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VELOCITY

Apache Hadoop

* Batch
* Near time
* Real time
* Streams

VOLUME

* Terabytes 7 Va] ue

* Records
* Transactions
* Tables, files

3 Vs of
Big Data

* Structured

* Unstructured

* Semistructured
* All the above

VARIETY




Big Data = Big Opportunity
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0 ETL(Extract, Transform, Load)

0 Data Warehouse

0 Storage for Log Aggregator

0 Distributed Data Storage (0f|; CDN)
2 Spam Filtering

O Blometric

2 Online Content Optimization

2 Parallel Image, Movie Clip Processing
2 Machine Learning

O Science

a0 Search Engine
Apache Hadoop 9
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S pplication
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1970 1980 1990 2000 2010
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Traditional RDBMS MapReduce
Datasize  Gigabytes Petabytes
Access Interactive and batch Batch

Updates  Read and write many times  Write once, read many times

Structure  Static schema Dynamic schema
Integrity ~ High oW
Scaling Nonlinear inear

Apache Hadoop 11
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Ready for Business

=1

Research, Ready for Business (¥2)
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* Modeling true risk

e Customer churn
analysis

e Recommendation
engine

* Ad targeting
e PoS transaction analysis

Apache Hadoop

Analyzing network data
to predict failure

Threat analysis
Trade surveillance
Search quality
Data “sandbox”

14



Hadoop Cluster

Yahoo! Hadoop Cluster (2007)

g ucloud ssas<

amazon

Apache Hadoop web — 15




Hadoop ClusterS F1/46l= L EO| A|AH

2 CPU(4 Core Per CPU) Xeons 2.5GHz O|At
4x1TB SATA

16G RAM

1G 0| Ul

10G A& X|

it 20CHO| L&

Ubuntu Linux Server or CentOS 64bit

Sun Java SDK 1.6

Apache Hadoop 0.20.2

o 0O 0O 0 0 0 0 0 O

Apache Hadoop
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Hadoop Echosystem

Hadoop Ecosystem Map

Workflow

High Level @ fen
Interfaces L2

Engine + Logic

—
map Heduce

File system

= @ham'@@p .-
HOES v

1» Monitor/manage
. 4§ Hadoop ecosystem

RDBMS hiho OLTP Qi.

- HBASE

AT Karmasphere
Gangliag

Intellicus Dashboards
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R & Hadoop

((

@ + nF=[a/ala]o

Statistical MapReduce
Computing

Apache Hadoop y


http://www.r-project.org/index.html

Apache Hadoop 7| =X

2 File System : HDFS(Hadoop Distributed File System)
® MAS 64M EHR|Z Lp0] FH|0| LHFOiA M sHE
® AMEXtE ofLte| ME 2 EO[Lt 2HZ= LIFOXM US
® 20034 Google0| =22 2 Google File System= ZH

Al
a1

o Z2J2jl BE(MapReduce) (20044 GoogleO| =& Y H)
® HDFSC| ¥ = 0|85t Melot= HHE= M

® Parallelization, Distribution, Fault-Tolerance ...

Apache Hadoop 20



NameNode:
Stores metadata only

METADATA;
fuser/faaron/foo 2 1, 2, 4
{user/aaron/bar = 3, 5

DataModes: Store blocks from files

Apache Hadoop 21
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== HDFS
. replication

= HDFS
. replication

Apache Hadoop -



WordCount

0 Hadoop2| MapReduce Framework 4= 0O SH A
0 ZZ212| ROWO]| ofLtel Word?t = I Word2| 7ij=5 EOfLY

= Ol X
Q= utel(Mapper?| Input) &3 1} (Reduce Output)
hadoop apache 1
apache cloud 1
page cluster 1
hive copywrite 1
hbase hadoop 2
cluster hbase 1
hadoop hive 1
page page 2
cloud
copywrite

Apache Hadoop 23



WordCount

JERE

hadoop |§
apache

hive

cluster |«
hadoop

cloud
copywrite |J

Apache Hadoop

page >~

Mapper

page >

Mapper

5
5

hadoop,1
apache,1
page,1
hive,1
hbase,1

cluster,1
hadoop,1
page,1l
cloud,1
copywrite, 1

-\

apache, <1>
cloud,<1>
cluster,<1>
copywrite, <1>
” hadoop,<1,1>
hbase,<1>
hive,<1>
page,<1,1>

'.\

£2 It

Reducer

-

apache 1
cloud 1
cluster 1

copywrite 1
hadoop 2
hbase 1
hive 1
page 2
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WordCount2| Mapper

0 ool IROWE 2J0{A Word, 18 E85t= Mapper

public class WordCountMapper
extends Mapper<Object, Text, Text, IntWritable> {

private final static IntWritable one = new IntWritable(1);
public void map(Object key, Text word, Context context)

throws IOException, InterruptedException {

context.write(word, one);

Apache Hadoop 25



WordCount?| Reducer

0 Mapperl| 28 S0 A £ 2 KeyZ2 FO A X 2|5= Reducer

public class WordCountReducer
extends Reducer<Text, IntWritable, Text, IntWritable> {

private IntWritable count = new IntWritable(); // for Performance

public void reduce(Text word, Iterable<IntWritable> values,
Context context) throws IOException, InterruptedException {
int sum = 0;
for (IntWritable val : values) {
sum += val.get();

}

count.set(sum);
context.write(word, count); // Result: Word Count (ex; hadoop 3)

}
Apache Hadoop 26
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Database?} Hadoop?2| =M ¢ 12|&E Hds H|

CPU

Core

K2 Alzh

2tO| 4 A H|E

Apache Hadoop

Hadoop 7|dF {4l

100% 70%
80 Core Intel 8 Core * 20
= 160 Core
1A|Zt 348
10 I
120,000,000
1,300,000
69 0|4 3002kl * 20
117} High End Server = 6,0002+<
0f]) Core & 7008t3 0

* 80 = 56,0002
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Hadoop2| Availability

0 Hadoop2 7|Ht QlZ=2f MAZ 7HX| 0 /A AvailabilityZ} O
(@) KR
T &

0 X Hadoop2 Enterprise =&2| SLAE M| SoHX|= &=

Availability SLA

Sandbox 99,69

Research [N 99.47
Production | 09.85

99.2 993 994 0995 996 997 998 999

Apache Hadoop 28
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Big Data Analytics = ¢ &H

Inadequate staffing or skills for hig data analytics 46%
Cost, overall 42%
Lack of business sponsorship 38%
Difficulty of architecting big data analytic system 33%
Current databhase software lacks in-database analytics 32%
Lack of compelling business case 28%
Scalabhility problems with big data 23%
Cannot make big data usahle for end users 22%
Current database software can't process analytic queries fast enough 22%
Current data warehouse modeled for reports and OLAP only 22%
Current database software cannot load data fast enough 21%
Can'’t find Hadoop experts to hire 1%
Can’t fund Hadoop’s high operational expenses 7%
Other 6%

Apache Hadoop 30



MapReduce

Map/Reduce

Task

Result ’::F'

Apache Hadoop 31



Namenode & Datanode ZH7|

master slave

task task

tracker tracker

_,—'—'_'_'_'_'__'_*
MapReduce
layer
FEEFEEEENEEENEENEEEEEEN EEEEENEEEENEN A FEEEEEEEENEEEEREEEEEN

HDFS
layer

data

node

multi-node cluster

Apache Hadoop 32



Hadoop Cluster

IPolB / 10GigE / 1GigE

1

257

: Hadoop master + slave server  Test Client + Hadoop slave
Hadoop slave servers running running JobTracke, server running TestDFSIO,
TaskTracker and DataNode on  TaskTracker, N\ameNode and  TaskTracker and DataNode on

Linux DataNode on Linux Linux

Apache Hadoop




Hadoop Daemon

// Namenode

hadoop@namenode: /usr/local/java/hadoop $> jps
16017 Jps

14799 NameNode

15596 JobTracker

14977 SecondaryNameNode

// Datanode
hadoop@datanodel:/usr/local/java/hadoop $> jps
15183 DataNode

15897 TaskTracker

16284 IJps

Apache Hadoop 34



_________________________________.__________
Hadoop MapReduce Job (1)

Input Data
Output Data

Split Sort Merge
[k1, v1] by k1 [k1, [v1, v2, v3 ..]]

Apache Hadoop 35



Hadoop MapReduce Job (2)

Distributed File System

Distributed File System

Distributed File System

Apache Hadoop 36



Hadoop MapReduce Job (3)

wajsAs 3|4 painqliisia

)

/0N

wajsAs 3]l painquisiqg

000

wajsAs 3|l painquiisig

37
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Hadoop MapReduce Job (4)

wajsAs 3|l painquiisiq

000

wajsAs 3|l painquiisiq

000

wajsAs 3|l painqlasiqg

38
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MapReduce Job2| SZF glg|

2: getnew job 1D

[ 4 JobClient

client JYM :
client node :

FileSystem

Apache Hadoop

b:retrieve
input splits .~

o
o
«

-
o
-
¥
.

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

8: retrieve job

resources

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

---------- TaskTracker

------

S initialize job
‘...'

jobtracker node

7:heartbeat
(returns task):

9: launch

A 4
child JVM

10: run§

kil
MapTask
or

tasktracker node




Hadoop & Pig

0 HEE HOlHE DA He EeE Hoots A3 EHE 20

e AT E A0| = Pig Latin

O AKX Ao A3 EE A= MapReduce2 At

0 Pig Latin > MapReduce 1}7H0| =0 24

0 Crot TA=2 o0 X 2[5t10X} ol 8% 01 &
® MapReduce®| 42 B & IZEE AHMHY|0F &

0 CiYet HIolH 78S Ms

® Bag, Tuple, ...

Apache Hadoop 40



Pig Latin Of x|

-- max_temp.pig: Finds the maximum temperature by year

(1950,0,1)
(1950,22,1)
records = LOAD 'input/ncdc/micro-tab/sample.txt’ > (1950,-11,1)
AS (year:chararray, temperature:int, quality:int); (1949,111,1)

filtered_records = FILTER records BY temperature != 9999 AND
(quality == @ OR quality == 1 OR
quality == 4 OR quality == 5 OR quality == 9);

grouped_records = GROUP filtered_records BY year;

\\\s (1949,{(1949,111,1),(1949,78,1)})
(1950, {(1950,0,1), (1950,22,1), (1950,-11,1)})

max_temp = FOREACH grouped_records GENERATE group,

\\& MAX(filtered_records. temperature);
(1949,111)

(1950,22)
Apache Hadoop 41

DUMP max_temp;




2 Yahoo!= 80% HEE PiIgE AtE

® Why? Yahoo!7} Bt=RI O L|7)}?

- = AM—

0 PigQ} MapReduceE ME3| =
® 12{2 = Workflow Engine0O| &
— Oozie?

— Open Flamingo?

0 £ AFY0f| Pig? MapReduce?E Z7d5t= A0
Apache Hadoop

42




Hive

0 Data Warehouse Infrastructure

® Data Summarization

® Ad hoc Query on Hadoop

MapReduce for Execution Hive |
— HDEFS for Storage
< < <
0 MetaStore
Hadoop Metadata Warehousze
® Table/Partition Cluster Store Directory

® Thrift API
® Metadata stored in any SQL backend
2 Hive Query Language
® Basic SQL : Select, From, Join, Group BY
® Equi-Join, Multi-Table Insert, Multi-Group-By
® Batch Query

® https://cwiki.apache.org/Hive/languagemanual.html
Apache Hadoop 43



https://cwiki.apache.org/Hive/languagemanual.html

DDL Operation

2 SQL 7|Ht DDL Operation

hive) CREATE TABLE pokes (foo INT, bar STRING);
hive) CREATE TABLE invites (foo INT, bar STRING)
PARTITIONED BY (ds STRING);

hive)> SHOW TABLES;
hive)> SHOW TABLES '.*s';

hive)> DESCRIBE invites;
hive)> DROP TABLE pokes;

hive) ALTER TABLE pokes ADD COLUMNS (new_col INT);
hive) ALTER TABLE invites ADD COLUMNS (new _col2 INT COMMENT 'a comment');
hive) ALTER TABLE events RENAME TO 3koobecaf;

hive) CREATE TABLE rating (userid STRING, movieid STRING, rating INT) ROW
FORMAT DELIMITED FIELDS TERMINATED BY ',"' STORED AS TEXTFILE,

V4

Apache Hadoop https://cwiki.apache.org/Hive/languagemanual—dd!.html

44
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DML Operation

0 RETY 2Y
hive)> LOAD DATA LOCAL INPATH './examples/files/kv1.txt' OVERWRITE
INTO TABLE pokes;

2 HDES 28

hive)> LOAD DATA INPATH '/user/myname/kv2.txt' OVERWRITE INTO TABLE
invites PARTITION (ds='2008-08-15");

2 Partitioning

hive)> LOAD DATA LOCAL INPATH './examples/files/kv2.txt' OVERWRITE INTO
TABLE invites PARTITION (ds='2008-08-15"');
hive> LOAD DATA LOCAL INPATH './examples/files/kv3.txt' OVERWRITE INTO
TABLE invites PARTITION (ds='2008-08-08"');

Apache Hadoop 45



SQL Operation :: Select & Filter

hive)> SELECT a.foo FROM invites a WHERE a.ds='2008-08-15";

hive)> INSERT OVERWRITE DIRECTORY '/tmp/hdfs_out' SELECT a.* FROM invites a
WHERE a.ds='2008-08-15";

hive) INSERT OVERWRITE LOCAL DIRECTORY '/tmp/local out' SELECT a.* FROM pokes a;

hive) INSERT OVERWRITE TABLE events SELECT a.* FROM profiles a;
hive) INSERT OVERWRITE TABLE events SELECT a.* FROM profiles a WHERE a.key < 100;
hive) INSERT OVERWRITE LOCAL DIRECTORY '/tmp/reg_3' SELECT a.* FROM events a;
hive) INSERT OVERWRITE DIRECTORY '/tmp/reg 4' select a.invites, a.pokes
FROM profiles a;
hive) INSERT OVERWRITE DIRECTORY '/tmp/reg_5' SELECT COUNT(*) FROM invites a
WHERE a.ds='2008-08-15";
hive)> INSERT OVERWRITE DIRECTORY '/tmp/reg_5' SELECT a.foo, a.bar FROM invites a;
hive) INSERT OVERWRITE LOCAL DIRECTORY '/tmp/sum' SELECT SUM(a.pc) FROM pc1 a;

Apache Hadoop 46
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Hadoop Nodes

Source-,.'

NMon Decorator,

ader

Daily Header Backup

Agent

=l

Source-..\

btatistfjcs

Sin

Log Aggregator's Collector

<% Custom Decorator 7H2} &

H|H#3 o] & Ml dlo]e Ao 2 HEST, Header H|0|E{ 2} 1A% clo|&
T siLte| o|HIEZ §HA A CSVEENZ Sinkoll 2HCt & Header & E-& Memory 2 Tt
glsl= SAlol =0 22 ol Z 7| S50 Agent?} H|H A 2 52 TYA|E A 2E
ateloj| A sie ol St Header & =& Z A5t D EXY5H clA| o 22]of| HX{Fict.

Apache Hadoop

1

Alarm

]

EPL

Header+Statistics

CEP Service

T
O

0
.

Hadoop HDFS
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Flume 7|89 nmon log =%&! 91 4A|ZF X 2| (2)

Hadoop Nodes
abed.... So |  Statistics
UrCe=, 4 Source=
....... H
nmon log @@ Header
Sink Sink .
Agent Log Aggregator's Collector CEP Service
- | Header Statistics
1

% Custom Decorator 72} 2§ ﬁ r‘—' ‘ﬂ—v ‘n—' )
i i

Hadoop HDFS

Apache Hadoop 49



Oozie Workflow Engine

[m

S|
o

JO|%enSource Workflow /Coordination Service for Hadoop
o

Apache Incubator Project

Complex Workflow Action
v" Directed Acyclical Graph (DAG)
v Dependency Management

Reduce Time-To-Market

Native Hadoop Integration
v" Support All types of Hadoop Jobs
v" Integrated with Hadoop Stack

Frequency Execution
v" Date/Time Triggered

Designed for Yahoo!
v Yahoo!'s Complex Workflow & Data Pipeline
v" Global Scale
v" Yahoo! Distribution of Hadoop with Security

Apache Hadoop

7l

Job Scheduling (Coordiator)
Workflow XML
Workflow Dependency Management

Parameterization of Action Nodes
« Expression Language in Workflow XML

Synchronous Dataset
* Input/Output
+ Clocked Dataset

WebService API
GUI Monitoring (Using ExtJS 2)

Native Support
* MapReduce
* Pig
« HDFS
« SSH
+ Java Standalone

50



Oozie Workflow Engine - 2= O|&

2= 0|2 & otL= fekd = 7HA| = Hle2t dej =& 9|0[dt=
Directed Acyclic Graph& 7|8t 2 HA L0 /UZ.

Apache Hadoop 51



Oozie Workflow Engine — Workflow XML

<workflow-app xmlns="uri:oozie:workflow:0.2" name="java-main-wf">
<start to="cleanup-node"/>
<action name="cleanup-node”/>
Start
<fork name="fork-node">
<path start="cleani-node"/>
<path start="clean2-node"/>
</fork>

<action name="cleanl-node">
<java>
<main-class>org.openflamingo.mapreduce.etl.clean.CleanDriver</main-class>
</java>
<ok to="join-node"/>
<error to="fail"/>
</action>

Clean [ Clean Clean <action name="clean2-node">

Fork

<java>
<main-class>org.openflamingo.mapreduce.etl.clean.CleanDriver</main-class>

</java>

<ok to="join-node"/>

<error to="fail"/>

</action>
<action name="clean3-node">
<java>
A <main-class>org.openflamingo.mapreduce.etl.clean.CleanDriver</main-class>
</java>

<ok to="join-node"/>
<error to="fail"/>
</action>

S <join name="join-node” to="aggregate-node”/>

<action name="aggregate-node">
<java>
> <main-class>org.openflamingo.mapreduce.etl.aggregate.AggregateDriver</main-class>
</java>
<ok to="end"/>
<error to="fail"/>
</action>
<kill name="fail“/>
<end name="end"/>
</workflow-app>

Apache Hadoop 52




Oozie Workflow Engine — Workflow XML

Apache Hadoop



Oozie Workflow Engine — Job Scheduling

Tz 24 g
YEAR YYYY
MONT DD
DAY DD
<coordinator-app name="MY_APP" frequency="5" start="2009-02-01T00:00Z" end="2009-02-02T00:00Z" timezone="UTC" HOUR | m
xmlns="uri:oozie:coordinator:0.1">
<datasets> /;7 MIN mm

<dataset name="inputl1"” frequency="15" initial-instance="2009-01-01T00:00Z" timezone="UTC"> i
<uri-template>hdfs://localhost:9000/tmp/revenue_feed/${YEAR}/${MONTH}/${DAY}/${HOUR}/${MINUTE}</uri-template>
</dataset> DatasetS Bo/o1 7 44 77| & /4 E2] 742 Hof
</datasets>

<input-events>
<data-in name="coordInputl1” dataset="input1">

<star‘F—1nstance>${coord:current(—3)}</sicart—1nstance> ZQ_"E,:__,E'E/ 4%’%’7//I IS =)
<end-instance>${coord:current(0)}</end-instance>
</data-in>

</input-events>

Frequency X & 8tE/

<action>
<workflow> T= A7 g
<app-path>hdfs://localhost:9000/tmp/workflows</app-path> oj5& frequency="5"
<Configuration> frequency="${coord:minutes(5)}"
<property? ' ojA|ZH frequency="60"
<name>input_files</name> frequency="${coord:hours(1)3}"
<value>${coord:dataIn(’'coordInputl’)}</value> 5
: of frequency="1440"
</property> 1 frequency="${coord:days(1)}"
</configuration> ¢, H
IS frequency="${coord:days(7)3}"
</workflow> /tmp/revenue_feed/2009/01/01/00/ _
</action> Of & frequency="${coord:months(1)3}"
/tmp/revenue_feed/2009/01/01/01/

</coordinator-app>

/tmp/revenue_feed/2009/01/01/02/

Apache Hadoop 54




Oozie Workflow Engine - Console

G0¢EEE Documentation
{0ozie Web Console =
l Workfiow Jobs H Coordinator Jobs ‘ Bundle Jobs M System Info H Instrumentation ‘
| & AllJobs Active Jobs Done Jobs Custom Filter ¥
i Job Id Name Status User Group Created Started Last Modified
1 0000019-120125093111405-00zie-... java-main-wf SUCCEE... 0  hdfs users Wed, 25 Jan 2012 08:17:23 GMT Wed, 25 Jan 2012 08:17:23 GMT Wed, 25 Jan 2012 08:18:48 GMT
2 0000018-120125093111405-00zie-... java-main-wf FAILED 0  hdfs users Wed, 25 Jan 2012 08:10:58 GMT Wed, 25 Jan 2012 08:10:58 GMT Wed, 25 Jan 2012 08:11:45 GMT
3 0000017-120125093111405-00zie-... java-main-wf FAILED 0 hdfs users Wed, 25 Jan 2012 08:03:22 GMT Wed, 25 Jan 2012 08:03:22 GMT Wed, 25 Jan 2012 08:13:28 GMT |
4 0000016-120125093111405-00zie-... java-main-wf KILLED 0 hdfs users Wed, 25 Jan 2012 06:28:44 GMT Wed, 25 Jan 2012 06:28:44 GMT Wed, 25 Jan 2012 08:01:12 GMT
5 0000015-120125093111405-00zie-... java-main-wf SUCCEE... 0 hdfs users Wed, 25 Jan 2012 05:52:00 GMT Wed, 25 Jan 2012 05:52:00 GMT Wed, 25 Jan 2012 05:52:32 GMT ‘
6 0000014-120125093111405-00zie-... java-main-wf SUCCEE... 0 hdfs users Wed, 25 Jan 2012 05:41:03 GMT Wed, 25 Jan 2012 05:41:03 GMT Wed, 25 Jan 2012 05:41:40 GMT |
7 0000013-120125093111405-00zie-... java-main-wf SUCCEE... 0 hdfs users Wed, 25 Jan 2012 05:31:27 GMT Wed, 25 Jan 2012 05:31:27 GMT Wed, 25 Jan 2012 05:32:00 GMT
8 0000012-120125093111405-00zie-... java-main-wf SUCCEE... 0 hdfs users Wed, 25 Jan 2012 05:30:09 GMT Wed, 25 Jan 2012 05:30:09 GMT Wed, 25 Jan 2012 05:30:42 GMT
9 0000011-120125093111405-00zie-... java-main-wf SUCCEE... 0 hdfs users Wed, 25 Jan 2012 05:02:08 GMT Wed, 25 Jan 2012 05:02:08 GMT Wed, 25 Jan 2012 05:02:40 GMT ‘
4 4 |Pagell |of1| b b | & 1-90f9
Action Id Name Type Status Transition StartTime EndTime
1 0000018-120125083111405-00zie-hdfs-W@... cleanup-node fs OK fork-node Wed, 25 Jan 2012 08:17:23 G... Wed, 25 Jan 2012 08
2 0000019-120125083111405-00zie-hdfs-W@... cleani-node java OK join-node Wed, 25 Jan 2012 08:17:24 G... Wed, 25 Jan 2012 08
3 0000019-120125093111405-00zie-hdfs-W@... clean2-node  java OK join-node Wed, 25 Jan 2012 08:17:25 G... Wed, 25 Jan 2012 08
4 0000018-120125083111405-00zie-hdfs-W@... aggregate-... java OK end Wed, 25 Jan 2012 08:18:13 G... Wed, 25 Jan 2012 08
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What Other Customers Are Looking At Right Now

Patriot Xporter XT Boost 8 Superwinch 1585200 Kindle DX Wireless
GB USB 2.0... LP8500 Series... Reading Device
$43.09 $24.99 $685274 $455.99 $489.00

More ltems to Consider

You viewed Customers who viewed this also viewed

— —_—

Bose® SoundDock® Bose® SoundDock® Bose® SoundDock®
Series II digital... Portable digital... Series II digital...
$299.95 $399.95 $299.95

> View or edit vour browsing history

Apache Hadoop

Autel MaxiScan MS300 CAN

OBD-II Scan...
$20.88 $27.50

<

Bose SoundDock digital
music system...
$249 99 $224.88
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FH 2 AH)S FHOHE WY

ol ZE| 2 (Collaborating Filtering; CF)

o AMEXEEE AL 7|5 MHE(0; Rating)2 ELCHE ALR XSO ZHAALE
o=

® AREX; 7|8k HEE : FeF0| H[==ot AFEA}

e O}O[H 7[dF HHE . FAtSH M=

2t 1 Xl(Association Rule)
SEe AdEdE EMSI0] CHE AMEX0| A FoiotX] %#2 45 =H

2 A E &l (Clustering)

=t LHME7|2] FOM 2ES "
xS 64@6_} CH&f2 s ARSI EHEE
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Melon (Music)
IPTV

Portal

Amazon (Product)
Last.fm (Music)
Digg (News)
Delicious (Web)
Netflix (Movie)

o O 0O 0 0 0O 0O O
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Association Rule

0 21 e 70 0|)E EONE FEI BA(AB FEE &
OfLH& TOEf oY 7| &
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> 7| X 22X Yx=S (K|
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Association Rule

0 EUBMMAYS) = T
0 K| X|E(Support) = P(ANB) = N(ANB) / N(T)
o BO| AT XX e &5
® AQF B7t A0 FOHEY Bl==
0 M E|[E(Confidence) = P(B|JA) = P(ANB) / P(A)
® AS Zgole dHL S0 AM BE Zots e
0 SFAFE(Lift) = P(B|A) / P(B) = P(ANB) / P(A)P(B)
® AZ O3t S 1 EMMMO| BE mEtSte 299 B Qojz
TOiot= 822 H|&E
o lift>1:52 5 Hato| L}

0 SC= E0rLt #20] &% 6 F, L2 OiE &2 7|0

Apache Hadoop 60



Association Rule

S=(A>B) |7 | RIX=ES) | ME[E=(C) | ZatE(L)
w>EE{ |3 |3/5=0.6 |0.6/0.6=1 | 0.6/0.6*0.8=1.25
BHE{>® |3 |3/5=0.6 |0.75 1.25
22529 |2 |2/5=0.4 |0.66 1.11
29>2a |2 |2/5=0.4 |0.66 1.11
QOSHE |2 |2/5=04 | 066 0.83
23S>HE |2 |2/5=04 | 066 0.83
HE>2S |2 |2/5=04 |05 0.83
HE{>22 |2 |2/5=04 |05 0.83
2tm>29 |1 |1/5=02 |05 0.83
2fm>w |1 | 1/5=02 | 05 0.83
2fM->=gF |1 | 1/5=02 |05 0.83
=2zp>2tH |1 | 1/5=02 | 033 0.83
2o33tH |1 |1/5=02 |033 0.83

T | &=

1 |29, w

2 | R HE, =t

3 | HEH, SC}

4 | 7 =ct 2tH

5 |4 HE, 2tH
O

== |/ | XX &

2o |3 |3/5=06

w |3 |3/5=06

HE| |4  |4/5=08

=3} |3 |3/5=06

2tM |2 |2/5=04

Apache Hadoop

A2/ (Confidence) = P(BJA) = P(ANB) / P(A)
S (Lift) = P(BJA) / P(B) = PANB)/P(A)P(B)
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Association Rule

& i £8 ot

1,4 HEH it HH £4,0.6,1,1.25

2, %7 HE, Zet H £, 0.6,0.75,1.25

3,4 H, =2t 2a1,22 04,0.66,1.1111112
4,27 =chetH 99 27104,066,1.1111112
54 H E, 2™ S W E,0.4,0.66,0.8333333

(@)

o
=7},HE4,0.4,0.66,0.8333333
H E{,2.2,0.4,0.5,0.8333333
H E{, 2 2},0.4,0.5,0.8333333
20, ©.2.04,0.5,0.8333333
2} o 8 0.2,0.5,0.8333333
20,2 a},0.2,0.5,0.8333333
=7},2}3,0.2,0.33,0.8333333
©.© 8104,0.2,0.33,0.8333333
@ 2104 0.2,0.33,0.8333333
2}, B £,0.2,0.5,0.625

H E{,2}1,0.2,0.25,0.625
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Hadoop2 & Association Rule 41216} 7]
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OfO|& 2| X|X| =& A|ttolE}

0 ARS NCHE N2|ste T
L OFStCH

|a:| |.OI

17wmoiﬂa
&,.8H8,2ct
,ﬂhﬂiEi_’BP
4,2 =,=2ct,ctH
5, HE,ctH

CI

Apache Hadoop

S

Mapper

—

O_’C_DI_’1
1
&1

OO1
T TT

HE,1
2¢},1
1
&1
2¢},1

°R
2¢},1
2he, 1
1
HE,1
2he, 1

2 OO’e| X|X| =5 ZOf

£ It

Reducer

< 5,3,0.6
®r.3,0.6
HE&,4,0.8
=ct,3,0.6
ct®,2,04
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=

Hm

A :

2,27 HH,=
SR = =

5%,HH,

4,27,=2chctd

Zct
Z2ct

chH

8ol A A

Mapper

Apache Hadoop

<R, >, 1

<2251

<7 ,HH>, 1

<HH,2 %>,
<88t H E‘|>,1
<H E,%> 1

d> <22 H E1>1
<HH, 27>,

<—.—7-r,£EP>1
<=ch,27>,1
<tiH,2ct>,1
<=chHE>,1

B
=9 It

£7,3,0.6
@.3,0.6
H1E4,4,0.8
=ct,3,0.6
ct®,2,04

Reducer

HE AL XX =2 SCLa ALt

£ It

(& HH§,0.6,1,1.25

HEl,%,0.6,0.75,1.25
=ct,$5,0.4,0.66,1.1111112
£%,2¢c4,0.4,0.66,1.1111112
< %,81H,0.4,0.66,0.8333333
=ct,B81H,0.4,0.66,0.8333333
HEl,<5,0.4,0.5,0.8333333
H1El,2¢ct,0.4,0.5,0.8333333
ct™,$%,0.4,0.5,0.8333333
ct™,%,0.2,0.5,0.8333333
ct™,=12t,0.2,0.5,0.8333333
=ct,ct$,0.2,0.33,0.8333333
£ %,2t%,0.2,0.33,0.8333333
% ct,0.2,0.33,0.8333333
ct®,81E4,0.2,0.5,0.625
B1E.ct8.0.2,0.25.0.625
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NEN RS

==5A>B) | 7 | XX[EES) | AMEI=C) | &=L
wSHME |3 |3/5=0.6 | 0.6/0.6=1 | 0.6/0.6*0.8=1.25
HE{>u |3 |3/5=0.6 |0.75 1.25

T |85 2a>29 |2 |2/5=0.4 | 0.66 1.11

1 |29 HE — e>82t |2 | 2/5=0.4 | 0.66 1.11

2 |29 oo3HH |2 |2/504 |066 0.83

3 T ow S8 |2 | 2/5=04 |066 0.83
HE>22 |2 |2/5=04 |05 0.83

4 | =E HE>Z2} |2 |2/5=04 |05 0.83

5 |4 H atH>22 |1 |1/5=02 |05 0.83
o> |1 |1/5=02 |05 0.83
at>2at |1 | 1/5=02 |05 0.83

ML 1 - BoIE XA Zap>ats |1 | 1/5=02 | 033 0.83

AR 3 202 X co3am (1 |1/5=02 |033 0.83
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ofL} o] &e| =H Zaz|Fe| 8¢

shj5753 1002 1.0
0(0|21 1002 2.5
Ot=7| 1008 4.0

hsjoa89 1009 45

B 1009 4.5

input
(user, item, rating)

Apache Hadoop

association rule table
(item A, item B, support, confidence, lift)

1009 3407 -1.0
1010 7120 1.0
1010 7315 1.0
1017 1833 10

ar recommendation
(user, item, score)

7489 7491 -1.0
7497 7704 -1.0
7627 997 1.0
7637 813 1.0

item similarity table
(item A, item B, similarity)

OF2 =,1151,20.00
0}2 2,1939,-20.00
0} 2 2,2448,20.00
O} 2 2,2543,20.00

3| 041,3125,90.00
| 0411,362,-90.00
3| 0| 1,3990,90.00
3| 0| 1,4931,90.00

= X - o re) 0 I =
&S =™ Lol = O S&et O|O|E 7150 2Rt A|ZH0] @2 A~ e =
10,1114,0.00,0.10,398.41 - -*7188,23.25
1114,10,0.00,0.10,398.41 - -*5865,23.25
10,168,0.00,0.10,398.41 - -*5287,23.25
168,10,0.00,0.10,398.41 - -*87,23.25
Luce 10 5.0 912,966,0.00,0.10,398.41 5| 0|1,6596,31.87
vitassun 10 45 966,912,0.00,0.10,398.41 o|M|1,6432,31.87 71882305
ay20 1000 35 949,953,0.00,0.20,796.82 5|041,5760,31.87 i eges 235
sketchss 1001 2.0 953,949,0.00,0.10,796.82 5| |1,4931,53.64 _'_*'5287'23'25
taiji2ooo 1001 25 . -*8723.25

cf recommendation
(user, item, score)

| 0|1,6596,31.87
5|041,6432,31.87
|0|1,5760,31.87
|041,4931,143.64

Ker item, bobpool score)

output
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