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Course Orientation for Big Data Mining
ABC: Al, Big Data, Cloud Computing
Mid-Autumn Festival (Day off)

Data Science and Big Data Analytics: Discovering,
Analyzing, Visualizing and Presenting Data

Fundamental Big Data: MapReduce Paradigm,
Hadoop and Spark Ecosystem

Foundations of Big Data Mining in Python
Supervised Learning: Classification and Prediction
Unsupervised Learning: Cluster Analysis
Unsupervised Learning: Association Analysis
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Midterm Project Report
Machine Learning with Scikit-Learn in Python

Deep Learning for Finance Big Data with
TensorFlow

Convolutional Neural Networks (CNN)
Recurrent Neural Networks (RNN)
Reinforcement Learning (RL)

Social Network Analysis (SNA)

Bridge Holiday (Extra Day Off)

Final Project Presentation
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Security security security Transport
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Dashboard Graph Understanding Investigation
Map User Experience
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QUERY & FILTER DETECT PREDICT DECIDE
Complex queries Anomalies Tending Simulation
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MapReduce Paradigm

Map
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Reduce

I Big Data l
MapO Mapl Map?2 Map3
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MapReduce Data
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Output Data




MapReduce Word Count

Input

Dog Love Cat
Bird Love Bird
Dog Bird Cat

https://www.edureka.co/blog/mapreduce-tutorial/
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MapReduce Word Count

Input 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/
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MapReduce Word Count

Input Split Map Shuffle Reduce Output

Bird, (1,1,1) —>{ Bird, 3

Dog Love Cat

Cat,(1,1) |—>| Ccat,?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/ 10
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Hadoop
Ecosystem



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

http://hadoop.apache.org/
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MapReduce | Processing

HDFS Storage
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Big Data with Hadoop Architecture

LOGICAL ARCHITECTURE PROCESS FLOW

Processing: MapReduce
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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
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Big Data with Hadoop Architecture

Logical Architecture
Processing: MapReduce

Job Tracker

Task Tracker Task Tracker Task Tracker
| e [

Shuffle and Sort
|| Reducer ||

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

Logical Architecture
Storage: HDFS

Data Node Data Node Data Node

BLOCK

BLOCK

Source: 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
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Big Data with Hadoop Architecture
Hadoop Cluster
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Hadoop Ecosystem

Oozie Chukwa Flume Zoo Keeper

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

Mahout Avro Sgoop
(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/ 19



Hadoop Ecosystem
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HORTONWORKS

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

= OPERATIONS
INTEGRATION

Data Lifecycle & Zeppelin Administration Provisioning, Managing,
Governance Ambari User Views Authentication & Monitoring
Authorization Auditing
Falcon Data Protection Ambari
Atlas Cloudbreak
Knox
Batch Script saL NoSQL Stream Search In-Mem  Others... Atlas
Data Workflow MapReduce Pig Hive HBase Storm Solr Spark ISV Engines HOFS Encryplion
Sqoop j}fr:;\:.rqﬂo
Flume - Scheduling
Kafka Tez EEm , EEm 5 /1]
NFS Oozie

WebHDFS YARN: Data Operating System

HDFS Hadoop Distributed File System

DATA MANAGEMENT

http://hortonworks.com/hdp/ 21
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Apache Hadoop
Hortonworks Data Platform

&

Integrate
& Test

Fixed Issues
Design &
Develop
Package
Ambari Release & Certify
Stable Project
Releases

y Design & Develop
Ambu

Other
Ap-cho
Proincfs

Upstream Community Projects

Distribute

Downstream Enterprise Product

http://hortonworks.com/hdp/
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Hadoop and Data Analytics Tools

~D Datameer () & MiroStrategy
ver+ableou w Ssas U p]atfora $p|unk> DEV & DATA TOOLS
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APPLICATIONS
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Source: http://hortonworks.com/hdp/
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Hadoop 1 > Hadoop 2

Hadoop 1
» Silos & Largely batch
» Single Processing engine

Script SQL Real-time Others

Pig Hive HBase Storm,

Saolr, etc.

MapReduce

(Cluster Resource Management & Data Processing)

HDFS
(Hadoop Distributed File System)

Hadoop 2 w/ K28

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

Script SQL Java Engines = Others  Others

Pig Hive Cascading HBase Engines ISV

Accumulo, Engines
il -
ez ez Spark. ez

YARN: Data Operating System

(Cluster Resource Management)

HDFS
(Hadoop Distributed File System)

Bl

http://hortonworks.com/hadoop/tez/ 24



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

Big Data Solution

EG EM VA

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 25
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CRM
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WEB SITE
TRAFFIC

Traditional ETL Architecture
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>

Source: https://software.intel.com/sites/default/files/article/402274/etl-big-data-with-hadoop.pdf
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(Big Data Architecture)
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Spark
Ecosystem



7S

Apache Spark

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

Spa

Lightning-fast cluster computing



http://spark.apache.org/

<<

Spark Logistic regression in
Hadoop and Spark
— 120 110
)
g a0
— ® Hadoop
o 60
- % Spark
g 0 0.9
o 0 '

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

Source: http://spark.apache.org/
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Spor‘llg

Ease of Use

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

http://spark.apache.org/

31
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<3
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

Spor‘llg

'~haEIEJEJp 4%

cassandra

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

Spark Spark MLIib
SQL JgStreamingll (machine

learning)

Apache Spark

Source: http://spark.apache.org/
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Spo‘l’(?

Spark SQL +
DataFrames

Spark Ecosystem

Streamin Al
ng Machine Learning
Spark Core API

SQL Python Scala

https://databricks.com/spark/about

GraphX
Graph Computation

Java

35


https://databricks.com/spark/about

™

.S’pc,)‘lzz Spark Ecosystem

Spark

N\

Spark - MLlib | Spark 1 GraphX ‘

(machine

\ Streaming ) learmng || OQL | | (graph)
|
I |

Kafka Flume [ H20 Hive ] Titan

[ HBase ][Cassandra]

| HDFS | ‘

36



SMACK Stack

e Spark
<’\Z — fast and general engine for distributed, large-scale data
SpQI’KW processing
* Mesos
- — cluster resource management system that provides efficient
I:gg:: MESOS resource isolation and sharing across distributed applications
* Akka
— a toolkit and runtime for building highly concurrent, distributed,
A& akka and resilient message-driven applications on the JVM
 Cassandra
- — distributed, highly available database designed to handle large
w amounts of data across multiple datacenters

cassandra ¢« K afk 3

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

37



Hadoop vs. Spark

HDFS HDFS HDFS HDFS
read write read write

— — — — —> 000

Iter. 1 Iter. 2

Input

ik

i_) XN — P

Spa

p —> 000

Input

38



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/

39
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Steps to
Install Hadoop
on a

Personal Computer
(Windows/OS X)



https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5

Hodoop: Linux Based Software

LINUX

LINUX

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&lIist=PLyZEf-TOnZen8E5m5TIplsdok2fyKDNRa&index=5

41
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Appliance

Personal Computer (Windows / OS X)

Linux

( Hadoop )

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&lIist=PLyZEf-TOnZen8E5m5TIplsdok2fyKDNRa&index=5

42
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Connection to Hadoop

Access

_ from
Personal Computer (Windows / OS X) S host

Browser

Source: https://www.youtube.com/watch?v=rO-V1mxhzcM&lIist=PLyZEf-TOnZen8E5m5TIplsdok2fyKDNRa&index=5
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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&lIist=PLyZEf-TOnZen8E5m5TIplsdok2fyKDNRa&index=5 44



https://www.youtube.com/watch?v=rO-V1mxhzcM&list=PLyZEf-TOnZen8E5m5TIpIsdok2fyKDNRa&index=5

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
s hot solution that is freely available as Open Source Software under the terms of the GNU General Public License (GPL) = [ January 17th, 2017 ,
creenshots version 2. See "About VirtualBox" for an introduction. g'ml'alsgx 5'1|'14 ze'egsled'
Downloads mraaiﬁteé:;niz. ::IZ:Z: wahic}w improves
Presently, VirtualBox runs on Windows, Linux, Macintosh, and Solaris hosts and supports a large number of guest stability and fixes regressions.pSee
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 , 05/2, 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).
« [ 3uly 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]

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/ 45
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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&lIist=PLyZEf-TOnZen8E5m5TIplsdok2fyKDNRa&index=5 46
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Hortonworks Sandbox

The easiest way to get started with Enterprise Hadoop

COMMUNITY BLOGS PARTNERS CONTACT US Q SUPPORT LOGIN E ENGLISH s
MMDRp ! 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 W NEWSLETTER Contact Sales? mm

http://hortonworks.com/products/hortonworks-sandbox/#install 47



http://hortonworks.com/products/hortonworks-sandbox/

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

COMMUNITY BLOGS PARTNERS CONTACT US Q SUPPORT LOGIN 5 ENGLISH &
MM‘DR» \ 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

0 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/ 48
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Apache Hadoop

Apache > Hadoop >

/

Search with Apache Solr Search

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

-
¥

Hado.. oo Welcome to Apache™ Hadoop®!

Getting Started ...
Download Hadoop

Nawe s 2deoe”- 8 What Is Apache Hadoop?

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

© Release Versioning

o Mailing Lists The Apache Hadoop software library is a framework that allows for the distributed processing of large data sets across clusters of computers using simple

= Issue Tracking 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
= Who We Are? 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.

o
=l

© Who Uses Hadoop?

© Buy Stuff

= Sponsorship
@ Thanks « Hadoop Common: The common utilities that support the other Hadoop modules.
= Privacy Policy
© Bylaws

= Committer criteria « Hadoop YARN: A framework for job scheduling and cluster resource management.
© License

The project includes these modules:

« Hadoop Distributed File System (HDFS™): A distributed file system that provides high-throughput access to application data.

« Hadoop MapReduce: A YARN-based system for parallel processing of large data sets.

> D tati
OCHMENTAtIon Other Hadoop-related projects at Apache include:

» Related Projects
« 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/ 49
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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
e Apache Hadoop Releases H
Release Notes PDF
@ Release Versioning
Mailing Lists Download
= 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?
@ Buy Stuff
Sponsorship 3.0.0-alpha2 25 January, 2017 source signature checksum file
@ Thanks binary signature checksum file
Privacy Policy 3.0.0-alphal 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

i A NRE

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.

50
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Apache Hadoop YARN

MapReduce Status —————»

Job Submission ------ -
Node Status @ ——— -
Resource Request --........ »-

51
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Spark- Apache Spa rk

APACHE

Sp Qr w  Lightning-fast unified analytics engine

Download Libraries ~ Documentation ~ Examples Community ~ Developers ~

Apache Software Foundation ~

Apache Spark™ is a unified analytics engine for large-scale data processing.

Speed

Run workloads 100x faster.
Apache Spark achieves high performance for both batch and streaming

data, using a state-of-the-art DAG scheduler, a query optimizer, and a
physical execution engine.

Ease of Use

Write applications quickly in Java, Scala, Python, R,
and SQL.

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

~ 120 1 110

O

© g0

~.§_, 60 ® Hadoop
) ]

£ ¥ Spark
5 901 09

o 0 - -

Logistic regression in Hadoop and Spark

= spark.read.json("logs.json")
df.where("age > 21")
.select("name.first").show()

Spark's Python DataFrame API

Read JSON files with automatic schema inference

http://spark.apache.org/

Download Spark

Latest News
Spark 2.3.2 released (Sep 24, 2018)

Spark+Al Summit (October 2-4th,
2018, London) agenda posted (Jul 24,
2018)

Spark 2.2.2 released (Jul 02, 2018)
Spark 2.1.3 released (Jun 29, 2018)

Archive

North America
September 24-27, 2018
Montréal, Canada

/ CHECON

Built-in Libraries:

SQL and DataFrames
Spark Streaming

MLIib (machine learning)
GraphX (graph)
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databricks

‘databrlcks PRODUCT SPARK SOLUTIONS CUSTOMERS COMPANY BLOG RESOURCES Partners Training SignUp Q

Spar‘l'(\Z

Apache Spark™ is a powerful open source processing engine built around speed, ease of use, and sophisticated
analytics. It was originally developed at UC Berkeley in 2009.

The largest open source project in data processing. The creators of Spark founded Databricks in 2013.

Since its release, Spark has seen rapid adoption by enterprises across a Databricks continues to grow the Spark project by contributing broadly,
wide range of industries. Internet powerhouses such as Yahoo, Baidu, with both roadmap development and community evangelism.

and Tencent, have eagerly deployed Spark at massive scale, collectively

processing multiple petabytes of data on clusters of over 8,000 nodes. It “At Databricks, we're working hard to make Spark easier to use and run than ever,
has quickly become the largest open source community in big data, with  through our efforts on both the Spark codebase and support materials around it
over 750 contributors from 200+ organizations. All of our work on Spark is open source and goes directly to Apache.”

— Matei Zaharia, VP, Apache Spark,
Founder & CTO, Databricks

https://databricks.com/spark/about 53
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The Spark Platform

Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-overview.html
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Spark Cluster Overview

Driver Program

SparkContext

_—

Cluster Manager

/

Worker Node

Executor

Cache

Task

Task
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Cache

Task
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3 Types of Spark Cluster Manager

e Standalone

— a simple cluster manager included with Spark that
makes it easy to set up a cluster.

 Apache Mesos

— a general cluster manager that can also run
Hadoop MapReduce and service applications.

* Hadoop YARN

— the resource manager in Hadoop 2.

Spark’s EC2 launch scripts make it easy to launch a standalone cluster on
Amazon EC2.
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Spor‘llg Running Spark on cluster

Cluster Managers (Schedulers)

* Spark’s own Standalone cluster manager
 Hadoop YARN
* Apache Mesos
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‘databrlcks PRODUCT SPARK SOLUTIONS CUSTOMERS COMPANY BLOG RESOURCES Partners Training SignUp Q

Spark Developer Resources

Databricks provides a number of free resources online for Spark training, including course materials, video
archives, sample apps, knowledge base, etc.

Note that course materials for these workshops are provided online under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0} license.

Content Archives Spark ODBC Driver Download

Highlights of recent blogs, videos, and other community content: Spark’s ODBC driver lets you connect Business Intelligence (BI) and other third
party applications to the Spark SQL server.
+ Apache Spark channel on YouTube (meetup livestream archives) GET IT HERE

+ Spark events worldwide
« Spark Packages

+ O'Reilly Radar - Spark articles

https://databricks.com/spark/developer-resources 58
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SparkContext and RDDs

Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-sparkcontext.html
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Resilient Distributed Datasets: A Fault-Tolerant Abstraction for

In-Memory Cluster Computing

Matei Zaharia, Mosharaf Chowdhury, Tathagata Das, Ankur Dave, Justin Ma,
Murphy McCauley, Michael J. Franklin, Scott Shenker, Ion Stoica
University of California, Berkeley

Abstract

We present Resilient Distributed Datasets (RDDs), a dis-
tributed memory abstraction that lets programmers per-
form in-memory computations on large clusters in a
fault-tolerant manner. RDDs are motivated by two types
of applications that current computing frameworks han-
dle inefficiently: iterative algorithms and interactive data
mining tools. In both cases, keeping data in memory
can improve performance by an order of magnitude.
To achieve fault tolerance efficiently, RDDs provide a
restricted form of shared memory, based on coarse-
grained transformations rather than fine-grained updates
to shared state. However, we show that RDDs are expres-
sive enough to capture a wide class of computations, in-
cluding recent specialized programming models for iter-
ative jobs, such as Pregel, and new applications that these
models do not capture. We have implemented RDDs in a
system called Spark, which we evaluate through a variety
of user applications and benchmarks.

1 Introduction

Cluster computing frameworks like MapReduce [10] and
Dryad [19] have been widely adopted for large-scale data
analytics. These systems let users write parallel compu-

tion, which can dominate application execution times.

Recognizing this problem, researchers have developed
specialized frameworks for some applications that re-
quire data reuse. For example, Pregel [22] is a system for
iterative graph computations that keeps intermediate data
in memory, while HalL.oop [7] offers an iterative MapRe-
duce interface. However, these frameworks only support
specific computation patterns (e.g., looping a series of
MapReduce steps), and perform data sharing implicitly
for these patterns. They do not provide abstractions for
more general reuse, e.g., to let a user load several datasets
into memory and run ad-hoc queries across them.

In this paper, we propose a new abstraction called re-
silient distributed datasets (RDDs) that enables efficient
data reuse in a broad range of applications. RDDs are
fault-tolerant, parallel data structures that let users ex-
plicitly persist intermediate results in memory, control
their partitioning to optimize data placement, and ma-
nipulate them using a rich set of operators.

The main challenge in designing RDDs is defining a
programming interface that can provide fault tolerance
efficiently. Existing abstractions for in-memory storage
on clusters, such as distributed shared memory [24], key-
value stores [25], databases and Plocolo [27], offer an

1 a1

https://www.cs.berkeley. edu/"‘matel/papers/2012/nsd| spark pdf
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Spark’ RDD

e Resilient

—fault-tolerant and so able to
recompute missing or damaged
partitions on node failures with the
help of RDD lineage graph.

 Distributed across clusters.

* Dataset
—a collection of partitioned data.
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Resilient Distributed Datasets
(RDD)
are the primary abstraction
in Spark —
a fault-tolerant collection of
elements that
can be operated on in parallel
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Spark RDD
RDD of Strings RDD of Pairs
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Apache r (Spark, 14)
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Spark RDD

distributed and partitioned RDD

—
=]
rrrrl

(distributed, 34)
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RDD Lineage Graph
(RDD operator graph)

Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-rdd.html
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Resilient Distributed Dataset (RDD)
Operations

Transformations

Actions
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Spark RDD Operations

[[ SparkContext ?'

------- -| val file = sc.textFile("README.md")

val allWords = file.flatMap(_.split("\\s+"))

val words = allWords.filter(!_.isEmpty)

~| val pairs = words.map((_,1))

val reducedByKey = pairs.reduceByKey(_ + _)

|

val top10words = reducedByKey.takeOrdered(10)(Ordering[Int].reverse.on(_._2)) ]

Source: https://jaceklaskowski.gitbooks.io/mastering-apache-spark/content/spark-rdd-operations.html 69
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Get Started using Apache Spark on a
Personal Computer (Windows/Mac OS X)

Step 1. Install Java JDK

Step 2. Download Spark

Step 3. Run Spark Shell

Step 4. Create RDD

Source: Databricks (2016), Intro to Apache Spark
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Spark- Apache Spa rk

APACHE

Sp Qr w  Lightning-fast unified analytics engine

Download Libraries ~ Documentation ~ Examples Community ~ Developers ~

Apache Software Foundation ~

Apache Spark™ is a unified analytics engine for large-scale data processing.

Speed

Run workloads 100x faster.
Apache Spark achieves high performance for both batch and streaming

data, using a state-of-the-art DAG scheduler, a query optimizer, and a
physical execution engine.

Ease of Use

Write applications quickly in Java, Scala, Python, R,
and SQL.

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

~ 120 1 110

O

© g0

~.§_, 60 ® Hadoop
) ]

£ ¥ Spark
5 901 09

o 0 - -

Logistic regression in Hadoop and Spark

= spark.read.json("logs.json")
df.where("age > 21")
.select("name.first").show()

Spark's Python DataFrame API

Read JSON files with automatic schema inference

http://spark.apache.org/

Download Spark

Latest News
Spark 2.3.2 released (Sep 24, 2018)

Spark+Al Summit (October 2-4th,
2018, London) agenda posted (Jul 24,
2018)

Spark 2.2.2 released (Jul 02, 2018)
Spark 2.1.3 released (Jun 29, 2018)

Archive

North America
September 24-27, 2018
Montréal, Canada

/ CHECON

Built-in Libraries:

SQL and DataFrames
Spark Streaming

MLIib (machine learning)
GraphX (graph)
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Spark Download

> C & https://spark.apache.org/downloads.html Pxg =

APACHE
Sp Qr K Lightning-fast unified analytics engine

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

Latest News
™
Down Ioad ApaChe Spark Spark 2.3.2 released (Sep 24, 2018)
1. Choose a Spark release: | 2.3.2 (Sep 24 2018) 4| Spark+Al Summit (October 2-4th,
2. Choose a package type: | Pre-built for Apache Hadoop 2.7 and later 4] 2018, London) agenda posted (Jul 24,
2018)

3. Download Spark: spark-2.3.2-bin-hadoop2.7.tgz Spark 2.2.2 released (Jul 02, 2018)

4. Verify this release using the 2.3.2 signatures and checksums and project release KEYS. Spark 2.1.3 released (Jun 29, 2018)
Note: Starting version 2.0, Spark is built with Scala 2.11 by default. Scala 2.10 users should download the Spark source package and Archive
build with Scala 2.10 support.

. . APACHECON
Link with Spark North America
September 24-27, 2018
Montréal, Canada

Spark artifacts are hosted in Maven Central. You can add a Maven dependency with the following coordinates:

groupId: org.apache.spark
artifactId: spark-core_2.11 Download Spark
version: 2.3.2

Built-in Libraries:

Installing with PyPi

. . . . . . L SQL and DataFrames
PySpark is now available in pypi. To install just run pip install pyspark.

Spark Streaming

http://spark.apache.org/downloads.html 72
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Get Started using Apache Spark on a
Personal Computer (Windows/Mac OS X)

Step 1. Install Java JDK

Spark's interactive shell
./bin/spark-shell
val data = 1 to 10000

Step 3. Run Spark Shell

Step 4. Create RDD
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Get Started using Apache Spark on a
Personal Computer (Windows/Mac OS X)

Step 1. Install Java JDK

val distData =
sc.parallelize(data)

distData.filter( < 10).collect()

Step 4. Create RDD
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Spark Examples

sp Qr Kn. Lightning-fast cluster computing

Download Libraries ~ Documentation ~ Examples Community ~ FAQ

Spark Examples

These examples give a quick overview of the Spark API. Spark is built on the concept of distributed datasets, which contain arbitrary
Java or Python objects. You create a dataset from external data, then apply parallel operations to it. The building block of the Spark
APl is its RDD API. In the RDD API, there are two types of operations: transformations, which define a new dataset based on previous
ones, and actions, which kick off a job to execute on a cluster. On top of Spark’s RDD API, high level APIs are provided, e.g.
DataFrame APl and Machine Learning API. These high level APIs provide a concise way to conduct certain data operations. In this
page, we will show examples using RDD API as well as examples using high level APIs.

RDD API Examples
Word Count

In this example, we use a few transformations to build a dataset of (String, Int) pairs called counts and then save it to a file.

Python Scala Java

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

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

counts.saveAsTextFile("hdfs://...")

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

Apache Software Foundation ~

Latest News

Submission is open for Spark Summit
San Francisco (Feb 11, 2016)

Spark Summit East (Feb 16, 2016,
New York) agenda posted (Jan 14,
2016)

Spark 1.6.0 released (Jan 04, 2016)

CFP for Spark Summit East 2016 is
closing soon! (Nov 19, 2015)

Archive

Download Spark

Built-in Libraries:

SQL and DataFrames
Spark Streaming

MLIib (machine learning)
GraphX (graph)

Third-Party Packages
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Spark Word Count
Python

text file = sc.textFile("hdfs://...")

counts = text file.flatMap(lambda line: line.split(" ")) \
.map(lambda word: (word, 1)) \
.reduceByKey(lambda a, b: a + b)

counts.saveAsTextFile("hdfs://...")
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Spark Word Count

Scala

val textFile = sc.textFile("hdfs://...")

val counts = textFile.flatMap(line => line.split(" "))
.map(word => (word, 1))
.reduceByKey(_ + )

counts.saveAsTextFile("hdfs://...")
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Spark Word Count
Java

JavaRDD<String> textFile = sc.textFile("hdfs://...");
JavaRDD<String> words = textFile.flatMap(new FlatMapFunction<String, String>()
{

public Iterable<String> call(String s) { return Arrays.asList(s.split(" "));
}
})i
JavaPairRDD<String, Integer> pairs = words.mapToPair(new PairFunction<String,
String, Integer>() {

public Tuple2<String, Integer> call(String s) { return new Tuple2<String,
Integer>(s, 1); }
})i

JavaPairRDD<String, Integer> counts = pairs.reduceByKey(new Function2<Integer,
Integer, Integer>() {

public Integer call(Integer a, Integer b) { return a + b; }
})i

counts.saveAsTextFile("hdfs://...");

14
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Spark Word Count

text_file = sc.textFile("hdfs://...")
counts = text_file.flatMap(lambda line: line.split("™ ")) \ Python
.map(lambda word: (word, 1)) \
. reduceByKey(lambda a, b: a + b)

counts.saveAsTextFile("hdfs://...")

val textFile = sc.textFile("hdfs://...")

val counts = textFile.flatMap(line => line.split(" ")) Scala
.map(word == (word, 1))

.reduceByKey(_ + _)
counts.saveAsTextFile("hdfs://...")

JavaRDD<String> textFile = sc.textFile("hdfs://...");

JavaRDD=String> words = textFile.flatMap(new FlatMapFunction<String, String>() { Java
public Iterable<String> call(String s) { return Arrays.asList(s.split(" ")); }

3

JavaPairRDD<String, Integer> pairs = words.mapToPair(new PairFunction<String, String, Integer=>() {
public Tuple2<String, Integer> call(String s) { return new Tuple2<String, Integer>(s, 1); }

});

JavaPairRDD<String, Integer> counts = pairs.reduceByKey(new Function2<Integer, Integer, Integer=>() {
public Integer call(Integer a, Integer b) { return a + b; }

};

counts.saveAsTextFile("hdfs://...");
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Spark Word Count
Python

text file = sc.textFile(”input readme.txt")
counts = text file.flatMap(lambda line: line.split("
.map(lambda word: (word, 1))
.reduceByKey(lambda a, b: a + b)
counts.saveAsTextFile(”output wordcount.txt")

ll))
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WordCount Example

* Input

Hello World Bye World
Hello Hadoop Goodbye Hadoop

 For the given sample input the map emits

< Hello, 1>

< World, 1>
< Bye, 1>

< World, 1>
< Hello, 1>

< Hadoop, 1>
< Goodbye, 1>
< Hadoop, 1>

«| < Bye, 1>
< Goodbye, 1>
< Hadoop, 2>

< Hello, 2>
< World, 2>

Source: http://www.slideshare.net/tcloudcomputing-tw/hadoop-product-family-2013qg3-t-cloud-computing-26218439
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’Scala DOCUMENTATION DOWNLOAD COMMUNITY CONTRIBUTE

Object-Oriented Meets Functional

Have the best of both worlds. Construct elegant class
hierarchies for maximum code reuse and extensibility,
implement their behavior using higher-order functions.
Or anything in-between.

LEARN MORE

DOWNLOAD API DOCS

http://www.scala-lang.org/

® Y


http://www.scala-lang.org/

Python

& python’ o I ) -

About Downloads Documentation Community Success Stories News Events
Compound Data Types
Lists (known as arrays in other languages) are one of the

compound data types that Python understands. Lists can be
indexed, sliced and manipulated with other built-in

functions. More about lists in Python 3

[ "BANANA', "APPLE', 'LIME']

w

[(e, 'Banana'), (1, 'Apple'), (2, 'Lime')] 1 2 3 4

Python is a programming language that lets you work quickly
and integrate systems more effectively. »» Learn More

() Get Started <% Download

https://www.

Sign In


https://www.python.org/

PySpark:
Spark Python
API




PySpark 2.3.2 documentation »

Welcome to Spark Python API Docs!

APACHE Contents:

S Q r pyspark package
™ o Subpackages

o Contents
pyspark.sql module

o Module Context
pyspark.sql.types module
pyspark.sql.functions module
pyspark.sql.streaming module
» pyspark.streaming module

o Module contents

Table of Contents

[e]

[e]

Welcome to Spark Python API Docs!
= Core classes:
Indices and tables

]

Next topic
o pyspark.streaming.kafka module
pyspark package o pyspark.streaming.kinesis module
o pyspark.streaming.flume.module
This Page » pyspark.ml package
o ML Pipeline APIs
Show Source

o pyspark.ml.param module
o pyspark.ml.feature module
o pyspark.ml.classification module
Go o pyspark.ml.clustering module
o pyspark.ml.linalg module
o pyspark.ml.recommendation module
o pyspark.ml.regression module
o pyspark.ml.stat module
o pyspark.ml.tuning module

http://spark.apache.org/docs/latest/api/python/

Quick search

86


http://spark.apache.org/docs/latest/api/python/

Big Data & Al Landscape 2018

INFRASTRUCTURE ANALYTICS APPLICATIONS - ENTERPRISE
HADOOP ON-PREMISE —— HADOOP IN THE CLOUD STREAMING / IN-MEMORY DATA ANALYST PLATFORMS DATA SCIENCE PLATFORMS MARKETING - B2B MARKETING - B2C CUSTOMER SERVICE
cloudera A QWS icosof Anue AWS gdatabricks Cstrim | | RS Microsoft ‘@ pentoho  alteryx ERiiE 0 data RADIUS  Agp Autiz 2813 @bloomreach MSendGrid | @ MEDALLIA zendesk
Hortormorks | — .
- iku 1 - e WCLARABRIDGE 9
: IBM InfoSphere’ | <o fluent GridGain == pans UAVUS  AYASDI feversTanG  Zp) e BlueYonder [PERSADC]
Pivotal | & GoogleCloud Biginsighis seonfluant - - = R, GUAVLE S oommo . +Lattice Gainsight NG@DATA
L g@ rapidminer @ suscone
IBM InfoSphe: @ irosore Glooe @ oltiscal dataArtisans |3 hazelcast ATTIV/O Datameer Quid lncora | = @conversma ™ nce dsense ACTIONIG SAILTHRU DipitalGanics. afiit
oSphere’ ne oot ) altiscale = . ) i gital
' TeRRACOTA. [ RN | | inter|ana. CleaStory  Origami H CONTINUUM' b sicomimsns Clarl Aovso tactal | o wbuior B W s | Bovenmo Fmperice Amplero | T EEE LU
Bblucdata jethro . Wallaroo. » ENDOR MHoos ufis Gsas fuse @raoors | sinoacio §7F MP® | &omeerty (EZWEY wosimon Lftics | Quoa [ wrescon Camdesk
Bottienose —’w"
N o _— HUMAN CAPITAL LEGAL FINANCE ENTERPRISE BACK OFFICE SECURITY
NoSQL DATABASES e NewsQL Dé:.mi.sis GRAPH DBs 1|1kPI:’I]JE? 1 CLOUD EDW B1 PLATFORMS VISUALIZATION MACHINE LEARNING —— | 1176, engelo | RAVE! fmapian | PRODUCTVIY AUTOMATION | @vanmum 5 v A @zscoler
E3S0au0ma S50 W Pi\::tcrl:x \‘ ."‘ N vem'm aws BE Microsott aws fr+obleaw  EIY A= hiQ &) wosmen o« ¥ slack LiPath C‘:W.M Rl \diiniad
ORACLE Microsoft Azure ¥ . - o o O Googecious | | o |, & Google Cloud O Google Cloud Moo D s zuora - E‘ ® Woasruc: AnomAL " WVECTRA
@ mongoDE ¥ MarkLogic “."‘“’“" ) o = . y ceLonis textic EETES bluepriss WP BLd D OATAVISOR s fiscience
& AAviusaL O influx (Bcbon v looker @"" Qlk@ @ s § oataioror ® T @ oreroor o = Py .
<050 EEIEEIER g &  vours Kpanitio | Pivotal AFsciis o — Wodet ol Stella & ciaa ED C‘ ‘ mr‘:‘z ‘r”"":' . m“[ ) " §rocume
an "““’“ Inbermation A4 Soetalon fl- P feedzol
@ arngops @ Couchbase | @citusdata splice Exasol | ik G oo - @zery Foom Slotly ViSEnZE Qe IRADESHIFT botteral Kassto | 4N A ‘ yesX
redislabs SCYLLA. Keporadiom Wt EONEDD G aremio Microstrategy DIFSt | CHARTIO Ml .o oo ‘Tbonsai fmys @uiorkeusion : Prohcogpiion Gvmmacamimces
COMPUTER VISION HORIZONTAL Al SPEECH & NLP AFFLICRIIONS SINDSSIRY
it SATRINTESEATION DATADOVERNAME 9 NGMTEHCHITORING Morasoh Az o i | © oo e ADVERTISING EDUCATION 7 GOVERNMENT—) REALESTATE | FINANCE- —) FINANCE - LENDING INSURANCE
TRANSFORMATION SAPDutaServces (@ ormuncs | (@ Informatica aws O Newkeic actfio | | Microsoft Azure Watoon | ) "’ Boons | GopENeor REDFIN INVESTING | ondeck affirm Sisiicondl
stalend taho reALUM rbrik O APPOYNAMICS @ sentient ) Voyager o) Trwiwron | markd3 Opendoor | KENSHC ALY JIANPU.AI
@P"” g —108‘: enigma ~ryd E 11 WAVEFRONT o clarifai 1) Affecti @ g,gfg_e ..XM O lotegral Clever i VTS .oﬁé'f"_'_, Kreditech AVANT Somorade
alteryx @ rrracta | 5 segme g Odynatrace ™ Vrmwert &8 RSV MO A UpenX » | @eclara ? — s @ownce AUpstart | CYENCE
) - alooma f¥,, ZALeN !pl“:k Signalfx @ druua v HRE Fremens [rerum ] © thalradeDesk Kidaptive i(?::::" INSIKT § cormie 100Gredit | 50
oy L T O @ || S04 oo o omm o s o | o | | S| | O S | W
UNIFL | infoworks S arrumiry pagerary ¥ e mED e 0 | | wmEm | soeon cave | Drevereex | et B o
Qppier svuusc vass == ] * |t optassn A APAGAYA el
STORAGE CLUSTER SVCS — APP DEV - CROWD - HARDWARE | GPU DBs SEARCH | AT SO S ) et wutymcs. | || MEALCARE TRANSPORTATION — AGRICULTURE | COMMERCE - INDUSTRIAL —
- SOURCING GoogleTPu grm | Kinstica LE | oma splun o § Hootsuite " . ’ o Sever: ATeosk iistho® « | UBER TES8LA g5 | #lestocont | AVEVA SIEMENS
[ — @'y GRAPHCORE & asumologc NETBASE A Google Analytics ks ) Suiiisi — | stimen Fix PREDIX
d Z A 2 = ) . enovolental  vefil CLEARPATH " G
W oocter [ ARemi0l Lk B iy THic| o - A:::f; - Ssynthesio @ | Mixpanel A s amnon Gingerio Giow @hvatn [ o Bl 4 drve i oranuar | PXC aﬁ"" ”;;:
O rantorest soppen E i eacn | sumall P Airtable 3DMed Fzebra @i @ B omoeme | TACHYUS ¢
HERE re A nvioia. = v 0 swiftype [ algolia Alrtabie Z [ T oot [RBLUERIVER & heurl & Anonm SCORTEX
i scale | movidius™ ﬂaumus 55 alphasense A bitly predata £3CI @sigopt TEMPUS sotertsione @AICure ;-' & oy EXE OTHER
COHESITY S IMHIVE VWIVE hes lytpGsvom | | omnizus logz.io Vsimilarieb @ granify custora Qoo (09005 @enttie ™ r:fﬂ""“ ©Friys Omoovt | FarmLogs | wchormony stem i amper
s (7 A E l s el <<ec
v Feoriers B | crrRing® -Q @ nexcir |5 vanaas] Byllﬂttncl T
CROSS-INFRASTRUCTURE/ANALYTICS 2 a gl I Ty BEKEVEN et
. tMoa e w v TN PAGE IENIEE | 0, S==. ° P p N @ o
AWS & Google Cloud B8 Microsoft sAnd emienpuiars §Sas 1010DATA vmware TIBCO Towonn ORACLE Fnetapp $synesort cloudera T 3innavaccer W Dowan oanee Oprospera remesh ASAPP
OPEN SOURCE
FRAMEWORK QUERY / DATA FLOW DATA ACCESS COORDINATION - STREAMING STATTOOLS 4 Al/ MACHINE LEARNING / DEEP LEARNING ——————  SEARCH LOGGING & VISUALIZATION 7 COLLABORATION - SECURITY —|
‘)?;m 2a Spak! S0L &3 @ @nifi .mungo )B *talend Spof? 9 ¥ Tensorflow  theano - zmm’ .‘_ - MONITORING .,nq"r Apache Ranger
jcsear oppte
o cassandra ® Caffe B Microsot DM o e | = e Kkibana ~ ==3 | KNOX
e, . - 111«,“',. & p ® . B 2 B cor® - 4 Bodeo NO)
@riink YARN 7E76y . 1=l = -»(SC'I?B §guama druid | Numty S Y e VELES P 10 O BER w losstesh \ ‘&mnu
MESOS TS dhres| O0E  orerece HHiAK | Nt Ssciry reon™ ) “ oiMsum *acena Proint AMACONDA
SDOI":'{ WCDAP HERSE @ cewee occumue k‘“‘“w 5 storm w FOPPRR i AN ©rrometheus
DATA SOURCES & APls DATA RESOURCES
HEAUH 101 FINANCIAL & ECONOMIC DATA AIR/ SPACE | SEA 4| PEOPLE/ENTITIES LOCATION INTELLIGENCE OTHER DATA SERVICES INCUBATORS & SCHOOLS RESEARCH
' W vatioic @ GE Digito Bloomberg «  nouson reurers [3 | DOW JONES Q ossmon (plonet 2% | acxiem  Experian. | FOURSQUARE m‘?“ qualtrics QPalantir @ (o) @ galvanize oﬂ?n“ facebook research
2] S £ q = . DATA GOV . i el NF
P . = Airware  AIRDBOTICS QPERA 2 PLUBALSIGHT MIRI
R Practicefusion i thingworx e @2cs. - xignite Quandl AP texprd N | evien | senserco | rexsaon . e . -
) i ——— PR T Placel esri 2 factual . OATA BoENCE DataCamp <4 Datatite "
# fitbit N ' SOMSGra | ggUMIYT WY PREMISE (iestimize scow ’/ L ] [ b L @ SRS enigma 7 VECTOR
GARMIN AT - - Quantcast A &9 . INSTITUTE
== | WINDWARD" ; totusat [Geasis BO LMooy Za . cRux INSIGHT, &2 Mhedusicutmer e’y - R
Qkinsa .{;\/ .""'"" B igensma Stockiwits Eeune earngst (3) orovevesic, NSNS S P O A oco | o [W raorcraa] M2 Vit

Final 2018 version, updated 07/15/2018

© Matt Turck (@mattturck), Demi Obayomi (@demi_obayomi), & FirstMark (@firstmarkcap)

Source: http://mattturck.com/bigdata2018/

mattturck.com/bigdata2018

FIRSTMARK

EARLY STAGE V

ITURE CAPITAL

87


http://mattturck.com/bigdata2018/

References

EMC Education Services (2015),
Data Science and Big Data Analytics: Discovering, Analyzing,
Visualizing and Presenting Data, Wiley

Shiva Achari (2015),
Hadoop Essentials - Tackling the Challenges of Big Data with

Hadoop, Packt Publishing

Mike Frampton (2015),
Mastering Apache Spark, Packt Publishing

Deepak Ramanathan (2014),
SAS Modernization architectures - Big Data Analytics,
http://www.slideshare.net/deepakramanathan/sas-modernization-

architectures-big-data-analytics

Spark Apache (2018), PySpark: Spark Python API,
http://spark.apache.org/docs/latest/api/python/

88


http://www.slideshare.net/deepakramanathan/sas-modernization-architectures-big-data-analytics
http://spark.apache.org/docs/latest/api/python/

