Transforming Research & Education
Through Unusual Collaborations

Kuang-Ching (KC) Wang
Associate Professor, ECE
Networking CTO, CCIT

Computing Director, Center of Excellence for
Next Generation Computing and Creativity

B/ N TER OF \ U

G CLEMSON - EXCELLENCE

% UNITVERSIITY
— \CLEMSON UNIVERSITY /~




Wondering about the title? ©

Transforming R&E?

Unusual Collaboration?

Relevance to INDIS, i.e., networking + data intensive science?
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“Convergence” as a new R&E paradigm

GRAND CHALLENGES
FOR ENGINEERING

Introduction

Throughout human history, engineering
hasdriven the advance of civilization.
From the metallurgistswho ended the Sone
Age to the shipbuilderswho united the
world’speoplesthrough travel and trade,
the past witnessed many marvels of engi-
neering prowess. Ascivilization grew, it was
nourished and enhanced with the help of
increasingly sophisticated toolsfor agricul-
ture, technologiesfor producing textiles,
and inventionstransforming human interac-
tion and communication. Inventions such as
the mechanical clock and the printing press
irrevocably changed civilization.

In the modern era, the Industrial Revolution
brought engineering’sinfluence to every
niche of life, asmachines supplemented and
replaced human labor for countlesstasks,
improved systemsfor sanitation enhanced
health, and the steam engine facilitated
mining, powered trainsand ships, and pro-
vided energy for factories.

Make solar energy
economical 7

Provide energy
from fusion 10

Develop carbon
sequestration
methods 13

Manage the
nitrogen cycle 16

Provide accessto
clean water 19

Restore and improve
urban infrastructure 22

Advance health
informatics 25

Engineer better
medicines 30

Reverse-engineer
the brain 34

Prevent nuclear
terror 37

Secure cyberspace 40

Enhance virtual
reality 42

Advance personalized
learning 45

Engineer the tools of
scientific discovery 48

Convergence

» Deep integration of knowledge, tools, and ways
of thinking from life and health sciences,
physical, mathematical, and computational
sciences, engineering disciplines, and beyond

» Does convergence represent a new paradigm
in science and engineering research?

Pramod Khargonekar
Assistant Director for Engineering
National Science Foundation

Challenges for Academic Institutions —

How to create flexible organizational
structures to enable convergence research
paradigm change?
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How a “Typical Faculty Member” Collaborate
* My own little GENI exercise (2009-2012)

nF|WWII’| AMPDUS Obhers .. R expan ..
OpenFlow Mesh and - Sl . IT Engagement; Cl Team

o ) Data Analysis Network
Mobility Management Campus Trial l I w/ CCIT + Cl Team

On-demand VM Cloud
w/ Goasguen (CS)

eXDerlnmer
Security Accelerated Cloud
w/ Brooks w/ Smith
Clemson Clemson Spiral 4
Pervasive P2P SDR ‘
w/ Shen w/ Noneaker

Clemson Clemson
Network Coding

GENI Racks
InstaGENI, ExoGENI

GENI WIMAX

w/ Ramanathan, -
' UW-Madison w/UW-Madison
Faculty: 10 | Student G: 13 UG: 8 ||
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The Model of Collaboration ...

Classic, single researcher-centric collaboration
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Scaling Up?
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“Project Collaboratives”
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A Look at Some of Our Recent Projects

- CC* (3 projects) | CIF21 DIBBS: CloudLab NRT-DESE
Tripal

People 10+ nroanizatinne 4 nrganizatinng A nroanizatinng 7 colleges
. 14 departments
. Large degrees of collaboration )8 faculty
Stvru’crrwq-P'va IV oLtUuUICT LD —/24 StUdentS
~NAN a2 L]t ..
Infrastructure | Mesh of new/old relationships 'BD
NIH
Scale . )-year project,
IT as critical anchor TUSEIr
| >3M
Communities e IT e |IT e |IT e IT
' . ' Broad data
All about Data, Networks, Computing sciences
—_— + Computing &
* Bioengineering domains” Networking
* Business * Companies * Companies

* Open source
* Companies



Data Sciences at Clemson

e Campus wide, from STEM to humanities
— Distinct domains and forms
e 80 faculty & staff members with “data research”

— Inter-domain collaboration
 Teams after NSF BIGDATA, BD-HUB, NRT-DESE, CRISP, ...
— University-level collaboration

* President survey of data science curriculum campus-wide

e Clemson-MUSC Joint PhD Program on Biomedical Data
Science & Informatics

INDIS Workshop at SC16 9



Haworth, Inc.,
BM

Salesforca.com
Boaing
Amazon
Graphite Systems
LexisNexis
Dow AgriSciences
DDN
USDA
NSF Big Data Hub
HSSC
Interna2
Monsanto
BMW
Pioneer-DuPont
National Science Foundation
Microsoft
Aspera
Drone America
Grearmood Ganatics Canter
Adoba
Selah Genomics
ESRI
Murphy-Brown
Abengoa
US Forest Senvica)
Duka Energy
The Natura Conservancy
US Gadlogical Survey
Prokera
Conservation Biokogy Institute
US Fish and Wikdiife Service
Cisco
Army Core of Engineers

SCRA

Philips Lighting North America
Omnibond

Clemson Big Data Research Survey
led by Alex Feltus, Prof. of Genomics

Robert Lund
Jafkey Fine
SethLi
Joseph Mazer
Kavin McKenzie
Weichang Peng
Corey Fertier
Dan Schmiadt
Jarry Bibray
Randall Marfin
Mika Cannon
Kate Mace
Alexander Herzog
Dallas Thormton
Vince Richards
Jonathan Hoskin
Jill Gemmill
James Papin
Chis Kongar
Jason Thalcher
Amy Lawton-Rauh
Edward Dufty
Bily Bridges
Barr von Oghsen
Liz Cooper
KC Wang
Jim Bottum
Chris Saski
Alax Feltus
Rajan Sekhon
Steven Kresovich
Amy Apon
Sez Atamturktur
Jan Holmevik
Jacob Sorber
Sapna Sarupria
Brian Malloy

Nate Newsome

John MeGregor
Anthorty Martin
Stephan Moysey

Patricia Carbajales-Dale
Melissa Smith
liya Safro
Linh Ngo
Levine Josh
Murali Staraman
Pradip Srimani
Jason Halistrom
Brian Dean
JamasWang
Eilean Kragmer
Feng Luo
Jm Marfin
David While
Hongxin Hu
Hashan Sun
Joachim Taiber
Windsor Sherrill
Boyd Witson
Fred Cartwright
Paul Wison
Caitlin Dyckman
Rob Prucka
Rob Baldwin
Dan Nonaaker
Walker Ligon
Zoran Filipi
Larry Fredendal
Pelor Gianiodis
Mashrur (Rannie) Chowdhury
Pierluigi Pisu
Mary Beth Kurz
Bradiey Meyer
Diane Perpich
Richard Brooks
Vemon Budon
Chis Post
Vamsi Gondi
Dennis Lester
Gerald Lahmacher
David Blakesley

Schoal of Computing
Social Media Listening Center
{SMLC)

Computational Genomics PhD
Program
Cyberinfraskucture and Technolagy
Intagration (CITI)

CU Center for Geospatial
Technologies
Clamson Computing and Information
Technology (CCIT)

Canter of Excellence in Next
Generation Computing & Creafivity
(COENGCC)

Scalable habitat connectivity

Systems Genetics Lab

Cyberacurity Operations Cenlar

Complex Systems Analytics and
Visualization Institule (CSAVI)
Companion Animal Parasite Council
(CAPC)

International Center for Aubmofive
Rasearch (ICAR)
International Surface Temperature
Initiative (ISTI)

Instilute of Translational Genomics
(G)

ICAR

Data Analytics of Campus-Scale
Power Systam

DAISE
Greenville Health System
Industrial Engineering
CUBig Data Syslems Lab

Cybarsecurity

Institute for Computational Ecology
(ICE)

CU Atmospheric Research
Walts Family Innovation Center
(WFIC)
PhD Program in Digital Humanities
and Literacies
Digital Humanifies Graduale Program

Business Analylics Program

General Data Scienca Education

Collaboration structure among

e 80 faculty & staff

* 5 colleges, 27
depts/centers/institutes, 31 groups

e 15 industrial sectors, 32 partners

e 7 sponsor agencies

Data sciences come in different
* Domains, scales, forms, methods

Collaboration not always easy
* Researcher herding researchers

* Good shepherds needed!
* Word-of-mouth + leap of faith
e Always under time pressure
* True collaboration takes time &
understanding of mutual priorities



Disaster Scenario

NRT-DESE: PROACTIVE
Highly Cross-disciplinary Data Science R&E

-

Critical Manufacturing

\Water and Wastewater

City-scale Model

Chemical
Communication & IT

Dams
Defense Industrial
Energy
Govt. & Financial
Food & Agriculture
Health & Emergency
Nuclear
Transportation

selouapuadapialy|

\

Example #1: Emergency Evacuation
Example #2: Complex Interactions during Flood

[Coupled Model Analysis\

Integrating Models

7 O\

Energy Transportation

* Process identification
* Evolution of coupled models
» Compatibility and efficiency

Integrating Data

« Validation to observations
» Statistical modeling

7

Coupling Models to
Decision Makers

Risk Perception
Stakeholder Engagement
Communication
Compare Alternatives

J/

K Uncertainty quantiﬁcation)

l

Decision Metrics )
Human Health and Safety

Economics
]

Environmental
Socio-Political

\ National Security )
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As the project takes shape,
it becomes apparent the
program needs a university
level platform -

BE/CENTER OF N

EXCELLENCE
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Clemson Center of Excellence for Next Generation Computing & Creativity
RESEARCH & EDUCATION

* Next Generation Research & Education will
transcend domain boundaries

* Knowledge & Resource across university }.

== ingredients for success

* Collaboration takes efforts, but its worth it
and easier with a system!

* “Collaboration” as pervasive as an IT service
brings transformation to our university

FACULTY

FORWARD

v

As an unprecedented experiment, we — a group
of like-minded faculty partners with CCIT to:

* Develop innovative learning environments for
our students & faculty,

* Develop technology & human infrastructure
for research,

* Develop cross-campus, national, and global
partnerships

Building on our success in teamed science in
nationally collaborative initiatives

By Assisting Researchers to Envision

Cross-disciplinary by default

Computing

Collaborate by default

Geospatial Technologies

HPC Data Science Visualization

INDIS Workshop at SC16

Big teams & grand challenges

One Team — Multiple Fronts for Collaboration Clemson and Beyond!

Creativity

Cybersecurity Education,

Outreach &

Training =




Clemson Center for Geospatial Technologies

Center Mission:

Build a community of
interdisciplinary geospatial
science practitioners through

the support of research, “~1Q CED! 2
teaching, and outreach - Emltiww:ﬁ%}m[f m; %ﬁ =S

activities using technologies o
that enable the collection, o ## =
analysis, and application of o
spatial data across disciplines.

* CCGT provides services
advancing academic and
research excellence for all
Clemson faculty, students, and
staff.

e CCGT was initiated as a
component of the CoE in 2015
through a partnership between
CCIT & Libraries, but has already
grown to be a valuable

component of Clemson’s core

campus infrastructure.

INDIS Workshop at SC16

CATALYST

Interdisciplinary Research
& Collaboration

8 Grant Funding I

Local & International
Outreach
Online Certiﬁte -
Programs

Partnerships with
Industry
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Training & Instruction

14 courses supported

31 WorkShOpS developed ) Attendees by status

S0 I Faculty (16)
. I Researchers (18)
57 workshops delivered =« Staf (60
I Students (672)
766 workshop attendees

®s
[ X

0 ] —
s M5 s @Mz 1MMs M8 e e e
ans 615 ans 1ns 1215 2N6 416 616

CERTIFICATE OF ATTENDANCE

This Acknowiedges Thal

[Recipient Name)

E-,{Mou [
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Research Support

* Provided 370 one-on-one research consultations: data, analysis, workflows,
HTC, HPC, programming, visualization, cartography, etc.

* Cyberinfrastructure — storing, publishing, and analyzing real-time data; big
data & social media, mobile apps, surveys, sensor data; condor cluster for GIS;
software license management and support

*Research Proposals — supported 9 research proposals engaging >32 faculty
from over 14 departments totaling >S7M in requests. Awards ~S3.5M
(including NSF NRT)

Schedule a consultation!

Applications

Real-Time Data ArcGIS for Server |geatures e,
Desktop  Web

Runtime

GeoEvent Processor IMS

Xt
" ol
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Some More “Unusual” Collaborations



CIF21 DIBBS: Tripal Gateway, a Platform for
Next-Generation Data Analysis and Sharing

Pls: Stephen Ficklin!, Dorrie Main?, Alex Feltus?, Meg Staton?, Jill Wegerzyn*
Senior Personnel: Kuangching Wang®, Sook Jung?.

! Washington State University, Department of Horticulture

2 Clemson University, Department of Genetics and Biochemistry

3 University of Tennessee, Department of Entomology and Plant Pathology

4 University of Connecticut, Department of Ecology and Evolutionary Biology
> Clemson University, Department of Electrical and Computer Engineering

WASHINGTON STATE CLEMSON Ifgﬁ%%{éggg University of

UNIVERSITY UN T VERSITY Connecticut

O




Tripal Data Transfer / SDN

Research Data Transfer Networks: Internet2 & GENI

Regional nets
[ Existing
|| New

GENI WIMAX

INTERNET2 NETWORK INFRASTRUCTURE TOPOLOGY
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e rcaisiton | Cyberinfrastructure | o megratn

HiSeq 2000

Processing & Analysis

Data Storage &

Data Transfer Management

9
local, national ©
and global 5
I.’letWO”k Relational K
infrastructure ‘ Databases ‘ §
nOSQL /
e.g. laboratory, Databases
core facility,
sensor network... >

v

Data Mining, Visualization & Online Analytics.

e.g. parallel high-
S | performance and high-

— mm— throughput computing,
; - GPUs, co-processors,
o MapReduce.

Data Exchange:
Semantic Web,
Web Services

e.g. online databases, web services, semantic web,
web-based analytical tools

t




SDN + NFV + Cybersecurity + Science DMZ
+ ASU, GENI, CloudLab, PEERING, Internet2 & Internet!

* NSF CICI: Secure and Resilient Architecture: SciGuard: Building a Security
Architecture for Science DMZ Based on SDN and NFV Technologies

(#1642143, SDN-NFV-Cyber security collaboration)

* NSF SATC EAGER: Towards a Traffic Analysis Resistant Internet Architecture
(#1643020, SDN-Cybersecurity collaboration)

CléudLab

urity In t elligen

Security Poli icy Automatic

30.0.0.95
Floodlight 40.0.0.60 FLood tht

User Interfaces

Statistics 0.88
40.
Y€ Flow /\\_/ _E’_ E
BRAY ) A -
¥ AS A
Science Science Science
) [=z) - =]

DMZ 1 DMZ 2 Static Internal IP
10.0. O 1
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A SpeC|aI Project for 2016

File Edit View History Window  Help @ QRO BN LS Eus 46%E) T

eoe [im}

=]

ou st G ObNBparm. | GRWGRWC. | recoriws. | sinpleseas. | v, | feseornai. | cemsmngon. | Geom w\ § Ye S We m e a nt r e S e a r C h @
Twitter Data Gateway

+ Streaming Data Analytics
+ Real time GIS rendering

[4

Courtesy of:
Patrick Claflin, Patricia Carbajales, Palak

Matta, Blake Lytle, Clemson Center of
Geospatial Technologies

CLEMS®N  Geography of the 2016 Election Campign Stops  Candidate Twcets. Clustered Tweets. Votes & Affato “MS@N  Geography of the 2016 Election

Live Tweets about the Presidential Candidates since September 2016
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Digital Humanities Data + Computing
Project ATLMaps, by our friends in Atlanta

ey,

Atlanta Guidebook 1898 ,;
The Grady Hospital '

&€ Historic A

2
The Grady Hospital was erected as a monument to the memory of ;
(® About this Project Henry W. Grady, and the money for the purpose was raised by popular 3 -
subscription. The hospital was built on the pavilion plan and has one
€ DataMaps hundred beds for charity patients and ten rooms for private or pay
atients. heast
[J Select Base Maps a: S - /" : 2
A
2
| Drive Southeast Memo¥al D

2N
Leaflet | Map © 2016 HERE. © OpenSti

ATLMaps.com is a project led by Georgia State
University and Emory University, a web platform
hosting:

* Maps: Atlanta maps

e Data: Myriad of geo-coded city data archives
* VR: 3D Atlanta Explorer

Imagine endless more data that can be on it.
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From ACI-REF to CaRC

* Award for NSF-sponsored workshops held in 2012 helped define the

needs of the broader community

* Goal: Advance our nation's research & scholarly achievements
through the transformation of campus computational capabilities
and enhanced coupling to the national infrastructure.

UNIV RSITY t
/
I qfr'ARVARD

OF TAH =
s W ONBIN L“‘ UNIVERSITY

DDDD

ZRAS

N I_V E R

I

‘e ,“HAWAI'I k




Back to INDIS:
A Critical Role, A Significant Time

We all understand the need of convergence.
The solution is not hard to envision, but ...

— Itis NOT in the usual “business model” of the day

— People collaborate, appreciate team work, but few have the time, visibility,
and leverage to enable innovative partnership.

The R&E networks are
— Already highly collaborative
— Well positioned to connect distinct domains and communities
— A key enabler and good shepherd for collaboration!

Lets solve some grand challenges together ©



We Believe True Transformations
Are Around the Corner

* We are excited as we shape up our Center of Excellence.

* We are always interested to find like-minded partners.

 Many paths forward possible.

Comments and collaborations are welcome!

kwang@clemson.edu

COME TO Booth #430 for more info &
Featured talks on ACI-REF, CloudLab & more
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