i@hadaap
Hadoop:

Apache’s Open Source
Implementation of Google’s
MapReduce Framework



http://hackedexistence.com
http://hackedexistence.com

L)

e hadoop

® Cloud Overview

® Mapper / Reducer Walkthrough

® Hadoop Backend Infrastructure




Cloud Computing

® Clouds are big piles of other people’s
machines, plus virtualization

® Scalable




How much data’

® Wayback Machine has 2 PB + 20 TB/month (2006)
® Google processes 20 PB a day (2008)
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Saguaro Cluster

Research Group High Performance Computing Initiative
Department Fulton School
Primary Application Various
# of Processor Cores 4560
il - Processor Architechture i i Intel Xeon st o e s
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Google’s Map/Reduce

* Google 2004 at The Sixth Symposium on
Operating System Design and Implementation

* Processing and Generating Iarge data sets
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Google’s Map/Reduce

e|nput -> Mapper -> Intermediate <key/value>
Pairs -> Reducer -> Output

e Easy to utilize resources of large distributed
system without any experience
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i‘@‘hadaap

® Apache Project’s Open Source
Implementation of MapReduce

® |AVA Based
@ Hadoop

has been demonstrated on


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

Mapper

® Map is a special function that applies the
function f to each element in the list

o Map[f,(1,2,3,4,5)] -> {f[11,f[21,f[31,F[41,F[5]}




Mapper

® |nput: ® Output:

® Maps all the input ® Collects <key, value>




Copy/Sort

® After Map() before Reduce()

® Hashmap outputs are copied from all
o the reducer node
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Reducer

® Reducelf,x,list]

® Sets an accumulator

® |nitial value is x




Reducer
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Reducer

® |[nput e Output
® The output <KV> ® A <KV> hashmap of
hashmap from the output of reduce()

Copy/Sort




Map/Reduce
Framework

® Map is implicitly parallel

® Order of application of function does not matter

® Reduce is executed in serial on a single node
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Map/Reduce
Framework

Data Store

Initial kv pairs Initial kv pairs Initial kv pairs Initial kv pairs

map map map map

! ! ! !

k4, values... k4, values... k4, values... k4, values...
ks, values... ks, values... ks, values... ks, values...

k,, values... k,, values... k,, values... k,, values...

! ! ! !

1 ky, values... 1 k,, values... 1 ks, values...

reduce reduce reduce

! ! !

final k, values final k, values final k5 values




Master Node

® Assigns tasks and data to each node

® Hosts an http JobTracker on port 50030




Job Tracker

Hadoop job_200905181414_0044 on s49-1

Job Name: awkNetflix1
Job File: hdfs://s49-1:9001/hadoop/mapred/system/job 200905181414 0044/job.xml

Job Setup: Successful

Status: Succeeded

Started at: Tue May 26 22:17.57 MST 2009
Finished at: Tue May 26 22:27:03 MST 2009
Finished in: 9mins, 6sec

Job Cleanup: Successful

‘ Kind %Complete Num Tasks Pending ‘ Running Complete ’E T%‘ms
‘ map ‘ ‘ 104 o ‘ mlio 0/0
“ ‘ 1 o ‘ 1|70 0/0

File Systems Local bytes read ‘ 2,049,929,212 3,149,987,458 5,199,916,670
Local bytes written ‘ 4,099.859.356 3,149,987,458 7,249,846,814
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Distributed Cache

® A Network File Share

® Store Large Read-Only files in DC
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Streaming

® |nterface that uses stdin and stdout to
stream input and output to each node

[ ]
Pt PRSI AR AL it L2 g s . ed u\ce 4 S .to_ _an A ‘I\ n u.a e th at -IS RS O R S o i e R SN X ¥ o e B 1 D e
I o Tt A P TSN SRS S Y B o S AN S AL LR T ot N Tt Hat?s PR YRR T TR ATrncs Rtk & RS o R O N o R D I o Ty 1 aiha e TV OO S AL g P A A T B
- {0 s Ry L E g MR T Mo e N R ¢ R L L B e " T e A N % \ = 44 " Vs o £ 4 A 3 > 25y A o re __ £ b B o Puiad
s S A‘.-{.‘ Gy .J\!,:.:.r'j_ g PO R 25 LA *:“_.‘\._": he ‘f Ttk e \?_ﬁ AT % 41... :_') ‘-,?,-_.'“\’ £ "'.‘.hfz- DA 4 y ;rl{:"‘; '.;'Q:.l'.' ,‘-‘:T"""" 4 _.' w _. R :f o ,'.‘:f;_n',"'. '.',:k'- S TNy '*’? Lag ',‘.'.’f":‘:',."'"-_ . .).9.’.\') ‘.‘::’:'.i"'._.’,'.‘-"‘_"Jr_ =




Streaming

® Qutput is a hashmap, which is a
string in the form:




Streaming

® [he utility packages all executables
into a single JAR
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Streaming

SHADOOP_HOME/bin/hadoop jar SHADOOP_HOME/contrib/streaming/hadoop-90.19.0-streaming.jar \
-input inputDirs \

-output outputDir \

-mapper mappertxecutable \

-reducer reducertxecutable \

-file PathOfFilesToBePackaged \

-cacheFile '"hdfs://pathToFile#symlink' \

-jobconf mapred. job.name="jobName'

SHADOOP_HOME/bin/hadoop jar SHADOOP_HOME/contrib/streaming/hadoop-0.19.0-streaming.jar \

-input /datasets/Netflix-dataset/training_set_reorg/* \

-output pyNetflix1Output \

-mapper pyMapper.py \

-reducer pyReducer.py \

-file /home/ranguiano/workspace/pyNetflixl/pyMapper.py \

-file /home/ranguiano/workspace/pyNetflixl/pyReducer.py \

-cacheFile 'hdfs://s49-1.local:99001/datasets/Netflix-dataset/movie_titles.txt#movie_titles.txt"' \
-jobconf mapred.job.name="pyNetflix1l'




Reporting in Streaming

® Stdin/Stdout used for data, Stderr used for
communication to Master Node

® Counter must be reported after every output line
to track jOb progress
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HDFS

® Hadoop Distributed File System (HDFS) -
Google uses GoogleFileSystem (GFS)

High fault-tolerant, low cost hardware
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HBase is equivalent to Google’s BigTable
NON-RELATIONAL DATABASE

Is not built for real-time querying
Moving away from per-user actions

Towards per-action data sets



® Distributed

® Multi-dimensional
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Table Schema defines Column Families
Column Family contains multiple Columns
Each Column has Versions (Z-axis)

Everything except table name stored as
byte|]



Amazon's Elastic
Compute Cloud (EC2)

® Web service that provides resizable compute
capacity in Amazon’s Cloud.
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http://aws.amazon.com/ec2/
http://aws.amazon.com/ec2/
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s0
s0
s0
s0

Amazon's Pricing
EC2

Standard On-Demand Instances Linux/UNIX Usage

Small (Default) $0.10 per hour

Large

Extra Large

$0.40 per hour
$0.80 per hour

High CPU On-Demand Instances Linux/UNIX Usage

Medium

Extra Large

$0.20 per hour
$0.80 per hour

Windows Usage
$0.125 per hour
$£0.50 per hour
$1.00 per hour
Windows Usage
$0.30 per hour
$1.20 per hour

S3 (Amazon’s Simple Storage Service)

Storage

150 per GB -
140 per GB -
130 per GB -
120 per GB -

Data Transfer

=0
=0
=0
=0

170 per GB -
.130 per GB -
110 per GB -

100 per GB -

Requests

first 50 TB / month of storage used
next 50 TB / month of storage used
next 400 TB /month of storage used

storage used / month over 500 TB

first 10 TB / month data transfer out
next 40 TB / month data transfer out
next 100 TB / month data transfer out

data transfer cut / month over 150 TB

£0.01 per 1,000 PUT, COPY, POST, or LIST reguests

£0.01 per 10,000 GET and all other reqguests*

* Mo charge for delete reguests




2 GB dataset of movie/user/ratings

Training_set1.txt...Training_set17770.txt:
e MovielDs range from 1 to 17770 sequentially.

e CustomeriDs range from 1 to 2649429, with gaps. There
are 480189 users.

e Ratings are on a five star scale from 1 to 5.
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® Default input dataset creates one mapper per file
® |nefficient when dealing with 17,770 files

® Need to optimize # of files to the number of
mappers available

Awk scrlpt used to reorganlze mput dataset |nt_o |
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netflixReorg.awk:

€.

# tokenize on *;
BEGIN { FS = ""
if it is the first line, movielD = first token




® Efficiency gained by reorganizing input dataset

o Netflixl - 43:27
® Netflix|Reorg - 9:55




Netflix| Program

® Produce statistical information about each
movie in the dataset

® |t took the reorganized Netflix dataset as




Netflix| Mapper

® |nput: Netflix Prize Reorganized Training Set




Netflix| Mapper Code




yNetflix| Mapper Code




awkNetflix| Mapper Code




Mapper Comparison

Netflix | Java Python* Awlc*

Best: 8 sec Best: 27 sec Best: 9 sec




Netflix2 Reducer

® The Netflix2 program calculates statistics
based on the users in the dataset

® Netflix2 Mapper output:
<userl|D, movielD : rating : dateRated>
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Netflix2 Reducer Code




yYNetflix2 Reducer Code




Reducer Comparison

Netflix 2 Java Python™




Image Processing

® Hadoop works best with text datasets

® Splits data on \n, not good for binary
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Canny Edge Detection Sobel Edge Detection







FB Dataset

® 405 Users Complete Walls

® Part of a College Network
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Posts per day




Hourly Posts by Day

¥ Sunday
* Monday
™ Tuesday

» Wednesday ff‘--'

¥ Thursday
™ Friday
™ Saturday




FB Wordcount

24749

lol

1946

19365

no

1675

happy

15532

gave

1622

hey

15437

how

1473

has

6497

was

1461

haha

5104

thank

1406

you

4620

yes

1377

thanks

3956

it

1369

3782

Yo

1266

_hahgha_\_
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® Dr.Adrian Sannier - University Technology
Officer

® Dr. Dan Stanzione Jr. - Director of High
puting Initiative
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Thank you

Joey Calca Ryan Anguiano
r3dfish@ bl4ckbird@
hackedexistence.com hackedexistence.com
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