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The Emerging Global Application

o Emerging large-scale; glehally distributed
applications require moresophisticated netvork
SErVICES thian have previeusly heen avarlaile:

. Anjapplication needn tworry aboutIts Impact 6n GLher,
NELWOIKUSErS; GIVIGCEVErSsa

) Repeatableand/predictablefirom day today /[year: to year.
o, Multi=Ghs fiows; lowilatency/lass, mimimalljitier; glehal reach

sRBEartictligrlyanconjunction withavaranil ity efinon=network
NEseUICesi(€:q: radio telescopes, computational Glusters; etc.)

s AlIEto acquITe these dedicated NEWOrK reseurces on short
ROLIGETrom many/ potential serviGe/reseurce pProviders




Tihe Internet2
Hybrid Optical+Packet Infrastructure

o HOPIIs anexperimental testioed to) deploy; test;
evolve, andievaluate new network technelegiesiand
architectures to)address  the meeds el EmMerging
glelaalie-science applications;

o HOPI resources:

— \Wavelengthtransport capabilities fromthie:National
[Lambda Rarl; regional epticalinetworks, and commercial
PrOVIGEYS

= Highperformance | packet services from the Alllene
MEVOTKs regionallR&EE networks; and 0penexcnange
POIMISISUGHas MANIEAN

= =EXPErLSE 0l the network research and e-SCience
apPIIGateNSs COMmMUNILES Lo Provide network
architecture; engimeering, andimiddieware develeopment,
Integration and validation.




Internet 2’ s Hybrid Optical Packet I nfiastiuctire
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The HOPI Node Architecture

10GE West 10GE East
B Abilene
1 Glimmerglass
e (FBD) Fiber Switch
o wmims - | Performance PC
Regional i | Measurement PC
Connectors [ i Wms - Control PC
= Hewlett Packard

Forcel0 E600
Ethernet Switch




IHOPII Useability

o, Establish alesthed|Support Center-to assistwith eperations,
systems development.and/testing, engineering and applications

— Mid-Atlantic Grossroads;, North Carolina Research and Education
Network; and Indiana University GRNQOE

o) Integrate Abilenereach and perforimance .capalbilities

. Incaorporateinternational linksand exchange points
— MANILAN, Stariight; ...

** [Deployalowilevel controlplane foundation for:developimng,
automated midaleware tojallocate, reserve, and provision nigher,
[8YEr RETWOIKS SEIVICES

s @RENSeUTGEIDRAGON Software Suite:
s GIVIPISS protacols for; routing, signaling: GMPELLS:O@SPETiE and
GEMEILSERSVEATEE o contral fthelswitching elements (VIESR)
s Inter=domain Service Routing (NARB)
= End:to-End Path Gomputation
- AAA
— Advanced scheduling/reservations




TThe HOPI ControliPlane

o DRAGONI Software Sulte provides the dynamic
routing and proevisiening capability m HOPI:
— Virtual [Lalkel'Swapping Router: (VIESR)

o @pen saurceimplementations ol GMEILLS-0SPE-TiEand
GMBELLS:RSV P protocols
*) Protecols runiunder EreeBSor LLimnux

o e VICSRitransiates network protecollevents Into
SNME/ILL/CLEItransactions to reconfigure the switchimng
elements

— Network Aware Resource Broker (NARB)

o) [Domalin speciiic agentthatlistens to) OSEE for: mnternal link
s{ate Glianges

* Proviges imter-domain service capabil i/ anneuncements
anuiepoel ey /summarization

» (ereatesloesenop ERO e RSV AT requests acrass
multpIeldemains

* PErfGrms request.authiorization and/book:ahead
reservations




' DRAGON Control Plane

Virtual Label Switching Router (VLSR)

» Open source protocols running on PC act as GMPLS signaling entity
 Control PCs participate in protocol exchanges and reprovision covered switch
according to protocol events (PATH setup, PATH tear down, state query, etc)

Data Plane N
3 B
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SC05 Demonstration ©lJectives:

—  Dynamically:allocate and provision dedicated netwark resources (FersSE0s; an
“etherwire”service will'loe shewn)

— Acrass multipleglekally distrbuted|ladministrative demaimns/netverks

= Specifically the E=VICBI radio astronemy. application/community,

= [Linkradio telescopes and carrelatar: faciities around the werld inte a single
application speCIfic netwerkraciity,

= 0Eehs switched Ethernet expernimental hackioene, coast to ceast acrass the US
(Wb, CHI, SEA; ICAXE [seen NYAE])

= nterzcennectivity to)Alilene, Starlight, PRAGON; Ultralight; ete
= [ Rtregueethe iestied SUppert Center: team as part Gf'SUpercomputing 2005

= ireserapplications capanilites williremain and will' centinue. te serve the E-VI_BI
COmmuUmLy




E-VILBI

Radio telescope arrays separatediby/large distances offer-dramatically
Improyved|resolution oficelestial elhjects and events
—  Multipletelescopesaround theiworld aretrained|on a single'poeintinthe
sky and simultaneously capture the Ri=noise totapeor remoyvabledisk
packs

— Tineserecorded streamsare then shippeditoaicomputational facility for:
“correlationwhichigenerates ahigh resaelution image of the Ghject

—  Moyethe sensor: streams ta the correlators i [near] real timeover: high
periorimance R&EREIWOIKS

o E=VICBllehservations and correlations are also used|to study
teryestrial geadesy/— e the'same VICBI techniques used ito olaserve the
GOSMOS GamVERyaccurately position the telescopes thiemselves therehy.
Measuring plate tectonics or: the changes Inigravitational reference
Ir@mesehneeartnrself

= mporiantiorithe GlohallPasitionmg System (GES) satelites ta accurately
KOOWWRErEtNEYare:..




Viapping Advanced Global Applicationsito
JAdyvanced Glehal INetwork SEnRVvIces

o E-VICBI application| reseurces:

— Radio telescopes (assmallisample)
o, Haystacki@hservatory (Westford Ma. US)
*; NASAGoddard Geaphysical & Astronomical @bs. (Greenbelt; Md. US)
. @nsalaiSpace @hservatory(@nsala; S&E)
o, \Westerborki@bservatary (Amsterdam, NL)
o) Kashimma @hservatory (Kashima, JB)
o JodrelliBanki@hservatory (Manchester; UK)

= (Corrgelators (asmallfsuiaset)

) Haystacki@hservataory
s lSiNavall@hservatary (Washington, DE)
sdomtlnsttuteror VIEBIim Euroepe - JIVE (Bwingelog;, NLL)

= patatransport PetWEeEnR tElescope and correlator;

os {tape; disky' + FedExX
* (5lobalnetworks: —Abflene + GEANI + UKLLight + ...




[E=SCGIence Example:
Electironic=\Very lLong Baseline lnterferometry
“E-VILBI*

_ Aggregated streams at
Radio Telescopes

s correlator:

2005 = 512 Mbs 2005 > 2 Gbs

2007 =2 Gbs 2007 ~ 10 Gbs to 20+ Gbs
2009 > 4+ Gbs

2009 > 20 Gbs to 40+ Gbs



Globhal e-V/LLBI

: - . B 7 e 2
J" &, - ' : 4 2
3 i
g + i
;
/] P
4 A re e
" MIT Haystack Observatory
| Ha X - e g * Loy
flaaimch Buoniziug S Westerbork Array %
- £ . Frrg
G e % o
i *‘) i
3 1 ;
o Wastford Talescape s
- I - A Fi -.. i o Ly h—'-u’je
Kashima 34m R et
GGAO mv-3 :
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High Definition Collaboration and Visual Area
‘ Networking (HD-CVAN)

o DRAGON dynamic resource provisionimgwillioe
used o instantiate anjapplication specific topelegy,

— Video directiyfirom HDIN/cameras and 3D
vistialization clusters will'be natively,
distributed acress network

o |ntegration ofi SDvisualization remote Viewing
and steering intoe HiD collaberation eEnvIrenments

ot HID-CVANCollakorators
= UMID\VEIE
=INASANGSEE (VAL and SVS)
= USEISIN(UltrrGrnd Multimedia [Laboratory)
= NESAACCESS



Uncompressed HDTV-0ver=IP
Current Method

/-

Digital Active Line

\ defined by source formats (i.e. 274M or 296M) /

EAV = End of Active Video
SAYV = Start of Active Video

LN = Line Number
CRC = Cyclic Redundency Check

SMRTE=252 - e
HDTV output :
1.485 Gbps

NGty H DA VA==> Col0r: 1S sulasampledita 8hits
PErdGermancesattne mercy ofibest-effort: 1P network
WitraGrid proecessing mtroduces seme latency



_owilatency lHigh Definition Collatkoration
- DRAGON Enabled

<\SMPTE-292
s EhdRerendiRatvelSIVIRIIE 292M ftransport

s VEdIavdeViGes aredirectiymtegrated into the: DRAGON envirenment
VIaIRreX I ests

= REgIStertnemediaidevice (camera, display; -..)
= Sinkaandseurce signaling protoecals
= Proyvide’Autnentication; autnorization and accounting.




Low Latency Visual Area
Networking

= Directly she
networks.

- DRAGON a



Challengesiand Hurdles
for Global Real Time E-VILBI

» This demonstrating needs:
— Better debugging and service verification tools for light paths

— Dependable automated control plane -With inter-domain
| service routing capabilities and generic integrated resource
y brokering

. | | » Issues encountered during preparation
| — VLAN loops during testing
— Production components in experimental networks
— Hdw failures in all-optical research segments
— Transport protocols across big long pipes

— Scheduling and availability limitations of end-systems
- Lack of Knobs in appllcatlon to adjust for new dynamic

— Code portlng to new hardware and OS environments




Demo; Caveats...

 The E-VLBI application requires
extensive tuning at the end systems
and between flows before the actual
“fringing” can begin..

— For SCO05, we have tuned the end
systems in advance of the the
presentation in order to show the
application running in real time using

globally distributed resources over
dynamically allocated light paths.




Inter-Domain Topolegy.
Summarization
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