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Motivations - The Five “V”s of Data

Big Data can be described by the following characteristics:

Volume - The quantity of generated and stored data

Variety - The type and nature of the data

Velocity - The speed at which the data is generated and processed

Variability - The inconsistency with the data

Veracity - The quality of the data (or lack thereof)

https://en.wikipedia.org/wiki/Big_data
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Motivations - Data Has Gravity

Data has gravity. Once it becomes unmanageable locally you have to find
some place to put it

But then it is too large to move around comfortably

Transfers over the network are slow

Your local IT sends you nasty messages about using too much space

Even if you have some space is the data being backed up in case of
disaster ?

Even if you have some space are there adequate computational
resources available ?

Can the network between the storage and compute resources work
well under high loads ?
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Motivations - You Have One of These
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Motivations - But This is your Kitchen

http://huntgatherlove.com/content/my-teeny-tiny-crib-kitchen-and-standing-desk-hacks
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Motivations - One Possible Solution

https://www.homestratosphere.com/luxury-kitchen-designs-1/
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Motivations

It would be nice to be able to rent a large kitchen space when you need it.

Preferably with no contract or committment

Pay only for what you use (you pay for food of course)

Do not have to talk to anyone to arrange use

Have a variety of kitchen sizes from which to select

All equipment is in working order

But you can customize the environment to suit your specific needs

You can take a “snapshot” of your environemnt as a reference for
future work

You can prepay if you want but at a discount

You can bid on price to possibly obtain a cheaper rate
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Why Use the Cloud ?

Your Data is too large for anything you have locally

Computation takes too long on anything you have locally

You need more RAM/Memory than anything you have locally

You need to create a very large database

You want your computation environment to be easily reproducible

You wish to implement a method you found in a Research Paper that
requires Map Reduce, Spark, or some other distributed computing
framework
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Why Use the Cloud ?
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Cloud Computing

Solves the “horizontal computing” problem
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Cloud Computing

A remote computer someplace else ? Yes

But ! You select what size of computer you want, when you want it,
for as long as you want it, and you pay for only what you use

The same is true for Storage and Databases

Storage and Compute appear to be “infinite”

You don’t have to talk to someone to set any of this up

You create resources from a console or via an API

You can create ”images” that others can use so they can easily
collaborate with you and or reproduce your research

Access from anywhere with Internet
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Early Work on the Cloud
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Early Work on the Cloud
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Know Your Clouds !

Steve Pittard wsp@emory.edu Intro to Amazon Web Services April 11, 2017 18 / 41



Cloud Computing ?

SaaS - Software as a Service - An application and everything it takes
to support it (e.g. MS Office 365)

I Vendor provides everything

I You login usually with a web browser or mobile phone client

PaaS - Platform as a Service - Everything Supporting the Application
except the Application and data

I Vendor provides almost everything except data and the application

I Web Hosting - You create content and Apps but vendor provides
everything else

IaaS - Infrastructure as a Service - The hardware, network, compute,
and storage upon which you create servers

I Vendor provides network, hardware, and virtualization services

I You create servers and all that goes with it
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Types of Service
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Types of Services
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Cloud Computing ?

Amazon has been at it longer than any of them

AWS has a high level of maturity and reliability

Google is moving in fast on Genomic Computing

Microsoft uses, surprise, Microsoft Products so if that’s your thing
then maybe go there

All services from any of these providers are virtual servers though
some offer “bare metal” access as an option

It’s okay if you don’t know what this means just understand that in
general you will be sharing a “real server” with someone else albeit
virtually
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Cloud Computing - How to Use

Most Data Science people will use IaaS or SaaS (e.g. Galaxy Cloudman)

Use the S3 storage to “park” data sets for later use

Use the EC2 Service to boot up Linux servers or pre-packaged AMIs

Create computers with as much RAM and disk as you want

Analyze data and the put the EC2 “instances” to “sleep” to avoid
running costs

Make an AMI (Amazon Machine Instance) that others can use

When finished with a project you can terminate the instances and
delete data (if you wish)
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Sign Up: See http://aws.amazon.com/free

Amaon provides “training wheels” so you can test things out at no or low
cost
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Sign Up: Go to http://aws.amazon.com
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Tutorials Go to http://aws.amazon.com/start-now
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The Dashboard

The Dashboard is the launchpad for all of Amazon’s services

It takes getting used to

In reality you really only use perhaps 2-3 services at first

S3 is for general storage and is up 99.9 percent of the time

EC2 is for computing. This is where you generally want to be

Other cool services are the Machine Learning Service
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The Dashboard and APIs

It is possible to create a large variety of Virtual Servers. See
https://aws.amazon.com/ec2/instance-types/ for a full descriprion.

These “instances” can be created from the Dashboard or from an API
(Application Programming Interface) using high level programming
languages

MS Windows

UNIX / Linux

High Performance Computational Clusters

Map/Reduce Hadoop Clusters

Machine Learning Clusters
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As a Remote Computer

You log in to a server somewhere that has software installed

You upload your data, analyze it, and when done download it

The server is put to “sleep” until you need it again

Upon completion of project create an AMI (Amazon Machine
Instance) as a reference

Terminate the server
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Parallel Processing

Example:

We have a body of text in some language

We want to count the number of times that each word appears in the
text

Really hard for a person to do except for really small books

Divide the text into 100 chunks and assign to 100 people

Have each person figure out the words in their chunk and the number
of times they appear

Evreryone reports back their totals
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Map Reduce Simplified
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Distributed Data Frames
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Apache Spark
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Apache Spark

The key idea with Spark Version 1 the Resilient Distributed Data Set
(RDD)

Support in-memory processing computation

Data sharing in memory is 10 to 100 times faster than network and
disk

Faster than Map/Reduce that relies on storage

Each dataset in RDD is divided into logical partitions, which may be
computed on different nodes of the cluster

In Apache 2.0 there is explicit support for Data Frames (close to what
R thinks a dataframe is)

Data frames provide a domain specific language API to manipulate
your distributed data
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Apache Spark

But Wait ! There’s More ! Spark provides access to a companion Machine
Learning Library that is “baked in” to Spark.

Provides most major ML capabilities

Transformation Tools

Can Access the Spark ML from RStudio !!

Can Use the familiar R syntax to work with the Data Frame
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Apache Spark - sparkly

sparkly is a package that provides connectivity to Apache Spark clusters
directly from RStudio. Best of all you can use the dplyr package to work
with the Spark Data Frames
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Concerns
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Concerns

The meter is always running - must keep track of costs
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Concerns

Outage of March 2017 - Outages Happen but not often
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Concerns

If you want to spin up your own instances from scratch you will need help
unless you know something about system administration:

Bioinformatics workloads almost always require UNIX operating
system

You will need to know about UNIX from a command line point of view

It’s good if you know Ubuntu Server which is very friendly for
Bioinformatics

You need to know how to provision storage and link it to EC2

BUT you can take advantages of pre-existing Instances that have
been created for you
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