PLAYING AROUND

METAL & DEEP LEARNING
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METAL IS

» Lowest-overhead access to the GPU

» Maximal of graphics and compute
potential

» The better 'OpenGL in iOS/MacOS

» And more...




DATA-PARALLEL
COMPUTE PROCESSING

THE “MORE"
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WHAT IS NEEDED TO PLAY AROUND WITH DL IN 10S

DEEP LEARNING WITH METAL

» Fundamental Ideas About ML

» Metal Performance Shaders

» Metal Shading Language

» TensorFlow (B & HAtzE{U T A)

» And a curious mind
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MACHINE LEARNING 101

(II’:#'«

» Supervised Learning({2EF>])

DR)

» Classification(
» ZHIEA
» Regression([5]Y3)

» FZMERK

» Unsupervised Learning (FE&]

» Out of scope today...
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ARCHITECTURES OF SUPERVISED ML

» Deep Neural Networks
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» Support Vector Machine
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» BB, Training rEXMIAAEEEIOSE EMac LY, BIIEA
KEIB

» {BZ, Inference XTE)L, BEESEEZFInEMHAY:
» 1. BJBASERJInference
» 2. BJBASERJInference

» 3. AJBASERInference
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poolMax.encode (commandBuffer:

conv2_1.encode(commandBuffer:
conv2 2.encode(commandBuffer:
poolMax.encode (commandBuffer:

conv3_1.encode(commandBuffer:
conv3_2.encode(commandBuffer:
conv3_3.encode(commandBuffer:
poolMax.encode(commandBuffer:

conv4_1.encode(commandBuffer:
conv4_2.encode(commandBuffer:
conv4_3.encode(commandBuffer:

ccl_OImage = MPSTemporaryIimage (comman

bn4_3Image = MPSTemporaryIimage (comman

commandBuff

commandBuff
commandBuff
commandBuff

commandBuff
commandBuff
commandBuff
commandBuff

commandBuff
commandBuff
commandBuff

bn1 batch normal(commandBuffer: commandBu
convcl.encode(commandBuffer: commandBuffe

c4_3Image.readCount -= 1

ccl_l1Image = MPSTemporaryImage(comman
| bn3_3Image = MPSTemporaryImage(comman
bn2.batch_normal(commandBuffer: commandBu

c3_3Image.readCount —= 1

scaleAdd(commandBuffer: commandBuffer, so

ccl_OImage.readCount —= 1
bn3_3Image.readCount -= 1

cc2_0Image = MPSTemporaryIimage (comman
convc2.encode (commandBuffer: commandBuffe
cc2_1Image = MPSTemporaryImage (comman

conv2_1
conv2_2
conv3_1
conv3_2
conv3_3
conv4_1
conv4_2

conv4_3

convcl

convc2

convc3

convcé

convch

convcé

= S1imMPSCNNConvolution(kernelwWidth: 3, kernelHeight: 3, inputFeatureC
kernelParamsBinaryName: "vooulé conv2 1)

S1imMPSCNNConvolution(kernelwWidth: 3, kernelHeight: 3, 1nputFeatureC
kernelParamsBinaryName: "voglé conv2 27)

S1imMPSCNNConvolution(kernelWidth: 3, kernelHelght 3, 1nputFeatureC
kernelParamsBlnaryName "vgglé_conv3_1")

S1imMPSCNNConvolution(kernelWidth: 3, kernelHelght 3, 1nputFeatureC
kernelParamsBlnaryName 'vgglé_conv3_2")

= S1imMPSCNNConvolution(kernelWidth: 3, kernelHelght 3 inputFeatureC
kernelParamsBlnaryName "vgglé6_conv3_3")

S1imMPSCNNConvolution(kernelwWidth: 3, kernelHelght 3, 1nputFeatureC
kernelParamsBlnaryName "vgglé_convs_1")

S1imMPSCNNConvolution(kernelWidth: 3, kernelHelght g 1nputFeatureC
kernelParamsBlnaryName "vgglé_convs_2")

= S1imMPSCNNConvolution(kernelWidth: 3, kernelHelght 3, 1nputFeatureC
kernelParamsBinaryName: "voglé convéa 37)

S1imMPSCNNConvolution(kernelWidth: 1, kernelHeight: 1,
inputFeatureChannels: 512, outputFeatureChanne
kernelParamsBinaryName: "color4”, withBias:

S1imMPSCNNConvolution(kernelWidth: 3, kernelHeight: 3,
inputFeatureChannels: 256, outputFeatureChanne
kernelParamsBinaryName: "color3”, withBias:

S1imMPSCNNConvolution(kernelWidth: 3, kernelHelght 2
inputFeatureChannels: 128, outputFeatureChanne
kernelParamsBinaryName: "color2", withBias:

S1imMPSCNNConvolution(kernelWidth: 3, kernelHeight: 3,
inputFeatureChannels: 64, outputFeatureChannel
kernelParamsBinaryName: "colorl”, withBias:

S1imMPSCNNConvolution(kernelwWidth: 3, kernelHeight: 3,
inputFeatureChannels: 3, outputFeatureChannels
kernelParamsBinaryName: "color®”, withBias:

= S1imMPSCNNConvolution(kernelWidth: 3, kernelHeight: 3,

inputFeatureChannels: 3, outputFeatureChannels

kernelParamsBinaryName: "uv", withBias: )

metalInit() {

device = MTLCreateSystemDefaultDevice()
MPSSupportsMTLDevice(device) { }

commandQueue = device!.makeCommandQueue()

textureLoader = MTKTexturelLoader(device: device!)

net = Net(withCommandQueue: commandQueue)

CVMetalTextureCacheCreate(kCFAllocatorDefault, -

videoInit() {
output.setSampleBufferDelegate( , queue: Dispatc
output.videoSettings = [kCVPixelBufferPixelFormatTy
videoDevice = AVCaptureDevice.defaultDevi
| session.addInput(AVCaptureDeviceInput(device:
session.addOutput(output)
output.connection(withMediaType: AVMediaTypeVideo).
session.sessionPreset = AVCaptureSessionPresetPhoto
session.startRunning()

sampleBuffer: CMSampleBuffer! =
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» B%, EXHMBEFNE—THETT

convl_1 = S1imMPSCNNConvolution(kernelWidth: 3, kernelHeight: 3,
inputFeatureChannels: 3, outputFeatureChannels: 64,
neuronFilter: relu, device: device,
kernelParamsBinaryName: "voglé convl 1)

4 kc% TE X & P EIEAY R T iz,
Bl T TR AR AT

convl_1.encode(commandBuffer: commandBuffer, sourcelmage:
convl_2.encode(commandBuffer: commandBuffer, sourcelmage:
poolMax.encode(commandBuffer: commandBuffer, sourcelmage:

srcImage, destinationImage: cl_lImage)
cl_1Image, destinationImage: cl_2Image)
cl_2Image, destinationImage: clImage)
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» EEIMetal REZBIMETT, (MHEEEE—LShader

»1d batch_normal(

ture2d_array<half, access::read> inTexture [[texture(@)1]],
22d_array<half, access::write> outTexture [[texture(1)1],
Stk beta [[ buffer(o) 11,
SAR gamma [[ buffer(1) 11,
atk mean [[ buffer(2) 11,
yatk varian [[ buffer(3) 11,

/i3 gid [[thread_position_in_grid]])

>= outTexture.get_width() ||
gid.y >= outTexture.get_height()) {
return;

174 inColor = inTexture.read(gid.xy, gid.z);
gammal[gid.z*4+0] % (inColor.r - mean[gid.zx4+0]
gammal[gid.z*4+1] * (inColor.r - mean[gid.zx4+1]
1 gammalgid.z*4+2] * (inColor.r - mean[gid.z*4+2]
half a gamma[gld z*4+3] % (inColor.r - mean[gid.zx4+3]
outTexture. write(half4(r,g,b,a), gid.xy,gid.z);

sgrt(varian[gid.zx4+0] + 0.001) + betalgid.zx4+0];
sgrt(varian[gid.zx4+1] + 0.001) + betalgid.z*4+1];
sgrt(varian[gid.z*4+2] + 0.001) + betalgid.z*4+2];
sgrt(varian[gid.z*4+3] + 0.001) + betalgid.z*4+3];

e N S S
| i i
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MENLIET—THZ TGRS E

» ETFZFHTensorFlow3i#H1TSE0)4. ... ..

init(device: MTLDevice, length: Int, name: String) {

let sizelL:Int = length * Int(MemorylLayout<Float>.size)

self.length = length

self.device = device

let bPath = Bundle.main.path( forResource: name + "_bn_beta", ofType: "dat")

let fd_b open( bPath!, O_RDONLY, S_IRUSR | S_IWUSR | S_IRGRP | S_IWGRP | S_IROTH | S_IWOTH)
let hdrB = mmap(nil, Int(sizeL), PROT_READ, MAP_FILE | MAP_SHARED, fd_b, 0)

let beta = UnsafePointer(hdrB!.bindMemory(to: Float.self, capacity: Int(sizel)))

bBuffer = device.makeBuffer(bytes: beta, length: sizelL, options: [])
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EEIMetal [ REISBRIMETT, (REEEE—LECompute Shader

<ernel void batch_normal(
t;xturaiﬁm>“*“‘<'g;(, accesssiread> inTexture [[texture(9)]],
texture2d_array<half, access::write> outTexture [[texture(1)]],
constant rl * beta [[ buffer(o) 11,
constant TL,UL* gamma [[ buffer(1) 11,
constant floatx mean [[ buffer(2) 11,
constant float varian [[ buffer(3) 11,
int2 gid [[thread_position_in_grid]])
17 (gid.x >= outTexture.get_width() ||
gid.y >= outTexture.get_height()) {
return;

1alf4 inColor = inTexture.read(gid.xy, gid.z);

i I

nalt r = gammalgid.zx4+0] * (inColor.r - mean[gid.zx4+0]) / sgrt(varian[gid.zx4+0] + 0.001) + betalgid.
half g = gammal[gid.z*4+1] % (inColor.r - mean[gid.zx4+1]) / sgrt(varian[gid.z*4+1] + 90.001) + betalgid.
nalt b = gammalgid.zx4+2] % (inColor.r - mean[gid.zx4+2]) / sgrt(varian[gid.z*4+2] + 0.001) + betalgid.
nalt a = gamma[gid. z*4+3] * (inColor.r - mean[gid.zx4+3]) / sqgrt(varian[gid.z*4+3] + 0.001) + betalgid.

outTexture.write(half4(r,g,b,a), gid.xy,gid.z);

Z%4+0];
Zx4+1];
Z%k4+2];
Z%4+3];
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» BIIMPSImage, MTLTexture, MTLBuffer3E 1T ZIEIZ IR

func batch_normal (commandBuffer: MTLCommandBuffer, source: MTLTexture, target: MTLTexture) {
let commandEncoder = commandBuffer.makeComputeCommandEncoder()
commandEncoder.setTexture(source, at: 9)
commandEncoder.setTexture(target, at: 1)
commandEncoder.setBuffer(bBuffer, offset: 0, at: 09)
commandEncoder.setBuffer(gBuffer, offset: 6, at: 1)
commandEncoder.setBuffer(mBuffer, offset: 0, at: 2)
commandEncoder.setBuffer(vBuffer, offset: 6, at: 3)
commandEncoder.dispatch(pipeline: bn, width: target.width, height: target.height, featureChannels: length)
commandEncoder.endEncoding()
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ARAIEEIEZEIRIIN. ...

» 1. {REE—"TMTKView, EZIE'currentRenderable’ByTexture

y I EREE—TREMEIE frameBufferOnly’, WFEiZE Ffalse BERFITHEH G Rrenderi K

» 2. IRFEEHMetal Performance Shaderig{tlI T B3R E R IIMEPIIEIH
B, REAERKXE RN

» i KR —MRBIREREISBconcatiUiR(E, ETEMPSAEERMBXNAE, MeiEdizE
targetFeatureChannelOffset7 BE{iZ]

»  MPSHIAEEMBatch Normalization, B A EBINIEEEEHIZEETensorFlowRINZIN N &N ERY
WeightfllBias LEZ. ..... SAMRE R AB 2 Eshader’k 51" BN, (BEZTIIFEFETNIMIIERE

e

» JUL\MPSImagefEFeature i Bid 4N &R Texture IR S Z...... X2 T HI......
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» 3. B EE—E8pshadersRESLHMPSHRASTIFHIZMIR(E
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e

in: WE0A, MPSImageRIChannelZ41HIRIR, (R

BREBITIRNT, {REshaderfBEZE M {7

y 4. {REBEE TR S ATensorFlowil| &k 3R ZFhS28

in: MPS CNNEYZSEBEK=F]TensorFlowH 4,

n: ER, SHERIENARESKE

="half”, Bl16(Z K%, JVOEINZMEERRIR

_F;ij:IEE_ I\a 4\5‘
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-MEYIR BB =

EAA—8E, {REfETensorFlowF
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In: BEXL.....BRFDRIEMPSEAZY:, (RFREIEE, IFE, IFFE Zshader......
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» BlRDHERBIRE—224X224
» NS IEEEEEE

» {BZPIPASCAT i Asm! ! |

» R¥FEiPhone7&IALE......



TEXT

RREBEENE, BE—T

y IHINVIBRF KRV HiZEMapX Texture, BIAZIMEE, FEIFBCUEHNE
R EBNEREMTKViewH

» 11 VideoOutputfIMTKView#B 2 Delegate3kiZHlIAY, {BiFEVideoOutputi&EDelegateAIRT i
Al IA$EBRIRIEE R dispatch queue, ENAEINES

=T (REIREE—INEFiPhone7......

» I BEAIRBRMESLI LA RIinference, BEZERZMetalBIAPIFRRH

» I BJ{EiPhone7, ERtEIEEERILE......

» JEEE: B~~~ METANEFINFENEENFSER 8t ERMtER 7! ! ]
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