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Agenda

- Real Time analytics
* Analysis classes
 Analysis methods
+ GPUs and Analytics
- GPUdb and GAIA

* Example cases:
- USPS
- Ebay/Paypal
* INSCOM

* Summary
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Big Data Analysis classes

« Two fundamental methods:
* Object analysis
* Relationship analysis

* Object Analysis — “needle in a haystack’
* Problem can be easily decomposed
- ldeal for map-reduce or hadoop type analysis

- Relationship analysis — “relationships between
entities”

* Not easily decomposed

 Interested in the links rather than the objects themselves
- Ideal for large-shared memory/graph analysis
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Big Data Analytics

Feature Statistical

Extraction Processing

 Feature Extraction
— Conform data to input requirements

« Statistical Processing
— Analysis

 Output Predictions
— Derive insight from results
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Big Data Analytics

- Many analytics techniques can be framed as
convex

* An optimisation problem where the objective function is

convex

Exceptions include a-priori and some graph mining
algorithms

- In data analysis, convex problems are attractive
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Local solutions are always globally optimal

Problem definition can be decoupled from the solver
Many well studied algorithms exist

Generally linearly seperable
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Big Data Analytics

* Most popular algorithms for convex problems are
gradient methods

« Conjugate Gradient
 Newton Method
* |Incremental Gradient Descent

* These are all ideally suited to GPU processing:

« Fast Gradient Gradients with Multiple GPUs — Cevabhir, et
al, ICCS 2009

« Accelerating the CG method with CUDA — Matt
Pennybaker, U of Arizona

A GPU framework for solving systems of linear equations,
Kruger et al, GPU Gems 2
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Real Time Analytics

* Real time analysis provides:
* Fast insight
* Interactive what-if?
* Interactive steering _
 Up to date information g T T L T T |
. pjeis I=IIFII H N ll[_.lll.\ ll=ll= L |
« Support instant yes/no go/no go :
* Online fraud detection

Mashups - Mashup Example

Impact of Horsepower and Weight on MPG  Invoi
Asi

- Real Time has special requirements
- Data must be immediately available & accessable
* Processing time must be very fast

* Need a data-centric approach
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Data Centric Analysis

* Move the compute, not the data!

« Surround the data with compute elements
(CPUs and GPUSs)

 Disks are too slow => In-memory databases
* Need lots of RAM

uP

Global Shared Memory

/

GPU GPU

GPU
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In memory data

» Accessing data on disk (milliseconds)

» Accessing data in flash (microseconds)

» Accessing data in memory (nanoseconds)

* Many methods:
* In memory databases (memSQL, TimesTen, HANA)
* In memory tables (most DBMS support)

* Directly into shared memory (/dev/shm)
* GPUdb — GPU Accelerated Database
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GPUdb

- A scalable distributed database for many core
devices

« SQL like query language
- Designed for big data 10-100 million+ rows

* Not to be confused with gpudb by Yuan Yuan @
code.google. com/gpudb i
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GAIA (3)
- A comprehensive database that incorporates T
numerous complex and distinct sources of GAIA

iInformation, which can be quickly sorted and

displayed using easily understood visualization
tools.

* Built on top of GPUdb

- Created by Global Intelligence Solutions (GIS)
Federal
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GAIA — 10 Million Flights

(' gpudb.com/gaiadem

GPUdb Panel

View: |Flights
Day: All days

Record count: 10,859,349

 Filter Options

v Altitude
Above: feet | Filter
Below: feet | Filter
v Airports

Origin: 00V (airport code) | Filter

Dest: 00V (airport code) | Filter

v Attributes
All Exact Add
Opacity: 1
Style: Heat Map Features Class Break

w Heat Map Style Options

Radius: 3
ColorMap: N -
Sum: None Attribute
100,000 II
20080404
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GAIA — From LAX only

GPUdb Panel l:,.\[ text search @ Measure ©92 Share Q
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Record count: 1,615,220

w Filter Options
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Above: feet | Filter | N :

Below: feet | Filter |

¥ Airports
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GAIA — 500 Million Tweets

GPUdb Panel l’b” text search Draw Filter # Measure  ©9 Share Q Find address ace .
-
-
View: |Twitter ] A F
Day: All days e
Record count: 449,769,510
v Filter Options - .
v Attributes North
North -
i AtlantTe
All Exact Add | Pacific A
-
Opacity: 1
Style: Heat Map Features Class Break
v Heat Map Style Options K
o - ) :
Radius: |2 vy, 38 ~ -
ColorMap: I | At 8 s
sum: None| ~ | Attribute F South
gouth - Atlantic
Pacific
< GlISFederal
Global Intelligence Solutions
1000mi Esri, DeLorme, FAO, IFL, NGA, NOAA, USGS
50,000,000 |III
2011-09-19 20120217 2012-07-18 2012-12-17 ~ 2013-05-18 2013-10-17 2014-03-18

©2012 SGI

Sgi



GAIA — SEA Tweets
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GPUdb Panel

View: | Twitter b

Full text search Basemap #% Measure ©9 Share Q Find address or place

Day: |2014-03-18 v
Record count: 3,615,128

w Filter Options

;’\..

v Attributes

All v ||[Exact |~

*,
o=
o
> A X : 'Slngkgwar
P
.

Lo
Ponﬂﬁ*

Opacity: |1 4 ?] »
Style: ©) Heat Map Features Class Break

» Heat Map Style Options

Nasi goreng putih for lunch mmmmmm

Radius: |2 Il i y \ 2014-03-18 13:13 at (lat=1.31162534, lon=103.75992522)
Bl EEa— I
ColarMap = http://twitter.com/_nxrannxsa/statuses/445790024026439680
Sum: None| ~ | Attribute
A
G ok N 4 RN SXXC N\ gungaitist '
5 ! .
: o SRk ™ mnk-lpln-nu
%
. ol €) |
\
e v GiSHedera
l |/ Llnl!lllgtn(e Solutions
ot Esri, DeLorme, FAO, IFL, NGA NOAA, USGS
| &
40,000
. II||||||||IIIIIIIIIIII|||||||||||||||||||||I“I“I“||“I“I““I III
[ ]

17



Examples
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Real Time Fraud Detection @ USPS

©2012 SGI

Home » Big Data » HPC » USPS Leverages Big Data To Fight Fraud

USPS Leverages Big Data To Fight Fraud

By: John Rath Like 47 =
May 1st, 2013 f W lweet [ +1 ﬂShare 64 m

When you think “big data,” you probably don't think of the United States Postal
Service (USPS). As it processes more than 528 million pieces of mail each day, the
USPS has become an active participant in the big data revolution, and operates one of

the most powerful non-classified supercomputing databases in the world.
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S. Ryan Quick — Principal Architect,
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S. Ryan Quick

Principal Architect, PayPal
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INSCOM GAIA System

« Partnership between SGI, GIS Federal and NVIDIA

« Customer : U.S. Army INtelligence and Security
COMmand (INSCOM)

« Custom system for providing soldiers with real-time
actionable insight:

* Quickly and clearly recognise threats

 Pinpoint hazards along a route in real time to
allow military personnel the opportunity to hange
their course of action.
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INSCOM GAIA

B 3 ©) g T — ' e
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Infinity Demo
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INSCOM GAIA System

10 TB In-core database

+ UV2000 SMP system
with 16 NVIDIA K20X
GPUs

« 2,048 CPU cores

* Live ingest from
multiple sensors

» Sub second response
for geospatial
calculations
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Summary

- Big Data provides both substantial challenges and
opportunities

« GPU accelerated Data Analytics holds much
potential for many typical problems

- Big Data feeds which require immediate
filtering/pre-processing can take real advantage of
GPU offload

- Data movement, as always, is an important issue
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