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Presentation Notes
This morning I would like to provide an overview of the XSEDE project and its role in promoting research and education.

First, let me put up a link to these slides so you have all of the embedded links to the information I will show you this morning.

I will start by providing some background on XSEDE and then provide a number of examples of how it has been used to foster research and education.

There are also several other sources of information provided by the community which I will also cover.  Hopefully, that overview will provide you with the background you need to advance your own research and education goals as it relates to computational science and high performance computing.



Presentation slides

e http://hpcuniversity.org/trainingMaterials/209/



http://hpcuniversity.org/trainingMaterials/209/

XSEDE — accelerating scientific discovery

XSEDE aspires to be the place to go to access
digital research services.

Accelerate scientific discovery by enhancing the
productivity of researchers, engineers, and
scholars through the use of advanced digital
services and infrastructure.
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XSEDE is a project sponsored by the National Science Foundation.  The project is in year 5 of a five year program but is expected to be renewed for an additional five years.

The overriding goal of the project is to accelerate scientific discovery by providing a set of digital research services that make it possible to model physical, biological, and engineered systems at scale, to discover information embedded in very large datasets, and to visualize the results of those explorations.



Motivation for XSEDE:

e Scientific advancement across multiple disciplines
requires a variety of resources and services

e XSEDE is about increased productivity of the
community and providing expanded capabilities

— |leads to more science

— is sometimes the difference between a feasible project
and an impractical one

— lowers barriers to adoption

e XSEDE provides a comprehensive eScience
infrastructure composed of expertly managed and
evolving advanced heterogeneous digital resources and
services integrated into a general-purpose
infrastructure
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Different disciplines, and indeed, research into different scientific questions in the same discipline require a wide variety of resources and services.  XSEDE seeks to provide a comprehensive eScience infrastructure that facilitates a wide range of needs.  The services provided can be the difference between a feasible project and an impractical one.

XSEDE also recognizes that making use of digital services at large scale requires deep expertise to manage the digital resources as well as expertise to utilize them efficiently and effectively.  Thus, XSEDE also focuses on training opportunities for its users and on educating the next generation of scholars about the use of digital services for modeling and simulation.


Why Would You Use XSEDE?

Research codes that exceed the capacity of
local computing resources (memory,
processors, big data)

Access to community codes that require large
scale computing and data resources

Science gateways that simplify research
workflows

Access to training and education resources
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People are often more comfortable using their own, local computing resources whether that be a workstation or local cluster.  However, those facilities will not always be sufficient  to carry out the desired work.

I am still amazed when I visit a local campus lab and see a sign on a workstation that  has a sign in capital letters that says – Don’t touch this machine – running long simulation.  Without access to other resources, students and sometimes faculty will run simulations that take days or weeks on a local machine rather than seeking more appropriate environments to complete their work.

So you may want to use XSEDE for a number of reasons …


XSEDE Supports a Breadth of Research

Three-dimensional model of major
vessels and bifurcations of the
human arterial tree reconstructed
with gOREK from a set of
computed tomography (CT), digital
subtraction angiography CT and
magnetic resonance angiography
images.

e Earthquake Science
e Molecular Dynamics
 Nanotechnology 4
e Plant Science
e Storm Modeling
 Epidemiology

e Particle Physics
e Economic Analysis of Phone Network

Patterns
e Large Scale Video Analytics (LSVA) r Smapehot of an animation
e Decision Mak|ng Theory for water level prediction

including the wind-wave

e Library Collection Analysis signature.
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Sampling of much larger set. Many examples are new to XSEDE/HPC. Range from petascale to disjoint HTC, many are data driven. XSEDE will support thousands of projects.



Astrophysics: The lllustris Project

olllustris, the most ambitious simulation of galaxy formation ever
done, simulates the cosmos over 13.8 billion years. The simulated
volume captures tens of thousands of galaxies with 12 billion
resolution elements in a cube 350 million light-years across.
*An international team used XSEDE resources Kraken and
Stampede to develop aspects of the lllustris project
— Small-volume simulations run during development of the model
— Coarser-resolution simulations otherwise identical to the flagship
lllustris simulation, allowing the team to develop and test
analysis tools
— Simulations with less complete physics, providing insights into
the effects of the components
.The project is described in a paper published in Nature, May 8,

2014.
 URL: https://www.nics.tennessee.edu/illustris-project
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The Illustris simulation project was led by Mark Vogelsberger of the Massachusetts Institute of Technology (MIT) and initiated while he was still a postdoctoral researcher at the Harvard-Smithsonian Center for Astrophysics (CfA). "Illustris represents the most detailed model of the universe," he says. 

Vogelsberger et.al. created a model of galaxy formation comprised of 12 billion resolution elements showing the evolution of the universe from 12 million years after the Big Bang evolving over a period of 13.8 billion years (Vogelsberger et.al., 2014).  The simulation produced a large variety of galaxy shapes, luminosities, sizes, colors that are similar to observed population.  The simulation provided insights into the processes associated with galaxy formation.  This example also illustrates how computation can be applied to a subject where experimentation is impossible but where simulation results can be compared with scientific observations.

"It took our international team, including major contributions from Volker Springel at the Heidelberg Institute for Theoretical Studies (HITS) in Germany, about five years to prepare and execute the simulation."


The simulation volume at large scale, centered
on the most massive galaxy cluster in the
simulation at the present cosmic time. Dark
matter density is shown on the left and normal
matter (gas) density on the right

(Credit: lllustris Collaboration)
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An excerpt from a news release issued by CfA conveys the commitment and computational power necessary for an undertaking of this magnitude: "The actual calculations took 3 months of 'run time,' using a total of 8,000 CPUs running in parallel. If they had used an average desktop computer, the calculations would have taken more than 2,000 years to complete."
Illustris allows one to journey back and see in high detail our Universe 12 million years after the Big Bang and then watch the cosmos evolve over a period of 13.8 billion years. The simulated volume captures tens of thousands of galaxies with 12 billion resolution elements (pixels) in a cube running 350 million light-years (106.5 megaparsecs) across.
This simulation is distinguished not only by how comprehensive it is but also by the fact that it creates a mixed population of elliptical and spiral galaxies, as well as shows small-scale evolution of gas and stars.



Brain Cell Linker Dependence Shown
by XSEDE Supercomputer Simulations

* Neuroscientists at Stony Brook U. teamed with
computational biophysicists at Florida State U. and found
that the function of a key brain cell receptor depends on
a short polypeptide segment, which they call a linker, to

function.
— Parkinson's disease, Alzheimer's disease, and a number of

psychiatric disorders are associated with malfunctions of this
brain receptor, called the NMDA (N-methyl-D-aspartate)
receptor.

— The researchers performed molecular dynamics simulations of
the 300,000-atom NMDA receptor system on Stampede.

 Funded by the National Institutes of Health
 Published in Nature Neuroscience.
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The second example involves  molecular dynamics simulations of a key brain receptor.  A team from Stony Brook University and Florida State University was able to simulate the behavior of the NMDA receptor whose malfunction has been linked to a number of psychiatric disorders, Parkinson’s disease, and Alzheimer’s disease.

Again – the scale is important here involving the 300,000 atom receptor system.  Discoveries like this could lead to better treatments for those conditions.


This protein model represents an NMDA receptor, which juts halfway out of
the surface of cells of the nervous system that include the brain and spinal
cord. It relays signals between nerve cells. Researchers found that a
mechanical coupling was needed between the clamshell-like region at the top
of the protein that accepts a neurotransmitter and the channel in the middle
that opens for electrical and chemical signals to flow in and out of the brain
cell.

Image Credit: Lonnie Wollmuth, Stony Brook University

"The resources that are present
In the Stampede and XSEDE
facilities go far beyond what can
be obtained in one single lab, or
even an institution. It's a very
important piece of the
computational infrastructure
that's going to be required to
push the frontier of
computational research.”

Huan-Xiang Zhou,
Florida State University
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Visualization of this system


Improved Speed in Assembling Large Genome

* XSEDE Extended Collaborative aEsembled Ninleativles

= mulls | == |
Support staff modified ALLPATHS-LG O BE e
: OO0 B
to enable it to assemble very large mufls § N
genomes like that of Ae. tauschii (O 0N .

* The computation also required Assembled Segments

Blacklight’s very large shared [ SEEEEEEES |

memory to enable the use of Original Sequence
ALLPATHS-LG to create the best EETTTTT] %
possible assembly of the new data

* Together with subsequent The new assembly, together with

comparisons to related species, the comparisons to related species,

new assembly allowed the group to . .
identify at least 230 genes not allowed the group to identify genes

present in the earlier assembly missed In the previous assembly.
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Another example comes from genomics.  Working with XSEDE’s extended collaborative support services (will say more about this soon) the community using the ALLPAHS_LG software for gene assembly were able to identify a large number of genes that were not present in earlier assembly work.


Crucial Tools for Manufacturing

At Ford, HPC ...allows us to Ford EcoBoost
build an environment that

continuously improves the
product development process,
speeds up time-to-market and
lowers costs.

Technology

The ongoing use of modeling
and simulation resulted in new
packaging and product design )
that.propelled the Ic.)r.and toa thjgrs
leading market position over a
several-year period.

CLASSIC ROAST

Durable
coffee

package
for P&G
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Although these are not examples of codes run on XSEDE resources, I always like to provide a few examples of how computer modeling is being used in the private sector to design and improve products.

This should be a strong signal to academia that we need to make sure our students are familiar with these techniques and tools as they are in demand on the job market.

The examples here are:


B

Will Pringles Fly?

-1.662400

-1.2095+00

Cortours of Static Pressure (pascal) (Time=583218+00)  Pressure on Bottom of Chip

High Speed Conveying
Create Vortices
Shedding... T s
..."Rocking Chips’ = ARSI,
NOT GOOD! '

g et - -

-.H-F\.\_r"'lg"aeﬁ-"‘-—- -
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This is my favorite example – the design of the Pringle.


More than Computational Resources

 Extended collaborative support service

— Access to expertise to work with research groups
on a variety of issues
e Porting and optimization of codes to XSEDE resources
e Data analytics
 Visualization
 Workflows
* New science gateways
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Earlier I mentioned the extended collaborative support service for XSEDE.

Along with access to a variety of different computing platforms, XSEDE users can request professional staff support to aid in their research.  Examples include:

Go to web page and review requirements.

These services can be requested at the time that access to computing resources are being requested or at any time during a project that has an allocation.  More on allocations later.

https://www.xsede.org/ecss

Software and Community Codes

 Codes that have been optimized to run
efficiently on XSEDE resources

e Loaded with appropriate computing
environment using modules

 Wide range of open source software and
some commercial software

e XSEDE software
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Along with the hardware environments, XSEDE supports a wide range of software and community codes that have been optimized to run on their systems.  Thus, if you are using one of these codes, you need not be responsible for compiling, debugging, and optimizing them for an XSEDE system.

Many are simply accessed by calling up the appropriate Module which sets up the environment for a particular code to run.

You can find that is available here

https://portal.xsede.org/software#/

Science Gateways:
Today, there are approximately 35 gateways using XSEDE

Bt R NATIONAL BIOMEDICAL COMPUTATION RESOURCE
Conduct, catalyze and enable multiscale biomedical research
e N T Y IT-}."!J B i . _ P

Facilities Outreach Resources Publications

Community Climate
System Modeling Portal

DARK EMERGY

Cyberinfrastructure for End-toEnd
Survey it g

'ﬁﬁ“ Environmental Exploration
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For those just getting started with supercomputing or whose problems are “standard” for their domain, XSEDE has worked with the community to create a large number of science gateways.




Science Gateways

e Access to XSEDE resources through web
services focused on specific scientific domains

— Managed by a research collaborative
— Simplifies submission process

— May limit options and extent of analysis

— Excellent option for classroom use

e Gateways list

— https://portal.xsede.org/science-gateways
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Science gateways offer access to XSEDE resources through web services or light clients.  They are established by specific communities to help facilitate research and education in those domains.

The interfaces simplify the process of submitting a job to filling out a web form with the results coming back as a downloadable file.  Some of the gateways limit the choices one can make with the background software.  This is advantageous if you are just getting started on using it and don’t need to explore a broader range of options.

It is also ideal for introducing advanced tools to the classroom as students can be given an assignment, create their own account, and complete the runs without having to know about scripting and batch submission on the supercomputers.

Go to list

https://portal.xsede.org/science-gateways

XSEDE Training

e Live workshops webcast or hosted at multiple
sites

 Online self-paced tutorials on a variety of
technical topics

 New digital badges attached to workshops and
related post-workshop assessments
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Review XSEDE training options

https://portal.xsede.org/group/xup/course-calendar
https://portal.xsede.org/group/xup/course-calendar
https://portal.xsede.org/online-training
https://portal.xsede.org/online-training

Full Courses Taught Collaboratively

e Applications of Parallel Computers
— https://cvw.cac.cornell.edu/apc/default)

e Blue Waters courses

— Designing and Building Applications for Extreme Scale
Systems
 http://wgropp.cs.illinois.edu/courses/cs598-s15/index.htm

e (Others expected next year
— GPU programming
— Parallel programming
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Review collaborative classes

https://cvw.cac.cornell.edu/apc/default
http://wgropp.cs.illinois.edu/courses/cs598-s15/index.htm

Getting Access to XSEDE Resources

e Start with your campus champion
— Brian McDevitt -- brianmcdevitt@boisestate.edu

— Trial accounts on all machines
— Experience with helping new users find the resources they need

e Create an XSEDE Portal Account

— Access to training materials and allocation applications

e Apply for an allocation
— Start-up

— Research
— Education
— Include help from Extended Collaborative Support Services



mailto:brianmcdevitt@boisestate.edu
https://portal.xsede.org/allocations-overview
https://portal.xsede.org/ecss-justification

Other Resources

e HPCUniversity.org
— Index of training and education resources
— Computational science education competencies
— List of education programs
— Opportunities for students
— Calendar of events
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Go to the site and point out:

Resources
Competencies
Education programs
Opportunities for students
Calendar of events


SIGHPC Education Chapter

e Virtual chapter of the ACM
— http://sighpceducation.acm.org/

— Inexpensive to join - $10 professional, S5 students

— Webinars on education opportunities and
programs

— List of quality training and education materials
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Two plugs for other resources that are available

http://sighpceducation.acm.org/

Journal of Computational Science
Education

* Online journal

e Refereed articles on a variety of education
programs and experiences

e Student papers reflecting on internship
experiences

e http://www.jocse.org




XSEDE16 Conference July 17 - 21, 2016

e Submissions will be accepted for
papers, panels, tutorials, BOFs,
student programs

e Topics span accelerating
discovery, advanced technologies,
software, science gateways and
portals, and workforce
development & diversity.

e Expect over 700 people from
academia, industry, government,
and other organizations

e Support for student participation

https.//www.xsede.org/web/xsedel6/home
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Join us at the XSEDE16 conference in Miami

https://www.xsede.org/web/xsede16/home
https://www.xsede.org/web/xsede16/home

Questions?




	Advancing Research and Education with XSEDE�
	Presentation slides
	XSEDE – accelerating scientific discovery
	Motivation for XSEDE:
	Why Would You Use XSEDE?
	XSEDE Supports a Breadth of Research
	Astrophysics: The Illustris Project
	Slide Number 8
	Brain Cell Linker Dependence Shown 
by XSEDE Supercomputer Simulations
	Slide Number 10
	Improved Speed in Assembling Large Genome
	Crucial Tools for Manufacturing
	Will Pringles Fly?
	More than Computational Resources
	Software and Community Codes
	Science Gateways:�Today, there are approximately 35 gateways using XSEDE
	Science Gateways
	XSEDE Training
	Full Courses Taught Collaboratively
	Getting Access to XSEDE Resources
	Other Resources
	SIGHPC Education Chapter	
	Journal of Computational Science Education
	Slide Number 24
	Questions?

