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Agenda

ÅIntroduction to PRAGMA as an organization
ÅScientific Expeditions
ïLake Ecology
ïBiodiversity
ïExperimental Networking Testbed(Not discussed 

today)

ÅTechnical Developments
ïVirtual Machines Ą Virtual Cluster
ïOverlay Networks
ïSystem Software Packaging
ïBetter/easier control of distributed resources
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Global Investments and 
Nature of Collaboration

Why are these important?

ÅGlobal problems require global, collaborative 
responses: investment and collaborations

ÅWorking across disciplines, cultures requires 
new skill sets

ÅWorking in the marketplace of ideas improves 
quality and helps transfer knowledge more 
rapidly

We need to articulate the 
άǾŀƭǳŜ ǇǊƻǇƻǎƛǘƛƻƴέ ƻŦ ŎƻƭƭŀōƻǊŀǘƛƻƴ
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Trends in Collaboration
ÅThe scientific world is 

becoming increasingly 
interconnected, with 
international collaboration 
on the rise. 

ÅScience in 2011 is 
increasingly global, 
occurring in more and 
more places than ever 
before. 

Knowledge, Networks and Nations: 

Global scientific collaboration in the 21st century. 

The Royal Society. March 2011 

ñintellectual power [is] 

becoming increasingly

evenly distributedò
N. Birdsall, F Fukuyama
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Future Human Capital
Why do we need to worry?

ÅSolving problems, developing technology, 
making investments and collaborating are 
done by people

ÅAre we creating the next generation to face 
the global challenges, and work in 
multidisciplinary, multicultural teams?
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Community of Practice
Scientific Expeditions and Infrastructure Experiments

for Pacific Rim Institutions and Researchers 

PRAGMA
Members

and
Affiliates

Established in 2002



On the Web ςKey Activities



Broad Organization

ÅScientific Expeditions (focal activity)
ÅCooperative technology development 
ïOpen Source

ÅStudent Engagement
ï{ǘǳŘŜƴǘΩǎ !ǎǎƻŎƛŀǘƛƻƴ
ïUndergraduate summer exchanges via PRIME (US), 

MURPA/QURPA (Australia)
ïGraduate student visits

ÅInternational testbedresources 
ïApplications
ïSystems/integration Software

ÅSteering Committee

Began in 2002 as a small workshop series to better 
ǳƴŘŜǊǎǘŀƴŘ άƎǊƛŘέ technologies.
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PRAGMA Involves People

ÅTwice a year workshops

ÅWorking groups

ïResources

ïGEO Sciences and 
Telescience(Disaster 
Mitigation)

ïLife Sciences

ÅExpeditions

ïLake Eutrophication

ïBiodiversity

ÅFuture Meetings
ïPRAGMA 27, Bloomington 

Indiana October 15 ς17, 
2014

ïPRAGMA 28 Nara Japan 
April 8-10 2015
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PRAGMA Actively Engages New Communities
via PRAGMA Institutes and Mini-PRAGMA 

Workshops
ÅWater Disaster 

Management and Big 
Data

ïNII ShonanMeeting, 7 ς
10 July 2014

ÅMini-PRAGMA 
Indonesia, June 2013

ÅLower Mekong 
Initiative Workshop

ïHanoi August 18 ς22



Why 2X/year in-person working meetings

ÅHosts highlight activities within their country
ïChance to learn about research and activities that might 

otherwise go unnoticed

Å/ǊƛǘƛŎŀƭ ǘƛƳŜ ŦƻǊ άǎƘƻǳƭŘŜǊ-to-ǎƘƻǳƭŘŜǊέ ŎƻƭƭŀōƻǊŀǘƛǾŜ 
work

ÅwŜŎǳǊǊƛƴƎ ǎǘǊǳŎǘǳǊŜ ƛǎ ŀ ƴŀǘǳǊŀƭ άŎƭƻŎƪέ ǘƻ ƪŜŜǇ 
distributed activity focused and moving forward

ÅParticipation is open, but  is based upon the desire to 
work with others.

ÅVirtual meetings, email, shared code repository are all 
practical methods for time between meetings



PRAGMA 26 ς
Theme Living with Big Data

Grad Students with 
Faculty Mentor
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The Gap Between Technology 
Capability and Practice

ÅTechnology developers are not always focused on 
the specific needs of domain scientists
ÅThe pace of change can be dizzying
ïVector Supers (1990) ĄMassively Parallel (1995) Ą

Grid (2000)  ĄClusters  (2005) ĄCloud (2010) Ą ??

ÅSmaller groups of scientists are often left to fend 
for themselves
ÅPRAGMA focuses on bringing technologists and 

scientists together to make technology work in an 
international setting  ĄEnable collaborative 
science



Enabling the Long Tail of TeamScience
Virtual Scientific Expeditions

PRAGMA Students PRAGMA Member Sites PRAGMA Community

Trust Envelope (network overlay) 

http://rocks-210.sdsc.edu/wiki/index.php/File:PRAGMA_22_Student_Meeting.jpg
http://rocks-210.sdsc.edu/wiki/index.php/File:PRAGMA_22_Student_Meeting.jpg


Key Organizing Principle: Scientific Expeditions

Savannah Burn 2006
Distribution of ash from 
the Irazuvolcano 2010 

Addressing
Science
Needs &

Developing/
Improving

Tools
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! άwŜǎƻǳǊŎŜέ ǾƛŜǿ ƻŦ ŎƻƭƭŀōƻǊŀǘƛǾŜ ǎŎƛŜƴŎŜ

ÅResearchers want to work together
ïIdentify essential data sets (what, where, how 
ōƛƎΚ !ƭƭƻǿŀōƭŜ ǳǎŜ ƳƻŘŜƭǎΣ Χύ
ÅNot all data is open

ÅNot all data can be shared

ïIdentify the types of resource(s) needed to 
accomplish analysis
ÅComputing cluster, Visualization System, data 

handling,..

ÅLŦ ȅƻǳ ŀǊŜ άƭǳŎƪȅέ ǘƘŜǎŜ ŀǊŜ ŀƭƭ ƛƴ ƻƴŜ ǇƭŀŎŜ
ïMost scientists are not  so fortunate
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Scientific Expeditions

ÅInformation technology specialists  + domain 
science application == Scientific Expeditions

ÅDomain scientists benefit from deep technical 
expertise

ÅInformation technology specialists benefit 
from seeing how their tools/techniques can be 
used and improved.
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¦ǎŜ άhǾŜǊƭŀȅέ bŜǘǿƻǊƪǎ ǘƻ ǇǊƻǾƛŘŜ ŀ ǘǊǳǎǘŜŘ 
environment for focused sharing of resources
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Some Specific PRAGMA Activities

Virtual Cluster Migration

Application Integration

Overlay Networks

Data Provenance

Cyber Learning

Lake Ecology

LifeMapperBiodiveristy

Network Experiment

Enabled International 
Collaboration

Students Researchers



Celebrating 12 Years

PRAGMA Helps Establish GLEON



Celebrating 12 YearsFrom Scientific Expedition to Community
Building on NCHC Ecogridin Taiwan
8 Months: Concept to Deployment

ÅWireless Infrastructure (2004)

ÅScience 

ÅNeed more than one lake to 
understand processes
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Global Lake Ecological Observatory Network

GLEON
Argentina
Australia

Austria
Brazil

Canada
Chile

China
Colombia
Denmark

Estonia
Finland

Germany
Hungary

India
Ireland

Israel
Italy

Kenya
Netherlands

New Zealand
Nigeria

Pakistan
Poland

Puerto Rico
Russia

South Korea
Spain

Sweden
Switzerland

Taiwan
Turkey

United Kingdom
United States

P.C. Hanson and K.C. Weathers
GLEON Steering Committee co-Chairs

Networked lake science

Mission: GLEON conducts innovative science by 
sharing and interpreting high-resolution sensor data 
to understand, predict and communicate the role and 
response of lakes in a changing global environment
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Lake Rotorua, NZ

Lake Sunapee, New Hampshire (USA) Y
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Lake Taihu, China

Lake Erken, Sweden

Trout Lake, Wisconsin (USA)

Lake Mendota, (WI, USA)

Lake Paajarvi, Finland

Technological challenges in 
sensing and information 
management

Analytical challenges in 
interpreting and modeling 
very large data sets

Scientific challenges in 
interpreting broad spatio-
temporal gradients from 
many ecosystems

Social and cultural 
challenges in diverse teams 
with diverse and distributed 
resources

A rich and productive 
research, education 

and outreach 
environment!
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2008     2009      2010    2011    2012   2013

~ 450 individual members
~ 45 countries

Number of members

100

300

200

400

0

But most importantly 
a network of people
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Can. J. Fish. Aquat. Sci. 68: 768ς780 (2011) doi:10.1139/F2011-024 Large gradients of 
ecosystems enable new 

insights

Lakes help us 
understand fundamental 

principles of ecology.

How you form and 
manage 

collaborations 
matters!
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SAFER

NetLake

GloboLakes

I-LTER

PRAGMA

GLEON at the INTERFACE: Partner Networks

USGS
CZOs

CUAHSI
NEON

DataOne
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PRAGMA Expedition

Lake eutrophication

GLEON
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PRAGMA-GLEON Expedition Goals

ÅCreate a collaborative human and technological 
infrastructure that supports distributed team

ÅApply a new hydrodynamic-water quality model, 
GLM-FABM-AED, to GLEON lakes.

ÅConsider a different set of rules that govern 
biological communities in lakes

ÅExpand research to additional lakes and broader 
research community

29

Leverage and expand science 
ƳƻƳŜƴǘǳƳΧ
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Predicting Water Quality in Lakes
Developing Predictive Models using IPOP Overlay

ÅLake eutrophication is 
global issue, results in 
degraded water quality 

ÅCalibrate new hydro-
dynamic model, check 
model against data

ÅUsing IP-over-P2P 
(IPOP) to interconnect 
resources (and Virtual 
Machines) across 
multiple institutions, 
ŎǊŜŀǘƛƴƎ άtrust 
envelopeέ

Paul Hanson, Craig  Snortheim, Luke Winslow (U. Wisconsin), 
CayelanCarey (Virginia Tech);  Renato Figueiredo, Pierre St. Juste, Ken Subratie(U. Florida)

Collecting light,
temperature data
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Biodiversity Expedition
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Technology Trends Affecting Biodiversity

ÅDigitization of Collections

ÅMobile Technologies

ÅSensors ςaquatic, terrestrial, 
and airborne

ÅSoftware Defined Networks

2 M wingspan, 4.9 kg

Lots of Data, Lots of Opportunities to Share
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LifemapperςA Key Domain Science Tool

ÅData library
ïClimate
ÅObserved
ÅIPCC Predicted Future Climate

ïSpecies
ÅOccurrence Points
ÅPotential habitat maps

ÅTools
ïLmSDM: Species Distribution Modeling
ïLmRAD: Range and Diversity

GBIF
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LmSDM:
Species Distribution Modeling

Species Occurrence Data

Potential Habitat

Environmental Data



Celebrating 12 Years

LmRAD:
Range and Diversity

Species Habitat Data

Presence Absence Matrix (PAM)

Range and Diversity 
Quantifications

Multi-species analyses
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Biodiversity in Extreme Environments
Distribution Prediction by Sharing CI and Provenance Capture

ÅExtend previous LM work to 
enable data management and 
portability of software
ÅIncrease the availability and 

flexibility of LM to enable 
scientists to
Å Assemble multi-species macro-

ecology experiments 
Å Perform other LM-facilitated 

data processing on:

Unique datasets; Restricted use data
Very large datasets

Approach: Improve Lifemapper(LM)

Aimee Stewart (Kansas), NadyaWilliams, Philip 
Papadopoulos (UCSD), Reed Beaman (U Florida)
Antony van der Ent, Peter Erskinge(U Queensland)RimiPepin (Sabah Parks)

Mt. Kinabalu, Sabah, Malaysia
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UAV Flight (KinabaluDonkey Ears)

Data Acquistion+  Usual questions of who can access? 
Where can it be moved? How does it change over time? 
What related data products are available?
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Expedition Ą Infrastructure

ÅWhat are some of the key technologies and 
trends?

ÅHow do we construct the systems needed 
without being restricted to a physical site?
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Some Things that Happened on the Way to 
Cloud Computing

ÅWeb Version 1.0  (1995)

Å1 Cluster on Top 500 (June 1998) 

ÅDot Com Bust (2000)

ÅClusters > 50% of  Top 500 (June 2004)

ÅWeb Version 2.0  (2004)

ÅCloud Computing  (EC2 Beta - 2006)

ÅClusters > 80% of Top 500 (Nov. 2008)
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Gartner Emerging Tech - 2008

Big Data? 
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Gartner Emerging Tech 2012
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Gartner 2014
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What is fundamentally different about Cloud 
computing vs. Grid Computing

ÅCloud computing ςYou adapt the infrastructure
to your application

ïShould be less time consuming

ÅGrid computing ςyou adapt your application to 
the infrastructure

ïGenerally is more time consuming

ÅCloud computing has a financial model that 
seems to work ςgrid never had a financial model
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System Virtualization ςUnderlying Technology 
for cloud computing

ÅSoftware the allows you to run a virtualized 
computer inside of a physical one

ÅDifferent systems create this software illusion
ïVMWare, Virtualbox, Xen, KVM,

ÅDifferent cloud systems give users a web-
services interface to virtual systems
ïAmazon EC2, OpenStack, CloudStack, Eucalyptus, 

OpenNebulaΣ Χ 

P
h
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l 

H
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Virtual Guest Systems
Net
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Physical Clusters Ą Virtual Clusters

ÅBeowulf and HPC Clusters are today the most 
common architectures for delivering scientific 
computing

ÅSpecific Scientific Software can be quite complex 
to configure and maintain properly
ïThis makes it difficult to move infrastructure from 

place to place

ïά/ƭƻǳŘ ŎƻƳǇǳǘƛƴƎέ ōȅ ƛǘǎŜƭŦ ŘƻŜǎƴΩǘ ǎƻƭǾŜ ǘƘŜ 
underlying system issues.

ÅHPC Clouds are very close to reality
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An HPC (cloud) for the 99%
(Production Date: 1 Jan 2015)

The next-generation of HPC will support high-performance 
virtual clusters @SDSC

όhƴŜ ǊŜŀǎƻƴ ǿƘȅ tw!Da! ŘƻŜǎƴΩǘ ŦƻŎǳǎ ǊǳƴƴƛƴƎ ǊŜǎƻǳǊŎŜǎύ
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Comet Will Serve the Long Tail of Science


