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The Coming Era of Big Software

or

How | Learned to Stop Worrying and
Love the
Software Complexity Barrier




Why Software Is Eating The World
Marc Andreessen — WSJ, 2011

“Six decades into the computer revolution,
four decades since the invention of the
microprocessor, and two decades into the
rise of the modern Internet, all of the
technology required to transform industries
through software finally works and can be
widely delivered at global scale.”
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Part 2: Remedies




Part 1: Drivers

+ Big Data
» Growing Computational Demands

» The Parallel Computing Challenge

« QOverwhelming Abundance

» Reproducibility




DRIVERS:

BIG DATA




Large Experimental Data

» Mouse connectome

» ~10 Nanometer resolution §
(Electron microscopy) '

» Petabyte scale

— per 1 cubic mm of
brain tissue




Large Computational Data




Cost of IO
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DRIVERS.

GROWING COMPUTATIONAL
DEMAND

PHASTA / CATALYST Bluc Gene O/ MIRA




Multiscale Design

Search over the space Weave Level
of alternatives at
each scale

Properties at the
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Properties at the
Micro- ang Nancscale

Courtesy SCOREC RPI
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An Insatiable Need For Computing

Weather Prediction
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DRIVERS:

THE PARALLEL COMPUTING
CHALLENGE

Result: The End of Historic Scaling i
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DRIVERS.

OVERWHELMING ABUNDANCE

« MYRIAD DELIVERY PLATFORMS
» PROLIFERATION OF SOFTWARE SYSTEMS

From mobille to

-
supercomputer Kitware




DRIVERS:

REPRODUCIBILITY




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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MICCAI Workshop Results

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




Part 2. Remedies

» Integrative architectures
» Rethinking parallel computing

» Community

» New business models




REMEDIES:

INTEGRATIVE ARCHITECTURES

MODULES NOT MONOLITHS
WRAPPING
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VTK Architecture

» Hybrid approach
— Compiled C++ core (faster algorithms)
— Interpreted applications (rapid development)
— Interpreted layer generated automatically




National Alliance for Medical Image

Computing
A National Center for Biomedical Computing
Funded under the NIH Roadmap Initiative

Data
ﬁrmnenure Management

Algorithm
| | |
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Application
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Platform I o
Software
Process

Software Engineering
and Software Quality
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REMEDIES.

RETHINKING PARALLEL
COMPUTING
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Simulation
Augmented
script in
mpul deck

\ ParaView Catalyst

Polygonal Output

Stanstics bree ..

Senes Data

Rendered Images
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ParaView Catalyst Examples




VTK: Parallel Support

e n ]
i

i
f
i

» Data Parallel
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» vikSMPTools

— Abstract wrapper around Intel TBB, X-Kaapi, Simple,

Sequential

« VTK-m
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VTK-m Project Goals

» A single place for the visualization community to
collaborate, contribute, and leverage massively
threaded algorithms.

- Make it easier for simulation codes to take
advantage these parallel visualization and
analysis tasks on a wide range of current and
next-generation hardware.

WNSRER ™Y

Kitware




VTK-m Architecture

Combines strengths of multiple projects:
- EAVL, Oak Ridge National Laboratory
- DAX, Sandia National Laboratory

— PISTON, Los Alamos National Laboratory

DataModel

Worklets

Data Parallel Algorithms
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Rethinking Algorithms
Marching Cubes
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REMEDIES:

COMMUNITY

« OPEN SYSTEMS
« BUILDING COMMUNITIES
« SOFTWARE PROCESS




Reproducible Science
Open Access, Open Data, Open Source

Nullius in Verba

‘take nobody's word for it”
Royal Society 1660
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Naive View of Open
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Innovation View of Open
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Software is a Manifestation of
Community

Community
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Bigger Science Requires Bigger Communities

Science
- Larger teams, more disciplines, more countries

Daniel S. Katz, NSF Program Director
Division of Advanced Cyberinfrastructure
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Many of the issues in developing sustainable
software are social, not technical

Daniel S. Katz, NSF Program Director
Division of Advanced Cyberinfrastructure




Open Source as a Trusted Foundation

» High-quality building blocks
— Can be deployed rapidly

+ Transparent
— See what's going on, debug easier
— Interface to open systems more readily

~+ Avoid vendor lock-in
— Enable competitive bidding




Open Software Process

» Who does waterfall anymore?
» Now: Agile, test-driven development, etc.

Waterfall Iterative Xp




Software Quality Process

Build, Test
& Package

Software
Repository




CDash Dashboard www.cdash.org
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Trilinos (Multi-Package Dashboard)
http://trilinos-dev.sandia.gov/cdash/index.php
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REMEDIES:

NEW BUSINESS MODELS

- PLATFORM STRATEGY
« DITCHTHE IP
« FUNDING STRATEGIES




Platform Strategy
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The Cost of Software

7% I

Initial Development Maintenance |
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Use the Right OS License

Permissive licenses harvest more contributions

Network

Permissive Weak Copyleft Strong Copyleft ~ Protective
P i — P i —— p A\ . ¢ 2

Pubhic Domain : LGPL 2.1 ) .( GPL2 J

+ o
MIT / X11 LGPL 2.1+ }“ GPL 2+ ]

—Y g
| BSD-New s ] .[GPLS or GPL3+ |—>[ AGPL 3 ]
r Apache 2.0 ] [ MPL 1.1 ]
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ParaView / VIK Funding Stream
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Suppiemental SBIR Funding (Phase /i)



Funding Productive Work
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+ Platiorms

. |nfrastru cture Time to Renver For First Frame lime to Render Subsequent Frames

+ Community



Learning to Love
Software Complexity

Integrative architectures
— Embrace contributions from everywhere

Rethinking parallel computing

- Bulld simple. core operations
— A golden algorithmic age

Community
— Open your systems and solve tough problems
— Build communities and make new friends
— Software process to ensure a stable foundation

New business models
— Shield users from chum via the platform strategy
— Ditch the IP' stop buiiding toll gates
— Funding strategies: build for the long term




Questions?

will.schroeder@kitware.com
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