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Very Long Baseline Interferometry (VLBI)
One method — two user groups
@ Radioastronomy:

* monitoring the universe
(astrophysical phenomena)

Geodesy:

/% AN ° monitoring the Earth
/ - escope .
| (geophysical phenomena)

Problems:
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* huge amount of data
(2TB/24h/station)

-— B * long distances to correlation
JIVE Correlator Center, NL center




The VLBI Network Station TIGO at
niversidad de Concepcion

TIGO is a Chilean-German cooperation project between

Universidad de Concepcion, Universidad del Bio Bio, .
Instituto Geografico Militar and b k g

Bundesamt fur Kartographie und Geodasie.




Current Method of VLBI Data Transfer
from TIGO

e 2006: 111 times 2TB
sent via parcel
service to Europe or
North America.

e 2TB over 10.000km =
~100 USD.

* Minimum delay
observation-results =
1 week

2T1B data leaving TIGO



Activities within EXPReS

* TIGO is part of the
EXPReS Service Activity 2
(SA2): Network Provision
for a Global eVLBI Array

* Focus: “Miles in between”
Concepcidén and Europe

* Aiming for maximum
bandwidth possible on the
long distance

“Last mile” of optical fibre to TIGO
is realized since 2002
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Achievement by VLBI:
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Connecting TIGO to JIVE
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Status June 2006

VLBI Local TIGO UdeC JIVE
DAQ Switch Router Router
100 Mbps 100 Mbps 100 Mbps 155 Mbps 1 Gbps 622 Mbps 10 Gbps 4 Gbps

15 Mbps national 90 Mbps rate limited
5 Mbps international

* international link from UdeC limited to 5 Mbps

e international link from REUNA to RedClara
limited to 30 Mbps



VLBI
DAQ

Local
Switch

TIGO
Router

Test July 2, 2006
TIGO-Geant (CH)

NN

100 Mbps 100 Mbps

e Reuna lifted limits

e result:

- 1.6 or 3.2 Mbps

/U-dec\

Router

100 Mbps

* [imiting factor:

router configuration

UdeC

155 Mbps
15 Mbps national
5 Mbps international

1 Gbps 622 Mbps

90 Mbps rate limited

JIVE

Upload Speed (Bps)
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VLBI
DAQ

Local
Switch

TIGO
Router

Test July 9, 2006
TIGO-Geant (CH)

NN

100 Mbps 100 Mbps

e Reuna lifted limits

e result:

UdeC
Router

100 Mbps

- 5.3 ... 8.7 Mbps
* limiting factor: 777

155 Mbps
15 Mbps national
5 Mbps international

Upload Speed (Bps)
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Tests August 17/22, 2006
TIGO-Geant (CH)

VLBI
DAQ

Local
Switch

TIGO
Router

NN

100 Mbps 100 Mbps

e Reuna lifted limits

e result:
- 22.4 Mbps

* [imiting factor: ?

* TIGO-UdeC: 68 Mbps
* UdeC-Reuna: 75 Mbps

/ cL 3R
UdeC ATM Red JIVE
Router Reuna Clara
100 Mbps 155 Mbps bps 022D 10 Gbps 4 Gbps
15 Mbps national 90 Mbps rate limited
5 Mbps international
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Test August 27, 2006
TIGO-JIVE

CH
VLBI Local TIGO UdeC JIVE
DAQ Switch Router Router

100 Mbps 100 Mbps 100 Mbps 155 Mbps 1 Gbps 622 Mbps 10 Gbps 4 Gbps
15 Mbps national 90 Mbps rate limited
5 Mbps international

* Reuna lifted limits | ==

7000000 sawtooth = congestion?

* result: ﬁ
- max. 57 Mbps
- average 8.8 Mbps H
- 3.6 GB/h I e it

0

4000000

Upload Speed (Bps)

1 132 263 394 525 656 787 918 1049 1180 1311 1442 1573 1704 1835 1966 2097 2228 2359 2490 2621 2752 2883 3014 3145 3276 3407 3538

* limiting factor: 777




No Test September 3, 2006
TIGO-JIVE

VLBI Local TIGO UdeC JIVE
DAQ Switch Router Router
100 Mbps 100 Mbps 100 Mbps 155 Mbps 1 Gbps 622 Mbps 10 Gbps 4 Gbps

15 Mbps national 90 Mbps rate limited
5 Mbps international

* Reuna lifted limits? =

e result:

200 -

—only 1.6 Mbps on
the average

D

150 — |

Upload Speed (KBps)

100

* [imiting factor: :

unknown 1 84 167 250 333 416 499 582 665 748 831 914 997 1080 1163 1246 1329 1412 1495 1578 1661




Maintenance Nov./Dec., 2006
Backbone Reuna doubled

CL R CH NL
VLBI Local TIGO [\ UdeC ATM Red GEANT Surfnet JIVE
DAQ Switch Router U Rout Reuna Clara
new SACK

fusion
100 Mbps 100 Mbps 1 Gbps 310 Mb 1 Gbps 622 Mbps 10 Gbps 4 Gbps
Kernel 15 ps national 90 Mbps rate limited
5 Mbps international
BWCTL

* Reuna upgraded the backbone to the south of Chile
by doubling the bandwidth to 310 Mbps

» UdeC replaced a mechanical optical fiore connector
by fusion enabling 1 Gbps

* Linux kernel update and BWCTL server installed at
TIGO

» JIVE enables Selective Acknowledgement (SACK)



VLBI
DAQ

Local
Switch

TIGO
Router

Test January 5, 2007
TIGO-JIVE

NN

100 Mbps 100 Mbps

e Reuna lifted limits

e results:

— 55 Mbps max. (TCP)
- 24 Mbps average
- 85 Mbps max. (UDP)

* limit: 90 Mbps RedClara

1 Gbps

UdeC
Router

ATM
Reuna

310 Mbps

Red JIVE
Clara

1. Gbps 622 Mbps 10 Gbps

15 Mbps national 90 Mbps rate limited >

5 Mbps international

4 Gbps

TCP upload speed with Optic Fiber Upgrade
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1 23 45 67 89 111 133 155 177 199 221 243 265 287 309 331 353 375 397 419 441 463




Conclusion and Wishes

* EXPReS in Chile is a successful demonstration of
pushing intercontinental communication networks
for scientific applications to the limits.

* Further improvements address bandwidth upgrade
of RedClara (CL-AR-BR backbone only 155 Mbps).

* Global research projects need equal infrastructure.

* Chile needs the same connectivity to Europe as it
exists within Europe. Santiago is not Chile.

* Non-profit users of science infrastructure need free

and full access to it. o
EXPR@®S
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