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Group Shared 
Memory

Single Shader
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TextureStore Cache
Start with 
the store cache 
filled with 
border color

Red = Read
Green = Write



TextureStore Cache
Read in first tile 
of data

Red = Read
Green = Write



TextureStore Cache
Read in next tile of 
data

Red = Read
Green = Write



TextureStore Cache
Read values 
from cache and 
write out to texture

Red = Read
Green = Write



TextureStore Cache
Read in another tile 
of data

Red = Read
Green = Write



TextureStore Cache
Read values
from cache and 
write out to texture

Red = Read
Green = Write



TextureStore Cache
Read in tile of data

Red = Read
Green = Write



TextureStore Cache
Read values 
from cache and 
write out to texture

Red = Read
Green = Write



TextureStore Cache
Fill next tile 
with border color

Red = Read
Green = Write



TextureStore Cache
Read values 
from cache and 
write out to texture

Red = Read
Green = Write



TextureStore Cache
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groupshared float4 LDS_Cache[64]; // Array of structs
void Store(int index, float4 value)
{
LDS_Cache[index].xyzw = value; // will unroll to 4 reads

}
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Array of Structs
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Array of Structs

8 bank conflicts



groupshared float LDS_Cache[64 * 4]; // Struct of Arrays
void Store(int index, float4 value)
{
LDS_Cache[index + X_OFFSET] = value.x;
LDS_Cache[index + Y_OFFSET] = value.y;
LDS_Cache[index + Z_OFFSET] = value.z;
LDS_Cache[index + W_OFFSET] = value.w;

}
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Struct of Array
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2 bank conflicts
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§ LDS
§ ALU



Kernel Size Separated passes Store caching Store caching  
Load caching

Store caching  
Load caching

SOA

Store caching  
Load caching

SOA
Packed

5 780 us 460 us 810 us 580 us 470 us

9 950 us 600 us 1020 us 580 us 470 us

17 1250 us 910 us 1670 us 730 us 720 us

Testing done by Jordan Logan using a sample framework running on a 4K image on January 14, 2019 with 
the following system. PC manufacturers may vary configurations yielding different results. Results may 
vary based on driver versions used. Test configuration: AMD Ryzen™ 7 1800x Processor, 2x16GB DDR4-2666, 
Vega64 Frontier Edition (driver 19.3.1), ASUS Prime X370-PRO Socket AM4 motherboard, WD Blue 250GB 
M.2 SSD, Windows 10 x64 Pro (RS4).
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• Engine Optimization Hot Lap
• DirectCompute Accelerated Separable Filters

https://developer.amd.com/wordpress/media/2012/10/DirectCompute%20Accelerated%20Separable%20Filters.pps
https://developer.amd.com/wordpress/media/2012/10/DirectCompute%20Accelerated%20Separable%20Filters.pps


(Non-)Linear RGB 
in Output Color Space

Shader 
Logic

Linear RGB 
in Working Color Space



§ This is temporary naming just for these slides
§

§ https://gpuopen.com/games-cgi/

§

§

§

§

§ https://gpuopen.com/gdc16-wrapup-presentations/

https://gpuopen.com/games-cgi/
https://gpuopen.com/gdc16-wrapup-presentations/
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§ https://www.shadertoy.com/view/XljBRK

§

§ Uses the prior tone-mapping curve but applies it to luma instead

§

§

§ Targets luma preservation
§ tonemap(luma(RGB)) is similar to luma(tonemap(RGB))

Cleaner Over-Exposure

https://www.shadertoy.com/view/XljBRK
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§ Avoid problems caused by tone-mapping color channels separately

§

§

§

§
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§ tone-mapped gamut-mapping
§

Convert 
RGB Color 

To
RGB Ratio

& Luma

Saturate 
RGB Ratio

Tone-map 
Luma

Reconstruct 
Color 

from RGB 
Ratio at 

Tone-mapped 
Luma

RGB Ratio 
Walks 

Saturated 
Curve

Towards {1,1,1}
Until Color 

at Set Luma is 
in Gamut

3x3 Matrix Mul
to Get Color 
Into Output 

RGB Primaries

Convert
RGB Color

To
RGB Ratio

& Luma

Soft Fall-off
Mapping 
{-inf,0,1} 

to 
{0,k,1}

For RGB Ratio

Reconstruct 
Color

from RGB 
Ratio at 
Gamut-

mapped Luma

RGB Ratio 
Walks 

Saturated 
Curve

Towards {1,1,1}
Until Color 

at Set Luma is 
in Gamut

Tone-mapping (Linear Working Space) Gamut-mapping (Linear Output Space)
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RGB Ratio 
Walks 

Saturated 
Curve

Towards {1,1,1}
Until Color 

at Set Luma is 
in Gamut

Soft Fall-off
Mapping 
{-inf,0,1} 

to 
{0,k,1}

For RGB Ratio
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RGB Ratio Associated sRGB Luma

RGB Ratio 
Walks 

Saturated 
Curve

Towards {1,1,1}
Until Color 

at Set Luma is 
in Gamut
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§ out-of-gamut
§

§ walks RGB ratio in-gamut

Luma=0.25 Luma=0.5 Luma=0.75 Luma=0.95 

In-Gamut

Out-of-Gamut

Walk Path Shaped To 
Maintain Saturation

Direct Walk Can Desaturate Faster



§ {-inf 0 1}
§ {0 split 1} where “split” sets amount of gamut for feather

O
ut

pu
t

Split Region

Input

RGB Ratio Mostly Preserved
With Slight Loss of Saturation 

(Depending On Amount of “Split”)

All Possible Out-of-Gamut Values
Mapped to Split Region
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Soft Fall-off “Split” = 1/32Clipping (No Soft Fall-off)



Supporting Wide Gamut 
Content Results in 

Desaturation For sRGB 
Range of Content

When Mapped Back to 
sRGB Display

Mastering in sRGB
On sRGB Display

Gets Slightly Better Peak 
Saturation

Limit “Split” Region And Compromise Is Harder to 
See
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§ Shares a blue primary with Rec709 and sRGB
§ Primaries are closer to actual PC HDR hardware than Rec.2020

§ Slight desaturation of LDR range data when mapping back to LDR

§

§ Primaries are quite different from real display primaries

§ Also slight desaturation of LDR range data when mapping back to LDR



sRGB Gamut Input
Output In

Rec.2020 Working Space
Then

Reinterpreted as sRGB

DCI-P3 Gamut Input
Output In

Rec.2020 Working Space
Then

Reinterpreted as sRGB

2020 Gamut Input
Output In

Rec.2020 Working Space
Then

Reinterpreted as sRGB

sRGB Gamut Input
Output In

Rec.2020 Working Space
Then

Reinterpreted as sRGB

Large GamutSmaller Gamut

Medium GamutSmaller Gamut

P3 Has Only a Little Increase in Red + Green
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VMEM
“Fast”

32x32x32
Lookup Table

(Non-)Linear 
RGB 

in Output 
Color Space

VMEM
“Quality”
32x32x32

Lookup Table

VALU
Tone-map

Luma

Linear RGB
in Output 

Color Space

VALU
Adjust RGB

to Match
High-Precision
Tone-mapped 

Luma

Possible
VALU

Convert From 
Linear to Non-

Linear 
in Output

Color Space

(Non-)Linear 
RGB 

in Output 
Color Space

VALU
Color
Log2 

Pre-shaping

Linear RGB
in Working 
Color Space

“Fast”
Path

“Quality”
Path
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§

§ log2(color * scale + 1.0) * (1.0 / log2(scale + 1.0))

§ 3 LOG2 3 MADs 3 MUL

§

§

§ scale
VALU
Color
Log2 

Pre-shaping

Linear RGB
in Working 
Color Space



Log Space Visualization : {0-1} LDR Range {1-64} 6-Stops HDR Range

11-bits of Precision

10-bits of Precision

9-bits of Precision

8-bits of Precision

Example “Fast” Tuned 
LUT

To sRGB Output Color 
Space

Unable to Sustain
Target of 10-bits of 

Precision
Across The Full Curve

However
“Good Enough”

For 8-bit/Channel Outputs
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§ luma = dot(color, colorToLumaWorkingSpace);
luma = pow(luma, contrast);
luma = luma / (luma * k0 + k1); // faster version (no shoulder)

§ 2 EXP2, 2 LOG2, 1 RCP, 3 MAD, 4 MUL

§

§ color *= (luma / dot(color, colorToLumaOutputSpace));

§ 2 MAD, 5 MUL, 1 RCP
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§

§ max(min(c*12.92, 0.0031308),1.055*pow(c,0.41666)-0.055);

§ 3 MAX, 3 MIN, 3 EXP2, 3 LOG2, 6 MUL, 3 MAD
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§

§ timestamp A dispatch 16 times (pipelined) timestamp B

§ (B-A)/16

§

§

§

§ + GTM “Fast” (+0.03 ms/frame)

§ + GTM “Quality” (+0.04 ms/frame) 
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§ Launch a {64,1,1} wave-sized workgroup, then Remap8x8()

§ uint2 Remap8x8(x){return uint2(BFE(x,1,3),BFI(BFE(x,3,3),x,1));

§ Unroll across four 8x8 tiles for block of 16x16 texels

// Remap {64,1,1} workgroup to 8x8 setup for 4x unroll of 16x16
uint2 gxy = Remap8x8(gl_LocalInvocationID.x);
gxy += uint2(gl_WorkGroupID.x<<4u, gl_WorkGroupID.y<<4u);

// Simple unroll
float4 c;   
Post(c,gxy, . . .); imageStore(img[0], int2(gxy), c); gxy.x += 8u;
Post(c,gxy, . . .); imageStore(img[0], int2(gxy), c); gxy.y += 8u;
Post(c,gxy, . . .); imageStore(img[0], int2(gxy), c); gxy.x -= 8u;
Post(c,gxy, . . .); imageStore(img[0], int2(gxy), c);

8x8
1st

8x8
2nd

8x8
4th

8x8
3rd
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§ https://gpuopen.com/games-cgi/

§

§

§

§

§ Enables the content author to display content as mastered!

§ GTM is a great option for mapping to AMD FreeSync 2 displays

https://gpuopen.com/games-cgi/
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§ And all the many people providing the inspiration which drives us!

§

§ Jordan.Logan@amd.com

§ Timothy.Lottes@amd.com

mailto:Jordan.Logan@amd.com
mailto:Timothy.Lottes@amd.com
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