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Our High Level Synthesis Projects
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1. Kiwi: Multi-threaded Models in C#



2. Synthesis of C Programs using the 
Heap for Dynamic Data Structures



3. Synthesis of a data-parallel 
DSL in C++
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The Accidental Semi-colon
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public static int max2(int a, int b)
{ int result;
if (a > b)
result = a;

else
result = b;

return result;
}

.method public hidebysig static 
int32 

max2(int32 a,
int32 b) cil managed

{
// Code size       12 (0xc)
.maxstack 2
.locals init ([0] int32 result)
IL_0000:  ldarg.0
IL_0001:  ldarg.1
IL_0002:  ble.s IL_0008

IL_0004:  ldarg.0
IL_0005:  stloc.0
IL_0006:  br.s IL_000a

IL_0008:  ldarg.1
IL_0009:  stloc.0
IL_000a:  ldloc.0
IL_000b:  ret

}

max2(3, 7)

stack

local memory

0

3

7

7

7



Writing to a Channel

public class Channel<T>

{

T datum;

bool empty = true;

public void Write(T v)

{

lock (this)

{

while (!empty)

Monitor.Wait(this);

datum = v;

empty = false;

Monitor.PulseAll(this);

}

}



Reading from a Channel

public T Read()

{

T r;

lock (this)

{

while (empty)

Monitor.Wait(this);

empty = true;

r = datum;

Monitor.PulseAll(this);

}

return r;

}





public static void Consumer()

{

while (true)

{

int i = chan1.Read();

chan2.Write(2 * i);

Kiwi.Pause();

}

}

public static void Producer()

{

for (int i = 0; i < 10; i++)

{

chan1.Write(i);

Kiwi.Pause();

}

}



public static void Behaviour()

{

Thread ProducerThread = new Thread(new ThreadStart(Producer));

ProducerThread.Start();

Thread ConsumerThread = new Thread(new ThreadStart(Consumer));

ConsumerThread.Start();



Filter Example

thread one-place
channel





public static int[] SequentialFIRFunction(int[] weights, int[] input)

{

int[] window = new int[size];

int[] result = new int[input.Length];

// Clear to window of x values to all zero.

for (int w = 0; w < size; w++)

window[w] = 0;

// For each sample...

for (int i = 0; i < input.Length; i++)

{

// Shift in the new x value

for (int j = size - 1; j > 0; j--)

window[j] = window[j - 1];

window[0] = input[i];

// Compute the result value

int sum = 0;

for (int z = 0; z < size; z++)

sum += weights[z] * window[z];

result[i] = sum;

}

return result;

}



Transposed Filter



static void Tap(int i, byte w, 

Kiwi.Channel<byte> xIn, 

Kiwi.Channel<int> yIn, 

Kiwi.Channel<int> yout)

{

byte x;

int y;

while(true)

{

y = yIn.Read();

x = xIn.Read();

yout.Write(x * w + y);

}

}



// Connect up the taps for a transposed filter

for (int i = 0; i < size; i++)

{

int j = i; // Quiz: why do we need the local j?

Thread tapThread = new Thread(delegate() { Tap(j, weights[j], 

Xchannels[j], 

Ychannels[j], 

Ychannels[j+1]); });

tapThread.Start();

}



2. Synthesis of dynamic data structures 
in C programs
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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.ToArray1D (z))

Console.Write(i + " ");
Console.WriteLine();

}
}

}



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.ToArray1D (z))

Console.Write(i + " ");
Console.WriteLine();

}
}

}



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 + y;
fpgaTarget.ToArray1D (z) ;

}
}

}



open System
open Microsoft.ParallelArrays
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 dx9Target = new DX9Target()
let zv = dx9Target.ToArray1D(z)
printf "%A\n" zv
0



Expression Graphs

FPA pa = new FPA(bitmap);

// Convolve in X direction

FPA rX = new FPA(0, pa.Shape);

for (int i = 0; i < kernel.Length; i++)

{

rX += PA.Shift(pa, 0, i) * kernel[i];

}
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public static int[] SequentialFIRFunction(int[] weights, int[] input)

{

int[] window = new int[size];

int[] result = new int[input.Length];

// Clear to window of x values to all zero.

for (int w = 0; w < size; w++)

window[w] = 0;

// For each sample...

for (int i = 0; i < input.Length; i++)

{

// Shift in the new x value

for (int j = size - 1; j > 0; j--)

window[j] = window[j - 1];

window[0] = input[i];

// Compute the result value

int sum = 0;

for (int z = 0; z < size; z++)

sum += weights[z] * window[z];

result[i] = sum;

}

return result;

}



y = [y[0], y[1], y[2], y[3], y[4], y[5], y[6], y[7]]

y[0] = a[0]x[0] + a[1]x[-1] + a[2]x[-2] + a[3]x[-3] + a[4]x[-4]
y[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[0]
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]
y[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], y[5], 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]]



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]



y = [y[0], y[1], y[2], y[3], y[4], y[5], 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]]

y = a[0] * shift (x, 0) + 
a[1] * shift (x,  -1) + 
a[2] * shift (x, -2) + 
a[3] * shift (x,  -3) + 
a[4] * shift (x, -4)





using Microsoft.ParallelArrays;
using A = Microsoft.ParallelArrays.ParallelArrays;
namespace AcceleratorSamples
{

public class Convolver
{

public static float[] Convolver1D(Target computeTarget, 
float[] a, float[] x)

{
var xpar = new FloatParallelArray(x);
var n = x.Length;
var ypar = new FloatParallelArray(0.0f, new [] { n });
for (int i = 0; i < a.Length; i++)

ypar += a[i] * A.Shift(xpar, -i);
float[] result = computeTarget.ToArray1D(ypar);
return result;

}
}

}

for (int i = 0; i < a.Length; i++)
ypar += a[i] * A.Shift(xpar, -i);



using Microsoft.ParallelArrays;

using A = Microsoft.ParallelArrays.ParallelArrays;

namespace AcceleratorSamples

{

public class Convolver

{

public static float[,] Convolver1D_2DInput

(Target computeTarget, float[] a, float[,] x)

{

var xpar = new FloatParallelArray(x);

var n = x.GetLength(0);

var m = x.GetLength(1);

var ypar = new FloatParallelArray(0.0f, new [] { n, m });

var shiftBy = new [] { 0, 0 };

for (var i = 0; i < a.Length; i++)

{

shiftBy[1] = -i;

ypar += a[i] * A.Shift(xpar, shiftBy);

}

var result = computeTarget.ToArray2D(ypar);

return result;

}

}

}

var shiftBy = new [] {0, 0} ;
for (var i = 0; i < a.Length; i++)
{

shiftBy[1] = -i;
ypar += a[i] * A.Shift(xpar, shiftBy);

}





using System;
using Microsoft.ParallelArrays;
namespace AcceleratorSamples
{

public class Convolver2D
{

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

{
FloatParallelArray e = kernel[i] * ParallelArrays.Shift(a, shifts(i));
if (i == 0)

return e;
else

return e + convolve(shifts, kernel, i - 1, a);
}
static FloatParallelArray convolveXY(float[] kernel, FloatParallelArray input)
{

FloatParallelArray convolveX
= convolve(i => new [] { -i, 0 }, kernel, kernel.Length - 1, input);

return convolve(i => new [] { 0, -i }, kernel, kernel.Length - 1, convolveX);
}
static void Main(string[] args)
{

const int inputSize = 10;
var random = new Random(42);
var inputData = new float[inputSize, inputSize];
for (int row = 0; row < inputSize; row++)

for (int col = 0; col < inputSize; col++)
inputData[row, col] = (float)random.NextDouble() * random.Next(1, 100);

var testKernel = new float[]{2, 5, 7, 4, 3} ;
var dx9Target = new DX9Target();
var inputArray = new FloatParallelArray(inputData);
var result = dx9Target.ToArray2D(convolveXY (testKernel, inputArray));
for (var row = 0; row < inputSize; row++)
{

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

Console.WriteLine();
}

}
}

}

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

{
FloatParallelArray e = kernel[i] * 

ParallelArrays.Shift(a, shifts(i));
if (i == 0)
return e;

else
return e + convolve(shifts, kernel, i - 1, a);

}

static FloatParallelArray convolveXY(float[] kernel, 
FloatParallelArray input)

{
FloatParallelArray convolveX
=    convolve(i => new [] { -i, 0 }, kernel, 

kernel.Length - 1, input);
return convolve(i => new [] { 0, -i }, kernel, 

kernel.Length - 1, convolveX);
}



using System;
using System.Linq;
using Microsoft.ParallelArrays;
namespace AcceleratorSamples
{

static class Convolver2D
{

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

{
return kernel

.Select((k, i) => k * ParallelArrays.Shift(a, shifts(i)))

.Aggregate((a1, a2) => a1 + a2);
}
static FloatParallelArray convolveXY(this FloatParallelArray input, float[] kernel)
{

return input
.convolve(i => new[] { -i, 0 }, kernel)
.convolve(i => new[] { 0, -i }, kernel);

}
static void Main(string[] args)
{

const int inputSize = 10;
var random = new Random(42);
var inputData = new float[inputSize, inputSize];
for (int row = 0; row < inputSize; row++)

for (int col = 0; col < inputSize; col++)
inputData[row, col] = (float)random.NextDouble() * random.Next(1, 100);

var testKernel = new[] { 2F, 5, 7, 4, 3 };
var dx9Target = new DX9Target();
var inputArray = new FloatParallelArray(inputData);
var result = dx9Target.ToArray2D(inputArray.convolveXY(testKernel));
for (var row = 0; row < inputSize; row++)
{

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

Console.WriteLine();
}

}
}

}

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

{ return kernel
.Select((k, i) => k * ParallelArrays.Shift(a, shifts(i)))
.Aggregate((a1, a2) => a1 + a2);

}

static FloatParallelArray convolveXY(this FloatParallelArray input, 
float[] kernel)

{ return input
.convolve(i => new[] { -i, 0 }, kernel)
.convolve(i => new[] { 0, -i }, kernel);

}



FPA ConvolveXY(Target &tgt, int height, int width, int filterSize, float filter[], FPA input, float *resultArray) 

{

// Convolve in X (row) 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 i = -filterHalf; i <= filterHalf; i++) 

{

counts[0] = i;

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 i = -filterHalf; i <= filterHalf; i++) 

{

counts[1] = i;

scale = filter[filterHalf + i];

result += Shift(smoothX, counts, 2) * scale;

}

tgt.ToArray(result, resultArray, height, width, width * sizeof(float));

return smoothX ;

};



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 random = Random (42)

// Declare a psueduo-input data array
let testData = Array2D.init inputSize inputSize (fun i j -> float32 (random.NextDouble() * 

float (random.Next(1, 100)))) 

// Create an Accelerator float parallel array for the F# input array
use testArray = new FloatParallelArray(testData)
// Declare a function to convolve in the X or Y direction
let rec convolve (shifts : int -> int []) (kernel : float32 []) i (a : FloatParallelArray)

= let e = kernel.[i] * ParallelArrays.Shift(a, shifts i) 
if i = 0 then

e
else

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; 0 |]) kernel (kernel.Length - 1) input
let convolveY = convolve (fun i -> [| 0; -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

let convolveXY kernel input
= // First convolve in the X direction and then in Y
let convolveX = convolve (fun i -> [| -i; 0 |]) kernel 

(kernel.Length - 1) input
let convolveY = convolve (fun i -> [| 0; -i |]) kernel 

(kernel.Length - 1) convolveX
convolveY
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Convolver





8.249ns max delay
3 x DSP48Es
63 slice registers
24 slice LUTs





















// Compute grayscale

Target &tgt = CreateDX9Target(); 

float* grayF = (float*) malloc(sizeof(float) * pixels) ;

FPA red = FPA(redF, rectHeight, rectWidth) ; 

FPA green = FPA(greenF, rectHeight, rectWidth);

FPA blue = FPA(blueF, rectHeight, rectWidth);

FPA sum = Add (77 * red, Add (151 * green, 28 * blue)) ;

FPA gray = Divide (sum, 256) ;

tgt.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 = 0; pixelX < rectWidth; pixelX++)

{

uint8 gray = (uint8) grayF[pixelX+pixelY*rectWidth] ;

pixel[0] = (uint8)gray ;

pixel[1] = (uint8)gray ;

pixel[2] = (uint8)gray ;

pixel = pixel + 3 ;

bigPixel++;

fPixel++;

dissolve++;

if (maskPixel != NULL)

maskPixel++;

}

pixel += (dataRowBytes - 3*rectWidth);

bigPixel += (dataRowBytes / 2 - 3*rectWidth);

fPixel += (dataRowBytes / 4 - 3*rectWidth);

if (maskPixel != NULL)

maskPixel += (maskRowBytes - rectWidth);

}



CUDA

//Compute and store results

__syncthreads();

#pragma unroll

for(int i = ROWS_HALO_STEPS; 

i < ROWS_HALO_STEPS + ROWS_RESULT_STEPS; i++){

float sum = 0;

#pragma unroll

for(int j = -KERNEL_RADIUS; j <= KERNEL_RADIUS; j++)

sum += c_Kernel[KERNEL_RADIUS - j] * 

s_Data[threadIdx.y][threadIdx.x + i * ROWS_BLOCKDIM_X + j];

d_Dst[i * ROWS_BLOCKDIM_X] = sum;

}







Search for “Microsoft Accelerator V2”



let rec bsort n =

match n with

1 -> sort2

| n -> two (bsort (n-1)) >-> sndList rev >-> bfly sort2 n
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A Heterogeneous Future




