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LEDA	  Summary	  
	  	  

•  Discovery	  of	  the	  HI	  absorpHon	  feature	  
to	  infer	  the	  iniHal	  condiHons	  of	  
reionizaHon	  (see	  following	  talk!)	  

•  ImplemenHng	  a	  full	  correlaHon	  
backend	  for	  LWA	  installaHons	  (N=512,	  
100MHz	  BW)	  

•  Demonstrate	  a	  large-‐N	  correlator	  
–  A	  scalable	  design	  (O~1000’s	  

inputs)	  



	  Correlator	  Deployment	  
Schedule:	  

	  
•  LEDA-‐32	  August	  2012	  
	  
•  LEDA-‐64	  February	  2013	  
	  
•  LEDA-‐512	  August	  2013	  
	  



LEDA	  Correlators	  

LWA1:	  
•  27	  LWA	  antennas	  
•  5	  outriggers	  

	  

	  

LWA-‐OVRO	  
•  251	  LWA	  antennas	  
•  5	  outriggers	  

	  

	  



Correlator	  –	  Hybrid	  Design	  



	  

CPU:	  
	  

2	  x	  8-‐core	  
2	  x	  10GbE	  inputs	  

Receiving	  14.7	  Gb/s	  
	  

Performs:	  
	  

Data	  capture	  
Data	  unpacking	  

FPGA:	  	  
	  

2	  x	  ROACH2	  
4	  x	  16-‐input	  ADCs	  	  
(64	  inputs	  total)	  

	  

Performs:	  
	  

PFB	  (4096	  channels)	  
Channel	  SelecHon	  (2400	  channels)	  

10GbE	  packeHsaHon	  

GPU:	  	  
	  

Dual	  GeForce	  GTX690	  
Read	  ~7.35	  Gb/s	  per	  core	  

	  

Performs:	  
	  

Cross-‐mulHplicaHon	  	  
Time	  pre-‐averaging	  of	  output	  

Total	  power	  calculaHon	  
	  

LEDA-‐64:	  LWA1	  

LEDA-‐64:	  LWA-‐OVRO	  
GPU:	  	  

	  
Kepler	  K10	  

Read	  ~14.7	  Gb/s	  per	  core	  
	  

Performs:	  
	  

Cross-‐mulHplicaHon	  	  
Time	  pre-‐averaging	  of	  output	  

Total	  power	  calculaHon	  
	  

FPGA:	  	  
	  

2	  x	  ROACH2	  
4	  x	  16-‐input	  ADCs	  	  
(64	  inputs	  total)	  

	  

Performs:	  
	  

PFB	  (4096	  channels)	  
Channel	  SelecHon	  (2400	  channels)	  

10GbE	  packeHsaHon	  

	  

CPU:	  
	  

2	  x	  8-‐core	  
1	  x	  40GbE	  inputs	  

Receiving	  14.7	  Gb/s	  
	  

Performs:	  
	  

Data	  capture	  
Data	  unpacking	  



    

	  

CPU:	  
	  

SB	  2670	  8	  Core	  
1	  x	  40GbE	  inputs	  

Receiving	  21.4+	  Gb/s	  
	  

Performs:	  
	  

Data	  capture	  
Data	  unpacking	  
(1000,0100	  →	  
10000000,	  
01000000)	  

FPGA:	  	  
	  

16	  x	  ROACH2s	  
32	  x	  16-‐input	  ADCs	  	  
(512	  inputs	  total)	  

	  

Performs:	  
	  

PFB	  (4096	  channels)	  
Channel	  SelecHon	  (2398	  channels)	  

10GbE	  packeHsaHon	   GPU:	  	  
	  

Dual	  Kepler	  K20X	  	  
Read	  42.8+	  Gb/s	  

	  

Performs:	  
	  

Cross-‐mulHplicaHon	  	  
Time	  pre-‐averaging	  of	  output	  

Total	  power	  calculaHon	  

	  

CPU:	  
	  

AddiHonal	  averaging	  
Writes	  data	  to	  disk	  

	  
	  

LEDA-‐512	  



LEDA-‐512	  



LEDA-‐512	  



Resources 	  	  
Power	  consumpHon	  @	  Peak:	  
•  FPGA/Switch:	  

•  9.5A	  
•  1648W	  

•  GPU	  servers:	  
•  35A	  (EsHmated)	  
•  7370W	  

•  Total	  esHmated:	  
•  44.5A	  
•  9018W	  

	  



	  Correlator	  Deployment	  
Schedule:	  

•  LEDA-‐32	  August	  2012	  ✓	  
•  36	  hrs	  

•  LEDA-‐64	  February	  2013	  ✓	  
•  7	  days	  &	  3	  days	  

•  LEDA-‐512	  August	  2013✓	  
•  5	  days	  



What	  can	  we	  deliver?	  
OVRO:	  
•  Output	  of	  512	  antennas	  
•  Correlator	  dump	  Hmes	  of	  

2	  seconds	  
•  Total	  power	  (single	  dual	  

pol,	  or	  mulHple	  cycling	  
antennas)	  

•  Low	  duty	  cycle:	  
•  Raw	  ADC	  output	  
•  Unaveraged	  FFT	  output	  
•  Correlator	  output	  at	  41us	  

	  

LWA1:	  
•  Output	  of	  64	  antennas	  
•  Correlator	  dump	  Hmes	  of	  

1	  second	  
•  Total	  power	  (single	  dual	  

pol,	  or	  mulHple	  cycling	  
antennas)	  

	  

	  



Control	  &	  VisualizaHon	  

(Barsdell) 



Control	  &	  VisualizaHon	  

(Barsdell) 



Control	  &	  VisualizaHon	  

(Barsdell) 



Control	  &	  VisualizaHon	  

(Barsdell) 



Control	  &	  VisualizaHon	  

(Barsdell) 



Control	  and	  VisualisaHon	  

(Barsdell) 



Data	  InspecHon	  

(Price) 



Data	  InspecHon	  

(Price) 



LEDA-‐512	  



LEDA-‐512	  
Two	  correlators:	  

•  LEDA-‐64	  LWA1	  
•  LEDA-‐512	  LWA-‐OVRO	  

Processing	  power:	  
•  15.6GF/W	  (Normalized)	  

Cost:	  ~$200-‐250k	  



	  
	  
	  
	  

–	  END	  –	  


