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Public safety is challenging
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------------------------------

Earlier we know how to handle an incident, the
better prepared we can be
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Aware, Coordinate
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Aware, Coordinate, Responsive
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When an mudentoccurs

.. how to respond quickly and efficiently,
by combining new computing, networking, and

communication technologles




Four key technology ideas
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Four key technology ideas
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Four key technology ideas
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Aerial vehicles as first responders
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Aerial vehicles as first responders
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Four key technology ideas
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Four key technology ideas
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Leveraging network diversity




Wireless networks all around us

AT&T Sprint US Cellular

T-Mobile
GENI WiMAX




WiRover

Seamless high bandwidth connectivity on the move

» A small gateway that uses
multiple carriers

» Backed through cloud-based
services
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Wchver A Multi- network gateway

Seamless high bandwidth connectivity on the mo

A highly connected
ambulance
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Bringing it all together:
The MobilityFirst Internet Architecture
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Trialed and
refined by
working with ...

West Allis Fire Department
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Vehicles in demo

(Innova Dash + Internet2 + UW-Madison)

Urban electric vehicles

Highly instrumented for
research in mobility, loT,
vehicular systems, ...
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Vehicles in demo

Camera

Raspberry
Pi
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Experimentation in gef;‘l

Exploring Networks
of the Future

\
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- Transcoding
- Geocasting
- Non IP path

e GENI racks &
L2 networks

- Wide-area
connectivity
- Mobility

I
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Demo
sequence
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The cast of characters
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We are always looking for more pilot sites,

please contact us
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MobilityFirst Project Background
Started in 2010 under NSF FIA, continuing under FIA-NP

Project team: Rutgers, UMass, Michigan, Wisconsin, Duke, MIT,
Nebraska

Clean-slate architecture motivated by fundamental shift of Internet
services to mobile platforms - ~10B in 2020|

Use cases:

Nt

Mobile Data
(“5G”, WiFi First, ...)

Cloud Services

|',
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MobilityFirst Architecture Summary

Named devices, content 'C/ Strong authentication, privacy
and context 7t

. Global Name
11001101011100100...0011 - R
‘ Human-readable ‘ Public Key Based Resolution Service

. Global Identifier (GUID)
e i N Routers with Integrated l Service APl with
e _Movie | Heterogeneous Storage & Computing unicast, multi-homing,

Wireless Access mcast, anycast, content

End-Point mobility
with multi-homing

P
Storage-awar
Intra-domain

. - Edge-aware
*.,, routing
‘e

Inter-domain
routing

MobilityFirst Protocol Design Goals: ™ "'.., &l,

- 10B+mobile/wireless devices N N
- Mobility as a basic service

- BWoyvariation & disconnection tolerance
- Ad-hoc edge networks & network mobility v
- Multihoming, multipath, multicast .
- Content& context-aware services Network Mobility &

- Strong security/trust and privacy model Disconnected Mode

Connectionless Packet Switched
Network with hybrid name/address
routing

o Ad-hoc p2p mode 8
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MobilityFirst Protocol Stack

Y-
Name
Centification NCS
& Assignment
Service A
|
I
1
I
|
v
Global Name
Resolution GNRS <-----
Service
N
\'4
MF Routing - -

Control Protocol

Control Plane
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Socket API

e e e T T iy S

E2E TP1 E2E TP2 E2E TP3 E2E TP4
/ Optional Comput ‘
Layer
Plug-in A

------------ > GUID Service Layer !
------ > GSTAR Routing MF Inter-Domain | | IP |
\ Hop-by-Hop Block Transfer rars

Link Layer 1 Link Layer 2 Link Layer 3 Link Layer 4 Link Layer 5

(802.11) (LTE) (Ethernet) (SONET) (etc.)
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Evaluation Strategy for MobilityFirst Architecture

A

Scale

3

Network Science

WINLAB ORBIT Radio Grid Emulator

SDN/SDR Sandbox in ORBIT

USRP/GNU Radio

GENI Open Cellular
Campus Testbeds 5
2] W Mnd &-
sch g =
Wireless t .
7 4 )
Wl A A% ‘ {
< 1 ’\ - M=
AT S LRk g  GENI Core
3 St TR * Network
Sore N Son": Wide Area

Routing & GNRS d
Validation
4)
Early Adopter
/ Service demos & Trials (MF-NP)
OpenFlow MF Real World Users

Controller

i/ MF Network

Open Base Station 3@ Gen CR Platforms
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MobilityFirst Deployment on GENI

* Long running MF “slice” in GENI to validate routing and name resolution and to
run real-world applications on mobile devices (in wireless coverage areas)

s I %mbrldge, MA
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v N Brunswick, NJ

90 Clemson, SC
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a3 | > Long-term (non-GENI)
MobilityFirst D short-term

Routing and Name ' “®  Wide Area GENI
Resolution Service 9  GENI

Sites > MobilityFirst Access Net &
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MobilityFirst on GENI: Selected Experiments

GENI has been an integral part of MF evaluation methodology since the
project started in 2010 .... . A

na [
Content Content
Publisher [ o= ] % Subscriber pc1@BBN %
GUID_\ Wik AP %
GUID=1 Bridge GUID=6
cupaso . GUID=7 pg51@Rutgers
= Sz GUID=4 %\ GUID=201 ESLOERN
GUID=101 / */ Dy d
Gommesoscle
Winiax BTS
Wimax TS
BBN Wireless Edge ProtoGENI Backbone Rutgers Wireless Edge
= NLR path using VLANs 3716, 3799 (Clemson) MobilityFirst Router Rutgers Wieless Goge ' WIFi coverage
= 12 path using VLANs 3715, 3745(BBN), 3798 (Clemson) ::;‘:" on Protogeni p
‘* ProtoGENI host running MF Router, GNRS Server WIMAX coverage
NLAE b |
l i Mobility with Dual-Homing - GEC-13 "% &
Content Delivery Scenario — GEC-12 obility wi ual-Homing -
pevm3-6. OC\;mI»S
instageri.wisc. instageniwise. .
edu eau Wisconsin povmS-32. LowRes
GUID: 597177 P78 s e N rack instageni.gpolab.

bbn.com
pevm3-1_utah.

geniracks.net
GUID: 628113

GENI Internet2
Core

GENI

rack
GENI .
Edge mit.outdoar " povm3-21.
: bitabiors Sk
BUiD: 605745 o
R Gl 9
WIiMAX e ] < .
BTS ] yﬁ) ; my Media transcoding
. . penary. S .
-, utdeororbi- X omitiaborg via MF compute layer 4
- gz oy N\ GuUiD: 105354 ¢ B0 o W mw s
ns«ausn 5 Original segment size (KB)
e IR = I 0
WINLAB |

Edge o LN
By St Multl Site Mobility Service Deployment — GEC-19 Video Delivery with In-Network Transcoding— GEC-21 N R
@ 38 Beyona 1oaay s internet * wviarcn £5, ZU19 'USlgnITE‘ geni




