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ProblemDescription

AVast amount of digital information is produced with a rate that grows exponentially

AMany of them are nonreal time data

AAlthough, research centers and universities have to exchange vast amount over the world for
several reasons.
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System Architecture

AFiber optics links

AHigh-capacity network drives
AHighcapacity Ethernet

AStorage Disks (e.g. Sefitate Drives)

Persistent

Transmitting AP

Receiving APP




Delay/Disruption Tolerant Networking
(DTN) Architecture

Alntermittent connectivity
Ano endto-end path

A connection and disconnection between nodes depends on fighedule

ALong delay
Alonginterarrivaltime between flights

AForwarding data through Stoand Forward method
Athe data is stored in highapacity network drives in airport
Athe data is stored in storage disks aimplane




Contact Graph Routing (CGR) Algorithm

AThisalgorithm works by using a contact plan

A{FromNodeD, ToNodelD, Contact Start Time, Contact End Time, Transmission rate, Propagation
delay}

AThe data is segregated into multiple bundles
AFor each bundle, the algorithm calculate the earliest path to destination

ATherouting procedure igxecutedin everynodethrough the path todestination
A eachnode recalculates the optimabute towards to the data destination




Evaluation methodology

AEuropean{ LJ} OS ! ISy 0eéQa o069{!' U0 AYISNYylrt RSRAOIOSR




Vo \ y

Europearbpaced 3 Sy Oe Qa 0 9 {
dedicated network

A\ ESAProcessing Archive Centre Ksnw The European Space ! 3 Sy Qritefhal
@ ESA Core Ground Station Svalbard d d t d t k . t t 9 | Q;
o e edicated network interconnects {! Qi
g EUMETSAT Marine Centre assetansideEurope
M BesRwemich st The internal network has highspeed
connectiong(1, 2.5 and 10 Gbpg, in orderto
transfer a vastamount of spacedata among

O WAN Service Area

ASV-GEO
Farnborough T-Systems
Frankfurt th e m .
CLS p EUMETSAT
Brest .-~~~ Darmstadt
CLS DLR
Toulouse ----Oberpfaffenhofen
INDRA ¥
Madrid - ___ ESA-ESRIN
..--" Frascati
’ %
« P W E-GEOS
Matera

INTA
Maspalomas > Sophia Antipolis




Evaluation methodology
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Evaluation methodology
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Contact Plan In our System

AContactdbetweenresearchcentersandairports
A Continuouscontacts
A Transmissiorrate equalsto the opticalfiber speed

AContactdbetweenairport storageandairplanestorage
A Intermittent contactswith contactintervalsof one hour

A prior to the flight time in source
A after to the flight arrival at destination

A Transmissiomate equalsto the
A storagewriting speedin source
A storagereadingspeedat destination

AThecontactsthat representthe flights
A propagationdelayequalto the flight time




Evaluation methodology
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ASimulation parameters

Parameter Value
Bandwidth of optical fiber 10Gbps
SSD read speed 500Mbps
SSD write speed 37Mbps
Number of ssd 60
Bundle size 10GB




Evaluation methodology
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ASimulation parameters
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Parameter

Value

Bandwidth of optical fiber
SSD read speed

SSD write speed
Number of ssd

Bundle size

10Gbps
500Mbps
37™bps
60
10GB

AFor each scenario we conducted 30nulationswith different transmission starttime




Throughput for ong¢o-oneover different
datasizes

10000 4 \|7ZZZ4 Single-hop .
1 |59 Multi-hop Scenario
ASinglesender to a single receiver (FRA
MAD)
ASinglehop transmissiong, only direct
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AMulti-hop transmissiongy exploitation of
intermediate flights

Throughput (Mbps)

Outcomes

AThethroughput increases as the amount of
data increases

AThetransmission bottleneck is the optical
fiber speed

AThereis nobig discrepancpetween
singlehop and multihop data

Data Size (TB) transmissions
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Throughput fomanyto-one over 10TB

and100TB data
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Hybrid system
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Hybrid system components

AExistingnetwork infrastructure
AProposedairline network

Scenario

AThededicated9 { !lifk & 1Gbps
AAmountof datais 10TB

Outcomes
AExploitingthe hybrid systemthe bundles
canbe transferredviathe fastermean
Areducingthe transmissiortime

Areducingthe congestionon dedicated
Internet link




Contact Graph Routing (CGR) Algorithm

WITH DIFFERENT OBJECTIVE

ADifferent routing objective based on actual transferring cost

ACostrepresents the transmission value per MB of the data delivered through the entire path
from source to destination, including the #ights

A{FromNodelDToNodelD, Start Contact Time, End Contact Time, Transmission rate,
Propagation delay, Cdgst




Throughput over different data sizes and
corresponding cost péB

Scenario

AUsageof two different routing objective
ATime
ACost

Outcomes
AThethroughputis approximatelythe same
AUsingas a routing criterion the cost, the
cost/MB is maintained constant
AUsingas a criterion the time, the cost/MB
varies,depending in the available flights




