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A The City University of New York
A Data intensive computing
A Datacuration




I'm CUNYBackground

A Established as the Free
Academy 1 1847

I Economically
disadvantaged and those
precluded from attending
the leading universities of
the day because of
ethnicity or gender.

A Today

T 24 institutions within the
300 sg. miles of NYC

3 High Performance Computing Center
The City University of New York
November 1, 2011 www.csi.cuny.edu/cunyhpc



Do o To Do D>

280,000 students in degree
programs

230,000 in non-degree
programs

189 different languages
spoken

42% first time college
Alumni include:

12 Nobel Laureates

2 Fields Medal winners
Jonas Salk (polio vaccine)
Andy Grove (Intel Corp)
Robert Kahn (TCP/IP)

Many Pulitizer Prize Winners

November 1, 2011

High Performance Computing Center
The City University of New York
www.csi.cuny.edu/cunyhpc



Data Intensive Computing

A Technology enables the collection of unprecedented
guantities of data
I Microprocessors
I Sensor systems/laboratory equipment
I Inexpensive memory
I Inexpensive storage devices

A Examples
I Large HadrorCollider

I Environmental sciences
I Genomics

I Astronomy

| etc.

A Increasingly, not just the physical sciences
I Often nonrnumeric/semanticdata



Data Intensive Computing




Data Intensive Computing

A Example: City of New York

GPS and fare tracking for 160 million taxi cab rides/year
Up to 2.3 billion subway/bus rides per year
Easypaswll tracking on tunnels/bridges, soon license plate tracking

Solar mapping of the entire city at 1 cm resolution, energy
consumption for 1 million buildings

A http://www.cuny.edu/about/resources/sustainability/solaamericaimap.html
Air quality
Social services, health services
Criminal justice system
Real estate
Education
Etc.



http://www.cuny.edu/about/resources/sustainability/solar-america/map.html
http://www.cuny.edu/about/resources/sustainability/solar-america/map.html
http://www.cuny.edu/about/resources/sustainability/solar-america/map.html
http://www.cuny.edu/about/resources/sustainability/solar-america/map.html
http://www.cuny.edu/about/resources/sustainability/solar-america/map.html
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A Studies in autism and epilepsy

I Psychology Department, College of Staten Island
CUNY

I New York State Institute for Basic Research In
Developmental Disabillities

A Corollary study
I Understand behavior from the individual to

Pa

societalf S@Sf dzaAy3 dabl 1SR
i Controlled experiments are possible
I Fill'in the gap

High Performance Computing Center
The City University of New York
www.csi.cuny.edu/cunyhpc




lm Naked Mole Rats

A East Africa A Each colony has a queen
A Mammal, closest relative and breeding male
is porcupine A Offspring will likely never
A One ofonly 2 eusocial reproduce (less than 5%
mammalian species (both chance)
African Mole rats ) A Males and females are
A Hierarchical society barely distinguishable
A Lives> 30 years A Communicate through
A Cancer resistant chirps N
A Poor vision, but may A Have individual recognition
navigate using magnetic
fields
A Poikilothermic
A Lives under extreme

hypoxia in rainy season

Courtesy: D. McCloskey, Psychology, College of Staten Island, CUNY

High Performance Computing Center
The City University of New York
www.csi.cuny.edu/cunyhpc



IIPl}[: Soclety Structure

i Queen {

30 large
ﬁﬁﬂﬂﬂﬂ“ workers

High Performance Computing Center
The City University of New York
www.csi.cuny.edu/cunyhpc




H’I“Pcc Mole Rat Laboratory

A RFIDs imbedded
In each mole

T Track
location/interacti
on

A DNA
A Blood chemistry
A Brain structure

I MRI

I Biopsy
A Audio surveillance
A Video surveillance
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H!I“Pec Hippocampal slice electrophysiology .
N




H’I“Pc Epileptiform activity in the hippocampus
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“Pcc Issues

A Data collected is mainly semantic in nature
A Incomplete data

A Need to extractneaning from unstructured data
(audio/Nideoetc)

I Entity extraction, automated tagging, text analytics
I Natural Language Processing Technologies

A Limited software analysis tools
A Searching for relationships
A Graphs and combinatorics
A Large data, but alsop-complete

High Performance Computing Center
The City University of New York
www.csi.cuny.edu/cunyhpc



Andy Wilson, Sandia

National Laboratory, 15 Sept

2010

Source

LABORATCRY DIRECTED RESEARCH & CEVELOPMENT




DoWe Need New HPC Algorithms?~

A Generallyinvolves analyses of nemumericdata
I Numberof combinatorial possibilities grows rapidly.
I Findin the data, meaningful relationships.
I Convergence tests whenot evaluating all possibleombinations
I Testfor statistical significancevhen the data is nomumeric?

A Application parallelism is abundant and asynchrongesy.,
concurrent graph search

A If possible, equally effective faster methods (ensembles, neural
networks, etc.)

A Generallymore about reasonable/ appropriate answers than
statisticalprovability

A Often involves the use of incomplete data.
I Howdoes this affect the analysis proc@ss

Richard Murphy, Sandia National Laboratory, 15 September 2010



Do We Need New HPC Architectures’

A Build a Bigger Computer with Better Algorithms

A Problemis in Nspace

I Requiregslobal Machine Reach (in communication and
naming)

I Generallyextremely sparse problems with very little local
work

A Densetechniques will not work

I Thereis no hope for accelerators, GPGPUs, eWworry
about how many GUPS your machine can sustain

A Evena PGAS Load/Store architecture is probably
Insufficient

Richard Murphy, Sandia National Laboratory, 15 September 2010



Do We Need New HPC Architectures’

A US Department of Energy
I X-Caliber
I Cray XMT

A Other®?
I Convey

I ET International, Inc.
AIBM Cyclop$4 chipsetl60 cores/chip

AETMany-Core Software&ystems parallel rutime
execution model



LargeScale Graph Analytics:
Use CasedargetAudiencesand Knowledge
Discovery ToolboXXOT) Technology

Aydin Bulucl.BL (abuluc@Ibl.gov)
JohnGilbert, Adam Lugowski and Drew Waranis, UGHIB€ft,alugowski,awaranj@cs.ucsb.edu)
David Alber anéteve ReinhardtMicrosoft (flavid.alber,steve.reinhar@@ microsoft.com)
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Graph Analytics

A Knowledge Discovery Toolbox enables domain experts to
deeply analyze large graphs quickly

A Graphs arise from
I Social networks (human or animal)

I Transaction networkse(g.,Internet, banking)
I Molecular biological interaction®.g.,protein-protein interactions)

A Many queries are
I Ranking
I Clustering
I Matching
A Graphs are not all the same
i Directed simple graphsypergraph& o6 A LJ- NI A0S I NI LJ

Courtesy: Steve Reinhardt, 15 September 2010



Use Cases

A Homelandsecurity / Understand roles of members of terrorist
IAINRdzLJA o6l &SR 2y 1vy2¢6y fAY]a
celkphone communications, who are tieS | RS NA K €

ALYGSNYFOGAZ2YLFE o0lFylAy3a k 5SS
Instances of money being transferred at least 5 times and
coming back to its sourdec

A Common thread: Enabling the domain specialist to analyze

AN} LKA RANBOGfe 3ASia G2 GKS
at all

Courtesy: Steve Reinhardt, 15 September 2010



KDT Overview

A Target audiences
I Primarily, (norgraphexpert) domain specialists needing to analyze large graphs
I Secondarily, graphlgorithm researchers and developers needing access to highly
performantscalable graph infrastructure
A Target use cases
I Broadly, problems needing the detail of algorithms that traverse the graph extensively
I Socialnetwork-based ranking and search
I Homeland security

A Current practicalities

i Python interface layered on Combinatorial BLAS
A Delivers full scaling @ombBLA®ith negligible Python overhead
i v0.2 release expected in August
I Opensource code available atit.sourceforge.net under New BSD license

Courtesy: Steve Reinhardt, 15 September 2010



Large Graphs / Hairballs
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