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Orbit

ORBIT consists of radio grid emulator + field
trial network

Emulator used for detailed protocol
evaluations in reproducible complex radio
environments

Field trial network for further real-world
evaluation & application trials
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Radio Mapping Algorithm
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Link SNR of a Real NLS/RES Environment
Using the Ghassemzadeh/Greenstein Model
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Configuration of 15 Grid Nodes to Real World

Pathloss Exp. on Grid =2
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1ments

70 Experti

Reverse Mapping Error

12 Node Networks

RMS Mapping Error for Each Experiment
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“Card Calibration Procedure”

e Calibrate transmit and receive side of the cards

e Record corrections to be applied for each card based on the

discrepancies observed
Card Calibration
Setup

Vector Signal
Generator
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Transmitter calibration

Agilent 89600S Vector Signal Analyzer (VSA) used as the

calibrated receiver

Transmitter calibration for different cards
20 L T L ] L] I L | 1

-—
(A}

-t
o

h

Received Power at calibrated receiver (dBm)

AN

cardd

1 1 1 1 1

1 1
8 10 12 14 16 18 20

.
, Transmit power (dBm =
RU p ( ) =

Note that received nower is not corrected for the 2dB cable loss

B
o



Recelver calibration

Agilent E4438C Vector Signal Generator (VSG) as the

calibrated transmitter _ _ _
HS51 vs Transmit Power for different wireless cards
100
—=  cardl
—  card?
Or —— card3
—&— cardd
80
70k
g B0
o
50 F
40 F
30 F
20 1 1 1

90  -80 -70 -60 -50 -40 -30 -20 -10 0 10
Transmit Power (dBm)
Note that the RSSI readings includes the 2 dB attenuation loss in the RF connector
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Temporal repeatability

«10°  Wariation of throughput across different experimental runs L
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Spatial repeatability

ﬂ nused node
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Repeatability Conclusion

Node calibration procedure necessary to
address hardware dependencies

Temporal variation is less than hardware
variability
Periodic re-calibration necessary

Need to automate the on-site calibration
procedure so that it can “monitor” the testbed
“drift”

13
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Rate Control:
Performance of current imglementations
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Resource Management: Multi-hop flows

15+

Auto-rate, 1 channel, noise -16 to -5 dBm on Channel 48 ol
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Auto-rate, 3 channels, noise -16 to -5 dBm on Channel 48 ~4x improvement

Channel 36  Channel 48 Channel 64

Throughput (Mbps)

Can we do better??

Specific case: Noise -6dBm, but now with selectable bit rates 20
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Mobility: Software Spatial Switching

A mobile’s connection originates/terminates on a
separate machine, called the Virtual Mobile (VM).
Packets are tunneled to/from different grid nodes over time.

= Actual path.
mmm TUNNEL

(O Grid node.
O Active Grid node.

00 000000
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Usage Examples: Routing Protocols
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Wireless Security: Fingerprints in the Ether

e Wireless channels are “open” and hence more susceptible to
eavesdropping, intrusion and spoofing...

Interestingly, wireless channel properties (“RF signhatures™)
can be exploited for authentication and to identify attackers

Project on protocols and algorithms for security functions;
also experimental validation
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ORBIT Planet-Lab Proof-of-Concept
Example

e Example video streaming experiment from wired

server node on PL to wireless receiver node on

ORBIT Wired PlanetLab Wireless Orbit
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Wireless Virtualization

Support concurrent experiments to increase
capacity

Support both short-term and long-term
service experiments

Virtualization in wireless networks
complicated by PHY/MAC interactions
between nodes

Several techniques being investigated-
Virtual MAC (VMAC)

Space division

Frequency division

Time division

RUTGERS



Wireless Virtualization (cont’d)

4

Partitioning a node in Time domain (TDMA)

4

T T

Virtual Node 1 (VN;) —

Time Slot 3

Virtual Node 2 (VN,) —
Virtual Node 3 (VN3) —

S'lme Slot 2

S'lme Slot 1
(Tsy)

TDMA refers to switching Time-slots within a physical node to

emulate multiple virtual nodes

ﬁ

Y Y Virtual Node 1 —
(VN,) e
Virtual Node 2 —
(VNy) —
Virtual Node 3 {
—

(VN3)

Partitioning a node
IN Frequency
domain (FDMA)

FDMA refers to switching channels within a physical node to

emulate multiple virtual nodes
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Wireless Virtualization (cont’d)

Partitioning a node by Hopping in Frequency domain at different Time-slots (FH)

\( \( Virtual Node 1 (VN,) T|me Slot 3
Virtual Node 2 (VN,) - me la 2
me Slot 1

Virtual Node 3 (VNy) -

R R

Frequency .o Frequency
Partition 1 Partition 4
(FPy) (FP,)

Frequency Hopping (FH) refers to partitioning of a node by

allocating a unique SEQUENCE of Frequency and Time-slots to a
virtual node

RUTGERS 3



Virtual MAC

Sliver 1 Sliver 2 Sliver 3 Sliver 4

Access Access Virtual  Virtual  Virtual Virtual
Point Point Access Access Access Access

Point1 Point2 Point3 Point4
- B B

Channel X

ssid:1 Essid:3 Essid:4 Essid:1 Essid:4

lannel w hannel y Channel z

Essid:3

- - -:-_! b "_#:-_!
Exp. 1

b 9 - B

Exp.3 Exp.4 o 8 o B
Exp. 2 Exp. 3
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Expected Bandwidth per Experiment (Mbps)

VAP Pertormance Comparison

e The VAP implementation adds a negligible overhead to the
performance of a conventional AP.

e VAP based virtualization schemes would scale the available
bandwidths for experiments as compared to no virtualization

case.
30 T T
Il Experiment With No Virtualization
[ Conventional Access Point
25| [ Virtual Access Point

[

UPLINK
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DOWNLINK

3

251

—— Video
—— Video
—4- Video
-9~ Video

Bit Rate 1Mbps) with no virtualization
Bit Rate 5Mbps) with no virtualization
Bit Rate 1Mbps) with virtualization
Bit Rate 5Mbps) with virtualization

e i i s

2 3 4 5 6 7 8
Offered Load (Mbps) of the other 3 experiments



T Twparmronooomn] No Policy Manager: Throughput
i} |~ otemslommesh oo | [ seen at the wireless client with lack
of traffic shaping or policy
management. The flows of Expt1
and 2 drive the channel into
saturation and effect the results of .
Expt 3 as visible from the @) Below ssurstion video at the sam

o < i i i i
0 30 60 % 120 150 of the expe nooent

Time (59 degradation of the video quality.

Experiments reach
saturation with increased
offered load

Client Throughput (Mbps)
(2]

.....

Throughput from Flow of experiment
= = = Throughput from Flow of experiment
10| —©— Offered load on each experiment

T e e S e SE——

Pre-Policy: The policy manager
decides the maximum throughput
. assigned to each experiment. The
-t---1 rate limitation of the experiments
kicks in at the start.

Experiment flows are
rate limited even before
the channel saturates

©
T

Client Throughput (Mb/sec)

(b)) The data flows sanamee the channel,
thereby e mlong in detenomuon of the
% 120 150 video quality

Time (secs)

$ e Dynamic Policy: In this approach,  pe
v iy the policy manager kicks in
| dynamically at the sense of a
5 possible saturation and limits the
| experiments to the assigned rate. P

o % 60 % 120 150 shaping with manoual intecvention
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(SDMA) Virtualization

Virtual console support (Xen with 4 instances)

Full isolation on wired side (VLAN)
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299 LRI
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Space Division
New resource allocation/management service

needed for proper iIsolation on wireless side




Aggregate Throughput (Mb/s)

SDMA Pertormance Comparison

e SDMA based virtualization shows better
performance than VAP as a result of 802.11 PHY

—=~ SDMA based Virtualization (Nodes placed farthest)
—}— VAP based Virtualization
&3 SDMA based Virtualization (Nodes placed in close proximity)

16

Aggregate | hroughput (Mb/sec)

6! T
128 256 512 768 1024 14 ' : . . .
Packet size (bytes) BELOW! - i| = SDMA throughput Variance
12 k-- ATURAﬂQNI —©~ SDMA throughput mean  H
: ' . i| = VAP throughput Variance
: A i| =5 VAP throughput mean
10 1 [ 1 I T I
10 15 20 25 30 35 40 45 50

Aggregate Offered Load (Mb/sec)
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Frequency Division (FDMA) Virtualization

Two concurrent experiments can coexist using the
same hardware via multiple radio
cardsé){g_eguenmes

=Ep— P
Exp. 2

'\_n;_..__:,, _>i“-_-"__-_~-

*Evaluations based on UML (User
Mode Linux) virtualization.

Virtual Device . Virtual Device .
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FDMA Pertormance Comparison

50000 Channel Ra® 36 Mbps, Offerad Load 50 Mbps . Channel Rate 36 Mbps, Offered Load 50 Mbps
A 35000 — 1%
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L s STt S T SO o T S
10000 E E —8— Packets/zec (N o Vrtualizafon) § 5 5000 -- & —s— Packets/sec (Virtualization) H{ 5
b [ttt e e == ' !
i : —4— Throughput (No \irtualization) —e— Throughput (Virtualization)
0 : : : : : : 0 0 } } ! ! ! ! 0
64 128 256 512 768 1024 1470 64 128 256 512 768 1024 1470
PacketSiz (Bytes) Packet Size (Bytes)

e UDP Throughput for virtualized network decreases rapidly
with decrease in packet size.

e Without virtualization — 80,000 packets/sec sent out by
wireless device.

@TCEHML can successfully send up to 30000 paw@\'jﬁﬁf'_‘iﬁg E



FDMA Performance Comparison

Interference between Experiments sharing the same nodes

Packet Size 1470 Bytes, Channel Rate 36 Mbps

Packet Size 1470 Bytes, Channel Rate 36 Mbps

X — Expe;iment One |! i i i W ' - - .
Experiment Two —e— Experiment 2 Load - 10 Mbps
30 " r ; 0.006 4 |—=— Experiment 2 - Load 25 Mbps
= 25 f----- Aeeeees R SRR A— I— e = 0.005 -
oy I ' o
< 20 M‘ﬂ!‘—— S 0.004 -
s | i o
2 : =
8- e : £0.003 -
o - =%
= : 5
il | TR YRR | S L O 0.002 -
5 4-----1 ,wa-n]l---- ; 0.001 -
0 { I 0 -,lf T T T T T T
1 51 101 151 201 251 301 5 10 15 20 25 30 40

Time (seconds)

Offered Load on Experiment One

After an instantaneous dip, the throughput on 15t UML settles
around its original value, but its time variance increases.

The coupling coefficient increases almost linearly with the increase
in offered load on UML 1 and is not affected by the load on 2nd
experiment.
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Wireless Virtual Network Problem

Virtual | |:| L
. . Networks G,,
Given a virtual network graph 3
G,(V,, E,, C,) and a physical

network G,(V,, E,, R,) where

n V = Vertices

Physical
m  E - Edge set Network G,
= C - Constraints Vi
= R - Resources 24
. . VI
The mapping problem is
defined as
M:Gv— (V.,E.,R))
p’—p’""p
Where Mapping To
! Physical
Network G,

Vp ch,Ep - Ep

m and all constraints are satisfied

Resource assignment in wireless networks can be more difficult
due to interference between nearby links

RUTGERS :



Wireless Virtual Network Problem (cont.)

Node # Residual ti Residual ti Residual ti . . .
o w o s weae | VN Assignment Heuristics
mapping mapping
A 0.8 0.6 0.8 e Min residual time across network
B 0.6 0.2 0.4 » Balanced residual time across nodes
N 0.6 bz e e Minimize total cost (assigned time)
D 0.8 0.6 0.4 across all nodes
E 1.0 1.0 0.8
VN1 More balanced assignment
2 Mbps VN2 mapping:
1 2 QMb,O st i -
S 1st option: 4->A, 5->B, 6->C
: : 3 2nd option: 4->E, 5->D, 6->B
[ I I
9L | 2 Mbps
10 Mbps
i 2 M
links VN2 bps
C Residual Channel time
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ORBIT: Vehicular Experiment Support

« Trunk mounted standard ORBIT radio node with
two 802.11a/b/g WLAN interfaces

« Power inverter supporting up to 300W load,
converting 12VDC-to-110VAC

. 802.11a/b/g antennas that can be mounted inside
or outside of the vehicle

RUTGERS WINLAB k|



Modeling

BE - = ‘

3
- v

SRR

simultaneous
measurements:

pylons mark
the car route
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Modeling
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MAC: New requirements

. T = :;gf%??ﬁf%; Boxplot Summary
) 8§ ¢ e 5 8 g LR —— <« Max. value

o o b o

™+ 7909% PDR line °
R :8: o <«— Upper Quartile
Z: o . «— Median |
Q Oj . <«— Lower Quartile

@ . T —L— « Min. value

0 | ’ ) ) e <« Outlier

o Packet delivery rate (PDR) @10pps

5 15 25 35 45 60 80 100

Number of Senders

PDR statistics across receivers

Std. Dev.

84%0 10020 94.4 — 97.6%0 2.4 —-5%

T Significant POR variation acro
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WiMAX Virtualization

Design Goals:

= Multiple independent
virtual networks (VNs),
each with specified % of
BS capacity
o Inter-slice fairness &
iIsolation
m For GENI experiments,
each VN should be
qualitatively equivalent
to a dedicated BS .
m Each VN (slice) should @(@X)}
support multiple clients 9
o Intra-slice fairness Slicel
o Multiple traffic types

Physical 802.16e BS
LaE
D

N/
=
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Virtual WiMAX Implementation

2- ; ad Traffic Queues from the VMs
3 A oo
g —T — — ‘," E ’t})\ 8r
t K ; o
24 Kernel ' a7
z | Click =
VNTS Engine Traffic 2 ;
Z Y . Shaper O 5;
Data % Control : 2 i
% Shaping®, E o 1
% gggigions‘\‘ : ;
Kernel : g 3l i
S [ | Rrm-F N g
G} - Feedback 2 » 2t 4
I e T A g _______________ 8 Slice 1- No Shaping )
2 VNTS Controller ' Data % Control 1 2:22 ? - s; TSgaping i
0 1 1 1 1
SNMP) “pata IControl Policy RRM Feedback 0 20 40 60 80 100
Database From ASN-GW Experiment Duration (secs)
WiMAX BaseStation
* VN traffic shaping (VNTS) on external GENI
controller

No Shaping

e Maintains fairness & isolation between slices
» Uses SNMP status feedback (MCS, rate,..) from BS
38
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OF Meso-scale Deployments: Rutgers

(~  LecenD: )
OpenFlow
Enabled Switch
OpenFlow
Enabled Router

Access Router

\ (not OF) )

Rutgers Core Network

L2

To MEGPI PoP
(Philadelphia)

NetFPGA NetFPGA
Busch Campus Cook Campus

R

1P8800

sw-out06.orbit-lab.org

IP8800

sw-top.orbit-lab.org

sw-out-top.orbit-lab.org

GENI Open  Outdoor # =, -
Base Station ~ ORBIT 'ﬂ ou

(Wilax) ( Wireless /i o4
k GENI Open  Qutdoor

Base Station QRBIT =
(WiMax) G-

4.) Rutgers
Outdoor Netw:

3.) Rutgers
Outdoor Networi
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ION Connectivity Example

AARNET
Access Router
i AARNET
12 ION
NICTA Firewall VLAN Switch
......... Cisco ASA-5000 Cisco 3750
. . 401 N Broaq St
Philadelphia Prisdegha  MAGP! " ook Campus.
< MAGPIVLAN

NETFPGA
e
rent tory  details
Description: test Internet2 Map
Chaaied G f -_ Internal VLAN Trunk
Status: ACTIVE -ElgE] = o NEC I1P8800
Source: phoebus.chic.dcn.internet2.edu [¢]* -
Destination: phoebus.losa.den.internet2 edu 10 G 1G
Duration: 1 hour
Start Date: 92272009
Start Time: 08:04
N
re— P Internal VLAN Trunk
End Time: 09.04
Bandwidth: 50 Mbps 1 0 G
VLAN (Source): 72
Source Vian type: Tagged
VLAN (Destination): 72
Destination Vian type:  Tagged Utilization
Networks: Domain: den.intemet2.edu P NEC IP8800
# Favorite 3 Internal VLAN Trunk
o
o
X
16 NETFPGA
| 13
ok et i i i e, A At . A e hay
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ION Performance

6000
5775.36 /*
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- Prd
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*+ 2000 A
O 1331.2  /
; 22
© -=-UDP
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(0] 200 400 600 800 1000
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Experimental Package: Storage and Mobility Aware
Routing Metric in CNF

Maintain long and short term
routing costs

o Short term (S): instantaneous view
of the cost to reach a destination

o Long term (L): Historical perspective

of the cost to reach the same
destination along the same route.

o Collect and “remember” multiple
such routes
= Maintain view of current
available storage at routers
o Indicates queue build up and

therefore contention at the MAC
layer, broken links and congestion

Costs and storage values are essentially
providing link conditions averaged over route
update period.

RUTGERS

Long term cost

COST

e Expected Transmission Time based upon
MAC layer data rate, queuing delay,
congestion

» Expected Transmission count reflects
number of transmissions necessary for
successful data reception

* Load, energy, traffic balancing

Long term cost >>
Ashort term cost
FORWARD ONLY
IF DOWNSTREAM
PATH HAS AMPL

Long term cost << short
term cost
STORE

Short term cost



Experimental Package: CNF ORBIT

Application

HOP

STAR

LL
802.11 MAC

$02.11 PHY

CNF Stack

protocolStacks

Implementation
/_
Scheduler Btmap;e Modulg J/ \
Y \/ -
: : prp—— Storage-aware Routing o
Hop Data Transfer Interface g (OLSR with short term, Ticam
\l( @ | |longterm cost and storage) TCP / UDP
HOP Tmnspdﬂl‘tutﬂ'm* \\ OLSR
E é Forwarding alporithm) LL
£ | UD 3 En 3 & $02.11 MAC
z i = | -1 |
R 1 WV W $ E g g %‘ 2 § 802,11 PHY
mw- 2 m cr J - '% 2 fr.a 'g TCP/IP Stack
! Mﬁ ﬂfﬁﬂm O
v f‘ KﬂmelRﬂ}lﬁngTabh/ Comparison
Atheros 802.11a/b/g o~

Software Architecture
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Throughput (Mbps)

, : 3.5
Poisson arrival process
3,
File size 500KB 3 simultaneous 225
Q0
=
' OO‘ Oaa flows 2
100 file transfers g,
oy D, o
S:O' O—O—O - O ) Average throughput s 1 WlFie arrlval rate = 0.17 file/sec
| 0.5
D: '
53 2 O O
250 500 1024 2048
File size (KB)
S -+ TCP 100
-~ CNF
4 __ 80! an? | .
S B CNF mmplicitly
Q u"'\“ '+'UDP d
7 g - , oes flow
3 60 r ~-CNF
—C— -0 A ,*'
2t § 40; '\,\’
O, - S &
1 [ 20 :l,w‘/"' —*
0 ‘ ‘ ‘ % 02 04 o6 08 1
0 04 0.6 0.8 1 ; ' . .

Experimental Package: CNF Performance Results
from ORBIT Experlments

Mean number of file arrivals(per second)

B RUTGERS

Mean number of file arrivals(per second)
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Experimental Package: GeoMAC for
Reliable V2V Messaging

150 ‘ ‘
. |AODV Non-Rt

Il AODV Rt
[ JGPSR Non-Rt
I GPSR Rt

Il GeoMAC

=
o
o

Mean Delay (msec)

A
o

O Unreliable wireless channel:
severe fading due to shadowing h ﬁ
due tO Stat|C and mOb”e I%/Iaximum no. ofétlransmissions aﬁowed per packégt

obstructions
1 GeoMac opportunistically uses d GeoMac achieves lower

neighboring vehicles to forward .

messages. delay and more reliable
 Forwarders selected based on transmissions than ad

geographic heuristics hoc routing protocols
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Experimental Package: ParkNet

H

- 1l w“
|
— ‘\
e— - “'
Vacant spot I]? At I“ ) | o |

. Brooklyn War,
Memorial

I\ BZEld uBwpey f;
&

P
Wk &

Experimentation with delay-

tolerant data collection protocols  °

on Wimax networks utilizing:

 Tools for executing and
orchestrating experiments
across a set of mobile nodes

* Monitoring & instrumentation = . 5o Y Yogsera
plane to obtain and manage S [ XNP al
large amounts of s
measurements (data)
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Experimental Package: ParkNet (cont.)

——————————————————————————————————————

- N

. / |
Experimen I

Description ) : AM RC OML :

I - Server !

I B OML :

| |

I CN I

: I

: I

{ I

_____________________________________ /l

Rutgers Aggregate GENI

Backbone
Brooklyn Poly Aggregate

N
PubSub
Server

% Base Station M Sensor
i

OML Control App OML Apps

e e e o o o o o o o Em o Em m E Em M M o e e e Em Em Em mm mm =

KUTGERS WINCAB



Experimental Package: Cooperation

Packet recovery over heterogeneous networks

Wireless devices are connected to the
principal network (GENI WIMAX) to
receive multicast or broadcast data
such as live video feeds.

A wireless device may lose some of
the data sent over the principal
network.

Physically co-located devices form an
assistant network over WiFi to recover
the lost data cooperatively from their
peers.

SE

Courtesy: Fraida Fund and Thanasis Korakis
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Experimental Package: Network Coding

Network Coding Architecture

Application

IP Layer

I

WIMAX's MAC

«— — — — — — >
«——— - — - >
«———— — — >

Application

IP Layer

I

Enable HARQ/ARQ)|

Courtesy: S. Teerapittayanon, K. Fouli, M. Medard, M.-J. Montpetit, X. Shi

RUTGERS

WIMAX's MAC

=)

7.00
600
100
amo
100
200
Application - 1o 7
O [~ aasetioe HARQ | HARQH-ARD | NC-Best
M640AM 1/2at130Bm 333 197 102 sse
640AM 2/3st17cBm = 326 235 133 359
NE40QAM 3/4at1ScBm | 343 318 132 359
HssQaM3f6at2008m | 411 366 3.93 357
NCShim - ————- > NCShim
Netfilter Netfilter
IP Layer - ——=== b IP Layer
WIMAX MAC [¥—————— 1 WiMAX MAC
Disable HARQ/ARQ
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Experimental Package:
Multi-radio Coexistence Problem in Dense Environments
“Typical™ Enterprise and Small Office

3 o X and Home Office (SOHO)
1 SR environments
** ¥, » x .. .
N N UEXxisting networks with heterogeneous
oo™ : . . -
L . X 4 radios were not designed for coexistence.
A - femnesn o JAd-0n and extrinsic solutions are
=i T important research challenges.
X Zg5eo SonorAcatr =Cross technology coordination
®) ZigBee Concentrator
"|nterference awareness
l =Reactive and dynamic adaptation.
00060 1. 5 pairs of Zigbee Psitinn:
0®O0C 000008 nodes DAVE FLEISCHER
O £ l - / 2. 8 Wi-Fi Nodes MYRON wmfhﬁiﬁ'"%gﬂm MOORE
I e ® o 4 o 4 WWW users DAN GORDON ChRL MEVER
o . O 2 VOIP users ﬂhé»..'.wl A».m.um.:ura ;‘j} itn l »
. 2 Video users Lol c;" u":r‘; d
3. 2 Pairs of Bluetooth S | ‘MT’
VOIP users _ ; T
.ble Vid
O ZabeeNodes 0 W Nodes IP-over W
BlutoothVOI Nodes 0  ViRvOPNodes 15% drop in averW
O tccosspoint O  WifiVideoNodes o
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GENI Wireless Going Forward:
Even Deeper Programmability

Quad Core i7

16 GB RAM

256 GB SSD

PCle Interface <ll——

GigE Interface +—

| GigE Interface

WiMax/WiFi Interface

1
i 3G/4G/White Space |

Interface

______________________

RUTGERS

|
BASEBAND PROCESSOR RADIO MODULE-
upto 4 channels
G <——+ MILINX V5 SXT95 | \ FLEXIBLE TIMING 14 p oPsor
ext reference

15y 4—f— SFP:375Gbpsxd | [ DATACONVERSION |

| _ - 3Gies 4__+ PCle INTERFACE | ’ 24GHa IF STAGE |

—— wmmys 4—— GIgEINTERFACE | | 52GHzIFSTAGE |

480 Mbps 4——* Usea.0 l ‘WIDEBANDCONVERT |

124 Gbps 4__.|. LVDS: 622 Mbps x 20 l ‘RFP OWERAMPS ,LNA| T
| ANTENNA SWITCHES | TTT

L

Up to four full duplex RF modules
Tuning range : 100-7500 MHz

Range of COTS baseband FPGA platforms
(Vertex 6 LX50/SX95)

Standard interfaces: 1000 BaseT, (SFP) USB (8x
i/ PCIEXpress)

25 MHz baseband
12-bit ADC sampling rate of 64 MSps on 1/Q
12-bit DAC update rate of 200MSps

1



Prototyping and Evaluation: Execution Summary

Phase 1 Phase 2 Phase 3

Content

Addressi Host/Device

Context

P ng Stack Addressing
ng Stack Stack _ Context | Content Host/Device
‘— Addressing | Addressing | Addressing

Encoding/Certifying Layer
Encoding/Certifying Layer

Global Name Resolution Service (GNRS) Global Name Resolution Service (GNRS)

Storage Aware Context-Aware /
Storage Aware Locator-X Routing Routing Late-bind Routing
Routing (e.g., GUID-based)

Locator-X Routing

Context-Aware / (e.g., GUID-based)

Late-bind Routing

Prototype
Integrated MF Protocol
Stack and Services »

Standalone Modules Deployable s/w pkg., box

Evaluation
Distributed Testbed

Smaller Scale Testbed _
E.g. ‘Live’ on GENI

Simulation and Emulation

RUTGERS - - WINLABE=



MobilityFirst Prototyping:

Click-based Router Implementation

Inter-Domain

Locality-Aware

R
3 DNS
GSTAR DMap — DiHT PacketCloud Framework
User-level Routing Name Compute Content Mgmt
Processes Resolution Services Cache Service ’
] C|ICk Host Rx Q Host Tx Q R
. . To Next-hop Rsrc
o Forwarding Engine | | , | | To/FromHost [=> | I | | ‘ — Lookup Control
£ L — | _
a
3]
o — Forwarding
E | Packet Block Service Table Block
-g | ’ | | | 9 Classifier Aggregator Classifier Segmentor — ' | ’ |
© |
g
L R Next-hop ™xQ
= Look up
>

Hold buffer

x86 hardware and runtime

RUTGERS

Early Dev.

Integrate

1/1 SS8|aJIM pue palipn
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App-2

‘Socket’ API: | :
open) : \L Context API
send()
get() st Network API
recrd M) i
attach()
close() E2E Transport

‘ GUID Services T i
Network Layer Sensors

User policies |

Android and Linux Prototype

/ App-1

App-3 \

Security

Storage-Aware Routing

‘Hop’ Link Transport

r

WiMAX

Ethernet

!vm

/

RUTGERS

Linux PC/laptop with WiMAX & WiFi

-~

Android device with WiMAX & WiFi

~N

Device: HTC Evo 4G, Android v2.3
(rooted), NDK (C++)



MobilityFirst GENI Deployment

e Washington

Wisconsin;j\"/{ ‘
1 BBN }E:g

BBN  PE49@Stanford pgﬁ@e?’ihmd.pgm@kutgers 5

{7

S N
-

NLR
Seattle

ork

N N
'<‘ -"’<\ I‘?";-}-—-_-__.
WiFi AP |
NLR P, A
Denver ‘
SU# GUID: J., GM GU'D&R ,.
& Chicago GUHB‘%‘—'VS
J Bridge

X Clemson

12 OF Switch

—— VLAN 3715
== NLR OF Switch

m— \/LAN 3716

N

< Edge OF Switch
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Need for Ontology

Port

Antenna Port Switch Port IP Port

String describing physical Integer: describing “port is an

antenna port on a physical port on a switch  gpplication-specific or
wireless device (“main”,” (1, 2, 3,4,5, ..) process-specific

aux”, ’primary”, or

”secondary”, ”port 17, String: SNMP set/get software construct

serving as a
communications
endpoint in a
computer’s host
operating system?”,
16-bit integer

“port 27, etc. OID

RUTGERS



weTASOR: Community built ontology for wireless experimentation

Testbed A Testbed B

Resource Resource

|

Shared Resource Pool

Experiments

Experiment

RUTGERS

Heterogeneous Software

—
A

L

]
TN =

AN

Ats

Experiment
Ontology

Testbed

Ontology
>§

Wireless

\

Wireless

% Ontology

Semantic
experiment
yecification

Experiments Requests

. . Knowledge  patamining
provenance Learning/Education sharing experiments
Standardization

WINLABEH



More Information

www.geni.net

www.orbit-lab.org

wimax.orbit-lab.org

witestlab.poly.edu
groups.geni.net/geni/wiki/WiMAXInteg
www.mytestbed.net
mobilityfirst.winlab.rutgers.edu
crkit.orbit-lab.org

www.planet-lab.net
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