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Metal 2

GPU-driven rendering
Platform feature alignment
Machine Learning acceleration

VR (macQOS)

External GPU support (macOS)
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GPU-driven rendering

Platform feature alignment
Machine Learning acceleration
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External GPU support (macOS)

Advanced optimization tools




Metal 2 Developer Tools

Metal tools recap
Metal frame debugger enhancements

New GPU profiling tools




Metal Frame Debugger
Pulling your frame apart, bit by bit



Metal Frame Debugger

The story so far

== o MetalDeferredLighting
B M =2 Q &N O D

; o MetalDeferredLighting

FPS
LT T
it GPU
@ 00x174089420 <- [MTLLayer nextDrawable]
@1 color O <- [MTLDrawable texture]
> @ 2 [color O setLabel:"color 0"]
> [} 3 0x10090e460 <- [0x100911680 commandBuf...
CommandBuffer O0x10090e460
shadow buffer
g-buffer
: |E| 18 g-buffer <- [renderCommandEncoderWit...

g-buffer pass
@ 19 [pushDebugGroup:"g-buffer pass"]
@ 20 [setLabel:"g-buffer"]
@ 21 [setDepthStencilState:0x1700a2280]

skybox
structure
> @ 35 [pushDebugGroup:"structure"]
@ 36 [setRenderPipelineState:GBuffer...
> [l 37 [setCullMode:Back]

g @l 38 [setDepthStencilState:0x1700a240...

> @ 39 [setStencilReferenceValue:128]

@ 40 [setVertexBuffer:structure vertices o...

> @ 41 [setVertexBuffer:model matrices off...
g @l 42 [setFragmentBuffer:clear color buff...

g @ 43 [setFragmentTexture:structure_norm...

@ 44 [setFragmentTexture:structure_diffu...

> @ 45 [setFragmentTexture:structure_spec...

> @l 46 [setFragmentTexture:shadow map a...

> :| 47 [drawIndexedPrimitives:Tria...

> @ 48 [setFragmentTexture:foliage_normal...
@ 49 [setFragmentTexture:foliage_diffuse...

> @l 50 [setFragmentTexture:foliage_specul...

> @| 51 [setFragmentTexture:shadow map a...

> ‘E| 52 [drawIndexedPrimitives:Tr...

@ 53 [setFragmentTexture:structure_norm...

g @l 54 [setFragmentTexture:structure_diffu...

> @| 55 [setFragmentTexture:structure_spec...

> @ 56 [setFragmentTexture:shadow map a...

|E| 57 [drawIndexedPrimitives:Tri...

& »

. Seth's iPhone

<

Label

Vertex
structure indices
| structure vertices
3| model matrices
gBufferVert
Fragment
|j foliage_normal
Bl foliage_diffuse
foliage_specular
shadow map
j color O
! color 1
l color 2
I color 3
' depth
™ stencil
clear color buffer 2

gBufferFrag

[I>> | No Selection

Debugging GPU Frame

@l 52 [drawInd...et:122532] [gT_:’l Bound Resources < [ >

Type

Index
Buffer O
Buffer 1

Vertex Function

Texture O
Texture 1
Texture 2
Texture 3
Color O
Color 1
Color 2
Color 3
Depth
Stencil
Buffer O

Fragment Function

"GBuffer Render" (0x1009157f0) gB
RenderPipeline Performance 2.42 v

| Vertex Buffer O

Size

161 KB
1.2MB
256 bytes

1024 x 1024
1024 x 1024
1024 x 1024
1024 x 1024
1080 x 1920
1080 x 1920
1080 x 1920
1080 x 1920
1080 x 1920
1080 x 1920

16 bytes

Details

Offset: Ox1dead
Offset: Ox0

Offset: Ox0

Library 0x1740746...

RGBA8Unorm
RGBA8Unorm
RGBA8Unorm
Depth32Float
BGRA8Unorm
BGRA8Unorm
R32Float
BGRA8Unorm
Depth32Float
Stencil8
Offset: Ox0
Library Ox1740746...
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"g-buffer" (0x17407cd00)
IsEncodingEnded = (BOOL) NO
"GBuffer Render" (0x1009157f0) gB

Depth: depth

TriangleFillMode = (MTLTriangleFillMode) MTLTriangleFillModeFill
Viewport = (MTLViewport) 0,0-0x0-0¢0

ScissorRect = (MTLScissorRect) 0,0-0x 0O

BlendColor = (RGBA) 0,0, 0, 1

le) MTLCullModeBack

1) MTLWindingClockwise

Vertex Buffer 1

> 58 DebugG
@ [FopBiebug Group] | Fragment Buffer O

light/accuniGistion ) “foliage_normal” (0x100921960) - 1024 x 1024, RGBA8Unorm

) "foliage_diffuse" (Ox100819a50) — 1024 x 1024, RGBA8Unorm
) "foliage_specular"” (0x100920930) - 1024 x 1024, RGBA8Unorm CullMode =
2 / >th32Floe FrontFacingWinding = (!

Fragment Texture O (M
sun M IS Fragment Texture 1
fairy sprites Fragment Texture 2 (M

> @ 1286 [pushDebugGroup:“fairy sprites"] Fragment Texture 3 (! ext radow map" (0 20) - 1024 >

Auto MTL Command Encoder £




Metal Frame Debugger

The story so far

4“}‘

RN LY 2 TR T T N Y

A e\ AN

Fully featured frame debugger i Ve
| ¢ NEOURR L

‘i .""”..f vi‘;}‘ﬁ

A

Y iy 1@5?85 i

SN e

5 NN

Navigate through your workload ._ |
Inspect state and resource
Debug graphics and compute

Integrated into Xcode

Depth: depth




Improved Capture Performance

Up to 10x faster

Xcode 8

Xcode 9
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Elapsed Time



Full Metal 2 Support

Raster order groups
Sampler arrays
Viewport arrays
New pixel formats

New vertex array formats




Full Metal 2 Support

Argument buffers

uniforms colorTex ambientColor colorSampler
Uniform Buffer 9x0 &% Stone 41 0.06 @ Repeat Sampler
Uniform Buffer 9x200 o B Water 41 .06 @ Mirror Sampler
Uniform Buffer 0x400 | Stone .03 .83 Clamp Sampler
Uniform Buffer 9x600 o B Water .18 .37
Uniform Buffer @x800 © i Stone .74 .36
Uniform Buffer 09xAQ0 Grass + 1.8 O T
Uniform Buffer @xC0@ © B Water .03 .83
Uniform Buffer @xEQ0 O Grass .41 .06
Uniform Buffer ©x1000 Grass .74 e 0
Uniform Buffer ©9x1200 © B Grass 241 .06
Uniform Buffer 0x1400 Grass 18 e 74
Uniform Buffer 0x1600 Grass 74 .36
Uniform Buffer  9x1800 © B Stone 41 .06
Uniform Buffer @x1A00 > B stone .18 .37
Uniform Buffer  @x1C00 © B Stone .03 .83
Uniform Buffer ©x1EQ9 © B Stone .18 .37
Uniform Buffer  @x2000 © B Water .03 .83
Uniform Buffer  9x2200 © B Water 41 .06
Uniform Buffer  9x2400 .18 .37
Uniform Buffer 0x2600 74 .36
Uniform Buffer 9x2800 i 37
Uniform Buffer 0x2A00 .41 .06
Uniform Buffer 9x2C00 .03 83
Uniform Buffer ©x2EQ0 .18 37
Uniform Buffer 0x3000 41 .06
Uniform Buffer 0x3200 74 - 36
Uniform Buffer ©x3400 .18 37
Uniform Buffer 9x3600 41 .06
Uniform Buffer 9x3800 .03 53
Uniform Buffer 9@x3A00 .03 .83

& Repeat Sampler
() Clamp Sampler
& Clamp Sampler
Mirror Sampler

Repeat Sampler
Repeat Sampler
Mirror Sampler

Clamp Sampler
Repeat Sampler
@ Mirror Sampler
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Full Metal 2 Support

Argument buffers

uniforms

Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer
Uniform Buffer

Ox0
0x200
0x400
0x600
0x800
OxA00
0xCo0
OxEQ0
©x1000
0x1200
0x1400

colorTex

Stone
Water
Stone
Water
Stone
Grass
Water
Grass
Grass
Grass
Grass

ambientColor
41
.41
.03
.18
.74
.18
83
.41
.74
41
o it

.06
.06
.83
.37
.36
37
.83
.06
.36
.06
.37

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

0x1600
0x1800
Ox1A00
Uniform Buffer 0x1C00

23 @x450 Unitorm Buftter
24 0x480  Uniform Buffer
25 Ox4B@  Uniform Buffer
26 Ox4EQ Uniform Buffer
27 0x510 Uniform Buffer
28 0x540 Uniform Buffer
29 0x570 Uniform Buffer

.74
41
Al

03

.36
.06
T

83 1.00

@ Clamp Sampler
@ Mirror Sampler
@ Clamp Sampler
@ Mirror Sampler
@ Mirror Sampler
@ Clamp Sampler
@ Clamp Sampler

.00
.00
.00

Grass

Uniform Buffer Stone
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© @8 Water

© B Grass
© B Grass
© B stone
© B water
© B Grass
© B stone
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Ox2EQ0
0x3000
0x3200
0x3400
0x3600
0x3800
Ox3A00
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VR Support

Automatic support for SteamVR

View submitted surfaces in stereo




Improved Capture Workflow
Enhanced support for advanced workloads

New lightweight capture API
» Capture the exact workload you're interested in
» Group workload into logical scopes

* Trigger capture programmatically



Metal Quick Looks

= /A MetalDeferredLightingOSX

B M &z Q &
v /A MetalDeferredLightingOSX
(@) cru
(] Memory
|
—F Energy Impact
[Z] Disk

@ Network

.| MetalDeferredLightingOSX

ImageInfo tex_info;

CreateImageInfo(name, tex_info, false);

0%
34.1 MB

if (tex_info.hasAlpha == 0)
{

Zero

Zero KB/s RGB8ImageToRGBA8S (&tex_infc |

Zero KB/s
unsigned Npixels = tex_info.wi
id<MTLTexture> texture = [_dey
textureCubeDescriptorWithkF
NO11;

#if defined(USE_LABELS) && (USE_L/A NS
NSString xpath = [NSString stz |l
texture.label = [path lastPath

#endif

for (int i = 0; i < 6; i++)

mipmaplLeve
) Ox102870650 )

withBytes:(ui'
bytesPerRow:4

bytesPerImage:Npi

free(tex_info.bitmapData);

return texture;

- (void)loadModel
{
if (_structureModelGroup)

{

NSLog(@" IndexData length (|

lengthl);
NSLog(@"BytesPerIndex: %lu

NSLog(@"IndexData count: %lu",

E ®» > o L 2|0 o |0 @&

MetalDef...htingOSX

if (tex_info.bitmapData == NULL) return nil;

[ texture

Running MetalDeferredLightingOSX : MetalDeferredLightingOSX

m AAPLRenderer.mm ) [[] -loadCubeTextureWithName: < & @) Counterparts ) L AAPLRenderer.h ) No Selection

/*
Copyright (C) 2014 Apple Inc. All Rights Reserved.
See LICENSE.txt for this sample’s licensing information
Abstract:
Open With Preview This is the main renderer for this sample. Acts as the update and render
L delegate for the view controller and performs rendering. renders in 2

passes, 1) shadow pass, 2) Gbuffer pass which retains the drawable and
presents it to the screen while discard the remaining attachments

Al fimport <Metal/Metal.h>
& 'timport <QuartzCore/CAMetallLayer.h>

dclass AAPLView;

B include "AAPLObjModel.h"
tinclude "AAPLTransforms.h"

B idefine USE_LABELS 1
B fdefine USE_GROUPS 1
dinterface AAPLRenderer : NSObject
;- (instancetype)initWithView: (AAPLViewx)view;

f/ load all assets and configure the view before triggering rendering
Y - (void)configure;

- (void)reshape;
- (void)updateAndRender: (CFTimeInterval)timeSincelLastDraw;

f/ renderer will create a default device at init time.
d)property (nonatomic, readonly) id <MTLDevice> device;

dend

[_structureModelGroup indexCount]);

/A MetalDeferredLightingOSX ) ({[[) Thread 1 ) [I'] 0 ::-[AAPLRenderer loadCubeTextureWithName:] (const char *)

s VW WV A7 e™MU s VAUV w7 vIivwv l'I‘;I.‘IJ.IIBIGLLGMI—‘.”II\.‘.II”U\"\L‘UII PWEUVY ] AUWUCTU MAawviaGaa uansc- “ACC A ”LUMP.
cage_stairs_01

2017-05-30 19:48:01.663144-0700 MetalDeferredLighting0SX[1877:54406] Added material usage: structure, to group:
cage_stairs_01

2017-05-30 19:48:01.663181-0700 MetalDeferredLighting0SX[1877:54406] Parse successful

2017-05-30 19:48:01.731182-0700 MetalDeferredLighting0SX[1877:54406] Range for material: structure in group:
cage_stairs_01: @ 61266

2017-05-30 19:48:01.731225-0700 MetalDeferredLighting0SX[1877:54406] Range for material: tree in group:
cage_stairs_01: 61266 21006

2017-05-30 19:48:01.731241-0700 MetalDeferredLighting0SX[1877:54406] Range for material: structure in group:
cage_stairs_01: 82272 48

2017-05-30 19:48:01.733776-0700 MetalDeferredLighting0SX[1877:54406] Construction of OpenGL data successful
2017-05-30 19:48:01.733823-0700 MetalDeferredLighting0SX[1877:54406] Time to parse and load file /Users/seth/Library/
Developer/Xcode/DerivedData/MetalDeferredLighting0SX-gqsasdpaqjjguifhzgezepvmolff/Build/Products/Debug/
MetalDeferredLightingOSX.app/Contents/Resources/Temple.obj was ©.129483

All Output ¢ S, TR




Metal Quick Looks

info.bitmapData == NULL) return nil;

Lightweight Metal debugging in the -
CPU Debugger

» View textures, buffers and samplers inline e o S P

ImageToRGBA8(&tex_infc |}

Npixels = tex_info.wi
xture> texture = [_dey
ureCubeDescriptorWithF

label = [path lastPath ) Tl STy . v RS S s 6 fg'ir'A?ClaSS AAPLView;

o 5% 5 . : r e B finclude "AAPLOb]
i=0; 1< 6; i++) . o R 2 e ",:f . S i? ”’tinclude "AAPLTra

° ° ° O B N S TR o R . '

: replaceRegion:MTL " iy b s gt J PSR B fdefine USE_LABEL

se when the frame debugger is too invasive —— o
withBytes: (Ui | SR SRR L o Tt

bytesPerRow:4 4 DR I e ™ i B R R S dinterface AAPLRe
° bytesPerImage:Npi [} "‘”"3'3 R e = & " o n?_“f-';:' e s T L8

 Resource Ioadlng =gle Setup code BEGE R a——

info.bitmapData); g 8 . WL :: : @ ' ; i ?;.?ZL~:£":"_.-' "‘.’/ load all asset;

; j ' T g B - (void)configure

- (void)reshape;
- (void)updateAnd]

uctureModelGroup) ' , :, o P | rcnderer will
J dproperty (nonato

g(@"IndexData length ( . ; : s 9 Tk g :

lengthl); dend

g(@"BytesPerIndex: %lu

g(@"IndexData count: %lu", [_structureModelGroup indexCount]);

M S0 <7 [O] $3 @/ MetalDeferredLightingOSX ) ([) Thread 1 ) [F1] 0 ::-[AAPLRenderer loadCubeTextureWithName:](co

PR E S Y ww e eI VAUV I &I T vIivv I‘IE\.I:I.I.UUIGLAW\.‘I--lell..I.IIS
:
cage_stairs_01
. ’ Ld ..

.




Advanced Filtering

Improved navigation and data mining for
complex scenes

v |3 MyCmdBufo

Autocomplete suggestions v B g-butte
> @ 20 g-buffer <- [renderCommandEncoderWit...
g-buffer pass

Compound terms

2 30 [drawPrimitives:TriangleSt... 145.10 ps

2 31 [drawPrimitives:TriangleStri... 6.13 ps

skyboxVert
skyboxFrag

skybox.png




Pixel Inspection
Finally!

B [ | @ Obduction ) E My Mac Debugging GPU Frame 2 10

B kK =

v ‘, Obduction

2874 [drawind...baselnstance:0] [@| Bound Resources £ @) Automatic |E] Attachments

O [E] Label Type Size Details

10 EPS Vertex

> [l 0 [0x36b5039c0 didModifyRange:{0, 31...

[ 1 0x33f41b050 <- [0x108e24b40 comm...

| Buffer 0x108f18f90

| Buffer 0x2f7f88990
1| Buffer Ox2f7f88990
1| Vertex Attributes

Main

Index

Buffer O

Buffer 30

Vertex Attributes

Vertex Function

256 bytes
32 MB
32 MB

Offset: Oxc
Offset: 0x5b8e00
Offset: 0x5b8f00

Library 0x108b720...
CommandBuffer 0x33f41b050

> @ 5516 0x33efb27f0 <- [0x108e24b40 co...
CommandBuffer 0x33efb27f0
> @ 20615 [0x35136a920 didModifyRange:{...
> @ 20616 0x34396f1d0 <- [0x108e24b40...
CommandBuffer 0x34396f1d0
> @ 21234 0x343a00060 <- [0x108e24b40...
CommandBuffer 0x343a00060
@ 21439 0x3439836f0 <- [0x108e24b40... | Sampler Ox10bceaa50
CommandBuffer 0x3439836f0 &) Sampler Ox10bceaa50
> @ 25148 0x343a2da00 <- [0x108e24b40... Main
CommandBuffer 0x343a2da00
m 27638 0x34421d450 <- [0x108e24b40...
CommandBuffer 0x34421d450
9610 0x343f29060 <- [0x108e24b40...
CommandBuffer 0x343f29060
@ 30351 0x343a8e210 <- [0x108e24b40...
CommandBuffer 0x343a8e210
> @ 32880 [0x1858dc820 didModifyRange:{...
> @ 32881 [0x351328d50 didModifyRange:{...
> @ 32882 0x344e04450 <- [MTLLayer next...
> @ 32883 0x1858f9f40 <- [MTLDrawable te...
> @ 32884 0x344d20970 <- [0x108e24b40...
CommandBuffer 0x344d20970

Fragment
1400 x 876 BGRA8Unorm
1400 x 876 Depth24Unorm_Ste...
1400 x 875 BGRA8Unorm
32 MB Offset: 0x5b7f00
32 MB Offset: 0x5b8d00
32 MB Offset: 0x5b8c00
32 MB Offset: 0x6b8700

% Tonemap Texture O

I Texture Ox21ce37b10

B8 Texture Ox17b0c5860
Buffer 0x2f7f88990
Buffer Ox2f7f88990
Buffer 0x2f7f88990

3| Buffer 0x2f7f88990

Texture 1
Color O
Buffer O
Buffer 1
Buffer 2
Buffer 3
Sampler O
Sampler 1

Fragment Function Library Ox11fbb3a...

RenderCommandEncoder 0x2...
@ 32910 [addCompletedHandler:0x700...
: BlitCommandEncoder 0x344e04530
> @] 32911 0x344e04530 <- [blitComm...
2912 [copyFromTexture:0x17b0c5...
> [} 32913 [endEncoding] =~ ® Qa = Q
> @ 32914 [presentDrawable:0x344e0445...
= =» | 0>

- [ll) 32915 [addCompletedHandler:0x700...
) @ 32916 [addCompletedHandler:0x700... RenderPipelineState 0x23d2be550 Main — Main
RenderPipeline Perf
- [l 32917 [addCompletedHandler:0x700... e I o
Vertex Buffer O 0x2f7f88990, Offset=0x005b8e00
@ 32918 [commit]
Vertex Buffer 30 (MT 0Ox2f7f88990, Offset=0x005b8f00
Fragment Buffer O 0x2f7f88990, Offset=0x005b7f00
Ox2f7f88990, Offset=0x005b8d00
0x2f7f88990, Offset=0x005b8c00
Ox2f7f88990, Offset=0x005b8700
"Tonemap" (0x3156f14c0) — 1400 x 876, BGRA8Unorm

e i

Color 0

No Selection < >

RenderPipelineState 0x23d2be550 Main - Main
RenderPipeline Performance 737.92 s 3

ffer) Ox2f7f88990, Offset=0x005b8e00
0x2f7f88990, Offset=0x005b8f00
0x2f7f88990, Offset=0x005b7f00
0x2f7f88990, Offset=0x005b8d00
0x2f7f88990, Offset=0x005b8c00
0x2f7f88990, Offset=0x005b8700
"Tonemap" (0x3156f14c0) — 1400 x 876, BGRA8Unorm

Vertex Buffer O (!

Vertex Buffer 30 (!
Fragment Buffer O
Fragment Buffer 1 ( Fragment Buffer 1
Fragment Buffer 2 Fragment Buffer 2
Fragment Buffer 3 ( Fragment Buffer 3

Fragment Texture O () Fragment Texture O (M

Auto ¢ Auto




Pixel Inspection
Finally!

Detalled inspection of individual pixels
Simultaneously inspect multiple attachments

Examine image elements in compute workloads




Inspect Vertex Attribute Outputs

Inspect output of your vertex shaders

position position
Shown inline with vertex attribute inputs 000 o

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

.483
.618
.483
.602
.618
.602
.635
.618
.635

9.
1.
1.
0.
1.
1.
9.
1.
1.
0.
1.

N o N OO0 0000 O
N OO N NN O O




Inspect Vertex Attribute Outputs

position position
. 000 -1.618

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

0.
1 I
1.
0.
1.
1.
0.
1.
1.
0.
1.

.282
. 483
.618
. 483
. 602
.618
.602
. 635
.618
. 635
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Demo

Max Christ, GPU Software



GPU Profiling

Finding the nano-second




Profile, Optimize, Repeat
Always nano-seconds to be found

Performance is crucial to games
Consistent fast frame rate
Get the most out of the GPU for the best looking game

Increase efficiency for longer gaming experience



Profile, Optimize, Repeat
Always nano-seconds to be found

Performance is crucial to games

Consistent fast frame rate

Get the most out of the GPU for the best looking game
Increase efficiency for longer gaming experience

Use the GPU profiling tools



Metal System Trace

Investigate timing issues
 CPU/GPU parallelism

 Frame rate stutters

Trace your Metal workloads through the system
* CPU to GPU to Display

Integrated into Instruments




Metal System Trace
Support for VR apps

Support for VR specific tracepoints

* App querying HMD data
* VR compositor behavior
« HMD surface

Trace from motion to photon



Metal System Trace
Support for VR apps

Metal Application

VR Submit
WaitGetPoses

VR Compositor

Graphics Driver Activity

Render (GPU 1)

Display

Display 2



Metal System Trace
Other improvements

Support for ProMotion displays
Support for external GPUs

Improved Instruments integration




GPU Shader Profiler

The tool for probing shader performance
Integrated into Metal Frame Debugger

View shader time per draw/pipeline

\ 4 9 MetalDeferredLighting

H] FPS
1l
m: GPU
GBuffer Render
gBufferVert
gBufferFrag

Draws

» [5) 47 [drawindexedPrimitiv... 1.

» [(5) 52 [drawIndexedPrimi... 806.64 us
i 57 [drawIndexedPrimi... 344.88 ns
Light Color Render

Composition Render
Shadow Render
Skybox Render
Fairy Sprites

Light Mask Render




GPU Shader Profiler

1l) @ Fragment...entLighting fragmentLighting + X

The tool for probing shader performance e T Tt

!

// Calculate total contribution from this light is the sum of the
diffuse and specular values
directionalContribution = diffuseTerm + specularTerm;

Integrated into Metal Frame Debugger s

// The ambient contribution, which is an approximation for global, indirect
lighting, 1is

// the product of the ambient light intensity multiplied by the material's
reflectance

float3 ambientContribution = uniforms.ambientlLightColor;

View shader time per draw/pipeline et o o e et oo Yoot st 10 the oo, ve s

them together
// to get the fragment's lighting value
float3 lightContributions = ambientContribution + directionalContribution 0.1%

!

Per-line execution cost (iI0S/tvOS) S S S —

by the fragment's
// lighting value
float3 color = float3(colorSample.xyz) *x lightContributions;

float3 c1 = float3(0.0);

float scratch[521];

for (int 1i.= @; 1 < 125; 1++)

|
half4 c2 = colorMap.sample(colorSampler, in.texCoord.xy);
scratch[ (int)c2.x] = float(i);
¢l += float3(scratchl(int)c2.y], c2.y, c2.z) / 125;

}

// We use the color we just computed and the alpha channel of our
// colorMap for this fragment's alpha value

//return float4(1.0);

return float4(cl.x, color.y, color.z, colorSample.w);




Metal Pipeline Statistics
Peeking inside the pipeline



Metal Pipeline Statistics
Per-shader metrics

Compiler generated statistics Fragment Shader Guier.metalgBulerrrag

Total Function Execution Time
Total Number of Instructions

e Instruction count

Memory

* Instruction mix

Synchronization

() Register usage SIMD-Group Occupancy

Vector Register Pressure

Scalar Register Pressure

« Occupancy




Metal Pipeline Statistics
Compiler remarks

Direct feedback from the GPU compiler 1

Register allocation was exceeded and data was spilled into main GPU memory.
Reduce your function's register usage to avoid costly spills.
: : Spilling 1040 bytes - [Just-In-Time]:lightFrag
Actionable guidance on your shaders o opne T res

Buffer Preloading Failed

Dynamic Stack Load

AVO i d pe rfO r m a n Ce h itS ' ) High Float-to-Half Ratio

» Slow math usage
» Register spills
» Stack usage

* Other optimization opportunities



Metal Pipeline Statistics
Compiler remarks

Remarks

' Register Spill
Register allocation was exceeded and data was spilled into main GPU memory.

Reduce your function's register usage to avoid costly spills.
Spilling 1040 bytes - [Just-In-Time]:lightFrag

- Dynamic Stack Store

Buffer Preloading Failed

Dynamic Stack Load
) High Float-to-Half Ratio




Demo

Jose Enrique D'Arnaude del Castillo, GPU Software



GPU Counter Profiling

Showing you the nano-second



GPU Counter Profiling

GPU architecture is complex
* Pipeline of programmable and fixed function blocks
» Bottlenecks can occur anywhere

* Multiple simultaneous bottlenecks



"Minimize fixed-function bottlenecks while efficiently
harnessing programmable blocks."

Seth Sowerby, WWDC 2017



GPU Counter Profiling

New tool for deep GPU profiling
Detailed GPU performance counters

Common counter definitions across all GPUs

* No per-GPU learning curve

Integrated into GPU Frame Debugger



‘,./’\1 Metal2App ) B2 My Mac Debugging GPU Frame

Automatic ﬂ Performance

Potential Hotspots/Bottlenecks

GPU Time

~ Vertices

Vertices

Vertex Shader Time
Percentage of GPU Time

Primitives
Primitives

Fragment Shader Time
Percentage of GPU Time

~ Pixels Stored

Pixels

Kernel Invocations
Invocations

Shader Core Time
Percentage of GPU Time

_ Texture Unit Time

Percentage of GPU Time

Texture Unit Stall Time
Percentage of GPU Time

Texture Cache Miss Rate
Percentage of Cache Misses

. L2 Throughput

Requests/Cycle

L2 Bandwidth
GB/s

Color Block Bandwidth
GB/s

Denth Block Bandwidth

[2] ®» [ | No Selection

Primitive culling very high - 100%

Texture unit is very heavily stalled - 79%

Texture cache miss rate is high - 74%

Check sampled textures have mipmaps

Counters

GPU Draw 2094
GPU Time

Vertices
Vertices
Vertices Reused
Vertices Rendered
Pixel per Vertex
Vertices per Second
Tessellator Busy

Vertex Shader null:Main
Vertex Shader Time
VS Invocations
VS ALU Active Time
VS Stall Time

ALU Instructions/VS Invocation

Memory Instructions/VS Invocat...

Control Instructions/VS Invocati...
VS ALU to Memory Instructions...
Average VS SIMD-Groups

Average VS SIMD-Group Latency

VS SIMD-Group Memory Stall Ti...

VS SIMD-Group Export Stall Time

Parameter Cache Stall Time
Primitives

Primitives

Primitives Culled

Primitives Culled (Zero-Area)

Primitives Culled (Clipper)

Primitives Clipped

Primitives Rendered

Pixels per Primitive

Hi-Z Test Fails

PreZ Test Fails

ROP Stall Time

Primitives per Second
Fragment Shader null:Main

Fragment Shader Time

FS Invocations

FS ALU Active Time

FS Stall Time

AlLlLlLlnatriiatinnalCC lnuiann +iman

Draw 2094

1.59 ms

3

0%

100%

409,500
2,466,565,000
0%

0.01%
3
0.01%
0%

17

3

0

1

100%
100%

0%

100%
300%
1,228,500
0%

0%
26.83%
822,188,500

98%
1,225,000
29.82%
61.01%

an

Median

8.27 us

432
65.13%
35.04%

5.42
10,114,320
0%

26%
193
0.21%
33.89%
61

16

0

5.52
0.48
1,069.5
0%
3.28%
0%

144
50%
0%

0%

0%
100%
16.22
2.74%
11.14%
0%
9,077,236

11.83%
41
0.04%
17.79%

-

2.36 ms

639,951

82.23%
102.28%
409,500

7,557,846,000

1%

97.86%
339,209
78.43%
95.98%
724

55

5

15.95
12.51
8,365
87.62%
59.67%
63%

213,316.99
119.24%
100%

100%

100%
300%
1,228,500
100%
99.97%
80.63%

9,253,943,000

99%
1,319,390
93.4%
92.46%

n27

Total

60.32 ms

10,434,010

3,895,196

252,789.1
39,1565.22
731.87

2,992.5

2,441,580.25

3,478,583

64,202,240

NAE 112 29




GPU Counter Profiling

Graph view

Detailed GPU counter graphs
Top-level counters for each pipeline stage

More detail as you drill down




GPU Counter Profiling

Graph view

Detailed GPU counter graphs
Top-level counters for each pipeline stage

More detail as you drill down




GPU Counter Profiling

Detall view

° Counters Draw 2094 Median
All counters from counter graph view
GPU Time 1.59 ms 8.27 us
Vertices
Vertices 3 432
P -t d . f I I d t . I Vertices Reused 0% 65.13%
re S e n e I n u e a I Vertices Rendered 100% 35.04%
Pixel per Vertex 409,500 5.42
Vertices per Second 2,466,565,000 10,114,320
o Tessellator Busy 0% 0%
Frame median, max and total values
I Vertex Shader Time 0.01% 26%
VS Invocations 3 193
VS ALU Active Time 0.01% 0.21%
° VS Stall Time 0% 33.89%
F u I Iy f I Ite ra b I e ALU Instructions/VS Invocation 17 61

Memory Instructions/VS Invocat... 3 16

Control Instructions/VS Invocati... 0 0
VS ALU to Memory Instructions... 5.52
Average VS SIMD-Groups 0.48
Average VS SIMD-Group Latency 1,069.5




GPU Counter Profiling

Bottleneck analysis
Advanced analysis of potential bottlenecks o0
Shared and GPU-specific analysis Check sampled testurss Have mipmaps

Intuitive workflow to navigate direct

Detalled documentation



Demo

Jose Enrique D'Arnaude del Castillo, GPU Software



GPU Counter Profiling

Yours to enjoy in Xcode 9 Beta 1
Avallable for all Metal capable GPUs

More recent GPUs have more counters available



Summary



Summary

Great enhancements to Metal Frame Debugger



Summary

Great enhancements to Metal Frame Debugger

Support for debugging and profiling VR apps



Summary

Great enhancements to Metal Frame Debugger
Support for debugging and profiling VR apps

Metal Pipeline Statistics



Summary

Great enhancements to Metal Frame Debugger
Support for debugging and profiling VR apps
Metal Pipeline Statistics

GPU Counter Profiling



More Information
https://developer.apple.com/wwdc1/7/607



Related Sessions

Introducing Metal 2 WWDC 2017/

VR with Metal 2 WWDC 2017

Using Metal 2 for Compute Grand Ballroom A Thursday 4:10PM




Labs

Metal 2 Lab Technology Lab F Fri 9:00AM-12:00PM







