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Introduction to iCAIR:

Accelerating Leading Edge Innovation
and Enhanced Global Communications
through Advanced Internet Technologies,
in Partnership with the Global Community

* Creation and Early Implementation of Advanced Networking
Technologies - The Next Generation Internet All Optical Networks,
Terascale Networks, Networks for Petascale Science

 Advanced Applications, Middleware, Large-Scale Infrastructure, NG
Optical Networks and Testbeds, Public Policy Studies and Forums
Related to NG Networks

« Three Major Areas of Activity: a) Basic Research b) Design and
Implementation of Prototypes c) Operations of Specialized
Communication Facilities (e.g., StarLight)
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StarLight — “By Researchers For Researchers”

StarLight is an experimental
optical infrastructure and
proving ground for network
services optimized for
high-performance applications
Multiple
10GE+100 Gbps
StarWave
Multiple 10GEs
Over Optics —
World’s “Largest”
10G/100G Exchang
First of a Kind [
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ICAIR: Founding Partner of the Global Lambda Integrated Facility
Available Advanced Network Resources
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Macro Network Science Themes

* Transition From Legacy Networks To Networks That
Take Full Advantage of IT Architecture and Technology

« Extremely Large Capacity (Multi-Tbps Streams)

 High Degrees of Communication Services
Customization

* Highly Programmable Networks

 Network Facilities As Enabling Platforms for Any Type
of Service

* Network Virtualization
* Highly Distributed Processes
« SDN/SDX/SDI/OCX/SDC/SD*
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Paradigm Shift — Ubiquitous Services Based on Large Scale
Distributed Facility vs Isolated Services Based on Separate
Component Resources

Traditional Provider Services:
Invisible, Static Resources,
Centralized Management,
Highly Layered

Distributed Programmable Resources,
Dynamic Services,

Visible & Accessible Resources,
Integrated As Required, Non-Layered

Invisible Nodes,

Elements,
Hierarchical,
Centrally Controlled,
Fairly Static

I

Limited Services, Functionality, Unlimited Services, Functionality,

. ibilitv_E jability Flexibility, Expandability
F@Releasing the Fully Potential of Digital Technologies ST cRLIGHT"



A Next Generation Architecture: Distributed Facility Enabling Many Types

Network/Services Enabled By Capacity + E
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Q1: where does
“discovery” occur?
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Network-Centric View of Large Hadron Collider (@QCERN)
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LHCONE: A global infrastructure for the High Energy Physics (LHC and Belle ll) data management
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National Science Foundation Global Environment for Network innovations
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Software Defined Networking Exchanges
(SDXs)

* With the Increasing Deployment of SDN In Production
Networks, the Need for an SDN Exchange (SDX) Has
Been Recognized.

« Current SDN Architecture Is Single Domain Centralized
Controller Oriented

 Required Capabilities for Multi-Domain Distributed SDN
Resource Discovery, Signaling Provisioning,
Operations, and Fault Detection and Recovery Are
Fairly Challenging.

 Nonetheless — Many Motivations Exist for SDXs

Q ST “RLIGHT"



Motivations for SDXs

« WH Office of Science and Technology Policy — Large
Scale Science Instrumentation

« Large Scale Ultra High Resolution Digital Media
Services

« Multi-Domain Networks Interconnecting Data Centers

(SDN Is Already in Production Within Large Scale Data
Centers)

* Multi-Domain SDN Services
* Providing Capabilities for Edge Control
 Democratization Of Exchange Facilities

« Many New Types of Services and Capabilities
* Etc.

Q ST “RLIGHT"



Software Defined Networking Exchanges (SDXs)

 Today, No Production SDX EXxists.

 However, With Support From the GENI Project, the
International Center for Advanced Internet Research
(iCAIR) and Its Research Partners Have Designed and
Implemented a Prototype SDX at the StarLight
International/National Communications Exchange
Facility

* This SDX Is a Multi-Domain Service Enabling Federated
Controllers To Exchange Signaling and Provisioning
Information.

Q ST “RLIGHT"



Selected SDX Architectural Attributes

« Control and Network Resource APIs

* Multi Domain Integrated Path Controller

« Controller Signaling, Including Edge Signaling

« SDN/OF Multi Layer Traffic Exchange

* Multi Domain Resource Advertisement/Discovery
« Topology Exchange

« Multiple Service Levels At All Layers

« Granulated Resource Access (Policy Based), Including Through
Edge Processes

 Foundation Resource Programmability

» Various Types of Gateways To Other Network Environments

* Integration of OF and Non-OF Paths, Including 39 Party Integration
 Programmability for Large Scale Large Capacity Streams

Q ST “RLIGHT"
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App2 App3 App4 EP1 EP2 Ind1 Ind2

APls Based On Messaging and Signaling Protocols
MNetwork Programming Languages
Process Based Virtualization — Multi-Domain Federation —
Policies Cascading Through Architectural Components
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State Machines SDN Control Systems
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Architectural Components

« Hybrid Networking Services (Multi-Service, Multi-
Layer, Multi-Domain)

* Network Programming Languages (e.g., P4,
Frenetic)

« Abstraction Definitions

« APIs

« AP/Service Signaling and Policy Bundling
* Policy Bundle Distribution

* Primitives

- BGP Extensions and Substitutes

* NDL Schema

Q ST%RLIGH Tspx




Other Architectural Components 2

* Northbound Interfaces

 Network OSs

* Network Hypervisors

« State Information Data Bases

- Data Modeling Languages (e.g., YANG)

« Controller Federation Processes

» Hybrid Services/Services Federation/Services
Chaining

 Southbound Interfaces

« Eastbound Interfaces

 Westbound Interfaces

Q ST%RLIGH Tspx




Other Architectural Components 3

 Data Plane Processes

* Network Function Virtualization (NFV)
 Measurements

 Real Time Analytics

* Distributed Virtual NOC Operations

ST RLIGH Tspx




StarLight International Software Defined
Networking Exchange (SDX)

 The National Science Foundation-Funded StarLight International
SDX Will Provide The Services, Architecture, and Technologies
Designed To Provide Scientists, Engineers, and Educators With
Highly Advanced, Diverse, Reliable, Persistent, and Secure
Networking Services, Enabling Them to Optimally Access
Resources in North America, South America, Asia, South Asia
(including India), Australia, New Zealand, Europe, the Middle East,
North Africa, And Other Sites Around the World.

« The StarLight SDX Initiative Undertakes Continued Innovation and
Development of Advanced Networking Services and Technologies.

 Funded By the NSF International Research Network Connections
(IRNC) Program

Q ST “RLIGHT"



GLIF is a consortium of institutions, organizations, consortia and country
National Research & Education Networks who voluntarily share optical
networking resources and expertise to develop the Global LambdaGrid for the
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Sc 1 5 Demonstrations of 100 Gbps Disk-to-Disk
WAN File Transfer Performance via SDX and 100G FW

An SC15 Collaborative Initiative Among NASA and Several Partners
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Multi-Tenant 100GE Science Network Exchange
SC15 NRE Testing Phase(Sep/20 — Oct/20 2015)
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Multiple HPC Cloud Computing Testbeds
Specifically Designed for Science Research

At Scale Experimentation
Integerated With High Performance Networks

S G‘_WR ST/ RLIGHT"



The OCC And Next Generation Networking

« The OCC Has Formed a Partnership With The Advanced
Networking Community To Created Large Scale (Global)
Distributed Environments For Data Intensive Scientific
Research — Based On a Foundation of Programmable,
Deterministic, Edge Customizable High Performance
Large Capacity Networks (e.g., 100 G and 100 G +)

Q ST “RLIGHT"



Creating A Data Commons

« Clouds and Data Commons For Global Data Intensive
Science

« Vast Amounts Of Data Are Being Created By Many New
Powerful Sophisticated Instruments — Zettabytes!

 Few Individual Scientists Have the Resources To
Manage, Store, Analyze, and Transport This Data

« A Data Commons Is A Facility Designed To Co-locate
Data, Storage, Computing, and Networking
Infrastructure, Along With Commonly Used Tools For
Analyzing and Sharing Data As A Research Resource.

Q ST “RLIGHT"



Core Data Commons Services

* Policy Based Access Procedures, Digital IDs
 Metadata Services
« Storage Services

 High Performance Transport, Including Specialized
Transport Services For Large Scale Streams

 Policy Based Data Export Tools/Services

« Compute Services with Images/Containers Integrating
Commonly Used Tools, Applications and Services,
Specialized for Individual Science Domain Research
Communities

Q ST “RLIGHT"



Compute for general projects +
selected groups

Protected compute
clouds

58 nodes
1856 cores
¥ 4736 GB HAH

Hadoop clusters
for selected projects

"occC-Y"
61 nodes
975 cores

3184 GB RAM

1101 TB

"lvoc"
(Matsu, retiring)

Maria Patterson (mtpatter@uchicago.edu) Center for Data Intensive Science, University of Chicago



The Open Science Data Cloud (OSDC) is an open-source,
cloud-based infrastructure that allows scientists to manage,
share, and analyze medium to large size scientific datasets.

m OPEN SCIENCE DATA CLOUD

Total OSDC Resource Size Public Data Commons

The OSDC hosts a local mirror of 1 PB of publically available datasets,
TOTAL COMPUTE CORES COMPUTE BAM The data can also be freely downloaded using rsync or UDR.

7550 27622

T QOO D

1000 GENOMES ~ MODENCODE ~ EO1 MODIS ~ NCEIDATASETS COMPLETE  US CENSUS
GENOMICS

EXAMPLE AVAILABLE DATASETS

Application for resources available to anyone doing scientific research:

www.opensciencedatacloud.org

Maria Patterson (mtpatter@uchicago.edu) Center for Data Intensive Science, University of Chicago




Open Science Data Cloud
(2010)

OPEN SCIENCE DATA CLOUD

PDC comon Appy Stans . .
Bionimbus Protected

BIONIMBUS PROTECTED DATA CLOUD Data Cloud (2013)

Secune coud serdices tor

What is the Bionimbus PDET =

T NCI Data Commons
= - ;'_;_;';'_”__"__;-_": (Nov 2015)
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0L oo = ATMOSPHERIC ADMINISTRATION
' MOAA Big Data Project
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* Over 650+ total unique user accounts

« Users from 100+ different institutions
« Each month, on average: about 180 unique users and
1.8 million core hours



Digital ID Service
& Metadata Service

OSDC Commons Architecture

Co-located
“pay for
compute”

Open APIs

) J for data

I access and
) data access
I portal

Data
submission

J portal

Object storage

} Scalable light Community data products
_ weight workflow (data harmonization)

(permanent

Devops supporting virtual machines and containers

data archives




Research scientists at
research center A
downloading data

Research
projects
producing data

Data Commons 1
Commons

provide data to
other commons
and to clouds

Community develops
open source software
stacks for commons
and clouds

) ; Data A
Cloud 1 )0 Cloud2 . % Commons 2 .. Cloud 3

Research scientists at Research scientists at
research center B research center C




OPEN SCIENCE DATA CLOUD

A Petabyte-scale Scientific Community Cloud

[he O50C enables scientific researchers oo easly manage,share, and analyze large datasers.

¥
WEW LSERS - RETUIRMING LISERS

*  The OSDC provides the scientific

community with resources for storing,

sharing and analyzing TB- & PB-scale # of Core Hours m

datasets. 10,000 444
. In 2014, the OSDC supported over 338

20,000 142
distinct users from 101 distinct
organizations. These organizations were 50,000 46
from 14 different countries. 100,000 23
*»  The OSDC specializes in supporting data 200,000 7

intensive projects. The table on the right
depicts the number of times users

exceeded a certain number of core hours
during a single month in 2014,



Available Resources

» 0OSDC, PDC, and GDC resources currently offer over 21,000 cores, 22.1PB

of raw storage, and 10.01 PB of useable storage

* Thisis spread over ~25 racks of equipment on the OSDC/PDC and ~17
racks for the GDC.

Storage (PB)
Type Resource Cores Raw  Useable

Bionimbus PDC, Atwood PDC

TOTAL 21872 22.1 10.01

ST “RLIGHT"




Overview

S GEVADIS (http://www.geuvadis.org/) .
Genetic European Variation in Health and Disease
A European Medical Sequencing Consortium

RNAseq data produced from a subset of the same individuals used
To produce the 1000 genomes (http://www.1000genomes.orq)

Samples in the GEUVADIS dataset represent 5 European Populations
that were sequenced by 7 “performers”.

We examined a subset of ~50 samples to explore differences among the
populations as well as potential bias in sequencing.

- Stuti’s docker does this

- Study FPKM abundances with visual and statistical tools

Original data were housed at UoC, analysis occurred at both locations.
Data and results were shared via Parcel access to the UoC object store.

. — —Source: Kevin P. Keegan, Bob
Q. Grossman ST/ RLIGHT"


http://www.1000genomes.org

’erforms Compu
Remotely

Source: Kevin P. Keegan, Bob
Grossman

“Remote” Location
(ASGC, Taiwan)

“Local” Location
(University of Chicago, US)
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combined_FPKM.ixt.quantile. PREPROCESSED.txt.euclidean.PCoA.Performer.PCoA

Source: Kevin P. Keegan, Bob Grossman
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Project Matsu

A Data Commons Open Source Project With A
Goal Of Supporting Earth Science Research
Communities By Processing Satellite Imaging
Generated By NASA’s Earth Orbiting Satellites

« This Is a Joint Project Established By the OCC
And NASA’s EO-1 Mission (Dan Mandl Is the
Lead)

Q ST “RLIGHT"
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Matsu Analytic Wheel

Earth Observing-1

NASA Goddard
space Flight
Center

New data observed by EO-1
and downloaded to NASA

NAS5A images sent to OSDC Public Data
Commons cloud for permanent storage

Wheel analytics run

0SDC Public over data using MapReduce

Data Commons

Data read into HDFS
(GlusterFs)

HDFS only once

contours
+ clusters

‘Additiona
analytics

— Metadata stored rare pixel

finder

spectral

NoSql Database classifier

(Accumulo)

+ Analytic results stored

Analytic reports generated by
Wheel are accessible via web browser

Maria Patterson (mtpatter@uchicago.edu)

Secondary
analysis can be
done from
analytic database

enter for Data Intensive Science, University of Chicago




) NATIONAL OCEANIC AND
ot ATMOSPHERIC ADMINISTRATION

5+ g s FAQ

NOAA Big Data Project

The Big Data Frojact is an innovative approech to publishing MOAA's vast data resources and positioning them near cost-effickent high performancs computing, analyic, and
slorage services provided By the privabe sector. This collaboration combines three powerful resources - NOAA'S iremendous volurme of high guealily environmental data and
advanced data producis, private industny’s vast infresinecture and technical capacity, and the Amarican economy’s innovation and enengy - to create a sustainable, market-driven
ecosystem that lowers the cost bamrier 1o dala publication. This project will creabe a new aconomic space Tor growth and job creation while providing he public far greater accoess 1o
the data created with its tax dollars.

How To Participate

Far companies, organtzatans, and individuals interastad in jaining with NOAL's Big Data Praject, 8 sat of Data Allances ane belng formes, Each Data Alllance s anchored by &
participating Infrastructure Be & Service (laaB) instifution, and represenis a market ecosysiem consisting of larger companies that represent vanous economic seciors, such as the
wealher o Insurance industries, speciallzed small business, value-added resallers, entreprensurs, ressarchans and nan-prafits, eic, The Data Allancs structure allows market
farces io act on the identification, exiraction, and development of NOAA public dets resources, and provides & mechanism for inferesied paries to work together to develop new
busimess and resaarch apportunities, The organizations comprising the ecasystem Bullt around a paricular anchor 13aS provider ane fres to participate in mutbiple Data Allances

For more information, visit one of the NDAA Big Data Collaborators:

dimazon )
WELISEMTES

B= Microsoft m

* Public-private data collaborative announced April 21, 2015 by
US Secretary of Commerce Pritzker.

* AWS, Google, IBM, Microsoft and Open Cloud Consortium will
form five collaborations.

* We will develop an OCC/NOAA Data Commons.
T - “RLIGHT
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GENI Engineering Conference (GEC 19) SDX
Demonstration Atlanta March 18-20, 2014

 Initial SDX Capability Between GENI Sites (StarLight
and SOX) Was Demonstrated

 Motivation: To Share a Vision of Interconnected US
Nationwide SDN Infrastructure, With Multiple SDN
Capable Networks and Domains

 SDX Benefits Was Showcased Through a Compelling
Application — Nowcast — Developed By Mike Zink and
His Colleagues at University of Massachusetts, Amherst

« (GEC 19 Was Co-Located With the GLIF Tech
Workshop, March 19-20)

Q ST “RLIGHT"



Nowcast Example

5 Minute Nowcast Play Loop Previous Frame 10 Minute t Play Loop y 15 Minute Nowcast

Elgin Elgin L Elgin

Source: Mike Zink, UMass Amherst

ST “RLIGHT"



Comparison With Existing System
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GENI SDX Demo Scenario 1

Slide by Mike Zink, UMass Amherst ST “RLIGHT"



- GENI SDX Demo Scenario 2
Radiar (4) ’ R ¥ /@

StarLig

SDX

/

Georgia
Tech SD Mid
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Global LambdaGrid Workshop (GLIF)

 International SDX (iSDX) Demonstrations Showcase a
World-wide Prototype Environment That Could Be Used
for Modeling Major Weather Systems, Including The
Depiction of Severe Weather Patterns.

« Application Based on Nowcast System Being
Developed by the NSF Engineering Research Center for
Collaborative Adaptive Sensing of the Atmosphere (Led
By University of Massachusetts at Amherst), Which Is
Being Designed for Next Generation Weather Prediction
and Visualization Systems.

Q ST “RLIGHT"



Global LambdaGrid Workshop Sept 30-Oct 1 2014
In New Zealand

« Demonstrations of A Prototype Implemented Across the Globe
Using the GLIF To Interconnect Sites World-Wide, Supported By
Interoperable International SDXs, Including Prototype SDXs at

— a) the StarLight International/National Communications Exchange Facility,
Designed by iCAIR

— b) Auckland, New Zealand, Designed by REANNZ and Google,
— c¢) Taiwan, Designed by High Performance Computing Center/TWAREN
— d) SOX in Atlanta, Designed by Georgia Tech
— d) NetherLight in Amsterdam, Designed by SURFnet,
— e) Ottawa, Designed by CANARIE and Cybera,
f) Tokyo, Designed by the University of Tokyo

 Each Site Had Its Own SDN/OpenFlow Controllers, Which Were
Federated To Enable Cross-Domain Interoperability.
« Controllers Used Distributed Control Plane To Directly Address

and Dynamically Manage Multiple Paths Among Sites Via
Distributed Data Plane - Transporting Nowcast Instrumentation

'Qraffic Among Sites. ST RLIGHT"



International Software-Defined Network Exchanges
(iISDXs): A Demonstration of Global Capabilities

Joe Mambretti, Jim Chen, Fei Yeh
International Center for Advanced Internet Research
Northwestern University, USA
Mike Zink, Divyashri Bhat
University of Massachusetts, Amherst, USA
Ronald Van der Pol
Surfnet, Netherlands
Grace Lee, WunYuan Huang, Te-Lung Liu
NARLabs, National Center for High Performance Computing,Taiwan
Thomas Tam, Herve Guy,

CANARIE, Canada
Alex Valiushko, John Shillington,

Cybera, Canada
Buseung Cho, KISTI
Republic of Korea
Michiaki Hayashi, KDDI Labs, Japan
Toshiaki Tarui, Hitachi, Japan
Aki Nakao, University of Tokyo, Japan
Steve Cotter, T. Charles Yun, Jamie Curtis, Andrej Ricnik
REANNZ, New Zealand
Josh Bailey, Google, New Zealand
Artur Binczewski Belter Bartosz Mitosz Przywecki Piotr Rydlichowski
Poznan Supercomputing and Networking Center, Poland
Russ Clark, Georgia Tech, USA

Global LambdaGrid Workshop

Queenstown, NewZealand
September 30-October 1, 2014 ST ' “RLIGHT"




TWAREN
NCHC

PSNC
L2 OF, NSA

vNode/SEP

L2 OF, ofNSI

UvA

L2 OF, NSA

ExoGENI

PIONIER
NSA

L2/L3 OF switches

NetherLight
= StarLight

NetherLight

SurfNet

CANARIE

L2 OF

NSA, ofNSI
OpenStack

StarLight /NU
NSA, ofNSI
GENI-AM
SEP-GK
InstaGENI
ExoGENI

CANARIE
/Cybera
L2 OF
ofNSI
OpenStack

International SDXs Demo Logical Diagram 2014

CARDIGAN
L3 OF

KRLIGHT

KRLIGHT
/KREONET
L2 OF
NSA, of NS

SOX
L2/L3 OF

SOX
InstaGENI




€RL1IGH Tsox

A
A

N

~
7p]




NSI- OpenFIow Hyblrd Topology Exchange

5 — T T CANARIE
NES P N
iCAIR/Northwestern Cﬂntroller Y ~~ 4 Controller b

~1 | — .-"'--"'\.

. | Arist 5 Y )
:‘ : _ 9781 rista | A
\ —{ (vlan Sta rnght -:
. Translatlnn} Ny
T . jf \l_. I___,,-f’
NSA \'-._.-’K _,:"'I. S .':::_' 1 -\-‘1 . _. e -
— (Ficag ||
/| = | )
|"I 2 . ;"_'“ﬁf"'---':?’“ = :‘f'r [ NSA wlan278C II|..a / B B
N AN 2780 T
\ Controller AN (.Iunlper I— J s _;}_ N ! Controller
|| | -\\{,‘ , ;&Ili A v .-" 1
| / |
W . ":,__ _
- NSA ' '
N e \ .
NARLabs/NCHC —_— ) kS g M~ ---”} KISTI
e __.-.H.H- F
FNET

ST RLIGH Tsox




Slice Exchange Showcase at
GEC 21: Special Thanks To
Aki Nakao

Japan-US Slice Exchange
over SDX
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Slice Exchange Architecture
Slice Exchange Point: SEP-based SDX
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Future Vision:
A Nationwide Virtual Comprehensive Cancer Center

Cloud Computation
Genomic Data Commons

Hospitals,
Doctors

Patients
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Biomedical Data Commons:
Flow Orchestration: Control Plane + Data Plane

Data Repository A (West Coast) Data Repository B
(South)

——

Visualization Engine:
North Americ

Data Plane Compute Engines

Midwest)
Control Plane

___Data Repository C (Asia) Data Repository D (Europe)
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Bl Data Flow Visualization (Inbound-Outbound)
From SDSC To UoC




GEC22 Bloinformatics SDXs Demo Network
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Genomic Data Commons Data Transfer
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An Experimental Testbed Fo
c:r@meleon Computer Science Research

www. chameleoncloud.org

CHAMELEON:

A LARGE-SCALE, RECONFIGURABLE EXPERIMENTAL
ENVIRONMENT FOR CLOUD RESEARCH

Principal Investigator: Kate Keahey

Co-Pls: J. Mambretti, D.K. Panda, P. Rad,W. Smith, D. Stanzione

AUGUST 29, 2014 |
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Chameleon Design Strategy

“Big Data, Big Compute, Big Instrument
Research”

— ~650 nodes (~14,500 cores), 5 PB disk over two sites, 2 sites
connected with 100G network

“As close as possible to having it in your
lab”

— From bare metal reconfiguration to clouds
— Support for repeatable and reproducible experiments

“One stop shopping for experimental needs”
— Workload and Trace Archive

— Partnerships with production clouds: CERN, OSDC, Rackspace,
Google, and others

— Partnerships with users
: Partnerships With Many Other Projects

— Complementing GENI, Grid’5000, and other experimental
testbeds

Q ST “RLIGHT"



Chameleon Hardware

/" Switch
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Cloud Unit Front End and Data 504 x86 Compute Servers
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4 storage 102 Heterogeneous Servers
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each other ( / \
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Standard Cloud Unit

« Each of the 12 SCUs is comprised of a single 48U rack

— Allocations can be an entire SCU, multiple SCUs, or within a
single one.
« A ssingle 48 port Force10 s6000 OpenFlow-enabled switch
connects all nodes in the rack (with an additional network for
management/control plane).

— 10Gb to hosts, 40Gb uplinks to Chameleon core network

« An SCU has 42 Dell R630 compute servers, each with dual-
socket Intel Xeon (Haswell) processors and 128GB of RAM

* In addition, each SCU has 4 DellFX2 storage servers, each
with a connected JBOD of 16 2TB drives.

— Can be used as local storage within the SCU, or allocated
separately (48 total available for Hadoop configurations)
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Chameleon Projects
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Pacific Research Platform

Pacific Wave CalREN HPR
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Global Research Platform

« Currently — A Concept

« A Specialized Globally Distributed Platform For Science
Discovery and Innovation

« Based On State-Of-the-Art-Clouds

* Interconnected With Computational Grids,
Supercomputing Centers, Specialized Instruments, et al

* Also, Based On World-Wide 100 Gbps Networks

 Leveraging Advanced Architectural Concepts, e.g.,
SDN/SDX/SDI — Science DMZs

* Ref: Demonstrations @ SC15, Austin Texas November
2015
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