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Apple Metal Tools

• Metal System Trace (Instruments)


• GPU Frame Capture (XCode)


• GPU Frame Capture (in code)
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Apple Metal Tools(ノಠ益ಠ)ノ⼺┻━┻



THANK YOU

Questions?



Presentation Plan
• Problem (and experimental task)


• Apple’s tools


• Documentation


• Metal System Trace (Instruments)


• GPU Frame Capture (XCode + Metal API)


• Manual solving problems



EXPERIMENTAL TASK

Cats (compute + render)



EXPERIMENTAL TASK

transformtransformtransform

particle

update transforms

render



PERFORMANCE

Profiling
CORRECTNESS

Debugging



INSTRUMENTS

Apple Documentation



Documentation
• Metal Feature Set Tables


• Metal Shading Language Specification


• Metal Performance Shaders


• Metal API Documentation



XCODE

Debug Navigator: GPU



Debug Navigator: GPU



Debug Navigator: GPU



Debug Navigator: GPU



Debug Navigator: GPU



Debug Navigator: GPU



INSTRUMENTS

Metal System Trace



Profiling: Metal System Trace

Product → Profile (⌘ + I)



Profiling: Metal System Trace



Recording Options



Recording Options



Recording Options



Recording Options



Recording Options



Recording Options



Recording Options



Recording Options



Recording Options



Recording Options



Recording



Recording



Records



Records



Tracks



Tracks



Details



Tracks: Filters



Tracks: Zoom



Tracks: Zoom

View → Zoom →Zoom to Inspection Range (^ + ⌘ + I)



Tracks: Selecting



Tracks: Selecting



Tracks: Event Preview



Tracks: Event Details



PREPARATION

Devices and Simulators



Device Setup

Window → Devices and Simulators



Device Setup



Device Setup



Device Setup



Device Setup



Device Setup



Simulators
• Nothing interesting in Instruments


• No conditions


• No record options


• Nothing interesting in GPU Capture



Simulators
• Nothing interesting in Instruments


• No conditions


• No record options


• Nothing interesting in GPU Capture



XCODE

GPU Frame Capture



GPU Frame Capture

Debug → Capture GPU Workload



GPU Frame Capture



GPU Frame Capture



GPU Frame Capture



GPU Frame Capture



Debug Navigator



Summary: Export



Summary: Insights





Summary: Overview



Performance: Timeline



Performance: Details



Performance: Counters



Performance: Counters



Performance: Edit Counters



Memory



Memory: Preview



Memory: Filter



Calls: Show Only Markers And Commands



Calls: Show Only Markers And Commands



Calls: Group By API Call



Calls: Group By Pipeline State



Labels: Pipelines

MTLComputePipelineDescriptor *descriptor = [MTLComputePipelineDescriptor new]; 
descriptor.label = @"label"; 

MTLRenderPipelineDescriptor *descriptor = [MTLComputePipelineDescriptor new]; 
descriptor.label = @"label"; 



Calls: Labels



Labels: Command Buffer / Encoder / …

// ... 
commandBuffer.label = @"label"; 

// ... 
encoder.label = @"label"; 



Calls: Labels



Debug Groups

  
[commandBuffer pushDebugGroup:@"Group #1"]; 
  [commandBuffer pushDebugGroup:@"Group #2"]; 
   [self updateTransformsIn:commandBuffer]; 
 [commandBuffer popDebugGroup]; 
 [commandBuffer pushDebugGroup:@"Group #3"]; 
   [self renderIn:commandBuffer]; 
 [commandBuffer popDebugGroup]; 
[commandBuffer popDebugGroup]; 
 



Calls: Labels



Command Buffer: Dependencies



Command Buffer: Dependencies



Command Buffer: Dependencies



Encoder → Call



Encoder → Call



Attachments



Attachments



Attachments



Attachments



Attachments



Attachment: Information



Attachment: Settings



Attachment: Inspect Pixel



Attachment: Debug



Geometry



Geometry



Geometry



Geometry



Geometry



Geometry



Bound Resources: Pipeline



Bound Resources: Pipeline



Bound Resources: Buffer



Bound Resources: Buffer



Bound Resources: Vertex Attributes



Bound Resources: Vertex Attributes



Bound Resources: Texture



Bound Resources: Texture



Bound Resources: Shader



Bound Resources: Shader



Shader: Profiling



Shader: Profiling



Shader: Debug



Shader: Debug



Shader: Debug



Shader: Debug



Shader: Debug



Shader: Debug



Shader: Debug



Shader: Edit+Replay



Shader: Edit+Replay



All Resources



Pipeline Statistics



Pipeline Statistics



Performance



Performance



Performance



Performance



Callstack



METAL API

GPU Frame Capture



Simple Capture

+ (void)startCaptureIn:(id)target { 

 MTLCaptureManager *captureManager = MTLCaptureManager.sharedCaptureManager; 

 MTLCaptureDescriptor *captureDescriptor = [MTLCaptureDescriptor new]; 

 captureDescriptor.captureObject = target; 

 [captureManager startCaptureWithDescriptor:captureDescriptor error:nil]; 

} 

+ (void)endCapture { 

 MTLCaptureManager *captureManager = MTLCaptureManager.sharedCaptureManager; 

 [captureManager stopCapture]; 

}



Scope Capture
id<MTLCaptureScope> customScope =  

    [[MTLCaptureManager sharedCaptureManager] newCaptureScopeWithDevice:_device]; 

customScope.label = @"Custom scope"; 

// ... 

[Renderer00 startCaptureIn:customScope]; 

// ... 

[customScope beginScope]; 

// captured command buffers 

[customScope endScope]; 

// ... 

[Renderer00 endCapture]; 



TOOLS DON’T WORK

Manual Solutions



PERFORMANCE

FPS (in code)



FPS (in code)

• Check frame time every frame


• Store time history 


• Compute average time with history



FPS: Preparing

 // Previous timestamp. 
 CFTimeInterval _prevTime; 
 // A callback for updating some FPS representation. 
 FPSUpdater _fpsUpdater; 
 // A history of time per frames. 
 double _prevFPS[MaxFPSHistory]; 
 // A size of the history. 
 NSUInteger _prevFPSNum;



FPS: Computing

- (void)updateFPS { 
 static dispatch_once_t once; 
  
 dispatch_once(&once, ^{ 
  _prevTime = CACurrentMediaTime() - 1.0 / 60.0; 
 }); 
  
 CFTimeInterval curTime = CACurrentMediaTime(); 
 double fps = 1.0 / (curTime - _prevTime); 
  
 double fpsSum = fps; 
 int fpsCount = 1; 
 for (NSUInteger i = 0; i < _prevFPSNum; ++i) { 
  fpsSum += _prevFPS[i]; 
  ++fpsCount; 
 } 
 for (int i = (int)_prevFPSNum - 1; i > 0; --i) { 
  _prevFPS[i] = _prevFPS[i - 1]; 
 } 
 _prevFPS[0] = fps; 
 _prevFPSNum = MIN(_prevFPSNum + 1, MaxFPSHistory); 
 _fpsUpdater(fpsSum / fpsCount); 
 _prevTime = curTime; 
}



PERFORMANCE

Command Buffer Profiling



- (void) foo { 
 // ... 
 CFTimeInterval startTime = CACurrentMediaTime(); 
 NSUInteger iterations = 100; 
 for (NSUInteger i = 0; i < iterations - 1; ++i) { 
  id <MTLCommandBuffer> commandBuffer = [_commandQueue commandBuffer]; 
  [self renderIn:commandBuffer]; 
  [commandBuffer commit]; 
 } 
 id <MTLCommandBuffer> commandBuffer = [_commandQueue commandBuffer]; 
 [self renderIn:commandBuffer]; 
 [commandBuffer commit]; 
 [commandBuffer waitUntilCompleted]; 
  
 CFTimeInterval curTime = CACurrentMediaTime(); 
 double fps = (double)iterations / (curTime - startTime); 
 // ... 
  
 (void)fps; 
}



DEBUG SHADERS

Strokes & Fills



GEOMETRY

Wireframe



GEOMETRY

Wireframe

[encoder setTriangleFillMode:MTLTriangleFillModeLines];



PROCESSED AREA

Color Fill



COORDINATES

RG-Fill



SPECIAL CASES

Special Fills



OFF-SCREEN DEBUGGING

Preview MTLTexture in XCode





OFF-SCREEN DEBUGGING

Download Buffer/Texture



+ (vImage_Buffer)bufferOf:(id<MTLTexture>)texture { 
 vImage_Buffer buffer = (vImage_Buffer){ 
  .data = calloc(texture.width * texture.height, 4), 
  .width = texture.width, 
  .height = texture.height, 
  .rowBytes = texture.width * 4 
 }; 
  
 [texture getBytes:buffer.data 
    bytesPerRow:buffer.rowBytes 
     fromRegion:MTLRegionMake2D(0, 0, texture.width, texture.height) mipmapLevel:0]; 
  
 return buffer; 
} 





THANK YOU

Questions?



george.ostrobrod@gmail.com jefferson@savage.si

@GOstrobrod
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