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Scientific Data Explosion
Life Sciences

Social Sciences

Twitter Social Network © UMBC eBiquity Research Group

Astronomy

Physics

Maximilien Brice, © CERN



Computing Revolution
• Commodity energy-efficient supercomputers

4 Teraflops @ 1400 W



Challenge

• Limited by communication, not processor 
performance [Jim Grey, Computing Economics]
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Scalability

Modeling
Simulation
Analysis



Outline

• High-throughput Neuroscience

• High-throughput Astrophysics

• High-throughput Simulations



The Connectome
Discovering the Wiring Diagram of the Brain



Collaborators
• Harvard Center for Brain Science

• Jeff Lichtman & Clay Reid

• Kitware Inc.

• Will Schroeder, Charles Law, Rusty Blue

• VRVis Vienna

• Markus Hadwiger, Johanna Beyer

• SEAS

• Amelio Vazquez, Won-Ki Jeong

• Hanspeter Pfister



The Scientific Challenge

• What do large brain circuits do? 



The Scientific Challenge

• What do large brain circuits do? 

• What is their structure?

Ramón y Cajal, 1905



Connectome Pipeline

Get a brain Get a piece

Image itRegister and SegmentVisualize & Analyze

Cut it thin



Automatic Tape-collecting 
Lathe Ultra Microtome

K. Hayworth & B. Kasthuri



ATLUM



Inspiration for ATLUM



Ultrathin Section 
Libraries



20 wavers = 
1 mm3 tissue



4.5 mm

1.2 mm

Electron Microscopy
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0.5 Mpix/s = 171µm3, 7.1 TB 
8 Mpix/s = 430µm3, 113 TB 

6 months collection time:

100 Mpix/s = 1mm3, 1421 TB 

4 nm x 4 nm x 40 nm voxels



• Active Ribbons [Vazquez et al., CVPR 09]

Segmentation



Active Ribbons on GPUs
• 23x speedup over CPU



Segmentation

Active Ribbons [Vazquez et al. 09] NeuroTrace [Jeong et al. 09]



Segmentation



Visualization





High-Throughput
Connectomics



The Future

J. Livet



Brainbow

J. Livet



Convergent evolution?



Cerebellum



The MWA
The Industrializa9on of Astronomy



Collaborators
• Harvard Center for Astrophysics

• Lincoln Greenhill

• Daniel Mitchell

• Stephen Ord

• Randall Wayth

• SEAS

• Kevin Dale, Richard Edgar

• Hanspeter Pfister



The Scientific Challenge

• What happened through the 1 billion years 
of the universe’s dark ages?

Loeb / SciAm 

~300,000 ~1 bio

The Dark Ages



The Scientific Challenge

• What happened through the 1 billion years 
of the universe’s dark ages?

• Can we predict coronal mass ejections?



Radio Interferometry
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From this...

APOD 0605 



...to this

© Murchison Wide-field Array Project 



MWA
• 32 antenna prototype

• Eventually 512 antennas on 1 km2 

© Murchison Wide-field Array Project 

400 m



Nowhere (Middle of)
300 km



Outback Computing
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(200 ppl / MA) 

• Max. ambient on site: 50° C / 122° F



© Murchison Wide-field Array Project 
Frank Briggs, Project Engineer



Nervous System

© Murchison Wide-field Array Project 
Frank Briggs, Project Engineer



Supercomputing 
Center



Mitch

Who is
the GPU
expert?



Life Support

© Murchison Wide-field Array Project 
Frank Briggs, Project Engineer



MWA Pipeline

Correlator Calibrator

Grid

Gridding

Image

FFT

Correct

Image
Processing

Integrator



MWA Pipeline

162 TFLOP 0.1 TFLOP 5 TFLOP

1 TFLOP0.2 TFLOP 12 TFLOP

160 Gb s-1 5Gb s-1

8 Gb s-14 Gb s-1

3 Gb s-1

5G
b s -1

Correlator Integrator Calibrator

GriddingFFT Image
Processing



Real Time System
CPU GPU

Manufacturer

Model

# Cores

Cost

Power Consumption

Relative Speedup

Performance / $

Performance / W

Intel NVIDIA

E5472 C1060

1 240

$2500 $4000

300 W 550 W

1x 18.7x

1x 11.7x

1x 10.2x



Signal
Processing

High-Throughput
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The Future?
Square Kilometer Array, ca. 2020

1 EFLOP / 1 Tb s-1 



Simulations
From quantum chemistry to physics



Multiscale 
Hemodynamics

Massimo Bernaschi - 
Michelle Borkin - Ahmet 
Coskun - Charles Feldman 
- Efthimios Kaxiras - 
Simone Melchionna - 
Dimitris Mitsouras - 
Hanspeter Pfister - Frank 
Rybicki - Joy Sircar - 
Michael Steigner - Peter 
Stone - Sauro Succi - 
Frederick Welt - Amanda 
Whitmore

Tim Kaxiras



The Scientific Challenge

• Predict and prevent heart attacks



The Scientific Challenge

• Predict and prevent heart attacks 

• Simulate blood flow in coronary arteries 
from cellular to plasma level 



Hemodynamics Pipeline

CT Patient Data Segmentation Post-Processing

Lattice Boltzmann! Navier-Stokes!

MUPHY Lattice-Boltzman
Fluid Simulation

Visualization & Analysis



MUPHY



Results



Quantum Chemistry
• Alan Aspuru-Guzik

• Mark Watson

• Richard Edgar

• Kenta Hongo

• Roberto Olivares

• Leslie Vogt

• Sean Kermes



The Scientific Challenge

• High-accuracy calculations to determine 
properties of organic molecules



The Scientific Challenge

• High-accuracy calculations to obtain 
properties of organic molecules

• Improve organic photovoltaic materials



Results
Taxol 

Valinomycin 



Visual Neuroscience
• David Cox, The Rowland 

Institute at Harvard

• Nicolas Pinto, MIT

• Jim DiCarlo, MIT



The Scientific Challenge

• How does the brain perform object 
recognition?

Desimone et al. 1984



The Scientific Challenge

• How does the brain perform object 
recognition?

• What are good models of the human visual 
system, and what are their parameters?

V1

V2

V4

 

IT

pixel RGC LGN V1 V2 V4 IT
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Cars vs. Planes (validation)

Synthetic Faces MultiPIE Hybrid

v1-like
(control)

state-of-the-art
(from literature)

top 5 models
(high-throughput search)

5SIFTregular + GB PHOG PHOW SLF 4 3 2 1 blend

a.

c. d.
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Boats vs. Animals

v1-like
(control)

state-of-the-art
(from literature)

top 5 models
(high-throughput search)

regular + blend

b.

SIFT GB PHOG PHOW SLF

v1-like
(control)

state-of-the-art
(from literature)

top 5 models
(high-throughput search)

SIFTregular + GB PHOG PHOW SLF blend

v1-like
(control)

state-of-the-art
(from literature)

top 5 models
(high-throughput search)

regular + blendSIFT GB PHOG PHOW SLF

5 4 3 2 1

5 4 3 2 15 4 3 2 1

Simulations
Test 10,000 to 100,000 different models



Performance / Cost

Hardware

Relative Speedup 1x 4x 544x 1544x 2712x
Relative Perf. / $ 1x 2x 272x 772x 1356x

Full System Cost
(approx.) 

$1,500** $2,700** $3,000* $3,000* $3,000*

Manufacturer Intel Intel NVIDIA NVIDIA NVIDIA

Model Q9450 Q9450 7900 GTX 8800 GTX GTX 280

Year 2008 2008 2006 2007 2008

Implementation MATLAB MATLAB Cg CUDA CUDA

# cores used 1 4 4x96 4x128 4x240

CPUs GPUs

80x
120x

$1,000

Intel

Q9450

2008

SSE2

4

Results
3D Filterbank Convolution



Next Steps
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• Higher-level programming models

• Domain Specific Languages (DSLs)

• Easier scalability

General 
Programmability



Standardized 
High-Bandwidth I/O



Compute Appliances



The Future?



Tricorders?

Instrument



Chip Microscopy
• Sungkyu Seo, Ting-Wei Su, Derek K. Tseng, Anthony 

Erlinger and Aydogan Ozcanabc, UCLA



Chip-NMR Biosensor
• Hakho Lee, Eric Sun, Donhee Ham & Ralph Weissleder, SEAS & HMS 



Wish List

• Better programming models

• Standardized high-bandwidth I/O 

• High-throughput compute appliances 
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