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Power Challenge 



The Traditional Visualization 
Workflow is Breaking Down 

Image from Rob Ross, 
Argonne National Laboratory 
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The Problem with IO: A Small Example 
Simulation 
•  40 million finite 

elements simulation 
•  File size: 3.2GB per 

time step 
•  1000 time steps 
•  100 time steps written 

to disk 

Visualization 
•  ParaView 
•  Quad-core Mac Pro 

with 12 GB memory 
•  IO: 240 secs 
•  Contour: 25 secs 
•  Slice: 7 secs 
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20 years old – Dec. 2013 



ParaView Won HPCwire Readers’ and 
Editors’ Choice Awards (Again) 

ParaView 



Data-Centric Computing 



ParaViewWeb 



Co-Processing (Catalyst) 



Computational Chemistry 
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3D Slicer – Medical Image Analysis 
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Discourse on the (Scientific) Method,  
Descartes 1637 



If it’s not reproducible, 
it’s not Science 

Nullius in Verba 

“take nobody's word for it” 
Royal Society 1660 
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Peer-reviewers 
are expected 
to replicate  
experiments 





Career Pressures 
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•  Nature (March 2012) 
– Glenn Begley, former head of cancer research at 

pharma giant Amgen 
– Lee M. Ellis, cancer researcher at the University of 

Texas 

Failure of Reproducibility 

Found that more than 90% of papers 
published in science journals describing 
"landmark" breakthroughs in preclinical 
cancer research, are not reproducible, 
and are thus just plain wrong. 



Example Reproducibility Challenge: 
White Matter Tracts in Medical Imaging 
(DTI Imaging at MICCAI 2011) 
•  8 international 

teams participated 
•  3D visualization and 

standardized 
comparison of 
different 
tractography 

•  All used the same 
diffusion MRI 
dataset 

Image	
  from	
  Slicer4	
  



MICCAI Workshop Results 
•  Large	
  inter-­‐algorithm	
  variability	
  in	
  

finding	
  the	
  CST	
  (cortico-spinal tract)	
  
•  How	
  to	
  compare?	
  

Slide	
  courtesy	
  S.	
  Pujol	
  



Publishing in the Modern Age? 

•  Time to post a PDF file on the Web 
– Typically 1 hour, ~0 marginal cost 

•  Time to publish a paper in a journal 
– Typically 2 years 

•  Cost to publish a paper in a journal 
– About  500€ / paper 

•  Cost to read the same paper 
– About  30€ / paper 

vs 



Publishing:  
Some Economic Repercussions 
•  Subscription costs are out of control 

–  Harvard University: canceling “too expensive” journal subscriptions 
due to expense. Asking professors to publish in open access journals. 

–  UK: Minister of Science David Willetts that all publicly funded research 
should be published as open access 

–  World Bank announced that all existing and new publications, reports 
and documents will be open access by July 2012. 

– Boycott of Elsevier:  
•  E.g., In 2011: > $7K for a subscription to Theoretical 

Computer Sciences 

Threatening access to scientific results 



Intellectual Property Pressures 
Pros  
•  Estimated licensing revenue 

of patents to US 
Universities $2 billion 

Cons 
•  After subtracting costs, net 

revenue $0 - $600 million 
remains to Universities (est.) 

•  Results in a corrupting 
influence on science 

•  Creates resistance to 
collaboration 

•  Reduces academic-industrial 
collaboration 

Bayh-Dole Act (US): enabled and encouraged academic institutions 
to patent the IP from government funded research. Gave rise in  
the US to University Patent & Licensing Operations. 





Public Policy Controversies 







•  Ensures reproducibility through unfettered access 
–  Access to publications (open access), data (open data), and methods 

(open source) 

•  Enables easier commercialization (since implementation details are 
known and available) 
–  Provides significant cost savings 
–  Enables a service-based business model 

•  Addresses the demands / complexity of modern computational 
methods  
–  Facilitates the combination of software systems, libraries and toolkits 

•  Fosters collaboration 
–  Removes barriers to exchanging information 

Open Science 



“Science's capacity for 
self-correction comes 
from its openness to 
scrutiny and challenge.”  

-- Geoffrey Boulton 



Royal Society (recommendations): 
Science as an Open Enterprise  
1.  Scientists should communicate the data 

they collect and the models they create, 
via methods that allow free and open 
access. 

2.  Dataset metrics should give credit by 
using internationally recognized 
standards for data citation. 

3.  Learned societies and academies should 
promote collaboration to exploit the 
opportunities provided by more effective 
data sharing. 

4.  Learned societies and academies should 
promote the benefits of new data sharing 
tools. 

5.  The common data policies for research 
councils in the UK need to be updated 
within the next year to require data 
management plans. 

6.  As a condition of publication, scientific 
journals should progressively enforce 
requirements for traceable and usable 
data available through an article, when 
they are intrinsic to the arguments in that 
article. 

7.  Publishers should encourage and support 
incentives for the citation of datasets. 

8.  Governments should recognize the 
potential of open data and open science 
to enhance the excellence of the science 
base 



Be Selfish and Share 

Steve	
  Lawrence,	
  Nature	
  



Business Trends  

•  Services are (est.) 2/3 of  
total software market 

•  Growing recognition of the 
 “open source” business model 
– Reduced cost 
– Avoidance of vendor lock-in 
– Agility 
–  Improved collaboration 
– Better quality 



Open Source Value 

Package	
   Lines	
  of	
  code	
   Person	
  years	
   Price	
  tag	
  at	
  100k	
  per	
  person	
  
year	
  

Slicer	
   1,270,816	
   361	
   $36,122,644	
  
KWW	
   207,208	
   54	
   $	
  5,406,516	
  
VTK	
   1,853,529	
   538	
   $53,808,076	
  
ITK	
   848,383	
   237	
   $23,719,173	
  
CMake	
  /	
  CTest	
  /	
  CPack	
   323,454	
   86	
   $8,590,888	
  
CDash	
   78,226	
   19	
   $1,897,060	
  
XNat	
   200,985	
   51	
   $5,149,987	
  
Total	
   4,782,601	
   1346	
   $134,694,344	
  

NAMIC	
  Kit	
  (from	
  Ohloh.net)	
  

National Alliance for Medical Image 
Computing 
A NIH National Center for Biomedical 
Computing 
Funded under the NIH Roadmap Initiative 
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Ever More Complex Science 

•  Analysis 

•  Simulation 

•  Optimization 

ParaView, Joo Hwi Lee and Namdi Brandon, UNC Visualization Class	
  



Open Science is Scalable Science 
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Open Access: The Insight Journal 



Review Process Details 



Another Notable System 

•  OSA’s Interactive Science Publishing ISP 
–  Active publications download data and viewer 
–  An ISP paper, top download for a period of five months for the 

journal of Applied Optics; ranked #1 in InfoBase (OSA's digital 
database) 



Open Software Processes 

•  Require  
feedback loops 

•  Engage  
communities 

Software 
Repository 

Build, Test 
& Package Community 

Review 

Developers 
& Users 





Open Data 

•  Large complex data must be available to support the 
scientific process 

•  Data-centric 
computing  
enables the  
community to 
access data 



Challenges?  

•  Quality of newer Open Access journals? 
– Some like PLoS, BioMed Central may have even better 

review processes 

•  Status quo is threatened 

•  New business models required 

•  Hosting large data and software, and providing access, is 
not cheap 



Hosting Large Data 

•  Mouse connectome 

•  ~5 nanometer resolution 
(Electron microscopy) 

•  100,0002 x 10,000 




