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Big Data
oo Big To Ignore
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# Big Data Consultant and Manager

# Currently finishing a 3™ Big Data project
# |IBM & Cloudera Certified

# |IBM & Microsoft Big Data Partner
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Agenda
# Defining Big Data
# Introduction to Hadoop
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Big Data Technical Drivers

From Terrabytes to Petabytes

VOLUME

BIG DATA

VELOCITY VARIETY

From Batch to Near Real-Time From Structured to
Semi-Structured & Unstructured
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Big Data Business Drivers ﬁ-*
7 Do More
&
Q ) :
with Less

®
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Big Data analytics
are rapidly emerging
as the preferred
solution to business
and technology
trends that are
disrupting

Leaders in every
sector will have
to grapple the

implications of
big data

Analyzing Big
Data sets will
become a key
basis for
competition

Enterprises
should not delay
implementation
of big data

Gartner analytics

Forrester ey ——

! Use Hadoop to gain a competitive advantage '
Resea rCh over more risk-averse enterprises

‘

Jp—— e Ve o S ™ s

McKinsey

P——

Prioritize Big Data projects that might
benefit from Hadoop

®
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Transformation of Online Marketing *ﬁ'

THEN...

Leads
Company First Last Oppty Created
Acme Fred Langan $250K 6/08/12
BigCo Tom Jones $100K &172/12
DealCo Ja Sedor $50K 7701/12
Stor Works Liza Grear $750K 714/12
RF Group Carl Tomer $A7K 718/12
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Marketing and Sales
Recommendations
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Transformation of Customer Service
THEN... NOW...

Unhappy
customers

Customer insight

. BLOGS.FORBES.COM/DAVEFEINLEIB
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Big Data Definition

Big Data Technologies allow you to implement
Use Cases which Legacy Technologies can't.
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Implementing Big Data

Our Vision on Data

®
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Current Situation

-5

Structured & Unstructured

External Data

Project
Management

Financial

®
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Our Vision #1

Focus on Data not on Derived Data

®
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Our Vision #2

Data is immutable

®
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Our Vision #3

Query = function (all data)
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Introducing
The Hadoop Ecosystem
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Context: Performance Gap Trend ﬁ#

Performance Gap
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Context: Exponential for Decades

= Abundance of
— computing & storage
— generated data (estimated 8ZB in '15)
— things

= More data provides greater value
= Traditional data doesn't scale well
» It's time for a new approach!

®
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New Hardware Approach

Traditional Big Data

sExotic HW sCommodity HW
— big central servers — racks of pizza boxes
— SAN — Ethernet
— RAID — JBOD

=Hardware reliability =Unreliable HW

mScales further
mCost effective

|

mLimited scalability
mExpensive

=]

®
*a, datacrunchers 22



New Software Approach

Traditional
mMonolotic
— Centralized
— RDBMS
mSchema first
mProprietary

ArRiBoTs Servpism
aTveE D
A o |meTen
Frz.4 [GID Snras
o b 2 [Grio:
¢ s |Grios
n o |Atoon i [Sermu
or 5 |Can
Aoate 17 |toen
Soate
orios apaT
3 FLDNO GRPLCE
7 |
Frasie
n|reooe [ scae | ScaLEcoN
FRAME
e P> [scaie Frr [scaLe
FoEsc
e 5 |soname SRR stever
i\ : 125301 | TRAMD Eiever
FOATE K1 [SCALED
Fiis | SeALED

VALDESC
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Big Data

mDistributed
— storage & compute nodes

=mRaw data
=Open source




Hadoop

m De facto big data industry standard (batch)
= Vendor adoption
— |BM, Microsoft, Oracle, EMC, ...
= A collection of projects at Apache
— HDFS, MapReduce, Hive, Pig, Hbase, Flume, Oozie, ...
= Main components
— HDFS
— MapReduce
m Cluster
— Set of machines running HDFS and MapReduce

®
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Distributions

= Cloudera
— www.cloudera.com
— Cloudera Enterprise subscription
— Currently CDH3
= Linux package
= Virtual machine
= Cloud
— Stack
= hadoop, hbase, hive, pig, mahout, flume, ...
— Cloudera SCM
— Connectors for Teradata, Netezza, Microstrategy and Quest

®
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Distributions

= Hortonworks

— www.hortonworks.com

— Hortonworks Data Platform Powered by Apache Hadoop, 100% opensource
solution

= |IBM

— Offers a derivative version of Apache Hadoop that IBM supports on IBM JVMs
on a number of platforms

= Microsoft
— Hadoop on Azure & Hadoop on Premise
= Apache Hadoop
— Distribution for individual components only

®
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HDFS

NameNode

File metadata:
fuserichucik/datat -> 1,2.3
juserfjames/dataz -> 4,5

DataNodes

\J
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Access to HDFS

The HDFS java client api’'s can be used
= Typically files are moved from local filesystem into HDFS
= Using hadoop fs commands

= Through Hue (Cloudera SCM)
m Fuse

= HDFS DAV

®
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hadoop fs examples

m Get directory listing of user home directory in hdfs
— hadoop fs -Is
=  Get directory listing of root directory
— hadoop fs -Is /
m Copy a local file to hdfs (user home directory)
— hadoop fs -copyFromLocal foo.txt foo.txt
= Move a file from hdfs to local disk
— hadoop fs -copyTolLocal /user/geert/foo.txt foo.txt
= Display the contents of a file

— hadoop fs -cat /data/as400/customers.txt

Make a new directory (user home directory)
— hadoop fs -mkdir output

®
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hadoop fs examples

= Remove a directory
— hadoop fs -rm /business/data
= Remove a directory and all its content (recursive)
— hadoop fs -rmr /business/data
= More information about hadoop fs command options
— http://hadoop.apache.org/common/docs/r0.20.2/hdfs_shell.html

®
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hadoop fs examples

2 O @ training@ubuntu: ~
File Edit View

training@ubuntu:~$ hadoop fs
Found 3 items

Terminal Help

-1s /

drwxrwxr-x
drwxr-xr-x
drwxr-xr-x

root

supergroup

- training supergroup

hadoop

supergroup

[cNoNo)

2011-12-18
2011-01-05
2011-01-05

06:28
06:36
06:43

/tmp
/user
/var

training@ubuntu:~$ hadoop fs -1s
Found 8 items

drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup

training@ubuntu:~$ whoami

training

training@ubuntu:~$ hadoop fs -copyFromLocal
training@ubuntu:~$ hadoop fs -1s

Found 9 items

2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18

05:38
05:39
06:01
06:18
06:26
05:37
05:28
B85535

/user/training/count2
/user/training/count3
/user/training/length
/user/training/movie

/user/training/pwords

[cNcNoNoNoNoNoNo)

/user/training/wordcounts

pig 1324218511127.1log pig 1324218511127.1log

/user/training/movierating

/user/training/shakespeare

drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
-Mw-r--r-- 1 training supergroup 591
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup
drwxr-xr-x - training supergroup

training@ubuntu:~$
training@ubuntu:~$

[cNoNoRNNoNoNoNoNo)

2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18
2011-12-18

05:38
05:39
06:01
06:18
06:26
09:08
05:37
05:28
05:33

/user/training/count2
/user/training/count3
/user/training/length
/user/training/movie
/user/training/movierating
/user/training/pig 1324218511127.1log
/user/training/pwords
/user/training/shakespeare
/user/training/wordcounts

\
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Hadoop Namenode webpage

® O 6 d nodel.c. i :8020

p
¢ http://nodel.c.foundation.local:50070/dfshealth.jsp

I NameNod od .c.oundatlon.local :20

Started: Tue Dec 13 19:28:33 CET 2011
: 0.20.: . 1c11f1 2bad3ch
Thu Oct 13 21:51:41 PDT 2011 by root from Unknown
There are no in .

Browse the filesystem
Namenode Logs

Cluster Summary

4813 files and directories, 2798 blocks = 7611 total. Heap Size is 174.38 MB / 602.69 MB (28%)

Configured Capacity : 6.97 1B
DFS Used : | _100.09 GB . -
Non DFS Used - | a478.95GB e O 6 Hadoop NameNode nodel.c.foundation.local:8020 I
:2 ::"“'“'"9 G":‘;f + ¢ hup://nodel.c.foundation.local:50070/ ist.jsp? VE & | (Q- Google E)
DFS Remaining% : 91.89 % | PP Yal Goog p o b ikiped
Live Nodes : . .
Dead Nodes : NameNode 'node1.c.foundation.local:8020
Nodes :
| Number of Under-Replicated Blocks B 37 Started: Tue Dec 13 19:28:33 CET 2011
Version: 0.20.2-cdh3u2, r 400 fe1c11f1ef9s 7.
C Thu Oct 13 21:51:41 PDT 2011 by root
NameNode Storage: Upgrades: There are no upgrades in progress.
Storage Directory | Type State Browse the filesystem
- Namenode Logs
Idfsinn IMAGE_AND_EDITS | Active Go back {0 DFS home

Live Datanodes : 4
Cloudera's Distribution including Apache Hadoop, 2011.

Node C:’::: ct Admin State c?n;:'c'glty"r(e‘rda) lz‘l";‘)’ L':::dn(:,g) Re"('::.';';'"g U(’;)d U(::)d Re"(';';“"g Blocks Failed Volumes
node1l 2 In Service 1.74 0.02 0.22 1.51 0.87 ——— 86.74 898 o
node2 2 In Service 1.74 0.03 0.08 1.63 172 S 93.41 2754 o
node3 2 In Service 1.74 0.03 0.08 1.63 1.68 93.53 2742 o
node4 2 In Service 1.74 0.02 0.08 1.64 1.33 S 93.89 2040 o

Cloudera's Distribution including Apache Hadoop, 2011.

®
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Hadoop Namenode webpage

® O e Directory: /logs/

4+ € http://nodel.c.foundation.local:50070/logs /

]
e’
Q' Google ﬁ

Directory: /logs/

hadoop-cmf-hdfs-DATANODE-36-nodel .c foundannn local.log.out 4248475 bytes Dec 18,2011 6:47:39 PM
43012 bytes Oct 24,2011 4:09:30 PM
20658 bytes Oct 25,2011 11:53:50 PM
3072 bytes Oct 26,2011 11:53:51 PM
97471 bytes Oct 27,2011 11:46:29 PM

hadoop-cmf-hdfs-DATANODE-36-node .c foundation.local.log ou’

http://nodel.c.foundation.local:50070/logs/hadoop-cmf-hdfs-DATANODE-36-nodel.c.foundation.local.log.out
hadoop-cmf-hdfs-DATANODE-36-node | .c . foundation.local.log.ou
hadoop-cmf-hdfs-DATANODE-36-node | .c . foundation.local.log.ou

¢ | [(Q~ Google

hadoop-cmf-hdfs-DATANODE-36-nodel .c foundation.local.log.ou 2011-12-18 00:00:09,895 INFO org.apache.hadoop.hdfs.server.datanode.DataNode: Scheduling block blk_-3378192760562665801_17788 file
) /dfs/dn/current/blk_-3378192760562665801 for deletion
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.0u 3453771, 18 00:00:09,914 INFO org.apache.hadoop.hdfs.server.datanode.DataNode: Deleted block blk -3378192760562665801 17788 at file

hadoop-cmf-hdfs-DATANODE-36-nodel .c foundation.local.log.ou /dfs/dn/current/blk -3378192760562665801
2011-12-18 00:00:55,672 INFO org.apache.hadoop.hdfs.server.datanode.DataNode: Receiving block blk_8596235089018565688_17797 src:

hadoop-cmf-hdfs-DATANODE-36-nodel .c . foundation.local.log.ou /192.168.3.201:53250 dest: /192.168.3.201:50010
- ~ 36 : 2011-12-18 00:00:56,021 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:53250, dest:
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.locallog.ou 7;557155.5.201:50010, bytes: 14756174, op: HDFS_WRITE, clilID:
hadmp—cmf—hdfs—DATANODE—Sb—nodcl,c,foundation,local.lng,ou DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_1323970747143, offset: 0, srvID: DS-2078774719-192.168.3.201-50010-
- 1319433432970, blockid: blk_8596235089018565688_17797, duration: 335343000
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.ou 3¢11-12-18 00:00:56,021 INFO org.apache.hadoop.hdfs.server.datanode.DataNode: PacketResponder 2 for block
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.ou Plk_8596235089018565688_17797 terminating R
" 2011-12-18 00:00:56,025 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.ou /192.168.3.201:53252, bytes: 338, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_ 1323970747143,
. offset: 14755840, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688_17797, duration: 72000
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.ou ;513 15_18 00:00:56,026 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
hadoop-cmf-hdfs-DATANODE-36-node .c foundation local.log.ou /192-168.3.201:53253, bytes: 3434, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_ 1323970747143,
) offset: 14752768, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688_17797, duration: 85000
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.ou 2011-12-18 00:00:56,028 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
£ B 36 N /192.168.3.201:53254, bytes: 252324, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_1323970747143,
hadoop-cmf-hdfs-DATANODE-36-nodel.c foundation.locallog.0u [ . i 3350688, srvib: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688 17797, duration: 375000
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.ou 2011-12-18 00:00:56,029 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
) /192.168.3.201:53255, bytes: 252324, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_1323970747143,
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local10og.0U offset: 3500544, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: b1k785962350890185656887!7797. duration: 273000
3 _ _36- i 2011-12-18 00:00:56,038 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
l0op- s 6 .C. . Jdog. < 2 :
had -cmf-hdfs-DATANODE-36-nodel cfoundatron local.log.ou /192.168.3.201:53256, bytes: 252840, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_1323970747143,
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.ou offset: 4250624, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688_17797, duration: 573000
. 2011-12-18 00:00:56,041 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
hadoop-cmf-hdfs-DATANODE-36-nodel .c.foundation.local.log.ou 355 168.3.201:53257, bytes: 252324, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821 1323970747143,
hadoop-cmf-hdfs-DATANODE-36-node .c foundation.local.log.ou ©ffset: 4500992, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688_17797, duration: 679000
2011-12-18 00:00:56,053 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
/192.168.3.201:53258, bytes: 252840, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_1323970747143,
offset: 9751552, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688_17797, duration: 690000
2011-12-18 00:00:56,055 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
/192.168.3.201:53259, bytes: 252324, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_1323970747143,
offset: 10001920, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688_17797, duration: 626000
2011-12-18 00:00:56,061 INFO org.apache.hadoop.hdfs.server.datanode. Datache.cllenttrace. src: /192.168.3.201:50010, dest:
/192.168.3.201:53260, bytes: 252324, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_1323970747143,
offset: 9501696, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688_17797, duration: 705000
2011-12-18 00:00:56,067 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest:
/192.168.3.201:53261, bytes: 252324, op: HDFS_READ, cliID: DFSClient_hb_rs_nodel.c.foundation.local,60020,1323970743821_1323970747143,
offset: 14002688, srvID: DS-2078774719-192.168.3.201-50010-1319433432970, blockid: blk_8596235089018565688_17797, duration: 725000
2011-12-18 00:00:56,069 INFO org.apache.hadoop.hdfs.server.datanode.DataNode.clienttrace: src: /192.168.3.201:50010, dest

®
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Hadoop Namenode webpage

HDFS:/

Contents of directory /

[go |

¢ htep://node3.c.foundation.local:50075/browseDirectory.jsp?namenodelnfoPort.

=50070&«

Name | Type | Size | Replication | Block Size | Modification Time | Permission | Owner | Group
blobs dir 2011-11-17 18:12 | FWXIrWXIwWX | root hadoop
data dir 2011-12-18 12:32 | rwxrwxrwx | hdfs hadoop
hbase dir 2011-12-04 12:58 | rwxr-xr-x | hbase | hbase

1lib dir 2011-12-06 13:57 | rwxrwxrwx | hdfs hadoop
scripts | dir 2011-12-08 07:41 | rwxrwxrwx | hdfs hadoop
tmp air 2011-12-18 13:23 | rwxrwxrwt | hdfs | hadoop
user dir 2011-12-14 13:23 | rwxr-xr-x | hdfs hadoop

Go back to DFS home

Local logs
Log directory

Cloudera's Distribution including Apache Hadoop, 2011.
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¢ Q- Google

File: /data/google/google-places-20111218

Goto : [ /data/acoale (g0

Go back to di ksting
Advanced view/download options

View Next chunk

heep:// X €EF
<IDOCTYPE class=" i xminsov=" "> <head> <meta content= «
content="Find local businesses. view maps an: g directions in Google Maps™ name="description”/> <link href="//maps.gstatic.com/favicon.ico" rel=" Ihoricut 1con L enoscrpt> <meta
content="0; URL=/m?a=VANAU mmnzmnsmxznmgr 3380+ ) refrest/> TGAERDEN F EEF 3380
12 - Google Maps(lnlle) <script type "> functio gerTi i
=" aibytthis -} this. Dithi d 07d (new | Dt OBetTIme0, St (ke Start sl var
awindow. ing~(Timer: h T):f= =nullagwind
i'pageT imi <style type="text/css">#gbifont:13px/27px
Arial, i heig z-index: adding-|
ight i i br. #fif#gbx3.
. i ition:0 -1 i 1px solid ;

shadow:-1px 1px 1px rgba(0.0,0. 2].-webkn o hadon0 2p Apw rgbal®.0 .0..2):box-shadow:0 2px 4px Toea(0.0.0. 3 ot ‘gmir moz-box-— hadee !v! 1px 1px rgba0.0,0, 2)).gbto .gbm..gbto
bg

gbm,#gbz
ity-.4; Mi fe A e S S v AP il
filter:" Mi fe. "-opacity: 1,0/ | iright:: 8 id dashed
3 =64 " \ < i :3px 3px 0;paddi
top:1px;left:4px}#gbzims 1, #gbidm 1 #gbids, 1).gbtc,.gbs i i 9

2px 4px rgba(0,0,0,.2);-moz~

3 -0 2px 4px rgba(0,0,0.

box-shadow-0 2px 4px rgba(0,0,0... bzt i 1px solid
1px solid i 0 i ive: 1000} i inline}.gbt
i 1 b0l : 9px}#gbz .gbzt,#gbz .gbgt, #gbg
sol bto -gbzt .gbtb2,.gbto .gbgt bib
tat b_8d5afc09.png);_t tati _3615d64d. :-27px >
Download this fle
Tail this fie
Chunk size to view (in bytes, up to file’s DFS block size): | 32768 [ Refresh |

Total number of blocks: 114
-426846674106946193:

201:50010[ [192.168 192.168

[643625971611113631- | 5.201:50010] [152.165.3.20550¢
7778778761811516529: 01:5001 _l92>|63. 202:501
[a0se115669567388047 | 520150010 [162.168.5.204:50¢

[482706789815280767:

9062666133044515520:
29271572611

01 203:50

3.20450010] |

192.168.3.204:50010|

192.168.3.201:50
192.168.3.201:50010] [192.168.3.203:50010
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MapReduce

MapReduce is the system used to process data in the Hadoop cluster
Consists of two phases
— Map & Reduce
— Between the two is a stage known as the shuffle and sort

= Data Locality
— Each Map task operates on a discrete portion of the overall dataset
— Typically one HDFS block of data

After all Maps are complete, the MapReduce system distributes the intermediate
data to nodes which perform the Reduce phase

®
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MapReduce

Countthe number of words in the following paragraph.
Make sure you do not count “Stop Words” (the, a, is)

The quick brown fox jumps over the lazy dog

A dogis a man's best friend quick

brown
fox
jumps
over
lazy
dog
mans
best
friend

RFRRENRRRRRR

®
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MapReduce

The quick brown fox jumps over the lazy dog

A dog is a man's best friend

quick
brown
fox
jumps
over
lazy
dog

RPRRPRERRR
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MapReduce

quick
brown
fox
jumps
over
lazy
dog

RPRRRRRR

dog
man’s
best
friend

BRRR
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quick
brown
fox
jumps
over
lazy
dog
mans
best
friend
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MapReduce

Text Files Map Tasks Reduce Tasks Aggregate
pue— ) |
Slice 1 \ﬁ 1
Data Node 1 :
Slice 2 L 2 1
Slice 3 L 3
e
Data Node 2 < > >
Slice 4 \ 4 Final
e Result
Slice 5 L 5
e
Data Node 3 > 3
Slice 6 L 6
Slice 7 L 7 a4
e
Data Node 4 < B :
Slice 8 L 8
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Hadoop Architecture

®
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MapReduce In Action - _

m Calculate average word length per first letter of
word
— AverageWordLength.java: launches job
— LetterMapper.java: mapper per first letter
— AverageReducer.java: calculates average length

®
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AverageWordLength

import org.apache.hadoop.fs.Path;

import org.apache.hadoop.io.FloatwWritable;

import org.apache.hadoop.io.IntWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapred.FileInputFormat;
import org.apache.hadoop.mapred.FileOutputFormat;
import org.apache.hadoop.mapred.JobClient;

import org.apache.hadoop.mapred.JobConf;

import org.apache.hadoop.conf.Configured;
import org.apache.hadoop.util.Tool;
import org.apache.hadoop.util.ToolRunner;

public class AverageWordLength extends Configured implements Tool {
public int run(String[] args) throws Exception {

if (args.length != 2) {
System.out.printf("Usage: %s [generic options] <indir> <outdir=\n",
getClass().getSimpleName());
ToolRunner.printGenericCommandUsage(System.out);
System.exit(-1);
}

JobConf conf = new JobConf(getConf(), AveragewWordLength.class);
conf.setJobName("AveragewordLength");

FileInputFormat.setInputPaths(conf, new Path(args[6]));
FileOutputFormat.setOutputPath(conf, new Path(args[1]));

conf.setMapperClass(LetterMapper.class);
conf.setReducerClass (AverageReducer.class);

conf.setMapOutputKeyClass(Text.class);
conf.setMapOutputValueClass(IntWwritable.class);

conf.setOutputKeyClass(Text.class);
conf.setOutputValueClass(FloatWwritable.class);

JobClient.runJob(conf);
return ©;

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

int exitCode = ToolRunner.run(new AverageWordLength(), args);
System.exit(exitCode);

®
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LetterMapper

import java.io.IOException;
import java.util.StringTokenizer;

import org.apache.hadoop.io.IntWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapred.Mapper;

import org.apache.hadoop.mapred.MapReduceBase;
import org.apache.hadoop.mapred.OutputCollector;
import org.apache.hadoop.mapred.Reporter;

public class LetterMapper extends MapReduceBase
implements Mapper<Object, Text, Text, IntwWwritable> {

private Text letter = new Text();
private IntwWritable wordLength = new IntWritable(1l);

public void map(Object key,
Text value,
OutputCollector<Text, IntwWritable> output,
Reporter reporter)

throws IOException {

// Break line into words for processing
StringTokenizer wordList =
new StringTokenizer(value.toString());

while (wordList.hasMoreTokens()) {
String word = wordList.nextToken();
letter.set(word.substring(e, 1));
wordLength.set(word.length());
output.collect(letter, wordLength);
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AverageReducer

import java.io.IOException;
import java.util.Iterator;

import org.apache.hadoop.io.FloatWritable;
import org.apache.hadoop.io.IntWritable;

import org.apache.hadoop.io.Text;

import org.apache.hadoop.mapred.OutputCollector;
import org.apache.hadoop.mapred.MapReduceBase;
import org.apache.hadoop.mapred.Reducer;

import org.apache.hadoop.mapred.Reporter;

public class AverageReducer extends MapReduceBase
implements Reducer<Text, IntWritable, Text, Floatwritable> {

private FloatWritable avg = new FloatWritable();

public void reduce(Text key,
Iterator<IntwWritable> values,
OutputCollector<Text, FloatWritable> output,
Reporter reporter)

throws IOException {

int wordCount = 0;
int letterCount = 0;
while (values.hasNext()) {
wordCount++;
letterCount += values.next().get();

A

avg.set((float) letterCount / wordCount);
output.collect(key, avg);
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MapReduce In Action

LetterMapper.class

®
'Q‘%, datacrunchers

training@ubuntu:~/git/exercises/averagewordlength/javas 1s

AverageReducer.class AverageReducer.java AverageWordLength.class AverageWordLength.java
training@ubuntu:~/git/exercises/averagewordlength/java$ hadoop jar wl.jar AveragewWordLength shakespeare report
11/12/18 13:26:54 INFO mapred.FileInputFormat: Total input paths to process : 4
11/12/18 13:26:54 INFO mapred.JobClient: Running job: job 201112180521 0013
11/12/18 13:26:55 INFO mapred.JobClient: map 0% reduce 0%

11/12/18 13:27:05 INFO mapred.JobClient: map 50% reduce 0%

11/12/18 13:27:08 INFO mapred.JobClient: map 100% reduce 0%

11/12/18 13:27:17 INFO mapred.JobClient: map 100% reduce 100%

11/12/18 13:27:19 INFO mapred.JobClient: Job complete: job 2011121860521 0013
11/12/18 13:27:19 INFO mapred.JobClient: Counters: 18

11/12/18 13:27:19 INFO mapred.JobClient: Job Counters

11/12/18 13:27:19 INFO mapred.JobClient: Launched reduce tasks=1

11/12/18 13:27:19 INFO mapred.JobClient: Launched map tasks=4

11/12/18 13:27:19 INFO mapred.JobClient: Data-local map tasks=4

11/12/18 13:27:19 INFO mapred.JobClient: FileSystemCounters

11/12/18 13:27:19 INFO mapred.JobClient: FILE BYTES READ=12543198

11/12/18 13:27:19 INFO mapred.JobClient: HDFS_ BYTES READ=5284231

11/12/18 13:27:19 INFO mapred.JobClient: FILE BYTES WRITTEN=20057238
11/12/18 13:27:19 INFO mapred.JobClient: HDFS_BYTES WRITTEN=728

11/12/18 13:27:19 INFO mapred.JobClient: Map-Reduce Framework

11/12/18 13:27:19 INFO mapred.JobClient: Reduce input groups=69

11/12/18 13:27:19 INFO mapred.JobClient: Combine output records=0

11/12/18 13:27:19 INFO mapred.JobClient: Map input records=173126

11/12/18 13:27:19 INFO mapred.JobClient: Reduce shuffle bytes=7513912
11/12/18 13:27:19 INFO mapred.JobClient: Reduce output records=69

11/12/18 13:27:19 INFO mapred.JobClient: Spilled Records=2507132

11/12/18 13:27:19 INFO mapred.JobClient: Map output bytes=5635416

11/12/18 13:27:19 INFO mapred.JobClient: Map input bytes=5284231

11/12/18 13:27:19 INFO mapred.JobClient: Combine input records=0

11/12/18 13:27:19 INFO mapred.JobClient: Map output records=939236

11/12/18 13:27:19 INFO mapred.JobClient: Reduce input records=939236
training@ubuntu:~/git/exercises/averagewordlength/java$ hadoop fs -cat report/part-00000 | head -5
& 3.0422535

' 4.9115677

( 8.342302

= SE333335

o 1.0

training@ubuntu:~/git/exercises/averagewordlength/javas
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JobTracker page

localhost Hadoop Map/Reduce Administration Quickton
State: RUNNING

Started: Sun Dec 18 05:21:40 PST 2011

Version: 0.20.2+320, r9p72d268a0b590b4fd7d13acal7clc453f8bc957

Compiled: Mon Jun 28 23:17:49 UTC 2010 by root

Identifier: 201112180521

Cluster Summary (Heap Size is 15.19 MB/966.69 MB)

Maps d Total bmissi d Map Task C i d Task C. ity | Avg. Tasks/Node | Blacklisted Nodes

o o 12 1 2 2 4.00 o

Scheduling Information

Queue Name | Scheduling Information

default N/A

Filter (Jobid, Priority, User, Name)

Example: ‘user:smith 3200 will filter by "smith’ only in the user field and '3200" in all fields

Running Jobs

none

Completed Jobs

Job
Jobid Priority | User Name cZ"..‘.Sul‘g. Toeh | ¢ ": Pted | Com pl e | “roem: Con\_;:lotod Scheduling
job_201112180521_0001 | NORMAL | training | WordCount % a a % 1 1 NA
job_201112180521_0002 | NORMAL | training | WordCount % 2 2 lm&l 1 1 NA
job_201112180521_0003 | NORMAL | training | WordCount I% 2 2 I% 1 1 NA
job_201112180521_0004 | NORMAL I training | WordCount I% 2 2 % 1 1 NA
job_201112180521_0005 | NORMAL | training | AverageWordLength % 4 B % 1 1 NA
job_201112180521_0006 | NORMAL | training | movie.jar % s s % o ) NA
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JobTracker page

Hadoop job_201112180521_0001 on localhost

User: training
Job Name: WordCount

Job File: h 0. P/ pred/sy job_201112180521_0001/job.xml
Job Setup: Successful
Status: Succeeded
Started at: Sun Dec 18 05:33:22 PST 2011
Finished at: Sun Dec 18 05:33:48 PST 2011
Finished in: 26sec
Job Cleanup: Successful
. . . : . Failed/Killed
Kind | % Complete | Num Tasks g c Killed | 22 Attempts
map 100.00% a o o a o o/0
reduce 100.00% 1 o o 1 o o/0
Counter Map Reduce Total
Launched reduce tasks o o 1
Job Counters Launched map tasks o o a
Data-local map tasks o o a
FILE_BYTES_READ 7.200,180 | 10,768,592 | 17,968,772
HDFS_BYTES_READ 5.284,231 0| 5,284,231

ounters

FILE_BYTES_WRITTEN

17,968,918 | 10,768,592 | 28,737,510

Map-Reduce Framework

HDFS_BYTES_WRITTEN o 753.527 753,527
Reduce input groups o 70.139 70.139
Combine output records o o o
Map input records 173.126 o 173.126

Reduce shuffle bytes

010,768,610 | 10,768,610

Reduce output records o 70.139 70,139
Spilled Records 1.567.896 939,236 | 2,507.132
Map output bytes 8,890,114 0| 8.890.114
Map input bytes 5.284,231 0| 5.284.231
Map output records 939,236 o 939,236
Combine input records o o o
Reduce input records o 939,236 939,236

\d
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Hadoop map task list for job_201112180521_0001 on localhost

All Tasks
Task Complete Status Start Time Finish Time Errors | Counters
task 201112180521 0001 _m_000000 | 100-00% ?c(:,frsr:{el‘ldoigz:lgisﬁuss:g;;aining/shakespeare 1s-Dec-2011 18-Dec-2011 05:33:33 0
task_ 201112180521 0001_m_000001 | 100.00% hdfs://localh SS ini l8-Dec2011 (lé‘s-zce)c-Zﬂll 05:33:33 o
task_201112180521_0001_m_000002 | 100-00% l/’::igﬁ:;:;r:;s;jygss;j;raining/shakespeare 18-Dec2011 18-Dec2011 05:33:36 B
task_201112180521_0001_m_000003 | 100.00% /Lp;ms:0+268140 ini 18-Dec2011 (1385-::)6-2011 05:33:36 5

Go back to JobTracker

Cloudera's Distribution for Hadoop, 2011.




MapReduce

= Abstract Processing Model
— Distributed sort merge engine

= Implementation

— Programming
= Java
= Python
— High-level tool using MapReduce Jobs
= Hive
= Pig

]
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Hive

= Framework for data warehousing on top of Hadoop

m Developed at Facebook for managing and learning from the huge
volumes of data Facebook was generating

= Makes it possible for analysts with strong SQL skills to run queries
= Used by many organizations
m SQL is lingua franca in business intelligence tools

= SQL is limited so Hive is not fit for building complex machine learning
algorithms

= Generates MR jobs when executing queries

®
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Hive B L

CREATE EfTERNAL TABLE movie (id INT, name STRING, year INT) ROW FORMAT DELIMITED FIELDS TERMINATED BY '\t' LOCATION '/user/
root/movie'

CREATE EXTERNAL TABLE movierating (userid INT, movieid INT, rating INT)
ROW FORMAT DELIMITED FIELDS TERMINATED BY '\t'
LOCATION '/user/cloudera/movierating'’

SELECT * FROM movie

--Select oldest movie
SELECT *

FROM movie

WHERE year !'= 0

SORT BY year

LIMIT 1

--Select movies without rating

SELECT name, year

FROM movie LEFT OUTER JOIN movierating
ON movie.id = movierating.movieid
WHERE movieid IS NULL

--Update movies with numratings, avgrating
DROP TABLE newmovie

\
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Hive

root@master ~ # hive
Hive history file=/tmp/root/hive job_ log root 201108031010 _1952745660. txt

hive> select * from movie limit 10;

OK

1 Toy Story 1995

2 Jumanji 1995

3 Grumpier Old Men 1995
4 Waiting to Exhale 1995
5 Father of the Bride Part II 1995
6 Heat 1995

7 Sabrina 1995

8 Tom and Huck 1995

9 Sudden Death 1995

10 GoldenEye 1995

Time taken: 0.067 seconds

hive>

\
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Pig _ °J

m Abstraction layer for processing large data sets

= 2 Components
— Pig Latin: the language used to express data flows
— Grunt: the execution environment

= Pig Program
— Composed of series of operations, or transformations

— The operations describe a dataflow that is translated into one or
more MapReduce jobs

®
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Pig

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

LOAD 'input/ncdc/micro-tab/sample.txt’

AS (year:chararray, temperature:int, quality:int);

filtered_records =

FILTER records

BY temperature = 9999

AND ( quality == 0 OR
quality == 1 OR
quality == 4 OR
quality == 5 OR
quality == 9);

grouped_records =
GROUP filtered_records
BY year;

max_temp =

FOREACH grouped_records

GENERATE group, MAX(filtered_records.temperature);
DUMP max_temp;
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