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Correlation

XF: f f flr)g(t—1)dre” dt= f f(O)xg(H)e™tdt

e Large number of simple operations
Easy to implement in hardware

FX: Flv)-Gv)=[, f(t)e” dt-[, g(t)e™ dt
e Small number of complex operations

Easy to implement in software
* Better accuracy with floating-point
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Algorithm
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Complexity

e Per station processing
1. FFT from time domain to frequency domain

real-to-complex: 5 log N_ flops/sample
2. fractional bit shift

complex multiplication 6 flops/sample
3. FFT from frequency domain to time domain

complex-to-real: 5 log N_tlops/sample
4. fringe stopping

complex multiplication 6 flops/sample
5. FFT from time domain to frequency domain

real-to-complex 5 log N_ flops/sample

e Per-baseline processing
1.correlation

complex multiplication 6 flops/frequency point
2.integration

addition/division 2 flops/frequency point
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FLOPS

e Current JIVE correlator:
16 stations, 8 bands, 4 pols,
32 spectral pts, 1 Gb/s

SFXC operations

1.8 TFlops [ A s 4 it G G
 EVLA correlator:

27 stations, ¢ =

4 bands, 4 pols, £

128 spectral pts,

32 Gb/s

244 TFlops I T

So a top 10 supercomputer can do this! .~ "«
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Parallelization

* Easy
e Subbands
e Polarizations
* Time (per integration)

e Somewhat more complex:
e Time (per “chunk”)

e Pointless?
e Baselines
e Per-telescope processing dominates
e 2-bit samples -> float: 16-fold increase
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Topology

Problems: Problems:
» Data duplication » Scalability
» Duplication of per-

telescope processing
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Implementation

Telescopes

Input nodes

'ime and channel slicing

Correlator nodes

$orting and merging

Output node
MPI
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Validation

e Comparison with hardware
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Validation

e Allan standard variation
EfOn, experiment NO7K1, scan #0009

N - data
10-10_ \\‘\ ——- slope corresponding to the white noise
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FTP Fringe Tests

 Important feedback for telescopes

Show plots

Auto correlation Cross correlation

=
52
2
=
o
g

Ef-Nt Ef-Mc Ef-On Nt-Mc |Nt-On |Mc-On

CHO1, 2203.99 MHz, USB, Rcp
CHO2, 2219.99 MHz, USB, Rcp
CHO3, 2243.99 MHz, USB, Rcp
CHO4, 2283.99 MHz, USB, Rcp
CHO05, 2299.99 MHz, USB, Rcp
CHO6, 2331.99 MHz, USB, Rcp
CHO7, 8211.99 MHz, LSB, Rep
CHO8, 8211.99 MHz, USB, Rcp
CHO09, 8227.99 MHz, USB, Rcp
CH10, 8251.99 MHz, USB, Rcp
CH11, 8315.99 MHz, USB, Rcp
CH12, 8427.99 MHz, USB, Rcp
CH13, 8499.99 MHz, USB, Rcp
CH14, 8539.99 MHz, USB, Rcp
CH15, 8579.99 MHz, LSB, Rep
CH16, 8579.99 MHz, USB, Rcp

.B69
.08s
087
.Be6
B85
.084
003
.Be2
.B01

a

8 2080 468 66868 860 16860 1268

Cross|Ef ws. Hc

= | = | = | = = == = =] = = =] =] = =] =] =
= | = | = | = = == = =] = = =] =] = =] =] =
= | = | = | = = == = =] = = =] =] = =] =] =
= | = | = | = | = | = = =] | = | = = | = | = =] =

- >
Oct 14, 2008 Software Correlation for VLBI Slide #: 12 EXPRG S



Webservices
How to get things on the Grid?

e vex2cct: Creates control file template based on
VEX file.

 Translation node: Provides chunks of data for a

single telescope and transfers them to GridFTP
servers.

Implemented in Python using ZSI framework
e SOAP 1.1

e HTTP 1.0 (with some 1.1 elements)
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Webservices (2)
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AutoBAHN

* JRA within GEANT?2 devloping a bandwidth-on-

demand facility across domains

* Being deployed by NRENs of Greece, Ireland,
Poland and Croatia, using the GEANT?2 testbed

e Interfaces to other

BoD-systems (DCN,

DRAC).

e Making reservations:

e Web interface
e Webservice

Oct 14, 2008

Request service reservation
Submited reservation services
Autobahin domains map
Domain settings

Domain (oo

FOMERTD Y

ugle

[ _map | satelite | Hybrid

Norge |
Norway )
Bergen W s L
| (L GanrrTerertiyor
o o
e Tallinn
OFlf Stockholm i :
Gotabar
sborg
+
: A H
G‘“gw"uai::t‘“'g" Danmark @KoEERhavn y OMacama
;1 it Denmart - . ]
Eela=tkingdom o Gdansx 4
Donegal e X
B Yorcres HeiE  szzcan 2
o
Ireland Pereid ) @Bremen o) o
° o Berlin®pzans,
irmingh f :
oy Birminghafi.; o Hanriouer | S
S feriie | Bela utschland | 7
‘Belgique, " Ger
; Bsigumt . Y
leHavr=B g o 2 3 2
® ¥
Rennes 1}
(] i )
= Marigp]
Nanies  France
Sordssux
i)
- ronia = Gt
- Barcelora T Sameun
Boric raron B P Tetatul i ~
| ¥ 5 Ak m
Portugal penang V755 4 4 Birsag. _ Anker Erzyrn
gal Espana o . FhAG Eskigehir 4
8. (- Span vy Palarmo e o 5 Tarkiye - walatya )
LIEB0E ey ° o ONYe- Turkey 9 g
@ El-Jarair, | Tunis; A Antglys _Diyarbakirs,
Caszey Beo Gran - 2 8 #dana g Gaziarep
© b Fah )
s / " Syria
’;anb“‘ \ (CTunisial Lebanon i
Dar-el Beida 3 Tagsbolus oimasta 1 I
i 4 minan,
Morocco S 1 i o =
15 Al'lskandanyahe Nordan

M deta @007 Bazarsoft, AND, Gencentre CnsutHEEPENS Teis Slice -

Software Correlation for VLBI

* >

. =
sice #:15 EXPRES



AutoBAHN demo
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Square Kilometer Array

* Radiotelescope with a collecting area of 1 km?*
e Likely to be many small dishes or dipoles

e In a remote part of Australia or South Africa

Possible to correlate in software?
New computing architectures (GPU, Cell)?

New network architectures?
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