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4YT0o 6bIN0 paHbLUE

https://github.com/google/skia

https://github.com/mono/SkiaSharp
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Y10 Takoe SIMD?

Single Instruction Multiple Data

Scalar Operation SIMD Operation
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CKanapHble TUNbI B X36-64

8 6ut — byte.

16 6ut — short (WORD).

32 6uTta —int, float (DWORD).

64 6uta — long, double (QWORD).




SIMD B x86-64

SSE

128 6ut — Vector128, 2x long, 2x double, 4x int, 4x float, 8x short, 16x byte.

AVX

256 6ut — Vector256, 4x long, 4x double, 8x int, 8x float, 16x short, 32x byte.
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Intrinsics / IHTPUHCUKM @

* System.Runtime.Intrinsics
* System.Runtime.Intrinsics.X86
* System.Runtime.lntrinsics.Arm

* System.Numerics
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Intrinsics / IHTPUHCUKM

/// <summary>
& /// _m2561i _mm256_avg_epu8 (__m256i a, _ m256i b)
Asm [ /] VPAVGB ymm, ymm, ymm/m256

/// </summary>

public static Vector256<byte> Average(Vector256<byte> left, Vector256<byte> right)
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https://www.intel.com/content/www/us/en/docs/intrinsics-guide/index.html

_ _m2561i mm256 avg epu8 ( m256i a,  m256i b)

Synopsis

__m2561 mm256 avg epu8 (_ m2561i a, _ m256i b)
$include <immintrin.h>

Instruction: vpavgb ymm, ymm, ymm
CPUID Flags: AVX2

Description
Average packed unsigned 8-bit integers in a and b, and store the results in dst.

Operation

FOR j := 0 to 31

i := J*8

dst[i+7:1] := (a[i+7:1] + b[i+7:1] + 1) >> 1
ENDFOR
dst [MAX:256] := 0

Performance

Architecture Latency Throughput (CPI)

Icelake 1 0.5
Skylake 1 0.5
Broadwell ( 0.5

Haswell 1 0.5


https://www.intel.com/content/www/us/en/docs/intrinsics-guide/index.html

/// <summary>

/// __ml281 _mm_max (_ml28i a, _ ml28i b)

T PMAXUB xmm, xmm/ml128

/// </summary>

public static Vectorl28<byte> Max(Vectorl28<byte> left, Vectorl28<byte> right)

/// <summary>

/// __ml281 _mm_max (_ml28i a, _ ml128i b)

Ty ) PMAXSW xmm, xmm/ml128

/// </summary>

public static Vectorl28<short> Max(Vectorl28<short> left, Vectorl28<short> right)

/// <summary>

/// __m128d _mm_maxJpd] (__ m128d a, _ m128d b)

///  MAXPD xmm, xmm/ml1l28

/// </summary>

public static Vectorl28<double> Max(Vectorl28<double> left, Vectorl28<double> right)
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Intrinsics / IHTPUHCUKM e

public Vector256<byte> Average(Vector256<byte> a, Vector256<byte> b)
{

return Avx2.Average(a, b);

C.Average(System.Runtime.Intrinsics.Vector256 1<Byte>,
vzeroupper
vmovupd ymmO, [esp+0x24]
|vpavgb|ymm0, ymmO, [esp+4]
vmovupd [edx], ymm@
vzeroupper
ret 0x40
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Hello, World!

public static int SumLinqg(int[] array)
{

return array.Sum();

}

public static int SumForLoop(int[] array)
{

var sum = 9;
for (var i = @; i < array.Length; i++)
sum += array[i];

return sum;
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Hello, World!

SSE

128 6uTt — Vector128, 2x long, 2x double, 4x int, 4x float, 8x short, 16x byte.




Hello, World!

pomter

sum [ R 5 7|17|6.6 13|21|8 |12

result=13+21+8+12+8+9=71
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Hello, World!

public static |unsafe|int SumSse2(int[] array)
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Hello, World!

fixed (int* pointer

array)
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Hello, World!

var sum = Vectorl28<int>.Zero;

var lastIndex

array.Length - array.Length % 4;
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Hello, World!

for (var 1 = 0; i < lastIndex; i += 4)

{
sum = Sse2.Add(sum, Sse2.LoadVectorl28(pointer + 1i));

}
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Hello, World!

var result =
sum.GetElement(0) +
sum.GetElement(1l) +
sum.GetElement(2) +
sum.GetElement(3);
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Hello, World!

for (var i = lastIndex; i < array.Length; i++)

{

result += pointer[i];

}
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public static unsafe int SumSse2(int[] array)

{

fixed (int* pointer = array)

{
var sum = Vectorl28<int>.Zero;
var lastIndex = array.Length - array.Length % 4;
for (var i = 0; i < lastIndex; i += 4)
{

Isum = Sse2.Add(sum, Sse2.lLoadVectorl28(pointer + i));l
}
var result = sum.GetElement(©) + sum.GetElement(l) + sum.GetElement(2) + sum.GetElement(3);
for (var i = lastIndex; i < array.Length; i++)
{
result += pointer[i];

}
return result;

}
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public static unsafe int SumAvx2(int[] array)

{

fixed (int* pointer = array)

{
var sum = Vector256kint>.Zero;

var lastIndex = array.Length - array.Length %

for (var i = @; i < lastIndex; i +=

{
sum =Add(sum, LoadVectopointer + 1)):

var result = sum.GetElement(®) + sum.GetElement(1l) + sum.GetElement(2) + sum.GetElement(3)

|+ sum.GetElement(4) + sum.GetElement(5) + sum.GetElement(6) + sum.GetElement(7);]

for (var i = lastIndex; i < array.Length; i++)

result += pointer[i];

return result;



public static int Sum(int[] array)

{
if (Avx2.IsSupported)

{

return SumAvx2(array);

}
else if (Sse2.IsSupported)

{

return SumSse2(array);

¥

else

{

return SumForLoop(array);

¥
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Hello, World!

Method
Sum_Ling
Sum_ForLoop
Sum_Sse?2

Sum_Avx2

Mean
2,905.27 ps
216.64 us
109.24 ps
55.83 us

Error
16.569 ps
1.528 ps
0.757 ps
0.539 ps

StdDev
15.499 ps
1.355 ps
0.708 us
0.478 pus

Ratio
1.00
0.07
0.04
0.02

Improve
1.00
13.41
26.60
52.06



[ Blur
OpurnHan Erosion

i - — - s —i.'

TEYATE IDeeh

Costava, Jarj

B 193,59
B

FTY
S RecTEuRr

B zev3lia.

COBRRASTAM
12534Y=0KOK

29



CTpyKTYypa M3obparkeHus
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DUNBLTP Erosion

32



PunbTp Erosion
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[Ba npoxoaa O(N x W)

PP 357 | W 0 L T b L

Castave, Jarj

[ NErxER
=

1Y ‘
S Recryer ) |
B zev3lia.)

COBRASTAM

1253Y=0KDK

34



BepTnKanbHbIM Npoxoa




BepTnKanbHbIM Npoxoa

for (var i = radius; 1 < image.Height - radius - 1; i++)

{

var middle

(uint*)middleBuffer + (i - radius) * image.Width;

var output = (uint*)outputBuffer + image.Width * 1i;
for (var j = 0; j < image.Width; j += 4)

{

ErodeVertical(middle, output, image.Width, windowSize);
middle += 4;
output += 4;
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BepTnKanbHbIM Npoxona

[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinKa: 1
private static unsafe void ErodeVertical(uint* input, uint* output, int stride, int size)

1
var min = Sse2.lLoadVectorl28(input).AsByte();
for (var 1 = 1; i < size; i++)

{
min = Sse2.Min(min, Sse2.lLoadVectorl128(input += stride).AsByte());

}
Sse2.Store(output, min.AsUInt32());
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BepTnKanbHbIM Npoxona

[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinKa: 1
private static unsafe void ErodeVertical(uint* input, uint* output, int stride, int size)

{

var min = Sse2.lLoadVector128(input) JAsByte()f;
for (var 1 = 1; i < size; i++)

{

min = Sse2.Min(min, Sse2.lLoadVectorl128(input += stride).AsByte());

}
Sse2.Store(output, min.AsUInt32());
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BepTnKanbHbIM Npoxona

[[MethodImpl(MethodImplOptions.AggressiveInlining)]|

ccbinka: 1

private static unsafe void ErodeVertical(uint* input, uint* output, int stride, int size)

{

var min = Sse2.lLoadVectorl28(input).AsByte();
for (var 1 = 1; i < size; i++)

{

min = Sse2.Min(min, Sse2.lLoadVectorl128(input += stride).AsByte());
}

Sse2.Store(output, min.AsUInt32());

39



[OPWU30HTaNbHbIM MPOXOL,
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[OPW30OHTa/IbHbIV NPOXOA
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[OPWU30HTaNbHbIM MPOXOL,

for(var 1 = 9; i < image.Height; i++)
{
var input = (uint*)inputBuffer + image.Width * i;
var middle = (uint*)middleBuffer + image.Width * i + radius;

for(var j = radius; j < image.Width - radius; j++)

{

ErodeHorizontal(input, middle, windowSize);
input++;
middle++;
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[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinKka: 1
private static unsafe void ErodeHorizontal(uint* input, uint* output, int size)

{
var min = Sse2.lLoadVectorl28(input).AsByte();
var reminder = size - 4;
fop (var 1 = 1; 1 < size J 4; 1i:)

input += 4;
min = Sse2.Min(min, Sse2.lLoadVectorl128(input).AsByte());
reminder -= 4;

}

min = Sse2.Min(min, Sse2.lLoadVectorl28(input + reminder).AsByte());
min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), ©ob_10 11 00 01).AsByte());

min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), @b 01 00 11 10).AsByte());
output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinKka: 1
private static unsafe void ErodeHorizontal(uint* input, uint* output, int size)

{

var min = Sse2.lLoadVectorl28(input).AsByte();
var reminder = size - 4;

for (var 1 = 1; 1 < size J 4; itt)

input += 4;
min = Sse2.Min(min, Sse2.lLoadVectorl128(input).AsByte());
reminder -= 4;

}

min = Sse2.Min(min, Sse2.lLoadVectorl28(input + reminder).AsByte());

min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), ©ob_10 11 00 01).AsByte());
min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), ©ob 01 00 11 10).AsByte());
output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinKka: 1
private static unsafe void ErodeHorizontal(uint* input, uint* output, int size)

{
var min = Sse2.lLoadVectorl28(input).AsByte();
var reminder = size - 4;
for (var 1 = 1; 1 < size J 4; itt)

input += 4;
min = Sse2.Min(min, Sse2.lLoadVectorl128(input).AsByte());
reminder -= 4;

}

min = Sse2.Min(min, Sse2.lLoadVectorl28(input + reminder).AsByte());

min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), ©ob_10 11 00 01).AsByte());
min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), ©ob 01 00 11 10).AsByte());
output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinKka: 1
private static unsafe void ErodeHorizontal(uint* input, uint* output, int size)

{
var min = Sse2.lLoadVectorl28(input).AsByte();
var reminder = size - 4;
fop (var 1 = 1; 1 < size J 4; 1i:)

input += 4;
min = Sse2.Min(min, Sse2.lLoadVectorl128(input).AsByte());
reminder -= 4;

}

min = Sse2.Min(min, Sse2.lLoadVectorl28(input + reminder).AsByte());

min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), |ob_10 11 00 01) .AsByte());
min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), |ob 01 00 11 10) .AsByte());
output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinKka: 1
private static unsafe void ErodeHorizontal(uint* input, uint* output, int size)

{
var min = Sse2.lLoadVectorl28(input).AsByte();
var reminder = size - 4;
fop (var 1 = 1; 1 < size J 4; 1i:)

input += 4;
min = Sse2.Min(min, Sse2.lLoadVectorl128(input).AsByte());
reminder -= 4;

}

min = Sse2.Min(min, Sse2.lLoadVectorl28(input + reminder).AsByte());

©ob_11 10 01 00
min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), eb_le_ll_ee_elt.AsByte());
min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), |ob 01 00 11 10) .AsByte());
output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinka: 1
private

{

var
var
for

{

min

min
min

static unsafe void ErodeHorizontal(uint* input, uint* output, int size)

min = Sse2.lLoadVectorl28(input).AsByte();
reminder = size - 4;
(var 1 = 1; i < size /:4; itt)

input += 4;
min = Sse2.Min(min, Sse2.lLoadVectorl128(input).AsByte());
reminder -= 4;

= Sse2.Min(min, Sse2.LoadVectorl28(input + reminder).AsByte());

= Sse2.Min(min, Sse2.Shuffle(min.AsInt32(),
= Sse2.Min(min, Sse2.Shuffle(min.AsInt32(),

output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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[MethodImpl(MethodImplOptions.AggressiveInlining)]

ccbinKka: 1
private static unsafe void ErodeHorizontal(uint* input, uint* output, int size)

{
var min = Sse2.lLoadVectorl28(input).AsByte();
var reminder = size - 4;
fop (var 1 = 1; 1 < size J 4; 1i:)

{
input += 4;
min = Sse2.Min(min, Sse2.lLoadVectorl28(input).AsByte());
reminder -= 4;

}

min = Sse2.Min(min, Sse2.lLoadVectorl28(input + reminder).AsByte());

©ob_11 10 Q1 Q0
min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), |ob_10 01) .AsByte());
min = Sse2.Min(min, Sse2.Shuffle(min.AsInt32(), |ob 01 00 11 10) .AsByte());
output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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PesynbTaT

Method Mean Error StdDev Median Ratio Improve
Erode_Skia  40.595ms 0.9942ms 0.6576 ms  40.675 ms 1.00 1,00

Erode_Sse 6.900ms 0.3608 ms  0.1887 ms 6.893 ms 0.17 5,87
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1for (var i = radius; i < image.Height - radius - 1; i++)

{

var middle = (uint*)middleBuffer + (i - radius) * image.Width;
var output = (uint*)outputBuffer + image.Width * i;
2 for (var j = @; j < image.Width; j += 4)

{
ErodeVertical(middle, output, image.Width, windowSize);
middle += 4;
output += 4;
}
}
CCbinKa: 1

private static unsafe void ErodeVertical(uint* input, uint* output, int stride, int size)

{
var min = Sse2.lLoadVectorl28(input).AsByte();

Jfor (var 1 = 1; i < size; i+t+)

{

min = Sse2.Min(min, Sse2.LoadVectorl28(input += stride).AsByte());

}
Sse2.Store(output, min.AsUInt32());
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Branch (mis)prediction

Waiting
instructions

Stage 1: Fetch
Stage 2: Decode

Stage 3: Execute

Pipeline
A

Stage 4: Write-back

-

1

2

Clock cycle

3

4

5

6

7

8

Completed
instructions
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private

1
var
min
min
min
min
min
min
min
min
min
min
min
min
min
min

static unsafe void ErodeVertical(uint* input, uint*

min = Sse2.lLoadVectorl128(input).AsByte();
.LoadVectorl128(input
5s6€2.
.LoadVectorl128(input
SSe2.

Sse2
Sse2
Sse2
Sse2
Sse2
Sse2
Sse2
Sse2
Sse2
Sse2
Sse2
Sse2
Sse2
Sse2

.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,
.Min(min,

Sse2

Sse2

Sse2

Sse2

Sse2

Sse2

LoadVectorl128(input

LoadVectorl128(input

.LoadVectorl128(input
Ssel.
5Se2.
55e2.
Ssez.
.LoadVectorl28(input
5se2.

LoadVectorl28(input
LoadVectorl28(input
LoadVectorl128(input
LoadVectorl28(input

LoadVectorl128(input

.LoadVectorl28(input
Ssez.
.LoadVectorl28(input

LoadVectorl128(input

Sse2.Store(output, min.AsUInt32());

output, int stride)

+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte()); ¢/~ 15
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte());
+= stride).AsByte()); _
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private

{

var
min
min
min
min
min

static unsafe void ErodeHorizontal(uint* input, uint* output)

min = Sse2.lLoadVectorl28(input).AsByte(); // ©-3

Sse2.Min(min,
Sse2.Min(min,
Sse2.Min(min,
Sse2.Min(min,
Sse2.Min(min,

Sse2.LoadVectorl28(input += 4).AsByte()); // 4-7
Sse2.lLoadVectorl28(input += 4).AsByte()); // 8-11
Sse2.lLoadVectorl28(input += 3).AsByte()); // 11-14
Sse2.Shuffle(min.AsInt32(), ©ob _10 11 00 01).AsByte());
Sse2.Shuffle(min.AsInt32(), ©b 01 00 11 10).AsByte());

output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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private

{

var
min
min
min
min
min

static unsafe void ErodeHorizontal(uint* input, uint* output)

min = Sse2.lLoadVectorl28(input).AsByte(); // ©-3

Sse2.Min(min,
Sse2.Min(min,
Sse2.Min(min,
Sse2.Min(min,
Sse2.Min(min,

Sse2.LoadVectorl28(input += 4).AsByte()); // 4-7
Sse2.lLoadVectorl28(input += 4).AsByte()); // 8-11
Sse2.LoadVectorl28(input +=.AsByte()); // 11-14
Sse2.Shuffle(min.AsInt32(), ©ob _10 11 00 01).AsByte());
Sse2.Shuffle(min.AsInt32(), ©b 01 00 11 10).AsByte());

output[@] = Sse2.ConvertToUInt32(min.AsUInt32());
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PesynbTaT

Method
Erode_Skia
Erode_Sse
Erode_Ssel5

Mean
40.595 ms
6.900 ms
5.789 ms

Error
0.9942 ms
0.3608 ms
0.3542 ms

StdDev
0.6576 ms
0.1887 ms

0.2343 ms

Median
40.675 ms
6.893 ms
5.766 ms

Ratio
1.00
0.17
0.14

Improve
1,00
5,87
7,03
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DUALTP Blur
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PunbTp Blur

* B HanBHoM nmnnemeHtaumm O(N x W?2)
* MoxKeT bbITb pa3aenéH Ha agBa npoxoga no O(N x W)
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dunbTp Blur

e CBEpPTKA AMNCKpeTHbIM npeobpasoBaHmem Pypbe: O(N log(N))

:EXAE DAREPEHD

e =i
a4 TTEYATD 3IDech

Costawva, Jarj;

g2 530
B py
BECTE

T Br
BN zr3 .Hcr -1

COBRASTAM
1234~ KOk




OunbTp Blur

e Annpokcnmauma nmnynbcHoim punbtpom: O(N)

yln] = y'[n] + a0 xx|[n] + al*x|[n — 1] — bl xy|n — 1] — b2 x y[n — 2]
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dunbTp Blur

* AnnpoKkcumauma yepes Tpu Box Blur: O(N + W)

OpuruHan Box blur x1

Costava, Jor)
MS 5N

Costave, Jarj)
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Box blur x3

Box blur x2
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Gaussian blur
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CpeaHee B KosbLEBOM bydepe
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[leneHne yepes yMHOXeHMe N CABUT

[lpnmep B 4€CATUYHOM BuAe

X /125 <> X - 0.008 < X - 8 - (0.001)
1672 /125 < 1672 - 0.008 <> 1672 - 8 - (0.001) < 13

dopmyna

[Mocuntaem 3apaHee: W = Round((1/ M) - (1 << 32))
MOXHO YMHOKaTb: X/ M & (X - W) >> 32



Sse4l.ConvertToVectorl28Int32(address).AsUInt32();

R|c|B|A R|G|B]|A

o|o|o|R o|o|o|G o|o|o|B o|0|0]A
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Sse2.Multiply(a, b);

H XI

Sse2.ShiftRightLogical(vector, 32);

0 G-W>>32 0

67



R-W>>32

AsUInt32()

He Ba)XHO B-W>>32

He Ba)xHO
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G-W>>32

He BaXXHO B-W>>32 He Ba)XHO

Sse4l.Blend(vectorl, vector2, obll 00 11 00);
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Ssedl.PackUnsignedSaturate(vector, vector).AsIntl6();

TS N

Sse2.PackUnsignedSaturate(vector, vector);

G o« c o lix G o icc o
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PesynbTaT

Method Mean Error StdDev Median Ratio RatioSD Improve
Blur_Skia 18.991 ms 1.5311 ms 0.9111 ms 19.084 ms 1.00 0.00 1,00
Blur_Sse 18.983 ms 1.1705 ms 0.6966 ms 19.286 ms 1.00 0.06 1,00



[TpoBan?



LUlax n maT, onTUMU3NCTbI !

void twice(int® num) {
num[{@8] = num[8] + num[6];

}

twice(int®): # @twice(int¥®)
shl dword ptr [rdi]
ret
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LUlax n maT, onTUMU3NCTbI !

void twice(int* num) {

num[{8] = num[8] + num[&];
num[{1] = num[1] + num[1];
num[2] = num[2] + num[2];
num{3] = num[3] + num[3];

twice(int®): # @twice(int¥®)
movdqu xmm@, xmmword ptr [rdi]
paddd xmm8&, xmmé
movdqu xmmword ptr [rdi], xmm@
ret
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LUlax n maT, onTUMU3NCTbI !

void twice(int* num) {

h

num[8] = num[8] + num[@];
num[1] = num[1] + num[1];
num[2] = num[2] + num[2];
num[3] = num[3] + num[3];
num[4] = num[4] + num[4];
num[5] = num[5] + num[5];
num[6] = num[6] + num[6];
num[7] = num[7] + num[7];

twice(int*): # @twice(int¥®)

vmovdqu ymm@, ymmword ptr [rdi]
vpaddd ymm@, ymm@, ymmo

vmovdqu ymmword ptr [rdi], ymme
vzeroupper

ret



[Tlepesoamm Ha AVX2!



PesynbTaT

Method
Blur_Skia
Blur_Sse
Blur_Avx2

Mean
18.991 ms
18.983 ms

9.839 ms

Error StdDev Median Ratio
1.5311 ms 0.9111 ms 19.084 ms 1.00
1.1705 ms 0.6966 ms 19.286 ms 1.00
0.6057 ms 0.4006 ms 9.873 ms 0.52

[louyTn B ABa pa3a?

RatioSD
0.00
0.06
0.02

Improve
1,00
1,00
1,93



HacToTHOE noBeaeHue

Turbo Frequency/Active Cores

3,700 MHz 3,600 MHz 3,600 MHz 3,600 MHz 3,600 MHz 3,600 MHz 3,600 MHz 3,600 MHz 3,600 MHz

Mode Base
1 2 3 4
Normal 3,000 MHz
AVX2 3,900 MHz 3,900 MHz 3,700 MHz
AVX512 3,700 MHz 3,700 MHz 3,500 MHz 3,500 MHz

10

11

12

13

14

3,900 MHz

3,900 MHz
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YTO ewe MOKHO ONTUMM3NPOBATDL?



BblpaBHMBaHME NaMATH

SN
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var buffer = stackalloc Pixel32[bufferSize];
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var buffer = stackalloc Pixel32[bufferSize + 1];
var alignedBuffer = Align(buffer, 32);
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private unsafe T* Align<T>(T* pointer, ulong aligment) where T: unmanaged

{
if (!IsPowerOfTwo(aligment)) { /* throw */ }

var mask = aligment - 1;
return (T*)(((ulong)pointer + mask) & ~mask);

Mpumep

Alignment | 0010_0000 (32)

Mask | 0001 1111 (31)

Pointer | 0010_1010 (42)

Pointer + Mask | 0100 1001 (73)

~ Mask | 1110_0000 (224)

Pointer + Mask & ~ Mask | 0100 _0000 (64)
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PesynbTaT

Method
Blur_Skia
Blur_Sse
Blur_Avx2
Blur_Avx2Aligned

Mean
18.991 ms
18.983 ms

9.839 ms
9.260 ms

Error
1.5311 ms
1.1705 ms
0.6057 ms
0.3578 ms

StdDev
0.9111 ms
0.6966 ms
0.4006 ms
0.2367 ms

Median
19.084 ms
19.286 ms

9.873 ms
9.249 ms

Ratio
1.00
1.00
0.52
0.49

RatioSD
0.00
0.06
0.02
0.03

Improve
1,00
1,00
1,93
2,06



Erosion + Blur

Method Mean Error StdDev Median Ratio Improve
Skia 47.22 ms 1.851 ms 1.224 ms 47.10 ms 1.00 1,00
Intrinsics 15.57 ms 0.609 ms 0.403 ms 15.57 ms 0.33 3,03

A MOXHO eLe?



[lpoMeXKyTo4YHaA NamAaTb

[opn30OHTanbHbIN Erosion

N306parkeHune

BepTuKanbHbin Erosion

N306parkeHune

Pesynetar
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[lpoMeXKyTo4YHaA NamAaTb

BepTuKanbHbIN Erosion

[OpW30HTanbHbIN Erosion — WN306parkeHune
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DUHANbHbIN PEe3y/1bTaT

Method Mean Error StdDev Median Ratio Improve
Skia 47.22 ms 1.851 ms 1.224 ms 47.10 ms 1.00 1,00
Intrinsics 15.57 ms 0.609 ms 0.403 ms 15.57 ms 0.33 3,03

LessBuffers 13.51 ms 0.329 ms 0.196 ms 13.49 ms 0.29 3,50



NTorwm



CCbINKKM

Intel Intrinsic Guide:
https://www.intel.com/content/www/us/en/docs/intrinsics-guide/index.html

SKIA:
https://github.com/google/skia
https://github.com/mono/SkiaSharp

SharpLab:
https://sharplab.io/

IR Gaussian Blur Filter:
https://software.intel.com/content/dam/develop/external/us/en/documents/gaussian-filter-181134.pdf
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{g TUHBKODD

Cnacunbo 3a BHMUMaHue!



