: HDFS

3.B : MapReduce ;# & ;*

Hadoop::& & = ;X §.i% i Map/Reduce#x & 2
B~ » L3 F 0 & BigHadoop APREE T
7 AT 425 0 P - = & & Map / Reduce

b



Map / Reduce z_z

Compute Cluster

DS Block 1
s b I
cata clata data da | CFS Bleck

thatian Ldanban Jaba atazlaia
data clata data daradata ,.__r,.--""

data data 1ata datadata » I CIFS Block 2 I
data clata data datadata — H.du:.
pala dats Jatas datadata I % Bl _ﬁhlil_._.—-,-

fata cata data dacadata

cata clata data data data . I DFS Block 3

cala dats davs clatadsna \.\\‘-

riata clara dara daradata

e,
cala clats data datadata Map
e ' ¢S Black 3
' DFS Block |
| |

MapReduce Is a software framework to support
distributed computing on large data sets on
clusters of computers.

o7



5 NDE:

® Functional Programming : Map
Reduc

¢ map(...):
« [1,234]- (*2)->[2,4,6,8]
¢ reduce(...):
» [1,2,3,4]-(sum)->10
& % E ;27 «nDivide and conqus
& BFEAEARS B ) FEEZ 1S

2174 4
N A
@

5

—=
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Map

® One-teone Mapper

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

(“Foo”, “other”) - (“FOO”, “OTHER”)
(“key2”, “data”) -2 ("“KEYZ2", “DATA”)

® Explode Mapper

let ma
foreac
emit(

0(k, v) =

K, C)

N char c In v:

(“A”, “cats”) =2 (“A”, “c”), (A", “a”),
(A, °T), (A7, °S)

® Filter Mapper

let map(k, v) =

Wf if (isPrime(v))
" then emit(k, v)

(“foo”, 7) = (“foo”, 7)
(“test”, 10) - (nothing)

59



Reduce

Example: Sum Reducer

let reduce(k, vals) -
sum=0
foreach int v In vals:
sum +=v
emit(k, sum)

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

@
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MapReduce &

Input

mD&aw%%%4m

block#c s 2 > Reduce#ic
fL. d /:lz“ ‘i’/i_i

'

P & © O ¢

Intermediate | kl:v kl:v k2:v

k3:v k4x

kd:v kv

kl:vk3:v

Grouped

Sort 3R] 5 key:h
__"‘?. =N )I'E}:’;ﬁ

@

Qutput

[[Gmup by Key]J

kl:wv,vvyvy

k31\

kd:v, vy

ka:v

ééééé
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MapReduce % =

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

! L L

! L L

! Lo b

! L L

! L L

! L L

| klwvklvkZy klw ) | k3w kdw kdw k3w |l I kd v klw k3w

| Partitioning Function I | Partitioning Function | | Partitioning Function

Sort and Group

kd v v v

Reduce Task 1

§0¢

Sort and Group
klwvwvwvy [ k3w

50

Reduce Task 2
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MapReduce & it/ 42

output
map =l 1 merge T | HDFS
| » reduce : > part0
I map < ' A .
________________________ » reduce : > partl
map |1 |
JobTrackep? JobTracke& #ic JobTrackex-# JobTracker || reducex {sif
NameNodé~ # TaskTracke# R EEEHEE ik srJobTracker
BZEEFEH || (tMapiE & 0 A s AT R TaskTracker /| £Namenode

blocks EAR SN L A= S sriTaskTrackes. ifreduce A& 2 output |



L

o) %’é o)

| am a tiger, you are also a

tu;er
l,1
am,1 a 1
a1 a,1
also,1
tiger,1 am,1
you,1 are,l
are,1 [,1
tiger,1
tiger,1
also,1 you,1 reduce
a, 1
tiger,1
JobTracket £ 7 = B Mapi & i » hadoopg {7
Trackerzmap R E R A TE g B

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

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

l, 1
tiger,2
you,1

JobTrackef :& = &
TaskTrackeftreduce
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@

Hadoop #g ;% % 3+

r ~ BCodeZk B & i

4.A : Console #
e T

4.B: %k Eclipse B % ¥ p|25iF &
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Java 2. i

1. %
¢ Javac, -classpat , hadoo|-*-core.ja , -d , MyJava,
MyCode.java
2. FE

¢ jar, -cvf , MyJar.jar,-C , MyJava, .
3.
¢ Dbin/hadoog, jar , MyJar.jai, MyCode , HDFS_Input
» HDFS_Output/

« #7 3 {7 P 4% 5 Hadoop_Home - Lt 2 A PIHDFSF chinput P 4
- . /MyJava = %iFis 2N P & - . /input; ./ouput = hdfs.r'w”@;:] N ﬁ;f]
AP gx

» Myjar. jar = 3% S %34 — 00



WordCountl 3% (1)

1. cd $HADOOP HOME; mkdimput_local
2. echo "l like NCHC Cloud Course."ixput_localinputl

3. echo "l likenchcCloud Course, and we enjoy ti
crouse." Snput_localinput2

4. bin/hadoop dfs -puhput_local input
5. bin/hadoop dfs -lsput

vanedyero: fopt/hadoops binfhadoop arg -l input

Fomnd 2 1tens

IW-T--T-- | wane supergronp 26 2009-03-22 12215 fuger/wane/ input/ inputl
IW-T--T-- | waue gupergronp 52 009-03-22 12:15 fugerfwane/ input/ inputs

panelvPro: fopt/hadoopd

67



WordCountl ¥ (Il

1. ¥%iEWordCount.java

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

2. mkdir MyJavi

3. Javac -classpath hadoop-*-core jdarMyJava
WordCount.java

4. jar -cvf wordcount.jarC MyJava.
5. bin/hadoop jar wordcount.jar WordCoumput/ output/

« #7147 P 4% 5 Hadoop_Home ( %] % hadooj-*-core.ja )
- javac¥:FFF ¢ & classpath, f®hadoop jarFF=# #
» wordcount. jar = FE (S hsmFAE 0 B 7 F 2 frclass name

» Hadoopi& i7i&8 & ¥ » ¥ 5 input #%& % Flhdfs} - 14 i{ hadoop4 +7&
£ oy 74 (wordcount. jar) # § + @ - » 2 F - iBnodeftc » 425\ b




g

L
e
HIE

09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
09/03/22
oG/ 03022
1 EEET
09/03/22
09/03/22

wanedvrro:

P U TR U U U I S SO ST ST U S T S SIS S S S SIS S S ST S S

WordCountl s % (Il

P U TR U U U I S SO ST ST U S T S SIS S S S SIS S S ST S S

opt

manifest
TordCount.class (3=
" WordCountiReduce.cla

adoopd bin
wane@vPro: fopt/hadoopt nkdir Mylava
wane@vPro: fopt/hadoopd javac -clazspath hadoop-#-core.jar -d MvJava WordConnt.java
wane@vPro: fopt/hadoopd jar -cvf wordcount.jar -C Mylawa .

(E=740)( BEE 519%)

1591y ( E=042"( BE&E 59%)

TordCountPdap. clage (3E=1918)(E=795)( BEE 589

wane@vPro: fopt/hadoopd bin/hadoop jar wordcount.jar WordCount input/ ountpnt/

09/03/22 11:39:01 WARN mapred.JobClient: Uze GenericOptionzParser for parzing the arg
ments. prllcatlons should implement Tool for the =ame.

mapred . FilelnputFormat: Total inpot paths to process @ |
mapred .FilelnpotFormat: Total input paths to process @ |
TobClient:
JTobClient:
TobClient:
JTobClient:
TobClient:
JTobClient:
TobClient:
JTobClient:
TobClient:
JTobClient:
JobClienl:
JobClient:
TebClient:
TobClient:
JobClient:
TobClient:
JobClient:
TobClient:
JTobClient:
TebClient:
TobClient:
JTobClient:
TobClient:
JobClient:

INFO
[NFO

INFO

mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
e pred,
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.
mapred.

mapred.
mapred.

wanedvFro: foptfhad00p$ |

1516)(

=2 (FE=

adoop disg -put Input inpot

Eoaning job: job_ 200903201526 0007
map 0% redoce 0%
map 100% reduoce 0%
Job complete: job 2009035201526 0007
Counterz: 16
File Svatens
HDFS bytes read=320950
HDFS bytes written=130568
Local bytez read=168448
Local bytes written=336932
Job Counlers
Lannched redoce tazkae=l
Lavnched map tasks=l
Data-local map taska=l
Wap-Feduce Framework
Feduce input groupa=9284
Combine output recordz=I18568
Map inpot records=7868
Fedoce output recordz=9284
Map ountput bytez=445846
Map inpot bytes=320950
Combine input records=47227
Map output records=37943
Fedoce input recordz=9284



WordCountl ¥ (1V)

wanedytro: fopt/hadoops bindhadoop dfz -cat outpunt/part-UUOML
Clond 2
Conrze, |
Conrze. |
I 2
NCHC |
anid |
conrge. |
enjoy |1
[ike 2
nche |
thiz

R i

¥ (
&



BTW ...

® it *XHadoopg=z 2 &_* Javag 1T » e
Map/Reduc/i * #25 B 7 — T_& * Java

® Hadoop Streaming
O FiIFE1 B 5 &% —ﬂ‘ﬂz? IR

(4- : PHF) % * 3]Hadoojsmmappeir
reducer

® Hadoop Pipes C++ API

71



).

Hadoop #2. 7% 3k 3+

 BCode: B & 4

4.A : Console = B H =

4.B : %1 Ecllpse
R B3 piRiE

12



Requirements

®Hadoop 0.20.0 up
®Java 1.

®Eclipse 3.3 up
®Hadoop Eclipse Plugin 0.20.0 up

13



% % Hadoop Eclipse Plugin

® Hadoop Eclipse Plugin 0.20.0

¢ From
$Hadoop 0.20.0 _home/contrib/ecli-
plugin/hadoop-0.20.0-eclipse-plugin.jar

® Hadoop Eclipse Plugin 0.20.1

¢ Compiler needed

¢ Or download from
http://hadoo-eclips¢-
plugin.googlecode.com/files/hadoop-0.20.1-eclipse-
plugin.jar

® copy to$Eclipse _home/plugins/

@

T4



1+ B Eclipse, 3k Z_& % P &%

Workspace Launcher

Select a workspace

Eclipse SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

1 Workspace: |ﬂmmﬁ¥w&.ﬂm@p&c& v | | Browse...

Use this as the default and do not ask again

‘ oK ‘ | cancel




2. % * Hadoop modeiR. ¥+

Map/Reduce - jcas/sre/Sample/mapper.java - Eclipse SDK

File Edit Source Refactor Navigate Search Project 511 Window - Help 1 WlndOW .
, , , , [ ----- e 2. Open Perspective
vl 8 B0 Qv |G B G | @ | P —
= | h ¢ | i , 3. Other
[ Project Explorer 523 =g 2 """""""""""""""""""
~ ! Open Perspective
B & ¥ L S L S
= [ %0~ Q- | & & 6 |® & |
.tE T % Ht Open Perspective

CVS Repository Exploring

%+ Debug

& Java (default) s

%/ Java Browsing 7 "Fj‘ :L'J

BJ]EUE Type Hierarch_y_.r MapRedUCG % @\
A% Map/Reduce _ e 3

= Plug-in Development Eg] I 2x HadOOp
‘& Resource Eclipse plugin

£9 Team Synchronizing

3 EESH S F
~F e E
X2 RE

OK | | Cancel

76




Map/Reduce - Eclipse SDK
File Edit Source Refactor MNavigate Search Project Run Window Help

| E3- % 0@ | & 8 E | ® 5| ;
rﬁ‘g Project Explor E:%H\:' =1 =im fg,—_. Outline 12 . = =H
Eﬂl'fé;v An outline is not
& K available.

=1 DFS Locations

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




_File | Edit Source Refactor MNavigate Search Project Run Window Help
| New shift+Alt+N > || Project...
Open File... g

&F MapReduce Driver

Close ri+W | @ Mapper
Close All +Ctri+W | & Reducer

/ L SElect a wiZzara —
b=t

Wizards;
type filter text |

22 Java Project
% Java Project from Existing Ant Buildfile
7 & Map/Reduce Project

. — ‘%= Plug-in Proje
£ # Map/Reduce cosivlin
ks

= CVS
= Java
= Map/Reduce

(= Plug-in Development

A\

VT Y

&
[
A

Next > | | Finish | Cancel g

=



New MapReduce Project Wizard

MapReduce Project s E-} ll'b ?\:)K =
Create a MapReduce project. i~_ ; 5 14
HENY
Project name: | icas \]
¥ Use default location \
Location: ‘.-';-.;,;r..;- \waue/workspaca/icas ‘ | Browse ‘

-Hadoop MapReduce Library Installation Path

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

® Use default Hadoop ::"" Configure Hadoop install directnr',r..:."";}
(") Specify Hadoop library location .‘T.'“’f'rm ------ !\
\ L =21 -
\ 2 X T
r /.
Hadooj:=
o T :L-: Ly )=
X R AT
@ < Back H Next > || Finish H Cancel




4-1-1. 3% » Hadoop % & /5

/7

Freferences

typefilter text Hadoop Map/Reduce =
b General |
LR Hadoop installation directory: |/opt/hadoop | ‘ Browse... |
P Ant B
P Help
P Install/Update 2A 1L ﬁ; )\ T,T
~ Y 7an
P Java (NI J K
I Plug-in Development Hadoop"‘fﬂ:;
I Pydev
A @ o, 5 14
P Run/Debug f&&é/{;_ ~ Iv
b Team éj& Ok
|FEesture Q&fault5| ‘ Apply |




.

Map/Reduce - Eclipse 5DK
File Edit Source Refactor Navigate Search Project Run Window Help

-t | 0 Q- | B8 @ G | & & | = | #aMap/Redu..

x G=tim] = O || g= outline g2 ~. = 8

P An outline is not )
1 . ,‘l? {E}’é‘— Elé"lﬁ available.
>

E‘ﬁ Show In

Shift+Alt+W >

2 Copy ctri+C
£= Copy Qualified Name
(% Paste Ctri+V
i Delete Delete
Build Path >
Refactor Shift+AIL+T >
=3 Import...
5 Export...
#1 Refresh Fs
Close Project :
Close Unrelated Projects IdDC|(!:J;:1 Map/Reduce Locations 5 S M -0
Run As > | Master node State | Status
Debug As >
Team >
Compare With h

Restore from Local Histnrg...

g = S | | 81




L

PR

5-1.3 T R 4B~ 2 i

gL T s~ T Fr enHadooph 445 22 APL =
¥ FF ¥

: Java source : ]/opt/hadoop/src/
Build Path

javadoc: file:/opt/hadoop/docs/api/

~—

|type filter text Java Build Path

Resource #source [L—Projects | miLibraries
Builders :

Java Build Path JARs and class folders -::rn 1:'he build p
> Jawva Code Style
Java Compiler
[+ Jawva Editor 3
Javadoc Location Tt
Project References

Run/Debug Settings

=

iz Source attachrment: (None)
.__L,_”@._j_lewadoc location: (None)
=% Native library iocation: (None)
G Access rules: (No restrictions)

""""""""

Feeeee.., @ Javadoc location: (None)
=% Native library location: (None)

£ Access rules: (Mo restrictions)

= Native library location: {None)

&t Access rules: (No restrictions)
s hsqldb-1.8.0.10.jar - jopt/hadoop/lib
e jasper-compiler-5.5.12. jar - jopt/hadoop/lib
s jasper-runtime-5.5.12.jar - Jopt/hadoop/lib

OK

Cancel

(@ o)
DN



Resource
Builders
Java Build Path

[ Java Code Style

> Java Compiler

P Java Editor
Javadoc Location
Project References
Run/Debug Settings

5-1-1. = = F]

Z=Source (=Projects =i Libraries | &;Order and Export

JARs and class folders on the build path:

T N RTTIT T TR TS TS L LT U T O s

> s core-3.1.1.jar - jopt/hadoop/lib
v G hadoop-0.20,0-ant.jac = jopt/hadoop..................
""""" E]"Snurce attachment: ant - opt/hadoop-0.20.0/src

‘‘‘‘‘‘
'l
LLLLL

=r
EmEE
-----------
............

&% Access rules: (No restrictions)
+ e hadoop-0.20.0-core.jar - jopt/hadoop

1111111111111111111111111111111111111111111111111111111111111
...........
.....

LLLLLL
"
&

wd
1
e
aaEE

amen
llllllllll
11111111111
111111111111111111
111111111111111111111111111111111
--------------

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

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
e

EE

I.‘
ppppppp
.....................
-------------

uwE
..............................

¢ Access rules: (No restrictions)

33



5-2.3k % java dochz B IS

Properties for icas

type filter text Javadoc Location (i -
Resource specify the location of the project's Javadoc documentation. This location is used by the
Builders Javadoc export wizard as the default value and by the 'Open Extemal Javadoc' action. For
Java Build Path example: ‘file:/c:/myworkspace/myproject/doc’

.
aF*

I Java Code Style *....Javadoc location path: |fiIe:fusr,-’lihﬂvmﬂava—ﬁ-sunfdncsfapif

111111
__________
........
...........................................................................

> Java Compiler

P Java Editor
Javadoc Location
Project References
Run/Debug Settings

= # Javadoc
| ocatior

‘ Restore gefault5| | Apply |

€2 | 0K | ‘ Cancel |




—.——?__—_T
6. i 2 Hadoop Servee= Eclipse

=
adoc | 5” Map/Reduce Locations 8 . ' 8, W =

' Master node State | Status e BEW He




e— aﬂ

New Hadoop location...

Define Hadoop location

Define the location of a Hadoop infrastructure for running MapReduce H D F Sg?:

dvanced parameters rj”jport (':‘)“
ﬁ;?] x _;L 7}}2& hadoop k Core_
. Map/Reduce Master DFS Master
ff_ F E\‘ Host: |Iucalh05t | ¥ Use M/R Master host Sltexml)
domain 7 i e
ort: {9001 ||| port: 9000
name /
User name: |waue -
MapRedU/ SOCKS proxy q 15 T_f_l—_l,“‘
= By L’J/"J | Enable SOCKS proxy =
€ g&; o | _ Hadoop
POt & Por; [ 105 | Servert
*rmapred- B
site.xml) L ond From file] [Validate location Username

@ Finish | | Cancel

S 86
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6-2F LK ZRVEILTH G

Map/Reduce - Eclipse SDK

HDFSeH 3 3

OB 4R R

Tt AR ~ AT

i M“,f Ex
4

ip 12 icas

File Edit Source Refactor Navigate Search Project Run Window Help

== |4 0v Q- | & & 6 | ® 9 |

[ Project Explorer 13 AT =l

+ =] DFS Locations
<~ M hadoop

AR )

b & tmp (1)
- = user (1)
= = waue (1)
b = input (4)

L] s [2]

Location

| Master node | 5

% hadoop

localhost




Map/Reduce - icas/src/sample/mapper.java - Eclipse SOk

_File | Edit Source Refactor Navigate Search Project RBun Window Help
| New Shift+Alt+N > | 9 Project...

Open File... S— :

= E | @ MapReduce Driver
Close Ctri+W | & Mapper
Close All Shift+Ctrl+W | §F Reducer
a5y Par:ka New MapReduce Driver
— MapReduce Driver
A, This package name is discouraged. By

\‘l> H  convention, package names usually start with a
I Source folder: |icas.!3r't || Browse... |

| Package: |5ample | | Browse... |

Name: ’ WordCount ]
;Frl: ;t, ;tii’ f_’_ Superclass: Ijava.lang.obiect || Browse... |
Interfaces: | Add... |

— fﬁ
WOrdCOunt E | Remove |
ﬁi;\ s H T

7~ Mapper: [ || Browse... |

7}-}}5 fj‘:‘ T{ % Reducer: [ || Browse... |

7 Finish | | Cancel




R— B ]
7. 1342 58 % BN 35 > A% 35 G

File Edit Source Refactor MNawigate Search Project Run Window Help

rév [~ 0-Q- | & & 6 |® | | Ko o s »
15 Project Explorer =3 = Im WordCountjava 52 = B8/ 8= outline =4
e L] Ehdfs foES=fema fERest o po il | ; e
o fap | | | L . e
S /REEE AR ER Bt hdf s FRUERITER , A hERE R R EEREE , AR BRI Zh =
= = DFY Locations he- /2. EH R, EARITERMIERd s MIEIL IRES RFTHEER <output= D = imporf declarations
// . -
= M lecuse public class WordCount { I—L‘ f‘? X ﬁp _,\“ e *)/l ~ @, Wordfount
> @ _ 1= o ALY W v ] b @° TofenizerMapper
i = public static class TokenizerMapper extends b @S
= user (1) = Mapper<=0Object, Text, Text, IntWritable= { IntfumReducer
P &= waue(3) @ ® maln(StringlD)
s " private final static IntWritable one = new IntwWritable(1);
var {1} private Text word = new Text();
¥ 3= hadoop020
- = Ll = public void map(Object key, Text value, Context context) z
b throws I0OException, InterruptedException {
. (default package) StringTokenizer i1tr = new StringTokenizer(value.toString());

while (1tr.hasMoreTokens()) {
word.set(itr.nextToken()];
[¥] GetFromHdfs jau context.write(word, ane);

4] HelloHadoop jav ¥
[J] HelloHadoopV2. }
[3] HelloHadoopV3,

3] CheckAndDelete

= public static class IntSumReducer extends

2] HelloMapperv2, Reducer<Text, IntWritable, Text, IntwWritable> {
[3] HelloReducer'v2. private IntWritable result = new IntWritable();
1 PutToHdfs java a = public void reduce(Text key, Iterable<IntWritable> values,
@ TsmMenu java Context context]) throws IOException, InterruptedException {
P int sum = ©;
14l WordCountjava for (IntWritable val : values) {
[ WordCountvo2t " sum += val.get(};
4] WordCountV2 je = result.set(sum); !
T T PEUPDUPOSPY . et et e ol Losse el +Y. et
[ w ] ] [2] (<] m [2] L« ! [>
£ Problg ‘nsi@iTasksi @ Javadoc B Cnnsoleii_ﬁ'—" Map/Reduce Lacations 33 P W — O
Location Master node State Status

b m“f"“‘e secusenchcorg.tw
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=]

=

T

4 Kb, r1)
3, rl)

143.7 Kb,

—_

—

r

¥ = 0| [J] mapper.java

13

e

reducer.java

package Sample;

~import
import
import
import
import
import
import
import

org
org

org.

org

org.
org.
org.
org.

.apache
.apache
apache
.apache
apache

apache
apache

apache.

(=)

.hadoop.
.hadoop.
.hadoop.
.hadoop.
.hadoop.
hadoop.
.hadoop.
.hadoop.

J| WordCount java 2

conf.Configuration;

fs.Path;

1o.IntwWritable:

10.Text;

mapreduce.Job;

mapreduce. lib.input.FileInputFormat;
mapreduce. lib.output.FileCutputFormat;
util.GenericOptionsParser;

/outline 22 = O

-

B W v o u
&4 sample

= “= import declaratio
s org.apache.ha

s org.apache.ha

s porfanache ha

publ

Generic Options

(& org.apache.hadoop.util.GenericOptionsParser

The supported generic options are:

~conf <configuration files specify a configuration file

=0 <property=valus:

use walue for given property

—fg <locallnamencode iports spedfy a namencde

GenericOptionsParser is a utility to parse command line arguments generic to the Hadoop framework. GenericOptionsParser recoghizes several
P\ standarad command line arguments, enabling applications to easily specfy a namenode, a jobtracker, additional configuration rescurces ete.

Press 'F2' for focus

JUO. SELFERPRPET L LASS T MEPapPET . CLdS55 T

| [»]

[% Problems | ¥ Tasks | @ Javadoc |5 Map/Reduce Locations 22 . B Console

Location

% ob ZODOOB1E1902 0005

Master node State

FAILED

&ﬁ.:‘ﬁ_

|..n.

Status
Maps @ 2/2 (1.0) Reduces : 1/1 {1.00 qU




ERES ' % s e@VvEEA = waue chen =y & @l 68188 (M) TF 4:4
UBUNL BT = Sun VirtualB ox |

#aE(M) #®E(D) HBiH)

Seret 0E s @@ @ gsaﬂi 65188 () T4 4:46  waue [J
= Map/Redtice - icas/src/Sample/reducer.java - Eclipse SDK e x|
File Edit Source Refac;or Navigate Search Project Run Window Help
L= Jﬁvo QVJ@&?@JE.»@VI-; J i AR o T | s Map/Redu.. »
=5 |1] Mapperjava [II] WordCount.java | [4] reducerjava 5:’5 = 3| = putline 5:(5\ =i
T o — B —
e i el bl peckage Sanpla; = -
?E%icas — _: ! = == = ';'xception; AW e ¥
/ G . hadoop.io.IntWritable; g Sample
- @ Show In Shift+AlL+W > hadoop.io.Text; b “= import declaratio
e 3l B hadoop .mapreduce.Reducer;
A E 95 , 2 Copy ctri+c b @ reducer
AN S E= Copy Qualified Name er extends Reducer<Text, IntWritable, Text, IntWritable=>
> Hg ble result = new IntWritable();
[ Paste ceri+\v
N b =i JRE
ﬁ‘:’ -—\ /E B m b & sif # Delete Delete ce(Text key, Iterable<IntWritable> values, Context conte|
_‘_t.} 1Y %@"“ f [%5 Build Path » eption, InterruptedException { =
EREE — -
\F"’ J P cOl Retactor ShIftHAET 2 he val : values) {
s et();
[> hsy guy Import...
b s jetl g Export... M
Run As% > 25 & -
> B sel cle_resp ject
Dn.cozloiemj -
R u n O n b i jagertt FAH IS
-
b ks org|  RunAs 2| El Java Applet Shift+Alt+X A — l'— = | -
® > { in »
D @CO o-ﬂe-ﬂljghg-------------cc..ccc.-c-c---c} mz]ﬂVaApp"CEtiOn 5h|ft+.AIt+J(J :
Ha Oop b @ kfe  Team %1 B JJURILTESE. ... SHRAAUSX T, . o M "0
P @ilog  Compare With : Lﬂ&ﬁ"" o | | State | status
P @ col  Restore from Local History... "theeen .;...... Py s dah ;
= Run Confi guratl ons.. | |
P @ col  PDE Togls >
P jet
b & xm Properties Alt+Enter
S 7 |L|
| i | 2 | i [2]
J ré = icas

|E|z # [Hadoop NameNode I... waue@ubuntu: fopt/e... | @ Map/Reduce - icas/sre... :I-E
SOF /@l B EBxac

Sun WirtualBox ]

[@ [Gmail - Re: Discussion on IDS... ][@ ubuntuﬁ#ﬁﬁqﬂ




HUTT oM Hadoop

Select Hadoop location

Select a Hadoop location to run on.

Select a Hadoop Server to run on,
() Define a new Hadoop server location
® Choose an existing server from the list below

Location ' Master host name

@ < Back H Mext = | ‘ Einish | | Cancel




B0 q

(& Project Explor 3 =0

" WAD/RETEE S EECIPEFSOK
File Edt Sowce Refoclor Havigate Search Project Run Wirdow Help
e |-

)\ —
v F

1
c7Consoleik &

A IR

' M 2 4
—'_I-_-_-_-_-_-_-_-_-_-_l_
I-_____ﬂ_________._f__ ————========—
[ PrublemslﬁiTasks‘ @ Javaduc[E Consale & . 12 Map/Reduce Locations I
Idterminated} WordCount (1) [Java Application] /usr/lib/jvm/java-b-sun-16.0.16/binfjava (2010/1/20 T 6:15.07)
l1i0/01/20 18:15:08 WARN conf.Configuration: DEPRECATED: hadoop-site.xml found in the classpath. Usage of hadr
IlD;leED 18:15:08 WARN mapred.JobConf: The variable mapred.task.maxvmem 1s no longer used. Instead use maprJ
10/01/20 18:15:08 WARN mapred.JobConf: The wariable mapred.task.maxvmem 1s no longer used. Instead use mapry
lio/01/20 18:15:08 INFO input.FileInputFormat: Total input paths to process : 2
IlB;BleD 18:15:08 INFO mapred.JobClient: Runming job: job 201001181452 D078
10/01/20 18:15:09 INFO mapred.JobClient: map 0% reduce 0%
lio/01/20 18:15:16 INFO mapred.JobClient: map 100% reduce Of%
10/01/20 18:15:28 INFD mapred.JobClient: map 100% reduce 100%
Ilﬂfﬂlfzﬂ 18:15:30 INFO mapred.JobClient: Job complete: job 201001181452 0078
Jl0/01/20 18:15:30 INFO mapred.JobClient: Counters: 17
10/01/20 18:15:30 INFO mapred.JobClient: Job Counters
IlD;leEB 18:15:30 INFO mapred.JobClient: Launched reduce tasks=1
J10/01/20 18:15:30 INFO mapred.JobClient: Launched map tasks=2
10/01/20 18:15:30 INFO mapred.JobClient: Data- local map tasks=2
IlDfleED 18:15:320 INFO mapred.JobClient: FileSystemCounters
10/01/20 18:15:30 INFO mapred.JobClient: FILE BYTES READ=153

el _ _ ______

l



g WABRES TEE —EENpSESOK

Ele Et Souce Refacor Newgats Sear Poect Run Window fieip
$-0-Q-|&we |

& project Explor 3 =0

| i it e |
I'iﬁ:;:am;mlm-mumm S > m=g
T e
e g 3T <
| I - — mm m s Em Em Em Em En s B Em Em Em Em Em Em B Em Em Em Em Em EE Em Em Em Em Em S Em Em =
| b @ HEHEIHEdDDp.jﬂ\Iu stringl] nt:;.ﬁ.rgsé :EH t{]t}anericﬂptinnsparsl :
.getRemainingArgs(]); H
| 131 HellaHadoon\ 2 ZE rn.i.L.....E__... 1.,....4.L.g._gq\ I - '
I|| i | [ | | (] i | | »| [ <] " ||:
g . 7 o _ 1
I E! Pmblems!@"l’asks [ @ Javadoc | & Ennsnlel & Map/Reduce Locations & &= M Tq
: 1
| Location Master node State Status 1
:_*'?? 1 secuse secuse 1L
¥ job_201001181452_0069 SUCCEEDED Maps: 2/2(1.0) Reduces: 1/1(1.0) 1
------------------------------------------- J




Conclusions

® Lz

L JE e

& 5T ",/TT s
OITEF SV
o B HUEAP

& ® % HDFS ¥ JobTracker

$...

®ilul

@

¢ Plugin ¥ ¢ F]Eclipse’x * @ 7

7 e kR
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Hadoop #% 7% 3% 3+

7 ~ B Hadoop
Map/Reduce

RN E TR REAT RS R

% H % ¥ ¥MapReduce



Hadoop sm"MapReduce APL% i+
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HDF

HDFS

S & MapReduce

FecordReader

Key Class 1

H'ajmﬂlasaﬂ

InputFormat




<Key, Value> Pair

Row Data
Input
Map Keyl | va
Key2 | va
Output eyl va
Select Key
val  val
Input keyl ="~ yal
Reduce
v7 Output key = values
& r

Map

Reduce

99



Program Prototype (v 0.20)

Map
[

Reduce
[k

+ > >

o

ClassMr{
;tatlc public Class Mapper---{ Map 52 -\ £E
static public Class Reducer---{ i-----mmmmimimmmm
) .~ Reduce #2375
main(){ _________________________________________ |

Configuration conf= new Configuration();

Job job = new Jobgonf, “job name");
job.setJarByClassthisMainClass.clas$;
job.setMapperClass(Mapper.class);
job.setReduceClas(Reducer.clas);
FilelnputFormat.addIinputPaths (job, new Path(args[0]));
FileOutputFormat. setOutputPath(Job new Path(args[l]))

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

JOb WaltForCompIetlon(true)

1}

100



Class Mapper (v 0.20)

Import org.apache.hadoop.mapreduce.Mapper;
1 class I\/IyMap extends

INPUT INPUT OUTPUT OUTPUT
Mapper < wey . VALUE =  KEY ., VALUE
2 { Class Class Class Class

3 [ = Waebeish
_ _ INPUT INPUT
4 publicvoidmap (  «kev key, vawe value,
Class Class _
ContextcontexymnrowslOException,InterruptedException

{
S I G SSAG = - R
6 context.write( NewKey, NewValue);
.
8

101



Class Reducer (v 0.20)

Import org.apache.hadoop.mapreduce.Reducer;
1 class I\/IyRed extends

2 {

INPUT INPUT OUTPUT OUTPUT

Reducer< oo .| \aluE i , Ivi=a >
Class Class Class Class
NS i
INPUT INPUT

4 public void reduce ( KEY  key, Iterable<{ VALUE " > values,

0 N O Ol

4O
&)
1."1

Class

Context context) throws IOException,InterruptedException

{
[ Tt SRR Bl = A U R [
context.write( NewKey, NewValue);

}

102



® -z ©_Combiner
¢ Job.setCombinerCla( ...);

® =X T_output class
¢ Job.setMapOutputKeyClass( ... );
¢ Job.setMapOutputValueClass( ... );

¢ Job.setOutputKeyClass( ..

¢ Job.setOutputValueClass( ... );

@ 103



Class Combiner

» /

@i, ¥ - Fcombiner v f § ¥ ¥ B iEARD
T RE T BRI
Mapper?| Reduceskyx @ﬁiﬂ;&}_ 0

@+ 7 * X % d Hadoopg &k
@, ¥ 7 F 425" 0 51 % Reducer

® X T
¢ JobConf.setCombinerClass(Class)
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%ﬁ" »]— (1) - mapper

public clasHelloHadoop {

static public clas HelloMapperextend
Mapper<LongWritableText, LongWritable, Text {
public void map(LongWritable key,extvalue, Contextontex)
throws|IOException, InterruptedExceptidn
context.writ€(LongWritable) key, (Text) value);

}
} /I HelloReducer end

(EF) ...
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# - (2) - reducer

static public classlelloReducer extends
Reducer<LongWritablelext, LongWritable, Text {
public void reduce(LongWritable kelterable<Text> values
Contextcontex) throws IOException, InterruptedExceptipn
Text val = new Text();
for (Text str : values) {
val.set(str.toString());
}

context.writ€key, val);

}
} /I HelloReducer end

NCE
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#6l- (3)-main

public static voidnaln(String[] args)throws IOException,

InterruptedException, ClassNotFoundException {
Configurationconf= new Configuration(
Job job = new JolOnf, "Hadoop Hello World");
job.setJarByClagélelloHadoop.class);
FilelnputFormasetinputPath(gob, "input’);
FileOutputFormasetOutputPailfjob, new Path@utput-hh1l));
job.setMapperClagklelloMapper.class);
job.setReducerCla@delloReducer.class);
job.waitForCompletion(true)

} // main end
} /[l wordcount class end

Il =

@
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Hadoop #2 ;% & 3+

~ Hadoop #2 5" #

i

7.1 : HDFS % i€ %

~

7.2 : MapReducei# ¥ #

:



@ 3% 4 % 2 HDFS

// #45%xKJocal b @ F| hdfs , src & local %k

v

, dst % hdfs e7p &3

public class PutToHdfs
static boolean putToHdfs(String src, String dstnf@uration conf) {
Path dstPath = new Path(dst);
try {
[l & 2 3 ivhdfsense it
FileSystem hdfs = dstPath.getFileSystem(conf);
It &
hdfs.copyFromLocalFile(false, new Path(src),newnest))
} catch (IOException e) {
e.printStackTrace();
return false;

}

return true,

@ 109



HHDFSEw 4% %

// %A Eichdfs™ £ v local, src & hdfse kiR,
dst % local =p 3

public class GetFromHdfs {
static boolean getFromHdfs(String src,String dst, Configuration ¢
Path dstPath = new Path(src);
try {
Il & 2 & iTvhdfsqge ¢
FileSystem hdfs = dstPath.getFileSystem(conf);
/| T g\‘.
hdfs.copyToLocalFile(false, new Path(src),new Path(dst));
} catch (IOException e) {
e.printStackTrace();
return false;

}

7\, return true;
@ 110



// checkAndDelete & ;¢ » to & £.F 3 2% T & » F 7
uﬁ; Z_

public class CheckAndDelete {
static boolean checkAndDelete(final String pathnf@uration conf) {

Path dst_path = new Path(path);

try {

Il & 2 & ivhdfseng 2

FileSystem hdfs = dst_path.getFileSystem(conf);

I & £ F 5 &
If (hdfs.exists(dst_path)) {
Il RIpI%
hdfs.delete(dst_path, true);
} } catch (IOException e) {
e.printStackTrace();
return false;

return true; }
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Hadoop #2 7" % 3+

| 35

= ~ Hadoop #% ;" # &
7.1 : HDFS 4 (¥ ;

7.2 : MapReduce:& ¥ %
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# = (1) HelloHadoopV?2

i Al S R HelloHadOOpifg v
BT L
*input 3 L AL & p m?fi;gﬂ Ao PFEA ERBE

RIFE D E
gt A7 5V 3F 17 Athadoop 0.20F &+ » H {7

AR

1. #hdfs} X ihtE % mﬁ)‘; e ser/$YOUR _NAME/input" g1 7 & Jf L2 gk
3| LhdstmP«} oo »P"i P\ ?ggéi%%,]ﬁﬁeif%l‘}

2.\ FE 25 7 \i’:—*i ﬁi%"{phdfsmﬁ% iy L-._?v%

"/u er/$YOUR_NAM E/output-hh2"
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public class HelloHadoopV2 {

public static void main(String[] args) throws
|OEXxception,

InterruptedException, ClassNotFoundExcep

{

Configuration conf = new Configuration();

Job job = new Job(conf, "Hadoop Hello World
2");

job.setJarByClass(HelloHadoopVZ2.class);

/Il 3k T_map and reduce! 2 Combiner class

FileInputFormat.addInputPath
job.setMapperClass(HelloMapperV2.class);

(job, new Path("input"));
FileOutputFormat.setOutputP.
(job, new Path("output-nh2"));

/I #% =4 checkAndDeletg: ;¢ -
M & 23 5 ez M > F3 RIFPEZ
CheckAndDelete.checkAndDelete("output-hh2!

conf); |
boolean status = job.waitForCompletion(true);

if (status) {
System.err.printin("Integrate Alert Job Finist

job.setCombinerClass(HelloReducerV2.class);
job.setReducerClass(HelloReducerV2.cl:

Il 3% Z_map+ 7ﬂ'.ﬂ‘ i
job.setMapOutputKeyClass(Text.class);
job.setMapOutputValueClass(Text.class);

I 3% f‘ireducefﬁﬁig?] 413 Ay
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(Text.class);

} else {
System.err.printin("Integrate Alert Job Failed

"),
System.exit(1);
138



public class HelloReducer\itends
Reducer<Text, Text, Text, Text>{

public void reduce(Text key, Iterable<Text>
values, Context conte: ;

Mapper <LongWritable, Text, Text,
Text>{

public void map(LongWritable key, Te
value, Context context)

throws IOEXxception,
InterruptedException {

context.write(new Text(key.toString())

String str = new String("");
Text final_key = new Text();

value). Text final_value = new Text();
’ [l #-keyig 1p Fr rvalues: i% 16 && L4 IR

T~

for (Text tmp : values) {
str += tmp.toString() + " &&"
}
final _key.set(key);
final value.set(str);
context.write(final_key, final value);



# = (1) HelloHadoopV3

opt
PAE A 1 5 HelloHadoopV2: map |, reducey, » & ©
pdRdnx @ rhdfet i@y T ;’1 iR S SRS
T > Py~ 2 B E R R

RIFE = E

#-pb 47 743 17 A hadoop 0.26% 5+ » #H {7

<local output>




public class HelloHadoopV3 { Job job = new Job(conf, "Hadoop Hello World");

public static void main(String[] args) throws job.setJarByClass(HelloHadoopV3.class):

|IOEXception, A )
InterruptedException, ClassNotFoundExcep I 41* 1 i g blsomap £ reduce
{ job.setMapperClass(HelloMapperV2.class);

String hdfs_input = "HH3_input";
String hdfs_output = "HH3 output”;
Configuration conf = new Configuration();
Il 7 2 P18 %3k
String[] otherArgs = new

job.setCombinerClass(HelloReducerV2.class);
GenericOptionsParser(conf, args)

job.setReducerClass(HelloReducerV2.class);
I 3% z_map reducesikey valu ﬁJ 1A g
job.setMapOutputKeyClass(Text.class);

.getRemainingArgs();
Il 4% S 8cficE 7 2 2P 5 314
if (otherArgs.length = 2) {
System.err

printin("Usage: hadoop jar
HelloHadoopV3.jar <local _input>
<local output>");

System.exit(2);

job.setOutputKeyClass(Text.class);

. job.setMapOutputValueClass(Text.class);
. job.setOutputValueClass(Text.class);



r

___________________________________________________

/[ * checkAndDeletex ;' [# iF overheadiss 35
CheckAndDelete.checkAndDelete(hdfs input,
conf);
CheckAndDelete.checkAndDelete(hdfs_out)
conf);
Il 2= 4% % F|hdfs

I 3% T‘I;hdfs.’rﬁﬁq?l N ﬁ%] IR TR T

FilelnputFormat.addinputPath(job, new

Path(hdfs_input));
FileOutputFormat.setOutputPath(job, n
Path(hdfs_output)); |

long start = System.nanoTime();
job.waitForCompletion(true);

conf); i
boolean status = job.waitForCompletion(tri
I3+ 5 P |
if (status) {
System.err.printin("Integrate Alert Job Finisheo:l

") |
long time = System.nanoTime() - start;
System.err.printin(time * (1E-9) + " secs.");

1 else {

System.err.printin("Integrate Alert Job Failed !");
System.exit(1);
1) |



public static void main(String[] args) throws Extep {
Configuration conf = new Configuration();
String[] otherArgs = new GenericOptionsParser(cangs).getRemainingArgs();
If (otherArgs.length != 2)
System.err.printin("Usage: hadoop jar WordCounkjaput> <output>");
System.exit(2);
}
Job job = new Job(conf, "Word Count");
job.setJarByClass(WordCount.class);
job.setMapperClass(TokenizerMapper.class);
job.setCombinerClass(IntSumReducer.class);
job.setReducerClass(IntSumReducer.cl
job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);
FileInputFormat.addInputPath(job, new Path(arg¥]0])
FileOutputFormat.setOutputPath(job, new Path(aijs[1
CheckAndDelete.checkAndDelete(args[1], conf);
em.exit(job.waitForCompletion(true) ? 0 : 1);



_______________________________________________________________________________________________

class TokenizerMapper extends Mapper<LongWritable, Text, Text,

1 i
 IntWritable> { |
2 private final static IntWritable one = new IntWritable(1); i
3 private Text word = new Text(); i
4 public void map( LongWritable key, Text value, Context context) E
| throws |IOException , InterruptedExceptiof i
° Siring ine = ((1ext) value).tostrng(); i
6 | StringTokenizer itir = new String Tokenizer(line); |
[ while (itr.hasMore Tokens()) { i
& word.set(itr.nextToken()); i
9 | context.write(word, one); ;
i}}} Input ;
""""" r/ A e T (s T s
/user/hadooper/input/a.txt
<no,1>
...................... P I new?-) is P aP{ good P{ news <news 1>
No news is a good news. | “ T }“ /“ l“ T <is,1>

g AN itr || itr itr | itr | itr itr | | itr <a, 1>
(@ LN

Input .
value line < news, 1 > |




w

coO~NO O

__________________________________________________________________________________________________

<word,on¢

<a,1l>

<good, 1>

<is, 1>

< s, Pl>

IntWritableresult= new IntWritable();

public void reduceText key Iterable <IntWritable> values Context contet
throws I0OEXxceptio, InterruptedException

int sum = O

for (IntWritableval : values) 1.

Lo —— - sum_+=valgetQ;_ _ !

result.set(sum);
contextwrite (key, resul};

NEWSs
1 —> 1

for (inti;i<values.length ;i ++ ){i

sum += valuesJi].get()

<key,SunValue>

< hews, 2>
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hadoop jar WCV2.jar WordCountV2 -Dwordcountegsnsitive=false \
<input> <output> -skip patterns/patterns.txt

AR »

yE M N

1. dhdfs } Xkt % gl 5 15 974y Zeh <input>
=103 2 R :

G RER S

"’*‘/’?"t“’{? 7”"1 vt hdfst m?w‘“lﬂ B FER LN RN A AT
11,,

S 2,7

iR AT g T <output>
patternv .J“’ % 2z ¥ pattern.txt pF 4o

(- - HEEFHE) D t
\!
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1
1
public static class Map extends MapReduceBase implements E
Mapper<LongWritable, Text, Text, IntWritabl€> !
static enum Counters { INPUT_WORDS } :
private final static IntWritable one = new IntWritable E
private Text word = new Text(); !
private boolean caseSensitive = true, !
private Set<String> patternsToSkip = new HashSet<String>(); ,
private long numRecords = 0; E
private String inputFile; !
public void configure(JobConf job) { '

: inputFile = job.get("map.input.file"); E
i if (job.getBoolean("wordcount.skip.patterns", false)) { !
! Path[] patternsFiles = new Path|[O]; :
l try { :
: patternsFiles = DistributedCache.getLocalCacheFiles(job); E
i } catch (IOException ioe) { !
! System.err :
: .printin("Caught exception while getting cached files: " |
i + StringUltils.stringifyException(ioe)); E

for (Path patternsFile : patternsFiles) {
parseSkipFile(patternsFile);

1)

try {
BufferedReader fis = new BufferedReader(new FileReader(

patternsFile.toString()));
String pattern = null;
while ((pattern = fis.readLine()) '= null) {
patternsToSkip.add(pattern); }
} catch (IOException ioe) {

file "'+ patternsFile + "™ : " + tringUtils.stringifyExcepn(ioe)); i

1 :
public void map(LongWritable key, Text value, |
OutputCollector<Text, IntWritable> output, Reporter reporter)I
throws IOException {

.toLowerCase();
for (String pattern : patternsToSkip)
line = line.replaceAll(pattern, ");
StringTokenizer tokenizer = new StringTokenizer(line);
while (tokenizer.hasMoreTokens()) {
word.set(tokenizer.nextToken());
output.collect(word, one);

|
|
|
String line = (caseSensitive) ? value.toString() : value.toS)ringl(
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
reporter.incrCounter(Counters.INPUT_WORDS, 1); } |
|
|



| if (++numRecords % 100) == 0) {

i reporter.setStatus("Finished processing " + numRecords
! + " records " + "from the input file: " + inputFile);
BEE

. public static class Redu extends MapReduceBase implem
i Reducer<Text, IntWritable, Text, IntWritable> {
! public void reduce(Text key, Iterator<IntWritable> values,
: OutputCollector<Text, IntWritable> output, Reporter reporter
: throws IOException {

i int sum = 0;

! while (values.hasNext()) {

: sum += values.next().get(); }

i output.collect(key, new IntWritable(sum)); } }

' public int run(String[] args) throws Exception {

' JobConf conf = new JobConf(getConf(), WordCount.class);
. conf.setJobName("wordcount");

i String[] otherArgs = new GenericOptionsParser(conf, args)
! .getRemainingArgs();

' if (otherArgs.length < 2) {

i

|

|

|

|

|

|

|

|

|

|

|

|

|

System.out.printin(*"WordCountV2 [-
Dwordcount.case.sensitive=<false|true>] \\ );

System.out.printin(" <inDir> <outDir> [-skip
Pattern_file]");

return 0; }
conf.setOutputKeyClass(Text.class);
conf.setOutputValueClass(IntWritable.class);

o = e = = - -

. conf.setMapperClass(Map.class);

I

I conf.setCombinerClass(Reduce.class);

E conf.setReducerClass(Reduce.class);

. conf.setinputFormat(TextlnputFormat.class);

I

I conf.setOutputFormat(TextOutputFormat.class);
E List<String> other_args = new ArrayList<String>();
. for (inti=0;i<args.length; ++i) {

! M n M n M

! if ("-skip".equals(argsli])) {

E DistributedCache

: .addCacheFile(new Path(args[++i]).toUri(), conf);
I

! conf.setBoolean("wordcount.skip.patterns”, true);
E } else {other_args.add(args][i]); } }
:
|
|
|
|
:
|
|
|
|
:
|
|
|
|
:
I
|
|
|
I

FileOutputFormat.setOutputPath(conf, n
Path(other_args.get(1)));

CheckAndDelete.checkAndDelete(other_args.get(1), conf);
JobClient.runJob(conf);

return O; }
public static void main(String[] args) throws Exception {

args);
System.exit(res);

1}



# &)= (1) WordIndex

Ba g I NeRBER % PR- (FE AR
BlRE S E
Bt A7 sV 3E 1T A hadoop 0.20% &+ > HiF
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___________________________________________________

public class WordIindek
public static class wordindexkktends
Mapper<LongWritable, Text, Text, Text> {

public void map(LongWritable key, Text value,
Context contex

throws IOException, InterruptedException {

___________________________________________________

static public class wordindexéktends
Reducer<Text, Text, Text, Text> {

public void reduce(Text key, Iterable<Text>
values

reporter)
FileSplit fileSplit = (FileSplit)

context.getlnputSplit(); throws IOException {

Stringv ="",;
Text map_key = new Text(); StringBuilder ret = new StringBuilder("\n");
Text map_value = new Text();
String line = value.toString();

StringTokenizer st = ne!
StringTokenizer(line.toLowerCase());

while (st.hasMoreTokens()) {

for (Text val : values) {
v += val.toString().trim();
if (v.length() > 0)
ret.append(v + "\n");

String word = st.nextToken(); }
map_key.set(word); output.collect((Text) key, new
map_value.set(fileSplit.getPath().getName() 1+ Text(ret.toString())):
"" + line); |
}}

context.write(map_key, map_value);



public static void main(String[] args) throws job.setOutputKeyClass(Text.class);

|OException, | job.setOutputValueClass(Text.class);
InterruptedException,

ClassNotFoundExceptior
Configuration conf = new Configuration();

String[] otherArgs = new
GenericOptionsParser(conf, args)

.getRemainingArgs();
If (otherArgs.length < 2) {

System.out.printin("hadoop jar
WordIndex.jar <inDir> <outDir>");

return |

job.setMapperClass(wordindexM.cla:
job.setReducerClass(wordindexR.class);
job.setCombinerCIass(wordindexR.class)i;
FilelnputFormat.setinputPaths(job, args[Q:]);

CheckAndDelete.checkAndDelete(args[1],
conf); '

FileOutputFormat.setOutputPath(job, new
Path(args[1])
long start = System.nanoTime();

}

Job job = new Job(conf, "word index");
job.setJobName("word inverted index");
job.setJarByClass(WordIndex.class); '
job.setMapOutputKeyClass(Text.class);
job.setMapOutputValueCIass(Text.class)j

job.waitForCompletion(true);
long time = System.nanoTime() - start;

System.err.printin(time * (1E-9) + " secs.");

1}

___________________________________________________

- TN

___________________________________________________
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e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = = = = = = = = = e = e = = = = e = e = = = e e e = = = = = = = = = = = g

public class YourMenu {
public static void main(String argv([]) {
int exitCode = -1;
ProgramDriver pgd = new ProgramDriver();
if (argv.length< 1) {

Hadoop hello world");

pgd.addClass("HelloHadoop", HeIIoHadoop.cIasls, "
pgd.addClass("HelloHadoopVz i

HelloHadoopV2.class, " Hadoop hello world V2");

pgd.addClass("HelloHadoopV3",
HelloHadoopV3.class, " Hadoop hello world V3")

pgd.addClass("WordCount", WordCount.class, "
word count.");

5 pgd.addClass("WordCountV2",
+" HelloHadoop: % J!Hadoop#<Key,Value>: = \n"

WordCountV2.class, " word count V2.");
+" HelloHadoopV2: % ' Hadoopi<Key,Value>:& fy %

Syste m.o ut pl’l nt("********************************* * :
\n" : pgd.addClass("WordIndex", WordIndex.class,

********\n"

+ "gEriDig * NCHC ehif 5 # i \n" + "4 £ 1 \n"
+" Hadoop jar NCHC-example-*.jars<ic > \n" + "5 i
\n"

+ " HelloHadoopV3: % J1Hadooj:h<Key,Value> i& it 5% "invert each word in line”

\n"

+" WordCount; 2+ & ﬁi%l AL AN e R B
F #c st \n"

+" WordCountV2: WordCount-F# 5= \n"

+" WordIndex: % 51-# @ F & 8 53 a1 5] \n”

+ "******'k***************'k*******************\n") .
1

pgd.driver(argv);

/] Success

exitCode = 0;

System.exit(exitCode);
} catch (Throwable e) {

} else { e.printStackTrace();

________________________________________________
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"~ _ogram Prototype (v 0.18)

ClassMR{
vap ..
A A Nap f254%
oy CIaSS REAUEER.+f-= === =iz s com com es
o ucet \ { Reduce #%.;% 75
main(){
JobConf conf = new JobConf(“MR.class’ );
1 conf.setMapperClass(Mapper.class);
e conf.setReduceClass(Reducer.class);
12

@}}

FilelnputFormat.setinputPaths(conf, new Path(args[0]))
FileOutputFormat.setOutputPath(conf, new Path(args[1]));

U
|

H @ a2k TR BAR NG

-

JobClient.runJob(conf);
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1

' I
Sy 2

LAF L

' I

L ' Class Mapper (v0.18)

Import org.apache.hadoop.mapred.*;
1 class MyMap extends MapReduceBase

INPUT INPUT OUTPUT OUTPUT

implements Mapper < ey, vawe - kev | VALULE
2 |
3 /] = gvageih
_ _ INPUT INPUT
4 public void map ( key Key, wvaue value,
OUTPUT OUTPUT
OutputCollector< EY Y > output,

Reporter reporter) throws IOEXxception

{
[ Tk TESRGRE o A =N SR [
output.collect( NewKey, NewValue);

}

%mwmm
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T T /Y T/ e SRR

_** IClass Reducer (v0.18)

import org.apache.hadoop.mapred.*;

1 class I\/IyRed extends MapReduceBase

INPUT INPUT OUTPUT OUTPUT

implements Reducer < ey, vaAlUE +  KEY , VALULE =~
2 |
3 /] = gl
i : INPUT INPUT
4 public void reduce ( kev key, lterator<“wvae > values,
OUTPUT OUTPUT

OutputCollector< EY , VALUE > output,
Reporter reporter) throws IOException

0 {

6 [ T Ta ARl == A U ] [

I output.collect( NewKey, NewValue);

8 }
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Py

7
/ \)
\

[**] [1:538:15] NETBIOS SMB IPC$ unicode share access [**]
[Classification: Generic Protocol Command Decode] [Priority:
09/04-17:53:56.363811 168.150.177.165:1051 ->
168.150.177.166:139

TCP TTL:128 TOS:0x0 1D:4000 IpLen:20 DgmLen:138 DF
*AP** Seq: Ox2E589B8 Ack: 0x642D47F9 Win: 0x424
TcpLen: 20

[**] [1:1917:6] SCAN UPnNP service discover attempt [**]
[Classification: Detection of a Network Scan] [Priority: 3]
09/04-17:53:56.385573 168.150.177.164:1032 ->
239.255.255.250:1900

UDP TTL:1 TOS:0x0 ID:80 IpLen:20 DgmLen:161

Len: 133

[**][1:1917:6] SCAN UPnNP service discover attempt [**]
[Classification: Detection of a Network Scan] [Priority: 3]
09/04-17:53:56.386910 168.150.177.164:1(->
239.255.255.250:1900

UDP TTL:1 TOS:0x0 ID:82 IpLen:20 DgmLen:161

Len: 133

[**][1:1917:6] SCAN UPnNP service discover attempt [**]
[Classification: Detection of a Network Scan] [Priority: 3]
09/04-17:53:56.388244 168.150.177.164:1032 ->
239.255.255.250:1900

UDP TTL:1 TOS:0x0 1D:84 IpLen:20 DgmLen:161

Len: 133

WJ

[**] [1:1917:6] SCAN UPNP service discover attempt [**]
[Classification: Detection of a Network Scan] [Priority: 3]
09/04-17:53:56.417045 168.150.177.164:45461 -> 168.150.177.1:1
UDP TTL:1 TOS:0x0 ID:105 IpLen:20 DgmLen:161

Len: 133

[**] [1:1917:6] SCAN UPnNP service discover attempt [**]
[Classification: Detection of a Network Scan] [Priority: 3]
09/04-17:53:56.420759 168.150.177.164:45461 -> 168.150.177.1:1
UDP TTL:1 TOS:0x0 ID:117 IpLen:20 DgmLen:160

Len: 132

[**][1:1917:6] SCAN UPnNP service discover attempt [**]
[Classification: Detection of a Network Scan] [Priority: 3]
09/04-17:53:56.422095 168.150.177.164:45461 -> 168.150.177.1:1
UDP TTL:1 TOS:0x0 ID:118 IpLen:20 DgmLen:161

Len: 133

[**] [1:2351:10] NETBIOS DCERPC ISystemActivator path overflow
attempt little endian unicode [**]

[Classification: Attempted Administrator Privilege Gain] [dtiiy: 1]
09/04-17:53:56.442445 198.8.16.1:10179 -> 168.150.177.164:135
TCP TTL:105 TOS:0x0 1D:49809 IpLen:20 DgmLen:1420 DF
AR Seq: OXF9589BBF Ack: 0x82CCF5B7 Win: OXFFFF
TcpLen: 20

[Xref => http://www.microsoft.com/technet/security/bulleM$03-
026.mspx][Xref =>
http://cgi.nessus.org/plugins/dump.php3?id=11808][Xref =>
http://cve.mitre.org/cgi-bin/cvename.cgi?name=2003-0352][Xref =>
http://www.securityfocus.com/bid/8205]
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Alert Merge Example

Destination IP Attack Signature Source IP Destination Port Source Port  Packet Timestamp
Protocol
Host 1 Trojan Sipl 80 4077 tcp T1
Host 1 Trojan Sip2 80 4077 tcp T2
Host ! Trojar Sip] 44% 500z tcp T3
Host 2 Trojan Sipl 443 5002 tcp T4
Host 3 D.D.O.S Sip3 53 6007 udp T5
Host 3 D.D.O.S Sip4 53 6008 tcp T5
Host_3 D.D.O.S Sip5 53 6007 udp T5
Host 3 D.D.O.S Sip6 53 6008 tcp T5
Key Values
Host 1 Trojan Sip1,Sip2 80,443 4077,5002 tcp T1,72,73
Host 2 Trojan Sipl 443 5002 tcp T4
Host_3 D.D.O.S. Sip3,Sip4,Sip5 ,Sip6 53 6007,6008 tdp, u T5
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