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= Fundamental systems aspects of big data platforms,

" How these platforms can be used to build large-scale
data intensive applications.

= Why Big Data platforms are necessary?

" How they are designed? What are the programming
abstractions (e.g. MapReduce) that are used to
compose data science applications?

= How the programming models are translated to
scalable runtime execution on clusters and Clouds (e.qg.
Hadoop)?

= How do you design algorithms for analyzing large
datasets?

= How do you map them to Big Data platforms?

06-Jan-16 4
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= Platforms used for developing applications over large
columnar/tuple based data,

> Map Reduce/Apache Hadoop,
» Streaming data like Apache Storm and Spark Streaming,
> Graph/linked data like Apache Giraph

= Declarative tools
» NoSQL databases and TensorFlow.

= Scale up of data analysis techniques

> clustering, collaborative filtering, frequent itemset mining,
classification, graph analytics,

> Apply them over large datasets

" Why do platforms scale, and how can you
use them to scale data science applications?

06-Jan-16 )
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Pre-requisites

= Data Structures, Programming and Algorithm
concepts. Programming experience required,
preferably in Java.

06-Jan-16 b
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Other Data Science Courses

" Foundations of Data Science
= Data Analytics
" Data Analysis and Visualization

" Introduction to Cloud Computing, Parallel
Programming

" Topics in Web-scale Knowledge Harvesting, Data
Mining, Deep Learning, Machine Learning, Artificial
Intelligence, Probability & Statistics

" Bioinformatics, Chemoinformatics, Video Analytics

06-Jan-16
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" Wed 2-4PM, SE202

= Big Data & Platform Design Goals (YS)

> Big Data & other computing platforms
> Runtime Platforms: Hadoop, HDFS.

= Data-intensive algorithms and applications (PPT)
> Analytics: clustering, collaborative filtering, frequent itemset
mining, Classification, graph analytics, etc.
" Programming models data streams and graphs (YS)

» Dataflow, BSP, Pregel.
Runtime Platforms: Apache Storm, Apache Giraph, Apache
Spark

= Big Tools: NoSQL databases, SparkQL, TensorFlow, etc
(YS/PPT)

06-Jan-16 8



CDS.lISc.ac.in | Department of Computational and Data Sciences

Tutorials

= Time TBD with Ravikant, Students
» Check room availability
» 330-430PM Mondays

" Programming aspects

= Assignment guides

" |[nstallation issues

" Bring laptops if possible

06-Jan-16 9
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Text Book

= Select chapters from Mining of Massive
Datasets, Jure Leskovec, Anand Rajaraman and Jeff
Ullman, 2nd Edition (v2.1), 2014.

06-Jan-16 10
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Assignments & Exams

(tentative)

= Assignment 0: Jan 12

= Assighment 1: Jan 26

= Assignment 2: Feb 23

= Midterm: Mar 2

= Assighment 3: Mar 15

" Project Topic Finalized: Mar 16
= Project Midterm Report: Apr 5
= Project Final Report: Apr 26

" Final Exam: TBD

06-Jan-16 11
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Interaction

" http://www.serc.iisc.in/courses/se256/

mse256.janl6@mailman.serc.iisc.in

= Class/lab discussions

06-Jan-16
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Academic Inteqgrity

= Students must uphold |ISc's Academic Integrity
cuidelines. While these are common sense, it is
helpful to review them since failure to follow them
will lead to sanctions and penalties.

" This includes a reduced or failing grade in the
course. Severe cases of academic violations will be
reported to the Institute and may lead to an
expulsion.

http://www.iisc.ernet.in/students-corner/existingstudents-academicintegrity.php
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" Learning takes place both within and outside the
class. Hence, discussions between students and
reference to online material is encouraged as part of
the course to achieve the intended learning
objectives.

, While you may learn from any valid source,
you must form your own ideas and complete
problems and assignments by yourself.

= A/l works submitted by the student as part of their
academic assessment must be their own!
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: reproduction of material from
external sources (web pages, books, papers, etc.) is
not acceptable.

" |f you are external content (or even
your own prior work) or were otherwise by
them while completing your assignments, projects or
exams, you must clearly acknowledge them.

= When in doubt, add a citation!
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: While lecture topics and
broad outlines of homework problems and projects
with others, you cannot collaborate in completing the
assignments, copy someone else's solution or falsify
results.

= You cannot use notes or unauthorized resources
during exams, or copy from others.

" The narrow exception to collaboration is between

team-mates when competing the project, and even
there, for each

project assignment should be clearly documented.




Department of Computational and Data Sciences

: Ensure that the course
atmosphere, both in the class, outside and on the
online forum, is conducive for learning.

in discussions but or
be abusive. There are no “stupid”Bjuestions © Be
considerate of your fellow students and avoid
disruptive behaviour.
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Big Data & Why is it
Important

06-Jan-16 18
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What is Big Data?

Data whose characteristics
exceeds the capabilities of
conventional algorithms, systems
and techniques to derive useful
value.

Oﬁ-Jan-lﬁ https://www.oreilly.com/ideas/what-is-big-data 19
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So,where does Big
Data come from?

06-Jan-16 4
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= World Wide Web & Search engines
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Web & Social Media

= World Wide Web & Search engines

06-Jan-16
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Web & Social Media

= Social Networks & Micro-blogs
Facebook monthly users

| 1m 2004 SOl E - FACEBDDK

http://www.theguardian.com/news/datablog/2014/feb/04/facebook-in-
Oﬁ‘Jan‘lﬁ numbers-statistics 24
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Web & Social Media

= Social Networks & Micro-blogs

Fs
111.| 500 million tweets per day

* Tweets per day 500 m | August 16, 2013
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Web & Social Media

= Youtube

YouTube Uploads: > 300 Hours of Video per Minute

(11| Tube:

A &

W0 ]
o " ' o o o w

M

Uﬁ-Jan-lﬁ http://www.tubefilter.com/2014/12/01/youtube-300-hours-video-per-minute/
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= The Netflix Prize (2006-2009)

» “An open competition for the best collaborative filtering
algorithm to predict user ratings for films, based on
previous ratings”

> Training set: 99,072,112 ratings

e <user, movie, date of grade, grade>
» Qualifying set: 2,817,131 ratings

 <user, movie, date of grade>

= Siri, Cortana, Now, Echo

[]6-Jan-16 https://en.wikipedia.org/wiki/Netflix_Prize ’7
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Enterprises & Government

=" Online retail & eCommerce

Online retail market size and growth Amazon Annual Revenue [S Billions)
Rs Billion Next3 year CAGR: 50-55% 1998-2013 (Actual), 2014-2015 (Projected)

74.5
Previous 5 year CAGR: ~56 % -
1)
s 48 @‘"’-\ S R T O NN R Sy
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Source: CRISIL Research

http://blogs.ft.com/beyond-brics/2014/02/28/online- http://www.peridotcapital.com/2014/04/amazon-sales-growth-projections-
retail-in-india-learning-to-evolve/ for-next-two-years-appear-overly-optimistic.html
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Enterprises & Government
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Enterprises & Government

= Logistics
> FedEx handles ~2.2 billion transactions a day.

" Indian Railways
» 150,000 Tickets Per Hour

06-Jan-16 http://pivotal.io/big-data/case-study/distributed-in-memory-data-management-solution 10
http://www.digitalistmag.com/future-of-work/2013/11/01/big-data-delivered-fedex-25-years-0887095
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Aadhaar Data Streams

50% ’\

0-1iMB 1-2MB 2-3MB 3-4MB 4-5MB >5MB
Size of Data Packet

= Aadhaar packet sizes and rates
> Hourly rates for a 24 hour period, Sep, 2015

= Mean packet size is “3VIE

= Bi-modal rate distribution

» After morning & evening sessions
» ~“600K/day now. Peak was 1.3M/day in 2013

= Soon >20 Millions of authentications per day
06-Jan-16 il
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= Discover & characterize Earth-
approaching objects that might pose a
danger to our planet.

" One of the largest telescopes
camera world’s largest!

= Scan of sky, = times/month
> 1 PB of images, of processed
data/year

» 150 M detections / night
» 5.5 Billion objects, 350 Billion detections

2015-04-15

www.pslsc.org

‘.‘

The Andromeda Galaxy, M31

Dome of PS1 telescope at Haleakala
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= Sloan Digital Sky Survey...first all digital survey...precursor to PS

= |SST: 1OM events/night. 37B objects, 7T obs, 30T measurements
per year* —

= Square Km Array
> Radio Telescope, 300 dishes
> 68Tb/s to be sampled
> 10PB images/day. 1PB catalog.Graphs

= TB of data per run

= Petabytes of data per run

*Introduction to LSST Data Management, Jeffrey Kantor
SquaTEKd@rTﬁtre Array Computational Challenges, Paul Alexander 13
home.cern
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Internet of Everything

= Personal Devices: Smart Phones, Fitbit

= Smart Appliances

= Smart Cities: Power, Water, Transportation,
Environment

= Smart Retail

06-Jan-16
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Why 1s Big Data
Difficult?

06-Jan-16 43
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Evolving Nature of Science Data

IfS] z‘elescog e
Large = .
Hadron 102 Sources
Collider Few Instruments,

TB’s Data
Days to Proc.

Large Data Volume

Ilumina NGS @IISQ% %
= Poes e \

10° Sources
GB’s Data
) Hours to Proc.

Many Devices,
Volume & Velocity

Bluetooth Mote
108 Sources

MB’s Data
<Mins to Proc.

Numerous Sensors,
High data Velocity

2015-04-15 44
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It’s estimated that

2.5 QUINTILLION BYTES

2.3 TRILLION GIGABYTES
of data are created each day

sl

40 ZETTABYTES
[ 43 THILLION GAGABYTES |
of data will be created by
2020, an increase of 300
times from 2005

6 BILLION
PEOPLE
have cell
phones

The
FOURV’s
of Big
Data

Most companies in the
U.S. have at least

100 TERABYTES
o demsiored

WORLD POPULATION: 7 BILLION

Volume,
Velocity, Variety and Veracity

Maodern cars have close to

- ’ Ry 100 SENSORS

The New York Stock Exchange
captures

1TB OF TRADE

(» _)/,lfl that monitor items such as
7 fuel level and tire pressure

As of 2011, the global size of
data in healthcare was
estimated to be

150 EXABYTES

61 BALLION GIGABYTES

By 2014, it's anticipated
there will be

420 MILLION
WEARABLE, WIRELESS
HEALTH MONITORS

4 BILLION+
HOURS OF VIDED

are watched an
YouTube each month

400 MILLION TWEETS

are sent per day by about 200
million monthly active users

30 BILLION
PIECES OF CONTENT

are shared on Facebook
every month

6o S

1 IN 3 BUSINESS

LEADERS

Poor data quality costs the US
economy around
$3.1 TRILLION A YEAR

don't trust the information

INFURMATIUN they use to make decisions .
during each trading session

veloclty By 2 ' r : ‘-:-,v‘;tr s l vEraCIty

ANALYSIS OF 4.4 MILLION IT JOBS FONENTS

STREAMING DATA | be creat ! UNEE%T#:TY
B =R L el
18.9 BILLION Q il
S YYYYYYYYYYY @ o
- AR RS

06-Jan-16 http://www.ibmbigdatahub.com/infographic/four-vs-big-data 45
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It's estimated that
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WORLD POPULATION: 7 BILLION of data stored

- Maodern cars have close to
. 100 SENSORS

@ ( @L’)) that monitor items such as

=7 fuel level and tire pressure

The New York Stock Exchange
captures

1 TB OF TRADE
INFORMATION

during each trading session

Velocity

ANALYSIS OF
STREAMING DATA

By 2016, it is projected
there will be

18.9 BILLION

T e YYYYYYYYYYY

- almost 2.5 connections
per person on earth

Sowrces: McKinsey Globa! Instituge, Twittor, Cisco, Gartner, EMC, SAS, I18M, MEPTEC, GAS
http://www.ibmbigdatahub.com/infographic/four-vs-big-data
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As of 2011, the global seze of
data in healthcare was
estimated to ba

130 EXABYTES

| 161 BALLYON CIGARYTES

By 2014, it's anticipated
there will be

420 MILLION
WEARABLE, WIRELESS
HEALTH MONITORS

4 BILLION+
HOURS OF VIDED

are watched an
YouTube each month

400 MILLION TWEETS

are sent per day by about 200
million monthly active users

1 IN \blnl‘ll 3 Poor data quality costs the US
|EADER economy around
dﬂﬁthéﬁth%'?,:?mafgﬁub €2 ' $3.1 TRILLION A YEAR

30 BILLION
PIECES OF CONTENT

are shared on Facebook
every month

volume
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don't trust the information
they use 10 make decisions

. Veracity

| UNCERTAINTY
e OF DATA

in one survey were unsure of
how much of thesr data was
inaccurate

http://www.ibmbigdatahub.com/infographic/four-vs-big-data

MUV TRV TP

are sent per day by about 200
million menthly active users

Poor data quality costs the US
economy around

AL,
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Data Platforms

=mAcquire, manage, process Big Data
mAt large scales
="To meet application needs

06-Jan-16 50
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The Platform Stack:
Cloudera

Cloudera’s Distribution for Hadoop
L e ] e

Data Languages, Compilers Fast

read/write
access

Coordination

Integration

06-Jan-16 practicalanalytics.co 51
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The Platform Stack: BDAS

In-house Apps Cancer Genomics Energy Debugging Smart Bulldings
Access and

Interfaces
S

Storage ;
Resource
Virtualization

h[}emalmmm'r

. AMPLab Developed . Spark Community Sr'd Farty

Uﬁ-Jan-lﬁ https://amplab.cs.berkeley.edu/software/ 5¢7
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Reading & Assignment

= Textbook chapter 2.1, 2.2

= Assignment O

» |Install Hadoop 2.6.x+ in pseudo distributed mode on
your laptop

06-Jan-16
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