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Science Issues e
understand or predict the & :_w . Substantial barriers to
behavior of complex, 7t N at-scale experimentation with
large-scale networks : new architectures, services,
N ———— SR and technologies
Infopart ol 1orertabun, prims - N_-[-lﬂ;:“uiu-n
= i, AT
/ Gnlene eEoa Niig/ o ol wier i Koawg ik ¥ Masry
Society Issues
We increasingly rely on ,
the Internet but are unsure g

we can trust its secuirity,
privacy or resilience

These issues are becoming increasingly important with
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GENI provides compute resources that can be connected in
experimenter specified Layer 2 topologies.

Sponsored by the National Science Foundation GENI Introduction www.geni.net 5



Network Resources
Layer 2 VLANS and Access to Programmable Switches

GENI Racks: small clouds M

Virtual Machines s s Iternet2 Network
Bare metal Machines ' &

Compute Resources

Android | B3
Phones

Internet2: US Research Backbone
Wireless
nodes

WIMAX/LTE
base stations,
4G/3G
Network
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A\ 72 Existing Testbeds

Regional.
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Exploring NetworlRe i
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GENI provides c?)/mpute rés‘gurc-es th
experimenter specified Layer 2 topologies? . =<
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Resources may
be virtualized
and used by
multiple
experiments

Experiments live in isolated “slices”
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| install software | want
throughout my network slice (into
routers, switches, ...) or control
switches using OpenFlow

O Ererr
Setstey: SRk s
terners & g

Everything is programmable: Experimenters create and
program custom topologies, protocols and flows
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All applications and services
rely on cyberinfrastructure

High performance applications

and services need precision
cyberinfrastructure

— The right resources

— In the right places

— Connected by the right network

— Running the right software

Sponsored by the National Science Foundation
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Edge computing: A method of §=@
optimizing cloud computing systems < T8
by performing data processing at A
the edge of the network, near the
source of the data.

https://en.wikipedia.org/wiki/Edge computing

Regional nets
Existing
[ New

GENI WiMAX
/\ Existing
A New

GENI Racks )
(proposed sites)

® New

O Existing
clusters/racks

Internet2 & NLR

Every rack is a
“cloudlet” in
the GENI Edge
Cloud
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connects to CloudLab,
Chameleon and Amazon AWS

s

80 The GENI Edge CI
g9c ClouldLab, Chame

GENI AM GENI AM

e GENI AM
cen [mmd = GENI AM OSCARS =
Racks — i g OESS API InsERaaGcENl

The GENI Edge Cloud g

Internet2
AL2S

— Enables experiments that use GENI AN g 2 ~—Connectto
GENI and ClouldLab/AWS “CléudLab) o
resources . S

AWS Direct
Connect to
US-East-1 Region

AwWs APl |
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* 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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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 . . .

@'
Y

Avoid technology “lock in” and grow quickly by
incorporating existing and new infrastructure

Sponsored by the National Science Foundation GENI Introduction

Non-US
Testbeds

Emerging
Cyber-
Infrastructures
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GEN!I is working actively with peer efforts on five continents
to define and adopt common concepts and APls.

N Sponsored by the National Science Foundation GENI Introduction www.geni.net 17




\
Wyt

geni

Exploring Networks
of the Future

What is GENI?

Building and deploying GENI

How is GENI being used

* An experimenter’s view of GENI + Demo

+NSFz

i Sponsored by the National Science Foundation GENI Introduction www.geni.net 18



gen GENI for Research an
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Research Education
Future Internet Architectures .« (Classes in:
Software defined networking — Computer Networking
Large scale evaluation of — Distributed systems
protocols — Cloud computing

— Wireless Communications

Cloud networking
« Undergraduate, graduate

Domain sciences

GENI has over 12,000 users!

NSIZ Sponsored by the National Science Foundation GENI Introduction www.geni.net 19
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Named Data
Networking

Named devices, content f’, Strong authentication, privacy

and context P ai
$ . i sont
name Public Key Based
- Global ideetifier (GUID)
| Py a ! Routers with Integrated
t - = e

Storage & Computing

Name-based Service API
with unicast, multi-homing,

Heterogeneous 1 1 tent
mcast, anycast, content
Wireless Accosz_ ~ query, etc.
End-Point mobility
with multi-homing 1
é """"" Storag B
L . Intra-d
\ ., 1O
\\ ____ pelN
\ Global Name Resolution

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

Connectionless Network
3‘ l with hybrid name/address routing

Network Mobility &
Disconnected Mode ‘f ﬂ

Ad-hoc p2p

MobilityFirst

FIA Teams have

e06e Running XIA on GENI - XIA Wiki

& Login

[ ] Page Discussion Read View source View history Go J| Search
) Running XIA on GENI

This document describes how to setup XIA experiments on GENI nodes using Flack 100l .

Navigation Contents [hide]
11.GENI Flack tool
22. Logging into Flack

Main page

Community portal
Cumentevents 33. 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 lerminal)

Help 6 6. Running XIA and initiating your experiments

Toolbox 1. GENI Flack tool

What links here « Flack is a GUI tool for setting up GENI resources (nodes, links, connectivity, etc) =

Paami s | Pk e ew i eXtensible
Special pages « Flack manual: hitp://www.protogeni.

Printable version « Flack tutorials: http://www.protogeni i Tutorial @

Permanentlink 2. Logging into Flack I n te rn et

Architecture

“Encourage

Alternatlves
Innovation
Through

“Know What “Vote With
Happened” Your Wallet”

D 4
ChoiceNet

GENI Is the only testbed that can support all these teams.

Sponsored by the National Science Foundation

GEN!I Introduction
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CII<C Wan% Improve in-time weather forecasting
emson = using Software Defined

eXchanges

y | Parmesh Ramanathan
U. Wisconsin -

Measurement Point

Emulab

Data
Center

[0 %8
(o]

-
- e

|  Mike Zink
GEN| Cinema Umass Amherst

GENI is the largest multi-domain SDN testbed

NSES Sponsored by the National Science Foundation GENI Introduction www.geni.net 21
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Compute “green
index” for cities
worldwide

=~

~ . - $
~. \V
DY
n » Paul Mueller Aki Nakao
B Julio Ibarra L™ U. Kaiserslautern 5 U. Tokyo
FIU,US 3 { Germany T oY Japan

e’
Yvonne Caady
U. Victoria
Canada

Ric I\/ICGeer
S, HP, US

‘ L
|
________ Piet Demeester

= Ughenm

Belgium

Joe Mambertti
Northwestern
usS

Michael Stanton
USP, Brazil
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Over 6000 students
have used GENI in
classes taught by 90
Instructors

Sponsored by the National Science Foundation

GEN!I in the

GEN!I as a remote, virtual lab for
networking, distributed systems
and cloud computing classes

GEN!I Introduction

www.geni.net

23



’ .
\
Na .’

gent GENI: Terms and

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

—_— EX p e r| m e n te rS a re ,mw:_-/i;:’,:f::f;,,%
responsible for their .~
slices o

24

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



‘. '/

gent Clearinghouse and Ag

Exploring Networks
of the Future

D S e
------------------ clearinghouse
Slice credentials
e A e >
Aggregate Manager API
- listResources
Tool - createSli | R
Researcher 0 createSliver ik |
Aggregate Aggregate Resources
Manager

« Clearinghouse: Manages users, projects and slices
— Standard credentials shared via custom APIl 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 25



GENI: Terms and Definitio

» Sliver: One or more resources provided by an
aggregate

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

[My slice contains slivers from Commercial

many aggregates.

Corporate
GEN!I suites

Other-Nation
Projects

Sponsored by the National Science Foundation GENI Introduction www.geni.net 26



RSpecs
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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"?2>

<rspec xmlns="http://www.protogeni.net/resources/rspec/2"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="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
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Exploring Networks
of the Future

Experimenter tools and aggregates talk to each other using resource
specifications (RSpecs) and the GENI Aggregate Manager APl (GENI AM API)

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

ListResources(...)

CreateSliver (Request RSpec, ..) YOU have

ifest RSpec

ListResources(SliceName, ..) YOU have

Manifest RSpec

':\jj.:‘ Sponsored by the National Science Foundation GENI Introduction www.geni.net 28
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« Experimenter and Educator
resources on the GENI wiki
— Tutorials
— Ready-to-use exercises

« Community support mailing lists
— geni-users@googlegroups.com
— geni-educators@googlegroups.com

« Webinars

— Wide range of topics of interest to the
GENI community (monthly)

— Train-the-TA (at the beginning of each
semester)

NSES Sponsored by the National Science Foundation GENI Introduction

Use GENI for Your Research a

' Welcome to the GENI Wiki

The GENI Wiki is a repository of information related to the ¢
Editing this Wiki: See GeniWikiGettingStarted for informat

Finding Information in this Wiki

| Information for GENI Constituencies

by @ 2
w & K

.‘
o/

Newcomers
to GENI Experimenters Instructors (

Train-the-TA Webinar
Offered every semester

www.geni.net 29
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QUESTIONS?
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