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MletarM ol 1EHA 7| 7Hof SifE

|Planning Phase| Construction Phase Operations Phase

‘ 3-4 years 5 years TBD years

June 2007 May 20‘1{)*55*5“-2011

GENI Engineering Conferences
Solicitations issued for new prototypes & trials

VAN VA VA VA VAR VAN V
L &

~a
LT
o
:“

" W
CDR \ \ PDR FDR
9 months \ 18-30\months 12 months
Sol1  sol2 S
Early 2008 (2008) (2009) FDR: Final Design Review
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Clean-slate E A

07-46 /\05-01, 06-17
GENI A2 X} gl AFS
AR 27 AR it
06-12/15/37/39/40/43 06-|08/11/13/44 05-03, 06-09/25/26/36
GENI 22| 4! H| o] GENI = 5! M7 GENI BHE 1x

06-41 \V 06-10/16/23

GENI &H| &8 AlLtE| 2 Hot
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- Live distributed service

- Internet probing experiment
- Controlled router experiment
- Live virtual ISP

- Dynamic circuit provisioning
- Enhanced wireless service ...

-

GENI Management Core GENI management and control (via MA/SA)

- abstracti
GMC ,iam:,;:c;:ﬂs between user and GENI system, and between
- name spaces its server and substrates

Physical facilities
(routers, processors, links, wireless devices)

(Cited from GENI Doc. (GDD-07-44))
____________________________________________________________________________________________________________________|
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Programmable |
Edge Node

Programmable

Edge Node ’

&

Programmable
Wireless Nodes

Programmable E

Edge Cluster

Z,
%&

Wireless Subnet— ‘@l o

Commodity
Internet

(Cited from GENI Doc. (GDD-07-44))
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(& z|thet Xt gd= XA 1)
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— —
FM
CM : Backbone - - —
I Aggregate e . N
AM - o&M (¢ '| PCN PCN|
PM | Controd ﬁ GENI — Fol
Slice
SM : Coordination i _Bﬁ(?k bDI"I_E‘ v )
r = e -
: Wireless - = ™
: Aggregate 1
Ops Staff — b ' osM Clewn|
: Control ' o T
E> Slice — PEH Wireless Subnet
~

SO~ ® S5 9 — 0

! "
: Wireless - =
: Aggregate 1
Researchers —g»{Researcher 1 O&M _|PWN|
Portal : Control PEN : ' T
1 Shce B Wireless Subnet ﬁ-.m
l : > Guﬂrdlnﬂtlm\\_ —~ S j
Exp workbench i : Cdge Sie i PEC rec |
5 & regate
Slice embedding |1 i e = S
Rsc allocation _|i ! Control . |
1 1 Slice Internet " GEMI Backbone -
_ : 1 Coordination _ : o :
(Cited from GENI Doc. (GDD-07-44)) - AN vy
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Boot Manager)

B Auditing of Internet traffic (using PlanetFlow)
E Monitoring of nodes and slices (using CoMon)

B Securely booting and configuration of nodes (using Boot Server and

Name

Address

Location

planet-lah] if
190 227 163

Southdm

planet-labi2 1f
120227 163

Southim

Node [ Boot Manager |

1. Boots from BootCD
(Linux loaded)

2. Hardware initialized

3. Read network config
from floppy

4, Contact PLC (MA)

6. Execute boot mgr
D

planet-lah] u

1575244 10
Southdm

plabl-c7050

1358 232 .66.]

Eurape

plab2-c 7050

138 232.66.]

Europe

7. Node key read into memory from floppy
8. Invoke Boot API

10. State = “install’, run installer
11, Update node state via Boot API

13, Chain-boot node (no restart)
14, Node booted

IPLC (MA) Boot Server "

Disk Uil

5. Se

9, Ve
curre

12.V
chang

plabl-itec wmi-khi ac .at : Prod

m ﬁ] good boot 262219 [2-21-2009 23:10:02
143.205.172.11 * 14590 Werewolf 0013
Furope 0.00S

=
]
(=%
[Ty ]

@ |[][]

B h

zrwns nsu | [][]

Disk Size DNS1 Raw Poris
BYY Limit
Tzl Ilzed - FD Tezt D51 tep ICMP Poris Non 206
Rate
DNS52 udp | Long Poris Has Via
Rate
DN5Z trp | Snap Poris
flow = |
slice, protocol, s0aa 0
src_ip, src_port, g
dst_ip, dst_port,
packets, bytes i 00
5008 T 0
A i
I TR
Hohe S
0 0.0%. 1)
e i . D_D\% D
g Lo 0
Central S 0o
Archive 000 '
= =] | o :
L g B
0.0%,
Sqﬁ 4008 10 0
e g LD i
. =
QueneD
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GENI protoGENI PlanetLab A case of ROADM

- GetTicket - Resolve - Management 2t & 48Jf - Management(—*&) 2t & 484
- CreateSliver - DiscoverResources - Slice 2t& 424 - Management(&0) 2t& 404
- ModifySliver - GetTicket - Management(& =) 2t&f 84
- ModifyTicket - RedeemTicket - Management(Z &) 2t & 104
- StartSliver - UpdateSliver - Management(Z xll) 2t 64
- StopSliver - ReleaseTicket - Management(2=) 2t& 64
- DestroySliver - StartSliver - Management(2 1) 2t& 174
- ListSlivers - DeleteSliver -HBNO 2& 404
- ListSlices - DeleteSlice - AtsgA 2a 304

- GetSliver

- BindToSlice

- SliverStatus
- SliceStatus
- ListUsage
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E Experiment control

® The process of creating a slice, configuring the slice for running an
experiment, uploading the code into the configured slice, executing
the experiment, and collecting measurements

B GENI management and control architecture

=T GEMI b
. edge-devices !

0 Internet . o

" (GMc Central ).
QL. GENI « )

§i o e L )
L S, At

: Component Manager (Level 0
P g

@ Aggregate Component Manager (Level 1)

@ Aggregate of Aggregates (Level 2)

(Cited from GENI Doc. (GDD-07-43))
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® An example for experiment control for wireless GENI

® Communication between CL1 and CL2

® Measurement of e2e latency, packet loss, handoff duration

(1) Creating new set of credentials for the experiment

(2) Request for the nodes and desired topology by the experimenter
to the GENI infrastructure (TSpec)

(3) Definition of the functional roles of the various entities involved in
the experiment (e.g VoIP sender, VoIP receiver) (FSpec)

(4) Definition of the measurements to be made as a part of the
experiment (MSpec)

(5) Description of experiment dynamics

(6) Resource allocation by the GENI infra. for this experiment in terms
of nodes, links, experiment time

(7) Actual experiment deployment (upload code, start services etc)
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B Overall experiment lifecycle

@

#Start test traffic

whenAlllnstalled ()
NodesSet ['"CLZ2Z"] .startVoIPReceiver
NodeSet ['"CL1 "] .startVoIPSendaer

#Wait for 5 minutes (300 secs)
Wait 300

NodeSet ["APZ2"] .starthandoffInitiator
NodeSet [ "AP3 '] .starthandoffAcceptor

#Mobility emulation (We assume this to be an AP initiated roaming)
F\ MSpec configuration

TISpec configuration

- Select nodes
- Configure interfaces

- Download application and libraries
- Configure application parameters

- Configure measurement collection

= EST,

P GENI
edge-devices

Slte A
Urban Grid
. = -
' = m'
! Base — l\
Y Station Cam Suburban Hybrid
b Wireless

[Prog [Network

- access

(Cited from GENI Doc. (GDD-07-43))

- Describe Experiment Dynamucs

@ Component Manager (Level 0)

@ Aggregate Component Manager (Level 1)

@ Aggregate of Aggregates (Level 2)

ETII Proprietary
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A A
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MMCS
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Meta-22|/H| O A| AE
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ofo | OK

|7t OfL| O

HEWEQ &8 7|51t
Jtdet U =238t 7|5
Cide 2 o

Aox (M2

T
e

HE

om2aamE

P4 MEWELR

MMCS: Meta M&C System

PVR: Programmable Virtual Router
CM: Component Manager

VM: Virtual Machine
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AN Ethernet S/W ATCA 7|8t L&

-------- I I
Electronics and Telecommunications { -
Research Institute merorwe. el re b
1 \
1 \
1 \
] \

100/1000M Ethernet

------- =TIES
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E Hello-world A|E 7] 2
® PlanetLab EEZ2|Y FA]
o "C" UZA| H| = helloWorld.cQ} S A}
® PlanetLab Core A|AHIS 82510 L& 2| X|E Google THO| T A|
e ETRI O|2OIE{Ll ZaHZ oA Al

MyPLC

Node-1
Node-2
Node-3
Node-4

ATCA 7|8t L &

Dell E28|0|E 7|8l L EE
=2jo|= 7| 65)

|
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= Google Earth
oted WE(E) =22 ED
v
CiE

s Wonsan
'E“‘g’_fﬂpyongyang )
Nampo
- - E Sokcho
Haeju Kaesong i, ke
¢ . = Ch h
| O s BS’"Ciangmaung
; é-l_'.é S A

elog[1].kml

‘© 2009 Kingway/ Ltd
22008 Eurcpa Technologies
SIZ2009 NEGIS.
© 2009 ZENRIN

=2 ol0lE
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E Hello-world Al A€
o T QFAIEE
® Python 2.3 O] &t
PHP 4.0 O] &t
Google Earth Map browser

CoDeploy: for automatic S/W deployment

OMOMOMO,

CoMon: for obtaining a list of nodes currently alive
nodes.txt IS =5 MM
CoMon E%

® A monitoring infrastructure developed as a part of the CoDeeN
project in Princeton University

® A tool for supporting monitoring service at both a node level and
a slice level in PlanetLab networks

@ Opened on only user’s mouse interface
SMEIX| 52 F8 7|2 7|s(ZLHETE, XHAEH S22 Ma))S2| =7
E¢to| o
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|

|

i __.—'——'_'_-'-'-F-“l

I L]
| @ User Services
: Central ™

|

|

|

|

|

|

|

Archive
Meta Management and Control System
%_q_______________,,z e ey rreereeee .
3 I H - H iNetwork
P ] I I I I I I
L{R_ — i RM :c:::red: vTvzfé : M°“-Isz?3:r: st B
i Pl O il | N {FC = | 1
T HTTP server

Node
| Virtual Machine Monitor | o0&M
| Traffic Monitor |
| Secure Boot Monitor | (FCAPS)
| Hardware Monitor I

[OpenFlow Octeon NP
Ethernet(1G) NetFPGA OpenFlow

Ethernet(1G) Ethernet(1/10G)
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E GENI AH| =& A|L}2| 2 (GDD-06-41)

soio|& &4 HAEEHE X 74 /F QE{Y H=
Live - & MH|A S 7|5 - Of|X| E - 7hAF MH I/F - o9

Distributed - X}9l: {22|/C|A3 -H=2 e

Service - BT AbY Ta| WM - QEM Chu

Internet - Probe 7| -0X| £ E - 7} MH I/F -4

Probing - 7|%el Xl 27
Experiment
Controlled - Al ¢1E|ES/Z2ES - 0f|X| E - 7t4 2t I/F

Router - XM "3 SHEE L&
Experiment - O|O|E{ HH =H 7}

. . - LDS % CREC| &% - 0X] LE - 7FAF MY I/F e}
Live Virtual * o= S

P W2 o= - JH4 2L9E IF

- REM cha
. - M7l oA = -HIE L - 7}AF A0

Dynamic - AX HEX0] 7S HE L C 7t 21K I/F

C' 't = E% I:I'I<l:|l=—lll_.
Pro:;iitilc:n - X} TS, Lambda

9 .Mz 9%:TDM, Z

Enhanced - 4l €12|E/ZEEEE - 54 Y - 714k 2} E{(MAC) I/F

Wireless - DTN & - X E - 7t MH I/F

Service - AH¥: A3/ R2|/ClAT3 -WE LE
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®E DTN research group (IRTF)

U HES BT = Q= SF0M 42280 7tstt S 7=

ob7| flet = A Z2EES /iR

e Al2|: Bundle protocol

Application

Bundle
Transport
Network
Data Link

Physical

DTN Stack ‘We have experienced reliability problems when
testing the Bundle Protocol in space....
- \ ’-f
& ; f&-;fﬂ'étchecking‘bundlesforerrors
! X - before forwarding can increase
-C resend times and overall network
& utilization.

i

IP Internet MNon-IP Internet

Custody Transfer Storage:
@ eZe disruption

Bl to telerate e2e dis

- Errors are only noticed
afterwards by the user,

Host c"":“"’"“““"' DTN Router IntermittentLink yop.1p
outer Host

rather than being caught

Direct

layer
adapter

convergence butsome deployment

Bundle Protocol early in the network.

Saratoga Licklider (LTP)
TCP
Transmission
Control Protocol
(widely usad, uDpP
User Datagram Protocol

differences)

ccsps |  190MB image transferred from UK-DMC satellite using

roiecers | |Bundle Protocol over Saratoga with proactive fragmentation|
1) spacelinks | 25 August 2008.

Internet Protocol

TIME Magazine best inventions of the year #9 Orbital Internet,
10 November 2008 issue.

Data-link: Ethernet, Frame Relay etc.

[ 111}
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Distributed content services |

Public interest services

Session mobility service

B IPTV services in ITU-T Y.1900-series Supplement 5

Use case of personal broadcast service

End-User

(content receiving e

nd-user)

Service Provider

Content Provider
(content providing end-user)

Y

1. Metadata Registration

Content & Data
Sources

3. Broadcassﬁng Metadata

2_Streaming &

Y

Application
Clients

—

S

)
Content & Data
Sources Content
Metadata Preparation
Creation
—— p— m—
/ \  4.Cdntent Search .
Application IPTV
Clients 5. Sdarch Result Applications
N : .
TR
Content Distribution
—— & Location Control
Function
' N\ 6 Conf:ent Selection : :
H > IPTV Service
Control Client 7. Hireaming Control
> Session Info Functions
8. Seission Join Pf A
Content : [ | Content Delivery
Deli Client : & Storage
GIVery SNt | ¢—2-Réceive Content Function

-31 -
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B Routing research group (IRTF)
o N QE{HO| BT W FAXHLA T
E|l2, =N Q7 E=HE] AIX|L|0jE &H|Z slidol”| figt M22 2%
El Ol =AX|™UIA A X E g MBL host identifier?} locator HEE &
2|ol= =X CotS ¢+t

Zz7t X

- L- ™ O

fot
al
0x

|.

® AlZ|: Routing Architecture for the Next Generation Internet (RANGI)
E 7| EI': FIND RANGI Overview Host ID Locator

iI Ex_“ E = LD= Locator Domain I |
— 11— = LDID = Locator Domain ID ID Locator
LDBR = LD Border Router Mapping System Mapping Routing

et ID and Locator : System System
of Dest host :
Transport

IPv6 Locator
IPv4 Lavyer

Packets forwarded
based on Dest LDID

Tunneled to

local LDBR Packets tunneled

= based on local locator
Unjpﬁsiﬂ.-m{q,mjs http:/fwmarw . cse wustl edu/~jainfietfirangi htm
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