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Our Scope

Future Internet = Computing + Connectivity + Clients

Ubiquitous Wireless + Mobile Connectivity

* OpenFlow on: Ethernet, WiFi Mesh, Datacenter VM Cloud
* EAGER Experiments: wired/wireless DDoS, hetero P2P
* IT use cases, NetFPGA lab, surveillance video
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Projects Overview

/OpenFIow wireless

OpenFlow Mesh and

Mobility Management

=

Campus operation & expansion\

OpenFlow
Campus Trial

IT Engagement; Cl Team
Data Analysis Network
w/ CCIT + Cl Team

EAGER experiments

Security
w/ Brooks
Clemson

Pervasive P2P
w/ Shen
Clemson

Network Coding
w/ Ramanathan,
UW-Madison

NetFPGA lab

Accelerated Cloud
w/ Smith
Clemson

SDR
w/ Noneaker
Clemson

On-demand VM Cloud

w/ Goasguen (CS)
\_

Spiral 3 (pending)

GENI Racks
w/ RENCI, Stanford

GENI WiMAX

w/UW-Madison
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Emphasizing IT Engagement

* To facilitate sustained growth and leverage the power of all
parties in University to stay creative, we need a new model.
— Students
* GENI experiments

* Undergraduate research — “Creative Inquiry” program
e 4-year IT internship program + curriculum

— Network engineers
* Help deploying and operating GENI

* GENI-inspired use cases
* Engineers innovate with GENI
— Faculty

* Research
* Teaching

Clemson University




IT Engagement: Undergrad Cl Team

OpenFlow Team Creative Inquiry cnbeeeeok Ben Ujeich

KC, Aaron, Ke, Fan Team N(?twork|ng
Curriculum/Labs
\ Data Analysis Jeft Heider
Network

OpenFlow Chris Coode
Wireless Mesh

Network

OpenFlow Kenneth Allman
Factory Sensor

Network

CCIT cCIT Parking Lot Megan Becvarik

Security Video Analytics
with OpenFlow

Network Services
Dan, Wayne, etc
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IT Engagement: Tech Meetings and OF Tutorial

e Grad/UGrad students attend weekly IT tech meetings
— GENI/OpenFlow agenda
— Brainstorm with engineers

* Grad students design tutorials and use cases to
motivate engineers to use OF/GENI tools in campus
network operation

— First use case: Data Analysis Network (DAN) based on OF

Slice 1: Slice 2:
. sw:tchmg:. routing:
Monitor all the switches; . .
. . . Monitor all the switches;
Redirect ping traffic to the .
e Process all data traffic;
specified port (host); Lower priorit
Higher priority P ¥
FlowVisor -
N //
Subset of Clemson _ Network
_/\/

campus network
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Proposed DAN implementation

Some noodling on the whiteboard...
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Clemson OpenFIow Deployment

5L 2 %,O B = §' | Map | satenite | Hyoria |
i goUn Dr Sy 1 Palmetto Blvd
Wi s yaiter T Cox Bivd (83) O
-~ ry 9 L__—q%‘ President's
" Holmes Hal __h o bﬁ Bra er ‘.15, < Park Mot
: Fcrmn St SRR T Vo N
= 3
ECE Securlty/PZP Labs &
g
. ice JReflection s .___f 1‘% T Byrnes Hall N %
T ey L_— ‘J d _' " — J_‘h‘ar"'nin_q-Talll
CS Cloud computmg lab

i Campus --- Datacenter

a-i"lr'PF!h‘lQ & CU POIiCe
Surveillance Mesh

ECE Wireless, OpenFlow, NetFPGA
Labs — mobile and mesh networks,
cognitive/software defined radio

OF Ethernet : 4 HP, 3 Toroki, 6 Pronto e ita . 1Y
OF mesh: 5 APs deployed, 10+ to come OpenVswitch in VMs
GENI OF and non-OF core vians: connected at Palmetto Cluster
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NetFPGA for Cross-Layer Research

Network Coding NetFPGA Software Defined Radio
Multipath Routing e 4x 1G Ethernet '
. : *MAC: H Russell
* KC Wang e Xilinx Virtex FPGA o
*P Ramanathan (UW) i gilisherKClvans
« MGIO expansion « EPGA: M Smith

OpenFlow
e KC Wang Accelerated Cloud
* R Brooks e M Smith

* H Shen * KC Wang

* S Goasguen
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GENI Programmable Wireless: Remote Use
GENI Open WiMAX

* GENI Cognitive Radio .

— Clemson partners with .
Rutgers WINLAB on remote
experimentation framework

CR-GENI - GENI Open Cognitive Radio Platform

Dirk Grunwald , Peter Wolniansky, Prasanthi Maddala, Khanh Le, Ivan Seskar

RTGERS

HW Platform - Phase 0
- ilinx VELXS0 FPGA l 1
= Gigabit Ethernet P
= 2 Half duplex RF modules = =
+ 20 MHz band B g ad
- 2.4 GHz, 5 GHz et
.......... . o CR-GENI Libraries
"""" ] i 1. Hardware Platform Basic Building Blocks ;
[ = - Range of FPGAs
— = = - Widzband (tuning) radic modules - Common — DAC IF ADC IF; SPI IF; Reg Map, ...
,—-E—l_—""_' = — 2. Firmware « Metworking — Ethernet, PCla, R5232, .
- Easy to use VHDL/ Simulink (drag & drop) = DSP — Sine wave gen., AWGN, Filters, .
blocks - Communication — Mod/Demod, OFDM blocks,...
3. Software
HW Platf _ Pl 1 - Functions for real time data transfer and Eamework:
. VELXS0/SHIS = » Complete Radio system with pluggable user ap
= PCI express bus i =
» 4 Full duplex RF modules _Usage Example: An Aggressive Radio
. f}oh!*;;:]ﬁnd - Jams the channel when not communicating

« OCRP control commands sent over Ethemnet :
1. Program SPI registers on DAC, RF
2, Switch between noise and signal (based on commands from the host controller)

- 2 Full duplex RF modules :

per — —
= 25-500 MHz baseband | e o
= 100 - 7500 MHz L ! 3
e 1 . .. -~ "
|| Simulink Application Example

GENI is developing campus kits
for deployment at universities
(Accessing Rutgers BS now)

Certified (Virtualized)
802.16e Mobile Stations

External PC Controller

Slice Slice Slice
I II f

‘ GENI Slice Scheduling ‘
F Y

- s Open API interface
A 4

802.16e Common Packet Sublayer (CPS)

802.16e ‘ Priority-based Scheduling St
cheduler
Base v
\Station | WiMAX Frame scheduler | /
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CONTACT: KWANG@CLEMSON.EDU

FURTHER QUESTIONS

KC Wang, Clemson University

Mar 16 2011
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