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IWG

KEPCO (Korea Electric Power Corporation) +

LG, SKT, KT, and Samsung
Smart Grid Test-bed In Jeju Island

Wind Power Plant
Wng Power Plant
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Correlators for Radio Interferometry

« ASIC (Application-Specific Integrated Circuit)
* FPGA (Field-Programmable Gate Arrays)

» Software (high level-languages, e.g., C/C++)
— Rapid development
— Expandability



Current Status of SC

» LBA (Australian Long Baseline Array)
— 8 antennas (Parkes, ... 22-64m, 1.4-22GHz)

— DiFX software correlator (2006; Deller et al. 2007,
2011)

* VLBA (Very Long Baseline Array)
— 10 antennas (25m, 330MHz - 86GHz)
— DiFX
 MPIfR (the Max Planck Institute for Radio-
astronomy)
— Mark4 - DIFX



Current Status of SC (cont.)

« GMRT (Giant Metrewave Radio Telescope)
— 30 antennas (45m, 50MHz-1.5GHz), 32MHz
— ASIC - software correlator (Roy et al. 2010)

 LOFAR (Low Frequency Array)
— LBA (Low Band Antennae) 10-90MHz

— HBA (High Band Antennae) 110 — 250MHz
— IBM BlueGene/P: software correlation



CoDR for SKA Phase I, Memo 125

» Key Sciences: H | and Pulsars

o Sparse Aperture Array
70-450 MHz, A/T,,. = 2000m%/K, L

* Dish Array

0.45-3 GHz, A/T,,=1000m#/K, 250 15m dishes
single-pixel feeds, L, .,=100Km

e Construction: 2016-19
» Budget: 350M Euros

=100Km

SYA max



Correlation Theorem, FX-correlator

F-step (FT):
~log,(N.) operations per sample

R(f)= Tri (t)e* "dt

X-step (CMAC):

~ N operations per
sample

r(z + Or(2)dr < R(HR ()

/




FLOPS of the X-step in FX correlator

N (/\; +1 /\/b(Bj [FLOPS]~ 16N2/\/b(5j [GFLOPS]

Hz GHz

4 x8

‘SERIUNRR, RL, LR, LL]
8 Is from 4 multiplications and 4 additions:
+RR; =+(a +ib)(a; —ib,) =+(aa, +bb,) +i(ba, —ab,)

N(N+1)/2 is the number of auto- and cross-
correlations with antenna (station) N

Dish array (N=250, B =1 GHz, N, =1)

- 16x2502 GFLOPS = 1 PFLOPS

Sparse AA (N=50, B=380MHz, N,=160)
- 16x504x160x0.38 GFLOPS = 2.43 PFLOPS



Performance
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Design goals

 Connect antennas and computer nodes with
simple network topology

 Use future technology development of HPC
clusters

« Simplify programming



CoDR of a Software Correlator for the dish array

250 dishes 250 nodes
100 Gh/s Ethernet

CPUs+(GPUs)

CPUs+(GPUs)

CPUs+(GPUs)
Required

CPUs+(GPUs) BW>32Gb/s

CPUs+(GPUs)

T

>4 TFLOPS

>§’ CPUs+(GPUs)

2x4x2x1GHz =16Gb/s
2 pols, 4bit sampling, Nyquist, BW



CoDR of a Software Correlator for the sparse AA

] 16 subclusters
50 stations 100 Gb/s Ethernets

subcluster

station

subcluster

station

“
“‘\ subcluster
station \\\ subcluster

>150 TFLOPS

subcluster

\

/

subcluster

60Gb/s x 16



Cost and Power Estimates of SCs

# of nodes | Cost per | Cost of IB | Power Total cost | Total
node per port | per node |[M Euros] | power
[kEuros] | [kEuros] | [kW] WA

Dish
Array

Sparse AA
Total




Conclusions

« SWG, IWG

— Korea has a potential to contribute the SKA
community.

 Software correlators
— One cluster with 1 PFLOPS for the dish array.

— 16 clusters, each cluster with 150 GFLOPS, for the
sparse AA.



