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Why Radio?

Gamma rays, X-rays and ultraviolet
light blocked by the upper atmosphere
(best observed from space).

Visible light
observable
from Earth,
with some
atmospheric
distortion.

Most of the
infrared spectrum
absorbed by
atmospheric
gasses (best
observed
from space).

Radio waves observable
from Earth.

Long-wavelength
radio waves
blocked.
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Another View

http://xkcd.com/273

5 / 54

http://xkcd.com/273


GPUs and
MeerKAT

Bruce Merry

Background
Radio Astronomy

MeerKAT

Median Filter
Serial

Parallel

Tuning

Transposition
Introduction

Shared Memory

Summary

The Full Picture

6 / 54



GPUs and
MeerKAT

Bruce Merry

Background
Radio Astronomy

MeerKAT

Median Filter
Serial

Parallel

Tuning

Transposition
Introduction

Shared Memory

Summary

Shhhh...

1 Jy = 1 × 10−26 W m−2 Hz−1

Sun 105 Jy (at 5 GHz)
Cellphone 108 Jy (1km away)

Source 1–10 µJy
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Interferometry

ŝ

~b · ŝ

~b

V (u, v ,w) =

∫
l,m

A(l ,m,w)I(l ,m)e−2πi[ul+vm] dl dm
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Science Data Processor

KAPB
Switch

Wb 
Ingest 2

Wb 
Ingest 3

Wb 
Ingest 4

Nb 
Ingest 2

Nb 
Ingest 3

Nb 
Ingest 4

Nb 
Ingest 5

Nb 
Ingest 1

Wb Cal 
2

Wb Cal 
3

Wb Cal 
4

Nb Cal 
2

Nb Cal 
3

Nb Cal 
4

Nb Cal 
5

Nb Cal 
1

TM

SDP 
Core 

Switch
Network

26x40GbE
20x10GbE

Wb Data Flow
Raw Vis
L0 Vis
L1 Vis
Image

Vis
Physical
Storage

CBF
Core Switch

Wb 
Ingest 1

Wb 
Cal 1

Vis Store
Controller

/ Buffer

Imaging Node 1

Archive
Physical
Storage

Science 
Archive 

Controller

L0
 V

is
Im

ag
e

Ca
l T

bl

cal tbl
only

15
m

in

15
m

in

Vis Buffer 1
L1 Vis Wb

L1 Vis Nb

Imaging Node 576

Vis Buffer 576
L1 Vis Wb

L1 Vis Nb

Imaging Node 576

Vis Buffer 576

L1 Vis Wb

L1 Vis Nb

Imaging Node 1152

Vis Buffer 1152

L1 Vis Wb

L1 Vis Nb

SDP Imager Switches
24 x 40 GbE Connections to core

1152 x 1 GbE Connections to nodes

© SKA SA and NRF 2014CPT
Archive

SANREN 
POP

12 / 54



GPUs and
MeerKAT

Bruce Merry

Background
Radio Astronomy

MeerKAT

Median Filter
Serial

Parallel

Tuning

Transposition
Introduction

Shared Memory

Summary

Prototype Imaging Node
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Ingest

Ingest is responsible for
Converting from integer to float
Correcting some instrumental effects
Flagging RFI
Reducing data in time
Reducing data in frequency
Computing signal statistics
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Real-time Signal Displays
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Lots of Data

2 frames per second
2080 baselines (64 antennas)

53248 frequency channels (32k + 5 × 4k)
4 polarisations
8 bytes per visibility (2 × int32)

6.6 GiB per second input
1.0 GiB per second per server
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Another Layer of Abstraction

“All problems in computer science can be solved by another level of
indirection” — David Wheeler

PyCUDA PyOpenCL

CUDA OpenCL

NV AMDNV Phi

Framework

Code Code Code
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Kernel Compilation

mako PyCUDA CUDAmako CUDA C cubin
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Kernel Compilation

mako PyCUDA
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CUDAmako CUDA C cubin
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Example Template

1 KERNEL REQD_WORK_GROUP_SIZE(${block}, ${block}, 1)
2 void accum(
3 % for i in range(outputs):
4 GLOBAL float2 * RESTRICT out_vis${i},
5 GLOBAL float * RESTRICT out_weights${i},
6 GLOBAL unsigned char * RESTRICT out_flags${i},
7 % endfor
8 const GLOBAL float2 * RESTRICT in_vis,
9 const GLOBAL float * RESTRICT in_weights,

10 const GLOBAL unsigned char * RESTRICT in_flags,
11 int out_stride,
12 int in_full_stride,
13 int in_kept_stride,
14 int channel_start)
15 {
16 ...
17 }
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Example Template

1 __global__ __launch_bounds__((16)*(16)*(1))
2 void accum(
3 float2 * __restrict out_vis0,
4 float * __restrict out_weights0,
5 unsigned char * __restrict out_flags0,
6 const float2 * __restrict in_vis,
7 const float * __restrict in_weights,
8 const unsigned char * __restrict in_flags,
9 int out_stride,

10 int in_full_stride,
11 int in_kept_stride,
12 int channel_start)
13 {
14 ...
15 }
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Example Template

1 __kernel __attribute__((reqd_work_group_size(16,16,1)))
2 void accum(
3 __global float2 * restrict out_vis0,
4 __global float * restrict out_weights0,
5 __global unsigned char * restrict out_flags0,
6 const __global float2 * restrict in_vis,
7 const __global float * restrict in_weights,
8 const __global unsigned char * restrict in_flags,
9 int out_stride,

10 int in_full_stride,
11 int in_kept_stride,
12 int channel_start)
13 {
14 ...
15 }
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Parallelisation
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More Parallelism
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Sample code

1 __device__ void median_filter_slide(
2 median_filter *self, float new_sample) {
3 {
4 float old_sample = self->samples[0];
5 int new_rank = WIDTH - 1;
6 #pragma unroll
7 for (int j = 0; j < WIDTH - 1; j++) {
8 self->samples[j] = self->samples[j + 1];
9 int old_cmp = (old_sample <= self->samples[j]);

10 int cmp = (new_sample < self->samples[j]);
11 self->rank[j] = self->rank[j + 1] - old_cmp + cmp;
12 new_rank -= cmp;
13 }
14 self->samples[WIDTH - 1] = new_sample;
15 self->rank[WIDTH - 1] = new_rank;
16 }
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Autotuning

Parameter
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Kernel
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Python Is Easy

Autotuning for a fill kernel

1 @classmethod
2 @tune.autotuner(test={’wgs’: 128})
3 def autotune(cls, context, dtype, ctype):
4 queue = context.create_tuning_command_queue()
5 shape = (1048576,)
6 data = accel.DeviceArray(context, shape, dtype)
7 def generate(**tuning):
8 fn = cls(
9 context, dtype, ctype,

10 **tuning).instantiate(queue, shape)
11 fn.bind(data=data)
12 return tune.make_measure(queue, fn)
13 return tune.autotune(
14 generate, wgs=[64, 128, 256, 512])
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What if the incoming data looks like this?

Channel
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Transpose It

http://xkcd.com/184/

39 / 54

http://xkcd.com/184/


GPUs and
MeerKAT

Bruce Merry

Background
Radio Astronomy

MeerKAT

Median Filter
Serial

Parallel

Tuning

Transposition
Introduction

Shared Memory

Summary

Naive Kernel

1 __global__ void transpose(
2 float *out, const float *in, int R, int C)
3 {
4 int x = blockIdx.x * blockDim.x + threadIdx.x;
5 int y = blockIdx.y * blockDim.y + threadIdx.y;
6 float value = in[y * C + x];
7 out[x * R + y] = value;
8 }
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Naive Kernel Results

Only 62 of 224 GB/s (GTX 980)
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Shared Memory Version 1

1 __global__ void transpose(
2 float *out, const float *in, int R, int C)
3 {
4 __shared__ float tile[TILE][TILE];
5 int x = blockIdx.x * blockDim.x + threadIdx.x;
6 int y = blockIdx.y * blockDim.y + threadIdx.y;
7 tile[threadIdx.y][threadIdx.x] = in[y * C + x];
8 __syncthreads();
9 int x2 = blockIdx.x * blockDim.x + threadIdx.y;

10 int y2 = blockIdx.y * blockDim.y + threadIdx.x;
11 out[x2 * R + y2] = tile[threadIdx.x][threadIdx.y];
12 }

102 GB/s (GTX 980)
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1 ]
2 __global__ void transpose(
3 float *out, const float *in, int R, int C)
4 {
5 __shared__ float tile[TILE][TILE + 1];
6 int x = blockIdx.x * blockDim.x + threadIdx.x;
7 int y = blockIdx.y * blockDim.y + threadIdx.y;
8 tile[threadIdx.y][threadIdx.x] = in[y * C + x];
9 __syncthreads();

10 int x2 = blockIdx.x * blockDim.x + threadIdx.y;
11 int y2 = blockIdx.y * blockDim.y + threadIdx.x;
12 out[x2 * R + y2] = tile[threadIdx.x][threadIdx.y];
13 }

144 GB/s (GTX 980)
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Thread Coarsening Code

1 __shared__ float tile[SCALE * TILE * (TILE + 1)];
2 int x0 = blockIdx.x * (SCALEX * TILE);
3 int y0 = blockIdx.y * (SCALEY * TILE);
4 int addr0 = (y0+threadIdx.y) * C + x0+threadIdx.x;
5 int tile0 = threadIdx.y * (TILE + 1) + threadIdx.x;
6 for (int i = 0; i < SCALE; i++)
7 tile[tile0+ofs.in_tile[i]] = in[addr0+ofs.in[i]];
8 __syncthreads();
9 addr0 = (x0 + threadIdx.y) * R + (y0 + threadIdx.x);

10 tile0 = threadIdx.x * (TILE + 1) + threadIdx.y;
11 for (int i = 0; i < SCALE; i++)
12 out[addr0+ofs.out[i]] = tile[tile0+ofs.out_tile[i]];
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