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understand or predict the
behavior of complex,
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We increasingly rely on . .
the Internet but are 1h) A gy =550
unsure we can trust its N -
security, privacy or
\_ resilience
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GENI: Infrastructure for Experimentation

Exploring Networks

of the Future

Regional nets
Lj Existing

" | New

GENI WiMAX
/\ Existing
A New

GENI Racks
(proposed sites)

® New

O Existing
clusters/racks

Internet2 & NLR

GENI provides compute resources that can be connected in
experimenter specified Layer 2 topologies.
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experimenter specified Layer 2 topologies. .333‘3
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Resources can
be shared
between slices

Experiments live in isolated “slices”
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genl GEN!I is “Deeply Programmable”

Exploring Networks
of the Future

| install software | want
throughout my network slice (into
routers, switches, ...) or control
switches using OpenFlow

=

CEN tein, rax |
Exssyy o -
- ey
y SENy 4, &
Propose Sresy
*® .,
o -
Exrsry,, Y

(‘/ajz‘e,;; S o ches
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Experimenters can set up custom topologies, protocols and
switching of flows
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Compute Resources

’
GENI Racks: small clouds
Virtual Machines

Bare metal Machines

Android
Phones

Wireless
nodes

EREN

>

. Z Planetlab

_

u
- ) ~

Py - ORBIT
N\ Existing Testbeds

Exploring Networks
of the Future

Network Resources
Layer 2 VLANS and Access to Programmable Switches

Internet2 Network

Force10 S4810 (OF switch)

INTERNEL

PCT 7048 (management switch)

R620 (compute node 2)

Rack switches

Internet2: US Research Backbone

WIMAX/LTE
base stations,
4G/3G
Network

Regionals

GENI Introduction www.geni.net 8
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A bright idea

Exploring Networks
of the Future

“I have a great idea.”

“That will never work.”

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 10



Let’ s try it out!

Exploring Networks

My new architecture worked great in the
lab, so now I'm going to try a larger
experiment for a few months.

;7 ( ( oy

)
A\
o2,

He uses a modest slice of GENI, sharing its
infrastructure with many other concurrent experiments.
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It turns into a really good idea

This service looks very useful

)
'

His slice of GENI keeps growing, but GENI is still running many
other concurrent experiments.

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 12



8y
gent Attracts real users

xploring Networks
of the Future

“Looks like an app to me.”

Sponsored by the National Science Foundation GENI Introduction www.geni.net 13



Exploring Networks
of the Future

“Boy did | learn a lot!”

g ~ “What a cool service.”

(I wonder how it works.)

«ole (1N
A '
' -5,

“I always said it was
a great idea.”

(But way too conservative.)

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 14
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Exploring Networks
of the Future

Good old
Internet

If you have a great idea, check out the
NSF CISE research programs for current opportunities.

Sponsored by the National Science Foundation GENI Introduction www.geni.net 15



Moral of this story

Exploring Networks
of the Future

GENI is meant to enable . . .
— At-scale experiments
— Internet-incompatible experiments

— Both repeatable and “in the wild”
experiments

— ‘Opt in’ for real users

— Instrumentation and measurement
tools

GENI creates a huge opportunity for ambitious research!

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 16
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Federation

GENI grows by GENI-enabling heterogeneous infrastructure

My experiment runs across
/ the evolving GENI federation.

Commercial
Clouds

Corporate
GENI suites

This approach looks
remarkably familiar . . .

Non-US
Testbeds

incorporating existing infrastructure

Sponsored by the National Science Foundation GEN!I Introduction
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eni GENI’s footprint

Exploring Networks
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genl Build GENI at sufficient scale

Exploring Networks
of the Future

Infeasible to build a testbed as big as the Internet

HP ProCurve 5400 Switch

« -
<

\ NEC V‘ViMAX Base Station | b | "'—| = | g gen
GENI-enabled GENI-enabled campuses, “At scale” GENI prototype

equipment students as early adopters

GENI-enable testbeds, commercial equipment, campuses, regional and
backbone networks

Campus photo by Vonbloompasha

Sponsored by the National Science Foundation GENI Introduction www.geni.net 20



’ .
\

$eg)

\‘ .’

geni GENI Network Architecture

Exploring Networks
of the Future

Internet ISP

—_

I
1 1
1 I
1 1
1 1
1 1
: 1 Research 1
I
: : ‘- Backbones
| ! @ A L‘/ B
é ' '
= : I
K I
(a/a} —\r 1 I
G §35§;/ o 4 = !
¢ k) i\l i tpes,
: : | $Y Layer 2
1 Tootoonoooononon 1 GENI-enabled Data Plane
Esgi éﬁféi// | ' Em | hardware
- 1 1 Layer 3
K. .. i . i Legend
Campus ' Regional Networks 1 g Control Plane

Flexible network / cloud research « Distributed cloud (racks) for content
infrastructure caching, acceleration, etc.

Also suitable for physics,
genomics, other domain science
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Exploring Networks
of the Futy
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Example regional
gen CENIC OpenFIow b

NLR/GENI OF switch

A—
CENIC OF switch
Campus Access link
———>  with VLAN Transiation Sunnyvale
{Campus OF VLAN) € 3 X

CENIC OF switch
Sacramento |N2/GE| OF switch
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CENIC OF switch I CENIC

Caltech Los Angeles GENI Rack
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geni Creating and deploying GENI racks

Exploring Networks
of the Future

llia Baldine

RENCI Rajesh Narayanan
- More resources / rack,

fewer racks

KC Wang Clemson
Latest addition

DeLL

Rick McGeer

Fewer resources / rack,
more racks

(D |

invent

Sponsored by the National Science Foundation GENI Introduction www.geni.net 24
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GENI on Internet2 '"‘}“‘Eﬁ“

Exploring Networks
of the Future

* Collaboration to implement national-scale infrastructure
— sliced and deeply-programmable
— incorporating OpenFlow/SDN switches, GENI Racks, etc.
— high-speed (10-100 Gbps)

 Internet2 provides dynamic link provisioning to GENI
experimenters

— Uses AL2S (Advanced Layer 2 Services)

Experimenters can run OpenFlow controllers in AL2S
— Experimenter roundtable session: 1.30am

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 25



GENI Wireless

Exploring Networks

of the F.J:J'é

« Agreement with Sprint
— Sprint and Rutgers University have signed a master spectrum agreement
— encompassing all Wireless sites, to ensure operation in the EBS Band.

— An emergency stop procedure, in case of interference with Sprint service,
has been agreed upon.

* Prototyping and Deploying LTE in GENI

- NSF Funded effort led by Ivan Seskar
- 2 year projects
- 10 proposed sites

LTE Developers session
Wed: 4pm — 5:30pm

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 26



gef;i!} GENI Wireless 20

Exploring Networks
of the Future

Colorado Kettering GPO GPO GPO

@@

AL2S Wimax-

A Clemson @
Multipoint s =secececeee-
ION Dynamic VLANS

ION/AL2S
AL2S Dynamic VLANs Cross-Connect Regional

lnstaGENI ExoGENI @ OpenGENI @ A Wixsxl

26 Wimax Base Stations in 13 Sites ° Slice_d, virtualized
90 android handsets available to and interconnected through AL2S

experimenters * Prototype LTE Deployment at
Rutgers and Kettering

°.# Sponsored by the National Science Foundation GENI Introduction www.geni.net 27



GENI Operations

GMOC GENI Meta-operation Center

» Keeps track of outages

* Notification system for resource reservation
« Monitors most GENI Aggregates

~
Coordinates LLR Requests gMOC

— Legal Law Enforcement & Regulatory METAZOPERATIONS CENTER

Handles Emergency Stop
GENI Monitoring Portal developed by UKY

Monitoring hands-on Demo
Operations Session - Wed 4pm-5:30pm

https://mail1.grnoc.iu.edu/mailman/listinfo/experimenter-ops

Sponsore d by the National Science Foundation GEN!I Introduction www.geni.net 28
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geni GENI Use By Numb

Exploring Networks
of the Future

publications

180

Universities

| OMERSEARS] Experiments
g VREISIEL T instantiated

‘ e |
' IMNOVICSEDU #May 25th 2015
: \ 8 . .-

\
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’ A Y

\
7
g Exploring Networks
of the Future 7
cwnd“ adaptive
3DUPACKs window reduction

: Timeout

| |

| |
Ssthreshl'll.'ll .......ﬂ

/-*\llllll (A NN R NN N NN

oMEeeatend - == BWE*RTTmin
- { -

il .

time

Slow-start (SS) Protocol Behavior

NETWORK 20012

J@on:
o Qj 0133

2001310

7Routing setup Wireless Communication

Teach Basic Concepts

Semester Projects
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GENI in the Classroom

Exploring Networks
of the Future

Labs on GENI Modules to teach
GENI for networking concepts

Computer Networking

VM totaltraffic - Google Chrome

. “ = n
Slice 7025629865914 / " n etwo rk I n Media Playback Audio Video Subtitle Tools View Help
git:default:repo/oidi/tutorial/1_hello.) ' B T o

Tutorial: First Experiment
genidesktopnetlab.uky.edu

text b o o k WM Interface Traffic
T m
£ sm
B

As mentioned before, we want to configure an
experiment as shown below.

Mike Zink
UMass Amherst

_ _ Example Demo Module
Massive Online Open

Courses on GENI

-] VM-0 totaltraffic - Google Chrome -

GENIO1: Internet and networking: a lab-based
introduction eewr

) Use GENI to
Shivendra educate the P

Intern rs. n mﬁmwm e

Panwar, ternet users, not e m—

il

the Internet

Thanasis S Example Assignment

Korakis S Kevin Jaffay, Jay Aikat
NYU Poly UNC-Chapel Hill

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 32
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Exploring Networks
of the Future

Named devices, content

Strong authentication, privacy

and context Fai
‘ Human-readable ‘ 11001901811 100100...0011
N Public Key Bated
> Global idemtifier (GUN0)
PP i Routers with Integrated
L1 Storage & Computing Name-based Service AP1
Heterogeneous with unicast, multi-homing,
mcast, anycast, content
Wireless Accnss_ Tt
End-Point mobility f
with multi-homing

|

Global Name Resolution

Connectionless Network
with hybrid name/address routing

Network Mobility & * -aﬂ

Disconnected Mode Qﬁ

Ad-hoc p2p

Service (GNRS) for binding
Name to Current Address(es)

FIA Teams have Slices on GE

Running XIA on GENI - XIA Wiki
[ @ www.xia.cs.cmu.edu/wiki/index.php/Running_XIA_on_GEN c
News * GICU AppleDev~ Recipes > XIA~ Networks Blackboard Security »
& Login
] Page Discussion Read View source View history |Go || Search |
Running XIA on GENI

This document describes how to setup XIA experiments on GENI nodes using Flack tool .

Navigation Contents [hide]

Main page 1 1. GENI Flack tool

Community portal 22. Logging into Flack

Current events 3 3. Setting up GENI resources (via Flack)

Recent changes 4 4. Loading up XIA prototype into GENI nodes (via Flack)

Random page 5 5. Accessing your GENI nodes (via terminal)

Help 6 6. Running XIA and initiating your experiments

Toolbox. 1. GENI Flack tool

Whatlinks here « Flack is a GUI tool for setting up GENI resources (nodes, links, connectivity, etc)
Related changes « Flack link: emulab. html &

Special pages « Flack manual: http://www.protogeni

Printable version « Flack tutorials: htip://www.protogeni.net/trac/protogeni/wiki/Flack Tutorial &

Permanentlink

2. Logging into Flack

“Encourage

Alternatlves
Innovation
Through
Choice )
“Know What “Vote With
Your Wallet”

Happened”

o T

GENI is a unique testbed that can support these teams.

Sponsored by the National Science Foundation

GENI Introduction www.geni.net
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genl

Exploring Networks
0

Software Defined Networking Resear

KC Wang Improve in-time weather forecasting
Clemson U. . .

using Software Defined 7
eXchanges "

y | Parmesh Ramanathan
U. Wisconsin o

Measurement Point 9 b Data

VMLab

Emulab

Data
Center

(¥o](w)
(o]

L s ¥ Mike Zink
GENl Cinema Umass Amherst

GENI is the largest multi-domain SDN testbed

Sponsored by the National Science Foundation GENI Introduction www.geni.net 34



US Ignite: Builds application of the future
GENI US Ignite

Research Infrastructure Public-Private Partnership
for Computer Scientists for Next-Gen Applications

GENI members, policies, ... % % US Ignite members, policies, ...

Campus and Lab App creation teams

CS Reslearch Applied Research
I

|
vl ! () ()
. I
CS Experiments I Pre-commercial Applications v
|

\V4 T I I I
Experimental Usage and Demonstrations Commercial Applications

Campus networks Municipal and
commercial networks

Exploring Networks
of the Future

Future commercial
offerings

GENI technology

Regional and backbone networks

US Ignite promotes advanced applications and infrastructure leveraging
GENI research and technologies.

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 35



GENI — Exploring future internets at scale
The GENI Concept

Building GENI

Experimental and Classroom use of GENI
What's next for GENI?

GENI: An experimenter’s view

Sponsore d by the National Science Foundation GEN!I Introduction
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genl Interested in GENI Enabling your Campus?

Exploring Netwo k
of the Futur )

Regional nets
[;j Existing

] New

“GENI-enabled” means ...
OpenFlow + GENI racks, plus
WIMAX on some campuses

GENI WiMAX

&mnibond

= (rangers
OpenGENI vendor

~MIATRIX
INTEGRATION

International provider of Voice & Data solutions.

"We make it work
I v —

InstaGENI vendor ExoGENI vendor

To buy a GENI Rack talk to rack vendors or GPO

Sponsored by the National Science Foundation GENI Introduction www.geni.net 37



of the Future

8 |
2oL, GENI’s International CoIIabora]

GENI is working actively with peer efforts on five continents
to define and adopt common concepts and APls.

Sponsored by the National Science Foundation GENI Introduction www.geni.net 38



S TransGeo Distributed Clouds:
genl Think Globally, Compute Locally

Exploring Networks
of the Future

Compute “green
index” for cities

Yvonne Caady

U. Victoria 2 . Rick McGeer woO rIdWlde
Canada ' Y . HP,US
. — : W
1 ~. P2
~ . =
_________ Piet Demeester . 4.3
'U‘hem - S - ?b’
Joe Mambertti Belgium ' i
Northwestern ?{E; B ‘MA
us ~, W ‘ Paul Mueller Aki Nakao
8 Julio Ibarra Le¥ U. Kaiserslautern U. Tokyo

FIU,US "- ; Germany T Japan

Michael Stanton
USP, Brazil
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GENI — Exploring future internets at scale
The GENI Concept

Building GENI

Experimental and Classroom use of GENI
What's next for GENI?

GENI: An experimenter’s view
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GENI: Terms and Definitions

Exploring Networks
of the Future

Slice
Abstraction for a collection of resources capable of

running experiments

— An experiment uses
resources in a slice

— Slices isolate
experiments

— Experimenters are
responsible for their -~
slices o

www.geni.net 41
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genl Clearinghouse and Aggregates

Exploring Networks
of the Future

«

4

— <
I Aggregate Manager API
- listResources
Tool - createSliver | QIR eSS ,
Researcher - |
Aggregate Aggregate Resources
Manager

« Clearinghouse: Manages users, projects and slices
— Standard credentials shared via custom APl or new Common CH API
— GENI supported accounts: GENI Portal/CH, PlanetLab CH, ProtoGENI CH

» Aggregate: Provides resources to GENI experimenters

— Typically owned and managed by an organization
— Speaks the GENI AM API
— Examples: PlanetLab, Emulab, GENI Racks on various campuses

Sponsored by the National Science Foundation GENI Introduction www.geni.net 42



GENI User Authentication

of the Future

The GENI Portal leverages InCommon
for single sign-on authentication

InComnmon.

Experimenters from 304 For many experimenters:
educational and research * NO new passwords
institutions have « familiar login screens

INnCommon accounts

GENI Project Office runs a federated IdP to
provide accounts for non-federated organizations.

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 43



GENI: Terms and Definitions

Exploring Networks
of the Future

 Sliver: One or more resources provided by an
aggregate

— E.g. Bare machines, virtual machines, VLANs

Commercial

Clouds

My slice contains slivers from
many aggregates.

Corporate
GENI suites

Other-Nation
Projects

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 44



Exploring Networks
of the Future

* RSpecs: Lingua franca for describing and requesting
resources

— “Machine language” for negotiating resources between experiment

and aggregate

— Experimenter tools eliminate the need for most experimenters to

write or read RSpec

<?xml version="1.0" encoding="UTF-8"?>

<rspec xmlns="http://www.protogeni.net/resources/rspec/2"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://www.protogeni.net/resources/rspec/2

http://www.protogeni.net/resources/rspec/2/request.xsd"

type="request" >
<node client id="my-node"
exclusive="true">
<sliver type name="raw-pc" />
</node>

</rspec> RSpec for requesting a single node

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net
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genl Reserving Resources using RSpecs and the AM AP

Exploring Networks
of the Future

« Experimenter tools and aggregates talk to each other using resource

specifications (RSpecs) and the GENI Aggregate Manager API (GENI AM
API)

* Advertisement RSpec: What does an aggregate have?
 Request RSpec: What does the experimenter want?
 Manifest RSpec: What does the experimenter have?

What do
you have?
ListResources(..)
| Would ‘ertisement RSpec
like ...
"~ CreateSliver(Request RSpec, ..) You have
What do / nifest RSpec
have? p

P—

ListResources(SliceName, ..) YOU have

Manifest RSpec

Sponsored by the National Science Foundation GENI Introduction www.geni.net 46



Putting it all Together: Demo

Exploring Networks
of the Future

« Demo
— Login to the GENI Portal
— Create a slice
— Create a sliver at one client

server (VMs)

aggregate (VMs)

« Two computers (VMs),
connected by a LAN

— Install and run software
on the machines

— View output of software
— Delete sliver

 Experimenter tool: Jacks

Sponsored by the National Science Foundation GEN!I Introduction www.geni.net 47



Do Try This at Home!

e Tutorials on the GENI wiki

eeeeeeeeeeeee

on Y for tutorials

 Participate in the hands-on tutorials at the GEC

« Get a GENI account today!

Sponsore d by the National Science Foundation GEN!I Introduction www.geni.net 48
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geni Get a GENI Account Today!

Exploring Networks
of the Future

.

\$;# Welcome to GENI

g e n l GENI is a new, nationwide suite of infrastructure supporting "at scale" research in

Exploring Networks networking, distributed systems, security, and novel applications. It is supported by
of the Future the National Science Foundation, and available without charge for research and

classroom use.

—— -]

At the EC: Find out more about

3 i} using GENI
- Registration Desk
. . ¢ New to GENI?
- Experimenter drop-in « Information for GENI

,,,,,,,,,,,,,,,,, These are some of the many resources being
,,,,, used in GENI experiments across the country.

Online: https://portal.geni.net

Email: help@geni.net
Students need a professor to create a GENI project

Sponsored by the National Science Foundation GENI Introduction www.geni.net 49



Exploring Networks

Newcomers Day - Mon June 15

General Sessions 1 - Tue June 16

GEC23 Agenda Overv

General Sessions 2 - Wed June 17

Developer Day - Thu June 18

Br f: / s Br f:
— T (7.30am - 8.30am)
An Overview Breakfast A::::'n Chancellor Ballroom 7 :(')‘a kfa‘)st
Registration + Breakfast of GENI 7 30mm -5 30 jeeting (7.30am - Sam)
(8am - 9am) (8am - ((:h- afl'; - o am) By invitation Chancellor Ballroom
Chancellor Ballroom 9.15am) ancellor room (8am -
Alma Mater 9.15am)
Ted
P + D An Ii to Plenary Operations
GENI and Experimentation using GENI (8.30am - 10.30am) Developer |Experimenter and
(9am - 10am) Demo Lightning Talks - Roundtable Support Monitoring
Alma Mater . (9.30am - 10am) Illinois Ballroom (9am - Office Hours |Office Hours
10.30am) (by (by
Alma Mater i ) )
Break (10am - 10.15am) Break (10am - 10.30am) Technology Technology
Tutorial: Getting Tutorial: Getting a Tuhriali . Break (10.30am - 11am) Break (10.30am - 11am)
Started with GENI rted with GENI - ;::';:-" Building P.M:;e
Part 1 Part 1 Experiments Presentation: | GENI Opt-In:
(10.15-11.30am) (10.15-11.30am) e using the Definod @ ntroto Mm,n:taul Developer
Alma Mater Technology using GENI and Exchanges ‘OpenFlow ety Drop-In / |GENI Future Developer
CloudLab |,y Testbeds (SDX) 11am Aima Mater| t Xp I
Presentation + Demo: Intro to GENI (10.30am - ™14 30am - Dz = : - e .'me'c°” Drop-In (11am - (11am -
Instr oY 12.30pm) 12'30pm) 12.30pm) Chameleon "':;’;m = (11am - 12.30pm) 12.30pm)
(11.30am - 12.30pm) Alma Mater Tz llinois B C:r‘:ﬁ"m 12.30pm) 12.30pm) Tllinois A Alma Mater
Alma Mater TR Technology Illinois B
Lunch Boxed Lunch
Lunch Lunch B 12.30pm - 1pm
(12.30pm - 1.30pm) (12.30pm - 1.30pm) (12.30pm - 1.30pm) ( P! pm)
Chancellor Ballroom
Chancellor Baliroom Chancellor Baliroom
Expel . W = " w Tubrial:a
Tutorial: Getting Tutorial: Getting - - ‘“‘;o GENI GENI Future Tutorial: WAN
Started with GENI - | Started with GENI - Developer P I Progr B e Domain GENI Future
rt art oun: 1.30pm - nce in egen
Part 2 P 2 Rt dtable E‘w“‘“ fox; (1.30 GENI using VTS Scie i Planning II Legend
(1.30pm - 3pm) (1.30pm - 3pm) (1.30pm - andp .Edll = 3pm) OpenFlow (Virtual GENI (1.30pm -
Alma Mater Technology 3.30pm) 1.30 "“_ 3“' Illinois A & C Resources Topology (1.30pm - 3.30pm) _
Alma Mater ( .Te;m pm) (1.30pm - Service) 3.30pm) Il-linois A General interest
nology; 3.30pm) e Tllinois B
Al M.
Break (3pm - 3.30pm) Break (3pm) ma Mater Technology Experimenter targeted
al:
Monitoring & Break (3.30pm - 4pm) Developer targeted
. 6 Controlling GENI Future
Experiments | p, ch > I I' a Tmri!l:a Applying Experimenter and developer
Tutorial: Getting Started v\_vlth GENI > Part3 with GENI Intro to GENI Work-in- (3.30pm - Tutorial: WAN GENI Operations targeted
Work on your own on assigned exercises Archi Spm) Building Experiments | Principles to
e Prog P g
(3.30pm - 5.30pm) Scriptsand | (4om - Spm) | (4pm - Spm) | Min0iSA&C | |controllers for | using VTS LTE and Trials Campus IT/Rack
Qs Technol Illinois B OpenFlow 1.3 Part II Networks (4pm - administrator targeted
e (4pm - 5.30pm) |(Continuation of|  (4pm - 5.30pm)
Adjourn Spm Alma Mater 1.30|_Jm S.Z_iOQm) Illinois A Recommended for
tutorial) Illinois B newcomers

Newcomers BoF Dinners

Poster/Demo Session
(5.30pm - 7.30pm)

Collonades Club
University of Illinois Memorial Stadium

@
@

Hands-on Tutorial. Bring a |
laptop if you want to do the
hands-on exercises

(5.45pm - 7.45pm)

Champaign

BoF Dinners

Blue Waters Supercomputing Facilities Tour
National Petascale Computing Facility, 1725 S. Oak St.
(http://www.ncsa.illinois.edu/about/facilities)

See GEC23 agenda page for list of BoF dinners or to organize
one (http://groups.geni.net/geni/wiki/GEC23Agenda)

Wi

Password: uiuc23rdgec

reless Network

SSID: GEC23
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of the Future

Tutorial: Building Experiments

J Using the GENI and SAVI
7 Y Testbeds
K T:H”_":NTCDM 24 June 2014

Vancouver, Canada

Com pUter and Netwo rki ng The International Workshop on Computer and Networking Experimental Research Using Testbeds
Experimental Research using The S8 IEEE international Conrorence
Testbeds .

29 June 2014 N e N

With ICDCS in Columbus, OH 7 R T ARERE T 1o )

Computer and Networking = June 29th - July 2nd, 2015
Bxpermental Resaach
using Testhads

Papers and demos on research
validated using testbeds

June 29, 2015 Columbus, Ohio, USA

Project Silver Tt_Jtorla_I on Netw_ork Function
Rethinking Security in the Era of Cloud Computing VI rtual |Zat|0n US|ng GENI

Cloud Security Curriculum Development Workshop Carolina

Sponsored by the National Science Foundation GENI Introduction www.geni.net

genl GENI at Conferences and Workshops

Organized by Jay Aikat, U. of North
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QUESTIONS?
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