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Software Software CorrelatorsCorrelators at NICTat NICT

*This software correlator is very fast, 
but not for geodetic use right now

K5/VSSP

K5/VSI

for K5/VSSP (geodetic use)

for K5/VSI (gigabit VLBI system)

FX-Type Correlator 

(developed by Kimura-san)*

XF-Type Correlator (for 1bit AD data) (K5-cor)

FX-Type Correlator (for multi-bit AD data) 
(K5-fx_cor) 

History of the processingHistory of the processing
speed of XFspeed of XF--type type 

software software correlatorscorrelators



History of Processing Speed (XFHistory of Processing Speed (XF--type)type)
(converted to 32(converted to 32--lag complex correlation)lag complex correlation)
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History of Processing Speed (XFHistory of Processing Speed (XF--type)type)
(converted to 32(converted to 32--lag complex correlation)lag complex correlation)
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Requirements for a Software Requirements for a Software 
Correlator for Geodetic UseCorrelator for Geodetic Use

• Compatible with conventional hardware 
correlators, such as K3, KSP correlators
– Consistent definitions in delay, clock 

parameters, etc.

– PCAL signal detection

– Checking bit slip or make 

• Both K5 and Mark-5 data processing 
capability

Architecture of K5Architecture of K5--cor Correlatorcor Correlator
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How to get 8How to get 8--lag crosslag cross--correlationcorrelation

1Byte（8bits) data

refer look-up table as a function of 
1byte-integer(X) and 2byte-integer(Y)
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MSBLSB

= 128+32+8+1= 169

0001 1 011

MSBLSB

= 32768+8192+4096+1024+128+64+16+4+1= 46293

X

Y

correlation counts for 0 lag = cortable0(169,46293) =6
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16bits data
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How to get 8How to get 8--lag crosslag cross--correlationcorrelation

1Byte（8bits) data

refer look-up table as a function of 
1byte-integer(X) and 2byte-integer(Y)

1001 1 010
MSBLSB

= 128+32+8+1= 169

0001 1 011

MSBLSB

= 32768+8192+4096+1024+128+64+16+4+1= 46293

X

Y

correlation counts for 0 lag = cortable0(169,46293) =6
1 lag = cortable1(169,46293) =2

…………………….
7 lag = cortable7(169,46293)=0

1011 1 010

16bits data

×××××× ××

Actual lookActual look--up table isup table is

cortable(169,46293)=

table size (8lags) =28x216x4 bytes =67Mbytes 

table size (16lags) =28x232x8 bytes =8.8Gbytes 
too large

0 001 0 101 .... . ... .... . ... 00.. . 00.

lag 0 lag 1 lag 7

32-bit integer

lag 2 lag 3 lag 4 lag 5 lag 6



Mark5 to K5 converter (m5tok5)Mark5 to K5 converter (m5tok5)
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VLBA Header block format
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K5/VSSP Data File FormatK5/VSSP Data File Format
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Distributed processingDistributed processing

VLBI@homeVLBI@home
Distributed Correlation Processing

Server

huge VLBI 
data

huge VLBI 
data

developed by
Takeuchi-san

GSI has developed similar distributed system



ImprovementImprovement Factor Factor α
α Total Processing Speed using N PCs

Total Processing Speed using one PC
=

• Assumptions
– Data are transferred from a server

– Data transfer does not affect the speed of 
correlation processing 

– Correlation processing is possible with a data 
transfer for a different scan

– Speed of data transfer reduces to 1/N in case 
of N parallel data transfers

ImprovementImprovement Factor Factor 
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k (=network speed / processing speed)

10 scans
N=20

N=10

α

N=2

100Mbps
1Gbps 

α Total Processing Speed using N PCs

Total Processing Speed using one PC
=



Total Processing SpeedTotal Processing Speed
in case of the use of in case of the use of NN PCsPCs

Network Speed >> Processing Speed

Network Speed ~ Processing Speed

N1 32 4
N times faster

same as one PC

Current Status of XF Software Current Status of XF Software 
CorrelatorCorrelator

• Correlation processing speed of K5-cor
– 17Mbps for 32-lag complex correlation
– 34Mbps for 16-lag* complex correlation

• Network speed for distributed processing
– 100Mbps ~ 1Gbps (at office), 10Gbps (available)

• Total processing speed of distributed processing 
can be
– ~170Mbps (32-lag, use of 10 PCs)
– ~340Mbps (32-lag, use of 20 PCs)
– ~1.7Gbps (32-lag, use of 100 PCs)
– ~3.4Gbps (32-lag, use of 200 PCs)

•• Correlation processing speed of K5Correlation processing speed of K5--corcor
–– 17Mbps17Mbps for 32for 32--lag complex correlationlag complex correlation
–– 34Mbps for 1634Mbps for 16--lag* complex correlationlag* complex correlation

•• Network speed for distributed processingNetwork speed for distributed processing
–– 100Mbps ~ 1Gbps (at office), 100Mbps ~ 1Gbps (at office), 10Gbps10Gbps (available)(available)

•• Total processing speed of distributed processing Total processing speed of distributed processing 
can becan be
–– ~~170Mbps170Mbps (32(32--lag, use of 10 PCs)lag, use of 10 PCs)
–– ~~340Mbps 340Mbps (32(32--lag, use of 20 PCs)lag, use of 20 PCs)
–– ~~1.7Gbps1.7Gbps (32(32--lag, use of 100 PCs)lag, use of 100 PCs)
–– ~~3.4Gbps 3.4Gbps (32(32--lag, use of 200 PCs)lag, use of 200 PCs)

* 16-lag is good enough for geodetic VLBI

more realistic
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Road Map of Network SpeedRoad Map of Network Speed
and K5and K5--cor Processing Speedcor Processing Speed

10G
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WAN & LAN from
http://www8.cao.go.jp/cstp/project/super/haihu02/siryo3-sanko.pdf

K5-cor

?

Expectation at 2010Expectation at 2010

• Correlation processing speed of K5-cor
– ~100Mbps for 32-lag complex correlation

• Network speed for distributed processing
– ~100Gbps

• Total processing speed of distributed processing
– ~ 1Gbps (32-lag, use of 10 PCs)
– ~ 2Gbps (32-lag, use of 20 PCs)
– ~ 10Gbps (32-lag, use of 100 PCs)
– ~ 20Gbps (32-lag, use of 200 PCs)

•• Correlation processing speed of K5Correlation processing speed of K5--corcor
–– ~100Mbps for 32~100Mbps for 32--lag complex correlationlag complex correlation

•• Network speed for distributed processingNetwork speed for distributed processing
–– ~100Gbps~100Gbps

•• Total processing speed of distributed processingTotal processing speed of distributed processing
–– ~ ~ 1Gbps1Gbps (32(32--lag, use of 10 PCs)lag, use of 10 PCs)
–– ~ ~ 2Gbps2Gbps (32(32--lag, use of 20 PCs)lag, use of 20 PCs)
–– ~ ~ 10Gbps10Gbps (32(32--lag, use of 100 PCs)lag, use of 100 PCs)
–– ~ ~ 20Gbps20Gbps (32(32--lag, use of 200 PCs)lag, use of 200 PCs)

more realistic



ConclusionsConclusions

• Processing speed of software correlator 
(K5-cor : XF type) for geodetic use is 
17Mbps for 32-lag complex correlation

• 170Mbps~340Mbps for distributed 
processing with 10~20 PCs will be 
available soon

• About 10~20Gbps for distributed 
processing with 100~200 PCs will be 
expected by 2010, if we don’t care about 
“costs” and “save-energy”.

•• Processing speed of software correlator Processing speed of software correlator 
(K5(K5--cor : XF type) for geodetic use is cor : XF type) for geodetic use is 
17Mbps17Mbps for 32for 32--lag complex correlationlag complex correlation

•• 170Mbps~340Mbps170Mbps~340Mbps for distributed for distributed 
processing with 10~20 PCs will be processing with 10~20 PCs will be 
available soonavailable soon

•• About About 10~20Gbps10~20Gbps for distributed for distributed 
processing with 100~200 PCs will be processing with 100~200 PCs will be 
expected by expected by 2010, 2010, if we donif we don’’t care about t care about 
““costscosts”” and and ““savesave--energyenergy””..


