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Correlation

XF:

•Large number of simple operations
•Easy to implement in hardware

FX:

•Small number of complex operations
•Easy to implement in software
•Better accuracy with floating-point

∫0

T
∫0

T
f g t−deit dt=∫0

T
f t∗g t eit dt

F⋅G=∫0

T
f t ei t dt⋅∫0

T
g tei t dt



Oct 14, 2008 Software Correlation for VLBI Slide #: 4

Algorithm
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Complexity
•Per station processing

1. FFT from time domain to frequency domain
real-to-complex: 5 log N

f
 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

f
 flops/sample

4. fringe stopping
complex multiplication 6 flops/sample

5. FFT from time domain to frequency domain
real-to-complex 5 log N

f
 flops/sample

•Per-baseline processing
1.correlation

complex multiplication 6 flops/frequency point
2.integration

addition/division 2 flops/frequency point
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FLOPS
•Current JIVE correlator:

16 stations, 8 bands, 4 pols,
32 spectral pts, 1 Gb/s

1.8 TFlops

•EVLA correlator:
27 stations,
4 bands, 4 pols,
128 spectral pts,
32 Gb/s

244 TFlops

So a top 10 supercomputer can do this!
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Parallelization
•Easy

• Subbands
• Polarizations
• Time (per integration)

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

•Pointless?
• Baselines

• Per-telescope processing dominates
• 2-bit samples -> float: 16-fold increase
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Topology

Problems:
● Data duplication
● Duplication of per-

telescope processing

Problems:
● Scalability
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Implementation

MPI

Telescopes

Input nodes

Correlator nodes

Output node

Sorting and merging

Time and channel slicing
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Validation
•Comparison with hardware correlator
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Validation
•Allan standard variation
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FTP Fringe Tests
• Important feedback for telescopes
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Webservices
How to get things on the Grid?

•vex2ccf: 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
•SOAP 1.1
•HTTP 1.0 (with some 1.1 elements)
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Webservices (2)

Workflow
Manager

Vex2ccf
service

.vex

.ccf

VLBI
Grid Broker

Data Provider
Service

data

GridFTP

Correlator
Correlator
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AutoBAHN
• JRA within GEANT2 devloping a bandwidth-on-

demand facility across domains
•Being deployed by NRENs of Greece, Ireland, 

Poland and Croatia, using the GEANT2 testbed

•Interfaces to other 
BoD-systems (DCN, 
DRAC).

•Making reservations:
• Web interface
• Webservice
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AutoBAHN demo

GEANT2 testbed

HEAnet GRnet

25GB 25GB

GN2-POP@SARA

SURFNet

256Mb/s

256Mb/s

25GB 25GB

256Mb/s

256Mb/s

PIONEER CARnet

256Mb/s 256Mb/s

256Mb/s

DAS-3@UvA10Gb/s
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Square Kilometer Array

•Radiotelescope with a collecting area of 1 km2

•Likely to be many small dishes or dipoles

• 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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