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The Traditional Visualization
Workflow is Breaking Down

Solver

Disk
Storage

Visualization

Image from Rob Ross,
Argonne National Laboratory
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The Problem with |O: A Small Example

Simulation Visualization
* 40 million finite - ParaView
elements simulation - Quad-core Mac Pro
* File size: 3.2GB per with 12 GB memory
time step « 10: 240 secs
* 1000 time steps - Contour: 25 secs
+ 100 time steps written - Slice: 7 secs

to disk . A

%10
& Contour
Slice
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20 years old — Dec. 2013
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ParaView Won HPCwire Readers’ and
Editors’ Choice Awards (Again)

R

ParaView



Data-Centric Computing
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araView Web Visualizal

tion System
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Co-Processing (Catalyst)
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Computational Chemistry

Log File Input File
|
ChembData

<hpc
MoleQueue ypos
4 Remote

o~ 1 m s e e

Job Submission

Tt A Ve ol P S




3D Slicer — Medical Image Analysis
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Mobile to Supercomputer

ParaView
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r ; DISCOURS
B DE LA METHODE
Pour bien conduirefa raifon,& chercher

la verité dans les{ciences.
P §
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Discourse on the (Scientific) Method,
Descartes 1637
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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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Scientific Publishing Origins
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Happy Ending!

....Or Is Iit?




Peer-reviewers
are expected
to replicate
experiments
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Career Pressures

P publish

or Perish”
or what they

taught me in
Graduate
School

Author
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Failure of Reproducibility

Nature (March 2012)

— Glenn Begley, former head of cancer research at
pharma giant Amgen

— Lee M. Ellis, cancer researcher at the University of
Texas

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.
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Example Reproducibility Challenge:
White Matter Tracts in Medical Imaging
(DTl Imaging at MICCAI 2011)

* 8 international
teams participated

» 3D visualization and
standardized
comparison of
different
tractography

« All used the same
diffusion MRI
dataset

Y Kitware



MICCAI Workshop Results.

* Large inter-algorithm variability in
finding the CST (cortico-spinal tract)
* How to compare?




Publishing in the Modern Age?

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

Vs
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

Y Kitware



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
V7 Kitware



Intellectual Property Pressures

Pros Cons
Estimated licensing revenue After subtracting costs, net
of patents to US revenue $0 - $600 million
Universities $2 billion 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. W Kitware



SCIENTIFIC
AMERICAN"

Permmanent Address: hittpifwww. scientifica i iclke.cfm7id=secret-computer-code-thre

Secret Computer Code Threatens Science

Missing source code can allow bad science 1o slip through the cracks and means exira headaches for scientisis who

want to closely follow up on new studies or check for errors
By Jeremy Hsu and InmovaoaNewsDaily | Fricay, Apal 13, 2012 | 43 comments

Modern science reles upon researchers sharing their work so that their peers can
check and verify success or failure. Bul most scientists still don't share one crucial
piece of information — the source codes of the computer programs driving much of
today’s scientific progress.

Such secrecy comes at a time when many researchers write their own source codes
— human-readable instructions for how computer programs do their work — torun
simulations and analyze experimental results. Now, a group of scientists is arguing
for new standards that reqguire newly published studies to make their source codes
available. Otherwise, they say. the scientific method of peer review and reproducing
experiments to verify results is basically broken.

Y Kitware



Public Policy Controversies

The . Log out = My account
Economist

Home World v Business & Finance ¥ Science & Technology

The controversies in climate science
Science behind closed doors |

Two new reports say the science of climate change is fine, but that some
scientists and the institutions they work in need to change their attitudes
Jul 8th 2010
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Open Science
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Open Science

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

Y Kitware



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

-- Geoffrey Boulton

¥

Science as an {4
open enterprise

June 2012

THE
ROYAL
SOCIETY
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Royal Society (recommendations):
Science as an Open Enterprise

Scientists should communicate the data
they collect and the models they create,
via methods that allow free and open
access.

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

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

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

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

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.

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

Governments should recognize the

potential of open data and open science

Lo enhance the excellence of the science
ase
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Be Selfish and Share

- 1989-1990 -~ 1995-1996
- 1991-1992 == 1997-1998
100 - 1993-1994 = 1999-2000
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Steve Lawrence, Nature WK itware



Business Trends

A

« Services are (est.) 2/3 of 5
total software market 70%

Services

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

W’Kitware



Open Source Value

NAMIC Kit (from Ohloh.net)

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

National Alliance for Medical Image
$ Computing
A NIH National Center for Biomedical

Computing Y kitware
Funded under the NIH Roadmap Initiative




Multi-Scale

Multiscale Design

Search over the space Weave Level
of alternatives at
each scale

Bundle Level

Nano Level

Atomic Level " Properties at the

Macroscale

Properties at the
Micro- and Nanoscale

SCORECRPI
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Ever More Complex Science
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ParaView, Joo Hwi Lee and Namdi Brandon, UNC Visualization Class
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Open Science is Scalable Science

Driving
Applications

)

Computational
Scientists

|solated ‘

Research Team Software
Engineers
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Open Access: The Insight Journal

N Email: [ Fassword: NG
‘ Insight Journal

Home Browse Submit Help Blog Search £
The Insight Journal is an Open Access on-line publication covering the domain of medical image Visualize MIDAS Journal

e ey 3
s R e datasets for free with

- Open-access to articles, data, code, and reviews @ VO IVieW 3-0

- Open peer-review that invites discussion between reviewers and authors
- Emphasis on reproducible science via automated code compilation and testing ﬁ
- Support for continuous revision of articles, code, and reviews

The unique characteristics of the Insight Journal include:

%) The MICCAI'08 workshops have been moved to the Iidas Journal. Journals

-} Subscribe to the Kitware's newsletier to receive news about open-source on your desk, it's free! =_JiThe Insight Journal:

[} 2011 January-June

[} 2010 July-December

[1) 2010 January-June

[11 2009 July-December

[11 2009 January - June

[} 2008 July - December

[) 2008 - Medical Image Re...
[ Verdict - 2007-2008

[11 2008 January - June

[ RPI - OpenSource 2007

[11 2007 July - December

[11 2007 MICCAI Open Scienc...
[11 2007 January - June

[} 2006 July - December

[} 2006 MICCAI Open Scienc...
[} 2006 January - June

[) 2005 August - December

[} 2005 MICCAI Open-Source. ..

Poisson Editing in ITK

F Published in The Insight Journal

Doria D.
H This code provides an implementation of two techniques from “"Poisson Image Editing” on ITK images. First, we fill a
o hole in an image given only the pixel values on the boundary. Second, we copy a patch of an image into anotherimage
Mo Opinion | and make the resultas [..]

downloaded 149 times, viewed 1267 times and no review.

Loopy Belief Propagation on MRFs in ITK

Published in The Insight Journal

Doria D.

This code provides a base implementation of Loopy Belief Propagation on MRFs in ITK. We use binary image
~  denoising as an example problem to demonstrate this code. This document is intended only to describe the

Mo Opinion | jmplementation, not the theory. A complete [..]

downloaded 101 times, viewed 1546 times and no review.

Criminisi Inpainting @"[JThe MIDAS Journal

Published in The Insight Journal #-_JThe VTK Journal

Doria D.

This document presents a system to fill a hole in an image by copying patches from elsewhere in the image. These Publication of the Month

patches should be a good continuation of the hole boundary into the hole. The patch copying is done in an order which Nare

Mo Opinion | attempts to preserve linear[..] Creating a 2D Active Shape Model Using
e e e . . itk::imaaePCAShapeModelEstimator



Review Process Detalls
@) Email: | --:---: I

. J Insight Journal

Sign in with your Google Account

Home Browse Submit Help Blog

Search... KL

Efficient N-Dimensional surface estimation using Crofton formula and run-Iengttgi,otwb!.!!?°

encoding

Lehmann G., Legland D.
INRA

Please use this identifier to cite or link to this publication: http://hdl.handle.net/10380/3342

Published in The Insight Journal - 2012 January-June.
Submitted by Gaetan Lehmann on 02-21-2012.

Unlike the measure of the area in 2D or of the volume in 3D, the perimeter and the surface are not easily measurable in
a discretized image.

In this article we describe a method based on the Crofton formula to measure those two parameters in a discritized
image. The accuracy of the method is discussed and tested on several known objects. An algorithm based on the run-
length encoding of binary objects is presented and compared to other approaches.

An implementation is provided and integrated in the LabelObject/LabelMap framework contributed earlier by the authors.

Code

There is no code review at this time.

Reviews

Tl éa b sarmaiia amainl b AMialy Tiiméicam An IN49 N2 N0 NO-EE-29 far rovsicinn H#9

Resources
Download Package

Download Paper, View Paper
Download Source code

Author repository

Github

Statistics more

Global rating:

Review rating:

Code rating:

Paper Quality: 7Y ¥/

2 comments

Information more

Categories: Data Representation,
Filtering

Keywords: Crofton, RLE, Perimeter,
Surface,

Toolkit: ITK

Export -

citation: Bibtex [v| ' Export

Share

P2 # Twee

Associated Publications

Boolean Operations on Surfaces for VTK

View license
Send a message to the author
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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)

#_ISP - IM000001 : Patient A : 0000000 : 22594

Fle Edit View Window Help
1] OBMHEH
cjo | WL | Analyze | Review | Info |
Information [ value
Oxygen advection and diffusion in a thre Scope Medical
dimensional vascular anatomical network’ Images 156
Distance Units mm
Voxel Dimensions 256 x 256 x 156 voxels
Physical Dimensions | 360 x 360 x 391.25mm
Physical Origin -161.4, -180, -341.5mm
Voxel Spacing 1.40625 x 1.40625 x 2.50801
Scalar Units HU
Scalar Range -1265 to 3254HU
Scalar Type short
Scalar Size 2bytes
File Name 1IM000001
Directory OSAArticle_757/758
S O Study Description T cHEsT
. Series Description Recon 2:
E— Institution Institution
Patient Name Patient A
Patient ID 0000000
Patient Age 65 year(s)
Patient Sex M
Patient Birth Date 01/01/01
Acquisition Date 01/11/07
Acquisition Time. 11:38:19
Modality cr
Madel Name LightSpeed16
Station Name CT00_000
Exam 22594 [(lzssss]]
G 3 116 C100_000 ution P
mA 406 ~ 1D: L0
e G kvp 120 17.79 mm x 14.08 mm @ /ol“}/\‘f /'u/l‘/gﬁ \'U/J/rﬂ
Exposure Time 843ms
—— Gantry/Detector Tit | 0 degrees
Slice Thickness 1.25mm
Convolution Kernel | STANDARD
Direction Cosine (1,0,0) 0, 1,0)
< | o
Downloading 1% http://hdl.handle.net/10376/osa%2Fdownlc AL 1000 [ G0
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Open Software Processes

Build, Test
- & Package _
odbae
feedback loops e {E“

- Engage
communities

Software
Repository

Developers
& Users
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dashmacmini5_kitware
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SLED11-x86-64
SLED11-i686
dash2win64-windows kitware
londinium_kitware
dash2win64 kitware
amber12_kitware
p90n03.pbm.ihost.com
FarAway kitware
dash22
krondor._kitware
dashmacmini3 kitware
dashmacmini3_kitware
dashmacmini3 kitware
dashmacmini2_kitware
midworld_kitware
midworld_kitware
dashmacmini2 kitware
dashmacmini2_kitware
Chameleon-14 NFSNet
Chameleon-14. NFSNet
Chameleon-14 NFSNet
Chameleon-01.NFSNet
Chameleon-11.NFSNet
Chameleon-10.NFSNet

CMake

Previous Current Project

6 files changed by 2 authors as of Monday, July 30 2012 - 21:00 EDT

Build Name

Linux64-LSB4.0
Linux32-LSB4.0 +
Windows-VS9-ninja

O Arch-GCC-4.7-x86_64-debug v
A2 Jom-VS9 @

A2 Win32-msys-gcc4.5 &
AlX6100F614-xIC

A Contracts Trilinos-10-6

£ CVS-Win32-x86-bcc32

& Darwin-c++

& Darwin-Leopard-Xcode21-univ
[ Darwin-Leopardintel-g++

& Darwin-Leopardintel-Universal
[ Darwin-Tiger-Xcode21-univ
& DarwinG5-g++

® DarwinG5-XCode15

& Darwinlntel-g++

& DarwinIntel-Universal

U FreeBSD-10.0-clang-3.0

U FreeBSD-10.0-gcc-4.2.1

U FreeBSD-10.0-gcc4.6.2

U FreeBSD-6.4-gcc-3.4.6

U FreeBSD-7.4-gcc-4.2.1

U FreeBSD-8.2-clang-2.9

Update

Configure

Show Filters Advanced View Auto-refresh  Help

Test

Configure

Not Run

Fail

Test

Error

Fail

Build Time

13 hours ago

Build Time

Expected build

Expected build

Expected build
11 hours ago
4 hours ago
12 hours ago
9 hours ago
8 hours ago
12 hours ago
13 hours ago
8 hours ago
8 hours ago
7 hours ago
9 hours ago
13 hours ago
12 hours ago
11 hours ago
10 hours ago
12 hours ago
13 hours ago
12 hours ago
12 hours ago
12 hours ago
11 hours ago -
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Open Data

« Large complex data must be available to support the

scientific process

Data-centric ===
. Dataset and Task
computing Selection
enables the -~
IR QA\\ Transfer Media

A 4

community to  w ~
access data = e <
MiDA

Automatic Reporting  Data Analysis Online Review
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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

Y Kitware



Hosting Large Data

- Mouse connectome Y

* ~5 nanometer resolution
(Electron microscopy)

- 100,000% x 10,000

Y Kitware
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