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Big Data Analytics
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2 2017/02/22 Data Science and Big Data Analytics:
Discovering, Analyzing, Visualizing and Presenting Data
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3 2017/03/01 Fundamental Big Data: MapReduce Paradigm,
Hadoop and Spark Ecosystem
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4 2017/03/08

5 2017/03/15
6 2017/03/22

7 2017/03/29

8 2017/04/05

S A2 K& (Syllabus)

B #A (Date) PJ %< (Subject/Topics)

Big Data Processing Platforms with SMACK:
Spark, Mesos, Akka, Cassandra and Kafka

(R B3E R F-F 5 SMACK :
Spark, Mesos, Akka, Cassandra, Kafka)

Big Data Analytics with Numpy in Python
(Python Numpy K Z35 %5 #7)

Finance Big Data Analytics with Pandas in Python
(Python Pandas B4 % K 245 % #7)

Text Mining Techniques and
Natural Language Processing

(X FIEE AT AT B KRBT R )
Off-campus study (ZL 24T E B )
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9 2017/04/12 Social Media Marketing Analytics

10 2017/04/19
11 2017/04/26

12 2017/05/03

13 2017/05/10

(RL BRI B2 AT 85 59 #7)

#3 P 3R 2 (Midterm Project Report)

Deep Learning with Theano and Keras in Python
(Python Theano #v Keras ‘R E %2 F)

Deep Learning with Google TensorFlow
(Google TensorFlow ‘R & 2 F)

Sentiment Analysis on Social Media with
Deep Learning

(RS AL BE LR 1 R 0 HT)
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B #A (Date) PJ %< (Subject/Topics)

Social Network Analysis (& 48 4% 5-#7)
Measurements of Social Network (3t & 49 4% & 78])

Tools of Social Network Analysis
(A g4 4& o4 T B)

Final Project Presentation | (28 K2Rk % 1)
Final Project Presentation Il (¥ X3k % 1)
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Architecture of Big Data Analytics

Big Data
Sources

N\

* Internal
* External

* Multiple
formats

* Multiple
locations

* Multiple
applications

y

N

Big Data
Analytics

Big Data
Analytics
Applications

Queries

Big Data Big Data
Transformation Platforms & Tools
4
Middleware -
Raw Transformed] MapR.EdUCG
Data | Extract Data P.'8
» Transform > Hive
Load Jag
Zookeeper
Hbase
Data Cassandra
Warehouse Oozie
| Avro
Traditional Mahout
Format Others
CSV, Tables L

Reports




Business Intelligence (BIl) Infrastructure

Extract, transform,
load

Historical
Data

Casual users
* Queries
* Reports

e Dashboards

Web Dat

/ Power users

* Queries
* Reports

< Data mining :

Source: Kenneth C. Laudon & Jane P. Laudon (2014), Management Information Systems: Managing the Digital Firm, Thirteenth Edition, Pearson.



SAS® Within the
HADOOP ECOSYSTEM

EG EM VA
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National Cyber Maritime Smarter

Security security security Transport
VISUAL ANALYTICS
DYNAMIC & INTERACTIVE ENHANCE
Dashboard Graph Understanding Investigation
Map User Experience
ward [A] B K= ) PS B
BIG ANALYTICS
QUERY & FILTER DETECT PREDICT DECIDE
Complex queries Anomalies Tending Simulation
R?? Communities Real-time Optimization
Typologies Prediction

BIG DATA - Batch BIG DATA = Real Time
@

Complex by nature DATA Complex by structure

1 Jel A




MapReduce
Paradigm




MapReduce Paradigm

Map

V
Reduce

I Big Data l
N
MapO Mapl Map?2 Map3
ReduceO Reducel Reduce?2 Reduce3
MapReduce Data
J

A 4

Output Data
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MapReduce Word Count

Input

Dog Love Cat
Bird Love Bird
Dog Bird Cat

https://www.edureka.co/blog/mapreduce-tutorial/




MapReduce Word Count

Input N Output
Dog Love Cat Bird. 3
Bird Love Bird Cat. 2
Dog Bird Cat Dog, 2

Love, 2

https://www.edureka.co/blog/mapreduce-tutorial/ 15




MapReduce Word Count

Input Split Map Shuffle Reduce N Output

Bird, (1, 1, 1) F—> Bird, 3

Dog Love Cat

Cat, (1,1) [—> Cat, 2

Dog Love Cat
Bird Love Bird Bird Love Bird
Dog Bird Cat

Dog, (1,1) > Dog, 2

Dog Bird Cat

Love, (1, 1) |—> Love, 2

https://www.edureka.co/blog/mapreduce-tutorial/ 16




Hadoop
Ecosystem



The Apache™ Hadoop® project
develops open-source software
for reliable, scalable,
distributed computing.

http://hadoop.apache.org/




MapReduce

Processing

M
| |

HDFS

Storage

http://hadoop.apache.org/




Big Data with Hadoop Architecture

LOGICAL ARCHITECTURE PROCESS FLOW

Processing: MapReduce

+rm [ Reduce 0 |8

Job Tracker Split 0

Task Tracker Task Tracker Task Tracker

'I T 'I

s & o e

[ reocer R reovcer PRI Reoucer | Spite

¥

N\ .
> g T 2z [

PHYSICAL ARCHITECTURE
Hadoop Cluster

Storage: HDFS

Hhaasen

Data Node Data Node Data Node
S Blox coo [l
BLOCK BLOCK BLOCK

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

S
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Big Data with Hadoop Architecture

Logical Architecture
Processing: MapReduce

Job Tracker

Task Tracker Task Tracker Task Tracker
| e |

Jil

Shuffle and Sort

oo R reovcer IR rooucer

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf

|
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Big Data with Hadoop Architecture

Logical Architecture
Storage: HDFS

Data Node Data Node Data Node

 BLOCK

BLOCK

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf
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Big Data with Hadoop Architecture
Process Flow

> Pm > l Reduce 0 B2

LN l b

Data @& | }m > l .l Reduce 0 .

Set N
Split 1 \

. \ b

> - I (g — lli Reduce 0 >.

Split n

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf 23




Big Data with Hadoop Architecture
Hadoop Cluster

 Master e Nl e
siave | sl |
- slave e N | [So500l |,
| siave gl ool |
- slave s N | [S5o0l |
| slave g NN | [0l |
- slave SN | [S5o0l |,
slave S | Sl |,
 Slave  pu N | S0l s

https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf
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Hadoop Ecosystem

Oozie Chukwa Flume Zoo Keeper

(Workflow o o D Man men
Monitoring) (Monitoring) (Monitoring) (Management) ata Management

Mahout Avro Sqgoop
(Machine (RPC, (RDBMS Data Access

Learning) Serialization) Connector)

YARN

(Cluster & Resource Management)

Map Reduce

(Cluster Management)

Data Processing

HDFS HBase

(Distributed file system) (Column DB Storage) Data Storage

Source: https://savvycomsoftware.com/what-you-need-to-know-about-hadoop-and-its-ecosystem/ 25



Hadoop Ecosystem
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HORTONWORKS

HDP (Hortonworks Data Platform)
A Complete Enterprise Hadoop Data Platform

& OPERATIONS
INTEGRATION TOOLS

Data Lifecycle & Zeppelin Administration Provisioning, Managing,
Governance Ambari User Views Authentication & Monitoring
Authorization Auditing
Falcon Data Protection Ambari
Atlas Cloudbreak
Knox
Batch Script sQL NoSQL Stream Search In-Mem  Others... Atlas
Data Workflow MapReduce Pig Hive HBase Storm Solr Spark ISV Engines HOFS Encryplion
Sqoop 'Tfﬁigil" e
Flume - Scheduling
Kafka Tez  Slider |  Slider | S/ 7]
NFS Oozie

WebHDFS YARN: Data Operating System

HDFS Hadoop Distributed File System

DATA MANAGEMENT

http://hortonworks.com/hdp/ 27




Apache Hadoop
Hortonworks Data Platform

¥ o Integrate
& Test
Y Apache B .
Hive

Fixed Issues
Design &
Develop

Y T Package

o Release Hortonworks & Certify
Data Platform
Stable Project
Desngn & Develop Releases
Ambu
poch Distribute
Apocho
Ptog.cts
Upstream Community Projects Downstream Enterprise Product

http://hortonworks.com/hdp/ 28




Hadoop and Data Analytics Tools

~D Datameer () & MiroStrategy
vetableovu w Ssas ( platfora splunk> DEV & DATA TOOLS
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Source: http://hortonworks.com/hdp/




Hadoop 1 -2 Hadoop 2

Hadoop 1
+ Silos & Largely batch
» Single Processing engine

Script SQL Real-time Others

Pig Hive HBase Storm,

Solr, etc.

MapReduce

(Cluster Resource Management & Data Processing)

HDFS
(Hadoop Distributed File System)

Hadoop 2 w/

* Multiple Engines, Single Data Set
* Batch, Interactive & Real-Time

‘Scrlpt Java Engines = Others ‘Others

Pig Cascading HBase Engines ISV

Accumulo, Engines

Storm, Solr,

YARN: Data Operating System

(Cluster Resource Management)

HDFS
(Hadoop Distributed File System)

Folut

http://hortonworks.com/hadoop/tez/ 30




Big Data Solution
G EM VA

E

SAS® Display SAS® SAS' SAS' SAS” Visual
Manager Enterprise Integration  Enterprise Analytics
Guide" Miner

®
Base SAS & SAS/ACCE§S Interface to In-Memory Data Access
Hadoop el N
s semnces SAS® LASR™ Analytic )
AMBAR) P N Server
FALCON® PIG MCATALOG HBASE
i SQO0P &
OO2IE ® gyt
Lows SAS" High Performance
e “*| rer | oren Analytics
WetHDFS ::: \\i

aMmM.  HORTONWORKS &
Hortonworks  DATA PLATFORM (HDP) :

i S S )

Existing Sources Emerging Sources
(CRM, ERP, Clickstream, Logs) (Sensor, Sentiment, Geo, Unstructured)

SOURCES

http://www.newera-technologies.com/big-data-solution.html 31




CRM

ERP

WEB SITE
TRAFFIC

Traditional ETL Architecture

> TL)
>

Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop. pdf
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REPORTING

32



CRM

ERP

WEB SITE
TRAFFIC

SOCIAL
MEDIA

SENSOR
LOGS

Sqoop
Flume JDBC
Sqoop Sqoop

Offload ETL with Hadoop
(Big Data Architecture)

> TL> T L
» sV
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Spark
Ecosystem



K

Apache Spark

is a fast and general engine
for
large-scale data processing.

Spa

Lightning-fast cluster computing




Spa

7S

Running time (s)

Logistic regression in

Hadoop and Spark
120 1 110
90 -
® Hadoop
60
¥ Spark
30 -
0.9
O .

Run programs up to 100x faster than
Hadoop MapReduce in memory,
or 10x faster on disk.

Source: http://spark.apache.org/

36



Spofllg

Ease of Use

* Write applications quickly in
Java, Scala, Python, R.

http://spark.apache.org/




<<
rK:
Word count in Spark's Python API

Spa

text_file = spark.textFile("hdfs://...")

text_file.flatMap(lambda line: line.split())
.map(lambda word: (word, 1))
reduceByKey(lambda a, b: a+b)

Source: http://spark.apache.org/
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Spark and Hadoop
K’
o

cassandra

Spo
i liEElEED

Source: http://spark.apache.org/
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Spoﬁ‘g

Spark Ecosystem

Spark MLIib
Streamingf} (machine

learning)

Apache Spark

Source: http://spark.apache.org/




Spa‘llg

Spark SQL +
DataFrames

Spark Ecosystem

Streamin ALl
ng Machine Learning
Spark Core API

SQL Python Scala

https://databricks.com/spark/about

GraphX
Graph Computation

Java

41



™

SpQ‘I’(\Z Spark Ecosystem

Spark

N\

Spark - MLlib || Spark 1 GraphX ‘

(machine

\ Streaming )  learming) || QL || (graph)
|
I |

Kafka Flume [ H20 Hive ] Titan

[ HBase ][Cassandra]

| HDFS | ‘

42



cassandra

SMACK Stack

Spark

— fast and general engine for distributed, large-scale data
processing

Mesos

— cluster resource management system that provides efficient
resource isolation and sharing across distributed applications

Akka

— a toolkit and runtime for building highly concurrent, distributed,
and resilient message-driven applications on the JVM
Cassandra

— distributed, highly available database designed to handle large
amounts of data across multiple datacenters

Kafka

— a high-throughput, low-latency distributed messaging system
designed for handling real-time data feeds

43



Hadoop vs. Spark

HDFS HDFS HDFS HDFS
read write read write

— — — — —> 000

Iter. 1 Iter. 2

Input

ik

i_> e — 7

Spa

y — 000

Input

44



Hadoop Distribution

Apache Hadoop
— http://hadoop.apache.org/

Amazon Elastic Map Reduce (EMR)

— https://aws.amazon.com/emr/

Cloudera CDH
— https://www.cloudera.com/downloads.html

Hortonworks Sandbox
— https://hortonworks.com/products/sandbox/

45



Steps to
Install Hadoop
on a
Personal Computer
(Windows/OS X)




Hodoop: Linux Based Software

LINUX

LINUX

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5T Iplsdok2fyKDNRa&index=5

47



Appliance

Personal Computer (Windows / OS X)

Linux

(  Hadoop )

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5T Iplsdok2fyKDNRa&index=5

48



Connection to Hadoop

Personal Computer (Windows / OS X)

>

Browser

Access
from
host

https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5T Iplsdok2fyKDNRa&index=5

49



Steps to Install Hadoop on a
Personal Computer (Windows/OS X)

Step 1. Download and Install VirtualBox
Step 2. Download Appliance

Step 3. Import Appliance

Step 4. Configure Virtual Machine (VM)

Step 5. Start Virtual Machine (VM)

Step 6. Test Connection From Host

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5T Iplsdok2fyKDNRa&index=5

50



Virtual Box

search...
Login  Preferences

Welcome to VirtualBox.org!

VirtualBox is a powerful x86 and AMD64/Intel64 virtualization product for enterprise as well as home use. Not only is News Flash
About VirtualBox an extremely feature rich, high performance product for enterprise customers, it is also the only professional
Screenshots solution that is freely available as Open Source Software under the terms of the GNU General Public License (GPL) . 5@ Jr;uagvllzzhl 2|017 @

: " i " R N iIrtuaiBox S5.1. released!
o o version 2. See "About VirtualBox" for an introduction. e iy e o o
ownloads . . . ) int | hich i

Presently, VirtualBox runs on Windows, Linux, Macintosh, and Solaris hosts and supports a large number of guest 2::{,?,if;‘i?,%eﬁr:eiaf:g:ves'scio,',r;psrg‘ées
Documentation operating systems including but not limited to Windows (NT 4.0, 2000, XP, Server 2003, Vista, Windows 7, Windows 8, the Changelog for details.

Windows 10), DOS/Windows 3.x, Linux (2.4, 2.6, 3.x and 4.x), Solaris and OpenSolaris, 0S/2, and OpenBSD. .

End-user docs ) / ’ (2.4, ’ ) P , 0S/2, p mi:;fember 2nd, 2016
Technical docs VirtualBox is being actively developed with frequent releases and has an ever growing list of features, supported guest Looking for a new challenge? We're

operating systems and platforms it runs on. VirtualBox is a community effort backed by a dedicated company: everyone looking for a GUI developer

Contribute is encouraged to contribute while Oracle ensures the product always meets professional quality criteria. (Germany/European Union).
« [T july 12th, 2016
Community (4 VirtualBox 5.1 released!
Many enhancements and
improvements. Read more in the
D I d announcement.
own oa More information...
\ L]

/Irtualbox

Hot picks:

» Pre-built virtual machines for developers at =»Oracle Tech Network

+ Hyperbox Open-source Virtual Infrastructure Manager = project site

« phpVirtualBox AJAX web interface =»project site

« IQEmu automated Windows VM creation, application integration =»http://mirage335-site.member.hacdc.org:6380/wiki/Category:IQEmu

ORACLE

https://www.virtualbox.org/ 51




Steps to Install Hadoop on a
Personal Computer (Windows/OS X)

Step 1. Download and Install VirtualBox

. Hortonworks
Step 2. Download Appliance Sandbox

Step 3. Import Appliance

Step 4. Configure Virtual Machine (VM)

Step 5. Start Virtual Machine (VM)

Step 6. Test Connection From Host

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5T Iplsdok2fyKDNRa&index=5 52




Hortonworks Sandbox

The easiest way to get started with Enterprise Hadoop

COMMUNITY BLOGS PARTNERS CONTACT US Q SUPPORT LOGIN E ENGLISH &
MM‘)Rp \ Products  Solutions ~ Customers  Services & Support ~ About Us GET STARTED
HORTONWORKS'

GET STARTED TODAY WITH HORTONWORKS SANDBOX

@ Ready to Get Started? DOWNLOAD SANDBOX

OVERVIEW WHAT'S NEW DOWNLOADS RESOURCES

= MENU  products SHARE in f ¥ ‘ NEWSLETTER Contact Sales? mm

http://hortonworks.com/products/hortonworks-sandbox/#install 53




Get started on Hadoop with these tutorials
based on the Hortonworks Sandbox

COMMUNITY BLOGS PARTNERS CONTACT US Q SUPPORT LOGIN E ENGLISH &
MM‘H \ Products  Solutions ~ Customers  Services & Support ~ About Us GET STARTED

HORTONWORKS®

TUTORIALS

Get started on Hadoop with these tutorials based on the Hortonworks Sandbox

DEVELOP WITH HADOOP

Start developing with Hadoop. These tutorials are designed to ease your way into developing with Hadoop:

Apache Spark on HDP

° Hands-on Tour of Apache Spark in 5 Minutes
Apache Spark is a fast, in-memory data processing engine with elegant and expressive development APIs in Scala, Java, Python, and R that allow data

workers to efficiently execute machine learning algorithms that require fast iterative access to datasets (see Spark APl Documentation for more info).
Spark on Apache Hadoop YARN enables deep integration with Hadoop [.. ]

= MENU SHARE in f W ‘ NEWSLETTER Contact Sales? mm

http://hortonworks.com/tutorials/ 54




Apache > Hadoop >

What Is Apache
Hado...

Getting Started ...
Download Hadoop

Who Uses Hadoop?...

News

Releases

Release Versioning
Mailing Lists

Issue Tracking
Who We Are?

Who Uses Hadoop?
Buy Stuff
Sponsorship
Thanks

Privacy Policy
Bylaws

Committer criteria
License

> Documentation
> Related Projects

built with
Apache Forrest

Apache Hadoop

Search with Apache Solr Search

Last Published: 01/27/2017 02:33:46

\:’T

Welcome to Apache™ Hadoop®!

o
al

What Is Apache Hadoop?

The Apache™ Hadoop® project develops open-source software for reliable, scalable, distributed computing.

The Apache Hadoop software library is a framework that allows for the distributed processing of large data sets across clusters of computers using simple
programming models. It is designed to scale up from single servers to thousands of machines, each offering local computation and storage. Rather than rely on
hardware to deliver high-availability, the library itself is designed to detect and handle failures at the application layer, so delivering a highly-available service on
top of a cluster of computers, each of which may be prone to failures.

The project includes these modules:

« Hadoop Common: The common utilities that support the other Hadoop modules.
« Hadoop Distributed File System (HDFS™): A distributed file system that provides high-throughput access to application data.
« Hadoop YARN: A framework for job scheduling and cluster resource management.
« Hadoop MapReduce: A YARN-based system for parallel processing of large data sets.
Other Hadoop-related projects at Apache include:
« Ambari™: A web-based tool for provisioning, managing, and monitoring Apache Hadoop clusters which includes support for Hadoop HDFS, Hadoop

MapReduce, Hive, HCatalog, HBase, ZooKeeper, Oozie, Pig and Sqoop. Ambari also provides a dashboard for viewing cluster health such as heatmaps and
ability to view MapReduce, Pig and Hive applications visually alongwith features to diagnose their performance characteristics in a user-friendly manner.

« Avro™: A data serialization system.

« Cassandra™: A scalable multi-master database with no single points of failure.

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

« HBase™: A scalable, distributed database that supports structured data storage for large tables.
« Hive™: A data warehouse infrastructure that provides data summarization and ad hoc querying.
« Mahout™: A Scalable machine learning and data mining library.

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

http://hadoop.apache.org/ 55




Apache Hadoop

http://hadoop.apache.org/releases.html#Download

Apache > Hadoop >

Search with Apache Solr Search

Last Published: 01/27/2017 02:33:46

© Welcome
. [ Apache Hadoop Releases a
Release Notes PDF
© Release Versioning
ailing Lists Download
o Issue Tracking Hadoop is released as source code tarballs with corresponding binary tarballs for convenience. The downloads are distributed via mirror sites and should be checked
@ Who We Are? for tampering using GPG or SHA-256.
° Who Uses Hadoop?
uy Stuff
= Sponsorship 3.0.0-alpha2 25 January, 2017 source signature checksum file
@ Thanks binary signature checksum file
= Privacy Policy 3.0.0-alphail 03 September, 2016 source signature checksum file
@ Bylaws binary signature checksum file
@ Committer criteria 2.7.3 25 August, 2016 source signature 227785DC 6E3E6EFS..
° License binary signature D489DF38 08244B90..
» Documentation 2.6.5 08 October, 2016 source signature 3A843F18 73D9951A..
’ Related Projects binary signature 001AD18D 4B6DOFES..
2.5.2 19 Nov, 2014 source signature 139EF872 09C5637E..
binary signature 0BDB4850 A3825208..

To verify Hadoop releases using GPG:

Download the release hadoop-X.Y.Z-src.tar.gz from a mirror site.
Download the signature file hadoop-X.Y.Z-src.tar.gz.asc from Apache.
Download the Hadoop KEYS file.

gpg --import KEYS

gpg --verify hadoop-X.Y.Z-src.tar.gz.asc

u kLN

To perform a quick check using SHA-256:

1. Download the release hadoop-X.Y.Z-src.tar.gz from a mirror site.
2. Download the checksum hadoop-X.Y.Z-src.tar.gz.mds from Apache.

56



Apache Hadoop YARN

MapReduce Status ———»
Job Submission ------ >

Node Status —— e -
Resource Request ----......
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Apache Spark

p Qr ~  Lightning-fast cluster computing

Download Libraries ~ Documentation ~ Examples Community ~ Developers ~ Apache Software Foundation ~

Latest News

Spark Summit East (Feb 7-9th, 2017,
Boston) agenda posted (Jan 04, 2017)

Apache Spark™ is a fast and general engine for large-scale data processing.

Spark 2.1.0 released (Dec 28, 2016)

Spark wins CloudSort Benchmark as
Speed 120 1110 the most efficient engine (Nov 15, 2016)

Spark 2.0.2 released (Nov 14, 2016)

O
o

Run programs up to 100x faster than Hadoop
MapReduce in memory, or 10x faster on disk.

0.9
Apache Spark has an advanced DAG execution engine that supports acyclic !
data flow and in-memory computing. Download Spark

Logistic regression in Hadoop and Spark

¥ Hadoop
¥ Spark

Archive

Running time (s)
8 8

o

Built-in Libraries:

SQL and DataFrames

Ease Of Use text_file = spark.textFile("hdfs://...") Spark Streaming
MLIib (machine learning)
Write app”caﬁons quickly in Java] Scala, Py'thon, R. text_file.flatMap(lambda line: line.split()) GraphX (graph)

.map(lambda word: (word, 1))

.reduceByKey(lambda a, b: a+b) Third-Party Projects

Spark offers over 80 high-level operators that make it easy to build parallel

apps. And you can use it interactively from the Scala, Python and R shells. Word count in Spark's Python API

http://spark.apache.org/ 58
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