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CUDA
OpenCL
HLSL

Accelerator DirectCompute
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using System;
using Microsoft.ParallelArrays;

namespace AddArraysPointwise

{

class AddArraysPointwiseDX9

{

static void Main(string[] args)

{

var x = new FloatParallelArray (new[] {1.0F, 2, 3, 4, 5});
var y = new FloatParallelArray (new[] {6.0F, 7, 8, 9, 10});
var dx9Target = new DX9Target();
var z = X + y;
foreach (var i in dx9Target.ToArraylD (z))

Console.Write(i + " ");
Console.WritelLine();
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using System;
using Microsoft.ParallelArrays;

namespace AddArraysPointwiseMulticore

{

class AddArraysPointwiseMulticore

{

static void Main(string[] args)

{
var x = new FloatParallelArray (new[] {1.0F, 2, 3, 4, 5});
var y = new FloatParallelArray (new[] {6.0F, 7, 8, 9, 10});
var multicoreTarget = new X64MulticoreTarget();
var z = X + y;
foreach (var i in multicoreTarget.ToArraylD (z))

Console.Write(i + " ");

Console.WritelLine();
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using System;
using Microsoft.ParallelArrays;

namespace AddArraysPointwiseFPGA

{
class AddArraysPointwiseMulticore
{
static void Main(string[] args)
{
var x = new FloatParallelArray (new[] {1.0F, 2, 3, 4, 5});
var y = new FloatParallelArray (new[] {6.0F, 7, 8, 9, 10});
var fpgaTarget = new FPGATarget();
var z = X + Vy;
fpgaTarget.ToArraylD (z) ;
}
}
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open System
open Microsoft.ParallelArrays
let main(args) =
let x = new FloatParallelArray (Array.map float32 [|1; 2; 3
let y = new FloatParallelArray (Array.map float32 [|6; 7; 8;
let z = x +y
use dx9Target = new DX9Target()
let zv = dx9Target.ToArraylD(z)
printf "%A\n" zv
%]
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open System
open Microsoft.ParallelArrays
[<EntryPoint>]
let main(args) =
let x = new FloatParallelArray (Array.map float32 [|1; 2; 3; 4; 5 |
let y = new FloatParallelArray (Array.map float32 [|6; 7; 8; 9; 10 |
let z = x +y
use multicoreTarget = new X64MulticoreTarget()
let zv = multicoreTarget.ToArraylD(z)
printf "%A\n" zv
(%]
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open System

open Microsoft.ParallelArrays

[<EntryPoint>]

let main(args) =
let x = new FloatParallelArray (Array.map float32 [|1; 2; 3; 4; 5 |
let y = new FloatParallelArray (Array.map float32 [|6; 7; 8; 9; 10 |
let z =x+y
use fpgaTarget = new FPGATarget("adder") ;
let vhdl = fpgaTarget.ToArraylD(z)
(%]
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let rec convolve (shifts : int -> int [])
(kernel : float32 []) 1
(a : FloatParallelArray)
= let e = kernel.[i] * ParallelArrays.Shift(a, shifts i)
if i = 0 then
e
else
e + convolve shifts kernel (i-1) a
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shift,
reverse,
stride,
rotate

add,

multiply,

sine,

drop dimension
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+, -, ¥, /, min, max, multiply-add, power

abs, ceiling, cos, fraction, floor, log2, negate, pow?2,
reciprocal, rsqrt, sin, sqrt

not, and, or
::’ >:’ <. <:’ /:
sum, product, maxval, minval, any, all

add/drop dimension, expand, gather, replicate, rotate,
section, shift, stretch, transpose
Inner product, outer product
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int|[]

int window =

int|[] esult = new int[inpugf
// Clea o window of x v
for (int w 0; w < size

window [w 0;
// For each samplie

for (int 1 = 0;

{
// Shift the ne
for (ipf" ] = size -

dow[]] =
wigflow[0] = input[i];

int sum = 0;

14

for (int =z 0;
sum += weights|[z]
result[i] = sum;

}

return result;

SequentialFIRFunction (int

new int[size];

window
Compute the result value

z < size;

Microsoft’
l. -. Research
weights, int[] input)

ength];
es to all zero.

wt++)

input.Length; i++)

value

j > 0;
- 1];

3--)

z++)
* window([z];
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y = [yl[0], y[1], y[2], y[3], y[4], y[5], yI6], y[7]]
y[0] = a[0]x[0] + a[1]x[-1] + a[2]x[-2] + a[3]x[-3] + a[4]x[-4]
yl[1] = a[0]x[1] + a[1]x[0] + a[2]x[-1] + a[3]x[-2] + a[4]x[-3]
y[2] = a[0]x[2] + a[1]x[1] + a[2]x[0] + a[3]x[-1] + a[4]x[-2]
y[3] = a[0]x[3] + a[1]x[2] + a[2]x[1] + a[3]x[0] + a[4]x[-1]
y[4] = a[0]x[4] + a[1]x[3] + a[2]x[2] + a[3]x[1] + a[4]x[O]
y[5] = a[0]x[5] + a[1]x[4] + a[2]x[3] + a[3]x[2] + a[4]x[1]
y[6] = a[0]x[6] + a[1]x[5] + a[2]x[4] + a[3]x[3] + a[4]x[2]
yl[7] = a[0]x[7] + a[1]x[6] + a[2]x[5] + a[3]x[4] + a[4]x[3]
y = [y[0], y[1], y[2], y[3], y[4], yI5], y[6], y[7]]

=a[0] * [x[0], x[1], x[2], x[3], x[4], x[5], x[6], x[7]] +
a[1] * [x[-1], x[0], x[1], x[2], x[3], x[4], x[5], x[6]] +
a[2] * [x[-2], x[-1], x[0], x[1], x[2], x[3], x[4], x[5]] +
a[3] * [x[-3], x[-2], x[-1], x[0], x[1], x[2], x[3], x[4]] +
a[4] * [x[-4], x[-3], x[-2], x[-1], x[0], x[1], x[2], x[3]]
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shift (x, 0)=[7,2,5,9, 3, 8, 6, 4] = x
shift (x,-1)=[7,7,2,5,9, 3, 8, 6]
shift (x,-2)=[7,7,7,2,5,9, 3, 8]

0 [ 1 2 | 3 |4 | shift-1

2 | 314 |5 |5 shift + 1
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y = [y[O], y[1], y[2], y[3], y[4], y[5], yl6], y[7]]

= a[0] * [x[0], x[1], x[2], x[3], x[4], x[5], x[6], x[7]] +
a[1] * [x[-1], x[0], x[1], x[2], x[3], x[4], x[5], x[6]] +
a[2] * [x[-2], x[-1], x[0], x[1], x[2], x[3], x[4], x[5]] +
a[3] * [x[-3], x[-2], x[-1], x[0], x[1], x[2], x[3], x[4]] +
al4] * [x[-4], x[-3], x[-2], x[-1], x[0], x[1], x[2], x[3]]

y= a[0] * shift (x, 0) +
a[1] * shift (x, -1) +
a[2] * shift (x, -2) +
a[3] * shift (x, -3) +
al4] * shift (x, -4)
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shift (x,0) [ 7 2 5 9 13 8 6 4 | — a[0]*shift (x, 0) 14| 4 10| 18] 6 16 | 12 |1 8

shift (x,-1) | 7 7 2 5 9 |3 8 6 — a[1]*shift(x,-1) | 35| 35| 10| 25[ 45| 15| 40 | 30
shift (x,-2) [ 7 7 7 2 5 9 |13 8 — a[2] *shift (x,-2) | 49| 49| 49| 14| 35| 63 | 21 | 56
shift (x,-3) | 7 7 7 7 2 5 9 |3 — a[3] *shift (x,-3) | 28| 28| 28| 28| 8 20 [ 36 | 12
shift (x,-4) [ 7 7 7 7 7 2 519 — a[4] *shift(x,-4) | 21 21| 21| 21|21 ] 6 15 | 27

L I T D N B
+ + + + + + 4+ 4+

I y=|147[137 [118 [106 {115 | 120[124 [133 |
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for (int i = 0; i < a.Length; i++)
ypar += a[i] * A.Shift(xpar, -1);




shift (x, 0, 0)

shift (x, 0, -1)

shift (x, 0, -2)

shift (x, 0, -3)

shift (x, 0, -4)

T | ¥ [g0 [40 ] 1e0
Mo R ARCARY.
; 3 g 3 g g — a[0] * shift (x, 0, 0)
7 5 1913 [8 [6 |- af]*shift(x.0,-1)
2 714|819 |3
; ; ; 2 g g — a[2] * shift (x, 0, -2)
7 7 2 5 9 | 3 |— a[3]*shift(x,0,-3)
2 2 | 8| 7 |4 |8
; ; ; ; ; 3 . a[4] * shift (x, 0, -4)

y[0] =
y[1]=

l...
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14| 4 10| 18| 6 16 | 12 | 8
4 16| 14| 8 16 | 18 | 6 10
35| 35| 10| 25| 45| 15| 40 | 30
10| 10| 40| 35| 20| 40 | 45 | 15
49| 49| 49| 14| 35| 63 | 21 | 56
14| 14] 14| 56| 49| 28 | 56 | 63
28| 28| 28| 28| 8 20| 36 | 12
8 8 8 8 | 32 ] 28| 16 | 32
21 21| 21| 21| 21 | 6 15 | 27
6 6 6 6 | 6 24 | 21 | 12
} } { | { } ! }
+ + + + + + o+ o+
147 1137 [118 [106 [115 | 120]124 |133
42 [54 82 113 1123 | 138144 [132
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var shiftBy = new [] {0, 0} ;
for (var i = 0; i < a.Length; i++)
{
shiftBy[1] = -1i;
ypar += a[i] * A.Shift(xpar, shiftBy);




shift (x, 0, 0)

shift (x, -1, 0)

shift (x, -2, 0)

shift (x, -3, 0)

shift (x, -4, 0)

—

)

Mo R ARCARY.

2 8 |6 |4 | a[0]*shift(x,0,0)
8 9 |3 |5
2 8 [ 6 [ 4 | a[1]*shift(x,-1,0)
) 8 |6 |4
2 8 16 14 1 42]*shift (x,-2,0)
> g8 |6 |4
2 8 6 N a[3] * shift (x, -3, 0)
> 8 |6 |4
2 8 16 14 | 514]*shift (x, -4, 0)
2 8 6 4

yl0] =
yl[11=
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14| 4 10| 18| 6 16 | 12 | 8
4 16| 14| 8 16 | 18 | 6 10
35 10| 25| 45| 15| 40 | 30 | 20
35| 10| 25| 45| 15| 40 | 30 | 20
49| 14| 35| 63| 21 | 56 | 42 | 28
491 14| 35| 63| 21 | 56 | 42 | 28
28| 8 20| 36| 12| 32 | 24| 16
28| 8 20| 36| 12| 32| 24 | 16
21| 6 15| 27| 9 24 | 18 | 12
21] 6 151 271 9 24 1 18 | 12
} } } | | i | }
+ + + +  + + o+ o+
14742 |105 [189 |63 | 168|126 |84
137154 |109 [179 [73 [ 170120 [86
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using System;
using Microsoft.ParallelArrays;
namespace AcceleratorSamples

{

public class Convolver2D
{
static FloatParallelArray convolve(Func<int, int[]> shifts, float[] kernel,

int i, FloatParallelArray a)
£

static FloatParallelArray convolveXY(float[] kernel,
FloatParallelArray input)
{
FloatParallelArray convolveX
= convolve(i => new []|{ -1, @ }} kernel,
kernel.Length - 1, input);
return convolve(i => new []|{ 9, -i }} kernel,
kernel.Length - 1, convolveX);

el © T LUINIivulLve | Slill Ly, KElIjicL, 414 - 1, d),

vorTITTpUTART T Uy oW T oo erar st IAT T Oy VATTputoutu g,

var result = dx9Target.ToArray2D(convolveXY (testKernel, inputArray));

for (var row = @; row < inputSize; row++)

{
for (var col = 0; col < inputSize; col++)

Console.Write("{0} ", result[row, col]);

Console.WritelLine();

}

}
}
}
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{

static FloatParallelArray convolve(this FloatParallelArray a,
Func<int, int[]> shifts,
float[] kernel)

{ return kernel

.Select((k, i) => k * ParallelArrays.Shift(a, shifts(i)))
.Aggregate((al, a2) => al + a2);

}

static FloatParallelArray convolveXY(this FloatParallelArray input,
float[] kernel)
{ return input
.convolve(i => new[] { -i, @ }, kernel)
.convolve(i => new[] { 9, -1 }, kernel);

for (int col = 0; col < inputSize; col++)
Console.Write("{0} ", result[row, col]);
Console.WriteLine();



FPA ConvolveXY (Target &tgt,
{

int height, int width,

(row) direction.
{height,width};

// Convolve in X
size t dims[] =

FPA smoothX = FPA(0,dims, 2);
intptr t counts[] = {0,0};
int filterHalf = filterSize/2;

float scale;

for (int 1 = -filterHalf; 1 <= filterHalf; i++)
{

counts[0] = 1i;

scale = filter[i + filterHalf];

smoothX += Shift (input, counts, 2) * scale;
}
// Convolve in Y (col) direction.
counts[0] = 0;
FPA result = FPA(0,dims, 2);
for (int 1 = -filterHalf; 1 <= filterHalf; i++)
{

counts[l] = 1i;

scale = filter[filterHalf + 1i];

result += Shift (smoothX, counts, 2) * scale;
}
tgt.ToArray(result, resultArray, height, width,

return smoothX ;

int filterSize,

width

float filter([],

* sizeof (float));

Microsoft:

Research

FPA input,

float *resultArray)
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open System

open Microsoft.ParallelArrays

[<EntryPoint>]

let main(args) =
// Declare a filter kernel for the convolution
let testKernel = Array.map float32 [| 2; 5; 7; 4; 3 |]
// Specify the size of each dimension of the input array
let inputSize = 10
// Create a pseudo-random number generator

let convolveXY kernel input
= // First convolve in the X direction and then in Y
let convolveX = convolve (fun i -> [| -i; © |]) kernel
(kernel.Length - 1) input
convolve (fun i -> [| ©; -i |]) kernel
(kernel.Length - 1) convolveX

let convolveY

convolveY
e + convolve shifts kernel (i-1) a
// Declare a 2D convolver
let convolveXY kernel input
= // First convolve in the X direction and then in the Y direction
let convolveX = convolve (fun i -> [| -i; © |]) kernel (kernel.Length - 1) input
let convolveY = convolve (fun i -> [| @; -i |]) kernel (kernel.Length - 1) convolveX
convolveY
// Create a DX9 target and use it to convolve the test input
use dx9Target = new DX9Target()
let convolveDX9 = dx9Target.ToArray2D (convolveXY testKernel testArray)
printfn "DX9: -> \r\n%A" convolveDX9
0
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execution time [seconds)
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Convolver 1D 4000x4000 Benchmark

d

— NWIDIA Quadro NVS 160M (8 cores)
— Core2 Duo PIG00 (2 cores)

—— ATl Radeon HD 5870 (1600 cores)
— 2 x Xeon X5355(8 cores)

4 x Xeon E7540(24 cores)

——— Nvidia GeoForce 8600 GTS (32 cores)
——— Core2 Quad Q9550 (4 cores)

—— Nvidia GeoForce 8800 GTX (128 cores)

e ¥eon 5150(2 cores)

/ e NVIDIA Quadro FX 770M (32 cores)
— w Core2 Duo POBOD (2 cores)

50

100 150 200 250 300 350 400 450
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execution time (seconds)
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0.1 -

Convolver 1D 4000x4000 Benchmark

— NVIDIA Quadro NVS 160M (8 cores)

——{Core2 Duo PG00 (2 cores)
= ATl Radeon HD 5870 (1600 cores)
— 2w Xeon X5355 (B cores)

— — o Xeon E7540(24 cores)
———Mvidia GeoForce 8600 GTS (32 cores)
m——Core2 Quad Q9550 (4 cores)

= ————
= ——— I —

=—Mvidia GeoForce 8800 GTX (128 cores)
= Xeon 5150 (2 cores)

= NVIDIA Quadro FX 770M (32 cores)
~——Core2 Duo PAG00 (2 cores)

2 4 6 8 10 12 14 16 18 20

kernelsize




execution time (seconds)

160

. \ o L § 55
TTY 30 uh 1ol
W | | Y0 &9

Microsoft:

Research

Convolver 2D 4000x4000 Benchmark
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= Nvidia Quadro FX 580 (32 cores)

Xeon X5550 (8 cores)
=== Nvidia GeoForce 8600 GTS (32 cores)
== Core2 Quad Q9550 (4 cores)
NVIDIA Quadro NVS 160M (8 cores)
Core2 Duo P9600 (2 cores)
ATl Radeon HD 5870 (1600 cores)
2 x Xeon X5355 (8 cores)
= Nvidia Quadro FX 580 (32 cores)

Xeon X5550 (8 cores)
== Nvidia GeoForce 8600 GTS (32 cores)

40

/

20

50

100

kernel size
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200

250

Core2 Quad Q9550 (4 cores)

== NVIDIA Quadro NVS 160M (8 cores)
=== Core2 Duo P9600 (2 cores)

=== AT| Radeon HD 5870 (1600 cores)
=7 X Xeon X5355 (8 cores)
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Convolver 2D 4000x4000 Benchmark

=== Nvidia Quadro FX 580 (32 cores)

Xeon X5550 (8 cores)

== Nvidia GeoForce 8600 GTS (32 cores)
Core2 Quad Q9550 (4 cores)

NVIDIA Quadro NVS 160M (8 cores)

Core2 Duo P9600 (2 cores)
ATI Radeon HD 5870 (1600 cores)
2 x Xeon X5355 (8 cores)

e Nvidia Quadro FX 580 (32 cores)

Xeon X5550 (8 cores)
== Nvidia GeoForce 8600 GTS (32 cores)
Core2 Quad Q9550 (4 cores)

5 10

kernel size

15

20

= NVIDIA Quadro NVS 160M (8 cores)

Core2 Duo P9600 (2 cores)
== AT| Radeon HD 5870 (1600 cores)
=) x Xeon X5355 (8 cores)
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x64 multicore target benchmark for 2D convolver
(24 core server Xeon E7540)

S

= 6 core speedup

12 core speedup
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/\V v/ 18 core speedup
)4 core speedup

N\ ~\

5 10 15 20 25 30 35 40 45
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Width  Height |Iters JIT  Setup |Execute
1000, 1000 20 0.05 2.45 6.1
2000; 2000 20 0.05 2.4 24.25
3000, 3000 20 0.1 2.65 47.6
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Microsoft:

Research

0 E
] :
18
2n ¢

NEDBOSTH0BISZI

V5ZL0T60VY Y

II xn@
L]

I R

XD2000i FPGA in-socket XD2000F FPGA in-socket XD1000 FPGA co-processor
accelerator for Intel FSB accelerator for AMD socket F module for socket 940
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scientific computing
, data mining
opportunity search
Image processing
financial analytics

Verilog challenge
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2D Convolver
32-bit integer input data

32-bit integer coefficients
3 taps

Virtex-5 FPGA
XC5VLX50T-2

175 MHz

BRAM to BRAM
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36Kbits
BRAM 38,304

dual-ported

FPGA basic logic (LUTS)
DSP blocks ( current max 2016)
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FPA ConvolveX (Target &tgt, int height, int width, int filterSize,

b

float filter([], FPA input, float *resultArray)

// Convolve in X direction.

size t dims[] = {height,width};
FPA smoothX = FPA(0,dims, 2);
intptr t counts[] = {0,0};

int filterHalf = filterSize/2;
float scale;
for (int 1 = —-filterHalf; 1 <= filterHalf; i++)
{
counts[1l] = 1i;
scale = filter[1 + filterHalf];
smoothX += Shift (input, counts, 2) * scale;
}
tgt.ToArray (smoothX, resultArray, height, width,
width * sizeof (float));
return smoothX ;
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Mrom_addr_rom0000 i

Mrom_addr_rom00001 D

Madd_net_5_add00001 al Wsub_net_3_sub00001 i Mmuft_net_1_muit00001
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@ ChipScope Pro Analyzer [convolver_chipscope] (===
File View JTAG Chain Device Trigger Setup Waveform Window Help

®I>»mT| O PR pHE

— = 4
[Project: convolver_chipscope ¥l =} Trigger Setup - DEV:4 MyDevice4 (XC5VLX50T) UNIT:0 MylLAO (ILA)
DEV:3 MyDevice3 (System_ACE_CF) | M= - -
¢ DEV:4 MyDeviced (XC5VLXS0T) £ 5 lMatch LInit Function Qount?r
System Monitor Console o [ (=3 M0:TriggerPortd disabled
@ LINIT:O MylLAD (ILA) s
Trigger Setup ;q Trigger Condition Name Trigger Condition Equation
Waveform =4 TriggerCanditiond M0
Listing
T —— S| Type: [window Windows: 1 Depth: | 1024 Position:
Signals: DEV: 4 UNIT: 0 = -H |
[=
¢ Data Port @ | Storage Qualification: All Data
o= /net_53
o= [net_66_add0000 0
o /Result : @ Waveform - DEV:4 MyDeviced (XC5VLX50T) UNIT:0 MyILAO (ILA)
¢ Trigger Ports . i} 1 2 3 4 ] [i] Fi 8 9 10 11 12 13 14 15
& TriggerParto : SR e | I I I I I I I I | | | | | |
o /net 53 6312|6312 [ 319 ¥ 3ms2 ¥ 1846 % 91 % 263 4 G064 748 L 992 f 1144 f 942 % 699 ¥ GRS )(:]i
[d D« DT« i D]
X0 IIEHO:U Elj|e.{x-o::o
COMMAND: set_match_function 40003 1F
COMMAND: set_trigger_condition 4 0 3 1 5555
COMMAND: set_storage_condition 4 0 FFFF
COMMAMND: run 4 0
COMMAND: upload 4 0
INFQ - Device 4 Unit 0: Waiting for core to be armed

Upload
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// Compute grayscale
Target &tgt =
float* grayF

FPA
FPA
FPA
FPA
FPA
tgt

{

CreateDX9Target () ;
(float*) malloc(sizeof (float) * pixels) ;

red = FPA (redF, rectHeight, rectwWidth) ;

green = FPA(greenF, rectHeight, rectwWidth);

blue = FPA(blueF, rectHeight, rectWidth);

sum = Add (77 * red, Add (151 * green, 28 * blue)) ;
gray = Divide (sum, 256) ;

.ToArray(gray, grayF, rectHeight, rectWidth, rectWidth * sizeof (float));
// Update Photoshop image buffer

pixel = (uint8*)data;

for (int32 pixelY = 0; pixelY < rectHeight; pixelY++)

for (int32 pixelX

{

}

pixel

0; pixelX < rectWidth; pixelX++)

uint8 gray = (uint8) grayF[pixelX+pixelY*rectWidth] ;
pixel [0] = (uint8)gray ;
pixel[1l] (uint8)gray ;
pixel[2] = (uint8)gray ;
pixel = pixel + 3 ;
bigPixel++;
fPixel++;
dissolvet+;
if (maskPixel != NULL)
maskPixel++;

+= (dataRowBytes - 3*rectWidth);

bigPixel += (dataRowBytes / 2 - 3*rectWidth);
fPixel += (dataRowBytes / 4 - 3*rectWidth);
if (maskPixel != NULL)

maskPixel += (maskRowBytes - rectWidth);
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//Compute and store results
__syncthreads() ;
#pragma unroll
for (int 1 = ROWS HALO STEPS;
i < ROWS HALO STEPS + ROWS RESULT STEPS; i++) {
float sum = 0;

#pragma unroll
for (int j = —KERNEL RADIUS; ] <= KERNEL RADIUS; J++)
sum += c Kernel [KERNEL RADIUS - j] *
s Datal[threadIdx.y] [threadIdx.x + 1 * ROWS BLOCKDIM X + Jj];

d Dst[i * ROWS BLOCKDIM X] = sum;
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OPML GPGPU and x64 Multicore Programming with Accelerator from F# R3S 2.0
Atom 1.0
Microsoft recently released a preview of the Accelerator v2 GPU and x84 multicore programming system on Microsoft
Connect. This system provides a civilized level of abstraction for writing data-parallel programs that execute on GPUs Recent Posts
and multicore processors. An experimental FPGA target is under development. A C# implementation of &

convolver using Accelerator
Even on my low end graphics card | get pretty impressive performance results for the 2D convolver that is described mmr
in this blog. All § cores of my 64-bit Windows 7 workstation are also effectively exercised by the x64 multicore target, JA—Q—‘D—_
which exploits SIMD processor instructions and multithreading. | wond  t say anything about performance in this %@ﬁ%
blog post since what | want to focus on is how to use Accelerator from the 4 functional programming language. We X N

will work backwards by starting off with a complete implementation of a two dimensional convolver. Step by step we Pt VI bel stk ion el

. poem about F2
show how this convolver is expressed using Accelerator from F#. e

Programming with Accelerator

First here is the beautiful implementation of a two dimensional convolver. The rest of this post explains why this code from F#
works.
omen B iRt .
| open Microsoft.Parallelarrays Mo tags have been created or
[<EntryPoint>] used yet.
let main(args) =
Archives

/f Declare a filter kernel for the convolution
let testkernel = Array.map float32 [| 2; 5; 7; 25 3 |]

January 2010 (2
December 2009 (2

/f Specify the size of each dimension of the input array
let inputsize = 18

/f Create a pseudo-random number generator
let random = Random (22}

/f Declare a psueduo-input data array
let testbata = Array2b.init inputSize inputSize (fun i j -> float32 (random.Nextbouble() *
float (random.mMext(1, 12€))))

// Create an Accelerator float parallel array for the F# input array
use testarray = new FloatParallelArray(testpata)

/I Declare & function to convolve in the X or Y direction
let rec convolve (shifts : int -> int [])} (kernel : fleat32z []) i (a : FleatParallelarray)
= let e = kernel.[1i] * ParallelArrays.Shift(a, shifts 1)
if i = @ then
e
else
e + convolve shifts kernel (i-1) a

/f Declare a 2D convalver
let convelveXy kernel input
= // First convolve in the X direction and then in the ¥ direction
let convolveX = convelve (fun i -> [| -i; @ |1) kernel (kernel.Length - 1) input
let convolveY = convolve (fun i -» [| @; -i |]) kernel (kernel.Length - 1) convolvex
comunluey

Done & & Internet | Protected Mode: On A v ®10% -
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MSR Accelerator vZ Home MSR Accelerator v2
Diownloads

Feedback The MSR Accelerator v2 preview build is available for download.

Mewsgroups
What is Accelerator?

Accelerator is a high-level data parallel array-processing library which uses the parallel processing capabilities of a GPU or
multi-core CPU to accelerate execution. Accelerator v1 was released to the MSR Web site in October 2006 and has been
periodically updated since then. Accelerator v2 is an MSR incubation project whose goal is to validate the architecture and API
approach with high quality engineering sufficient to gather real-world usage data.

What's in Accelerator v27?

Accelerator v2 builds on Accelerator v1's programming model and adds features that were commonly requested by Accelerator
vl users. Mew functionality includes:

Accelerator v2 is written as a native-code C++ library with a managed APl wrapper
Execution on x64 multicore CPUs and DX9 GFPUs

Extensible HVW target interface enabling support for execution on new devices

Ability to execute on multiple devices within a single Accelerator instance

If vau have a question or feedback about the MSR Accelerator v2 oreview build. olease contact us via one of the



