LY LUMINOUS
PRODUCTIONS

DirectX12&BRHAUIES T —4F — FAOMBE -1 —3)L>1RwY NJ—2885E L
HWEmmER _ EDizsdD U 77)LIA LL A Y) > OADIGH

Construction of unique neural network model on shader using DirectX12,
and applicate a real-time rendering for improved images quality.

Graphics Programmer
Kento Masuno
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Final Result

No generalization performance
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Real-time rendering and machine learning.
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DirectX Raytracing
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DirectX Raytracing
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Ray Generation, Intersection, Any Hit, Miss, Closet Hit

https://devblogs.nvidia.com/introduction-nvidia-rtx-directx-ray-tracing/
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Luminous Engine
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https://cedec.cesa.or.jp/2019/session/detail/s5ce39bf17ac37
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Direct Machine Learning
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Direct Machine Learning
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DirectML (CE Tensor ORLEZHE A
BIE NN S JSUDELSIC. ERT—AR(X Tensor & UTES

- D3D12 Buffer (C Tensor BMEMIETNTWWBDREE R D, BFEUY—X ID3D12Resource EEU
- Operator (& Tensor ZKRDTEHD. FEEDK DR Tensor L1 770 MNMERNNHE

DML_BUFFER_TENSOR_DESC dmlBufferTensorDesc
dmlBufferTensorDesc.DataType
dmlBufferTensorDesc.Flags
dmlBufferTensorDesc.DimensionCount
dmlBufferTensorDesc.Sizes
dmlBufferTensorDesc.Strides
dmlBufferTensorDesc.TotalTensorSizeInBytes
dmlBufferTensorDesc.DataType,
dmlBufferTensorDesc.DimensionCount,
dmlBufferTensorDesc.Sizes,
dmlBufferTensorDesc.Strides);

{};
DML_TENSOR_DATA_TYPE_FLOAT32;
DML_TENSOR_FLAG_NONE;
ARRAYSIZE(tensorSizes);
tensorSizes;

nullptr;
DMLCalcBufferTensorSize(

DirectML Sample J— R®D—8B, {#H9 D Tensor &
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Direct Machine Learning

Tensor Z1{F9 D1z dD Operator TEHE
% < @ Operator (C(FLIETF B Tensor @ Input & Output ZIETE

DD TOFIIZ &, TEHEICEEER ReLU D Operator E#(XTFED
@ Operator (& Input TABENJZ Tensor EXRD f(x) = max(0,x) Z:TEL CHS

BLAS DK S7% DML GEMM_OPERATOR_DESC (General Matrix Multiply) tnstd D
Input * Weight + bias OEE CTC—1—0O>DHENZETE

struct DML_ACTIVATION_RELU_OPERATOR_DESC {
const DML_TENSOR_DESC xInputTensor;
const DML_TENSOR_DESC xQutputTensor;

by

DML_ACTIVATION_RELU_OPERATOR_DESC structure
https://docs.microsoft.com/en-us/windows/win32/api/directml/ns-directml-dml_activation_relu_operator_desc

© 2019 LUMINOUS PRODUCTIONS CO.,LTD. All Rights Reserved.



L LUMINOUS
PRODUCTIONS

Direct Machine Learning
CDKSI(C Operator ZEEHEHENTE TCT—5TJO—TJ S T ZHEE L.
Tensor DALIEFER Z3KsHDDH DirectML (D 1— RDRN

Keras ORIRFE L)L API DIFE(E Layer BUDEININTZ1—3ILRY RO =D& EELKDINH,
Tensorflow ¥° DirectML J2& 0 S JDiEE CT —FZIBT D, CDEZXHITEL)

\ 4
A 4
A 4

© 2019 LUMINOUS PRODUCTIONS CO.,LTD. All Rights Reserved.



L LUMINOUS
PRODUCTIONS
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DML_UPSAMPLE_2D_OPERATOR_DESC
!
DML_CONVOLUTION_OPERATOR_DESC
!

DML_ACTIVATION_RELU_OPERATOR_DESC
!

DML_ELEMENT_WISE_ADD_OPERATOR_DESC
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DirectX 1ZlFHFRIIRE L ZZXIT TULVBERTIERLY

— 5T 4w X API O¥EEILIR(E Apple Metal M5B iTLTLS
BHEROESH. TERETINZREHGEL

20174E(C Metal Performance Shader (MPS) EWS{EHZEA
Metal (FULV5E < Machine Learning & Raytracing (CHEX G U API
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Differentiable Renderer
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Differentiable Renderer (7 EJgEL >S5 S5 —) EWDEHEHNEEZESHTLND

- Neural 3D Mesh Renderer
- Tensorflow Graphics

— > DER (CfEDN Tz Geometry, Light, Material, Transform 7R ED/\S A -5 %
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Neural 3D Mesh Renderer
https://arxiv.org/abs/1711.07566
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Tensorflow Graphics
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Neural network and image processing model.
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Conv2D RelLU Add Dence
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Input
Filter res = Dence(ReLU(Conv2d(a, f)) + b, w);

Bias Temp

i Weight

Temp

A

“Ta1—JILRY NDO—DOZBEELUTHDE
¥ FEEDA{ A— SH DTS

NVIDIA USING Al TO ACCELERATE YOUR GAME (PART 2)
https://devblogs.microsoft.com/directx/wp-content/uploads/sites/42/2018/03/WinML_acceleration_GDC.pdf
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Peak signal-to-noise ratio

BRI EMATVDN, BFROSBIEESZ I D2HDEEE LT PSNR ZRHWLD

E{FUIE DD EF CTREIDN DS

ENZULTZs, BREZE [FRIED DT VSE1E

MSE =%mz: Z [1(i,)) — K(i,))]?

1=0

MSE

MAX?
PSNR = 10 = log4,

https://en.wikipedia.org/wiki/Peak_signal-to-noise_ratio
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Convolutional Neural Network
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Convolutional Neural Network
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Convolutional Neural Network
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Convolutional Neural Network
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Build a neural network on compute shader.
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Tensorflow (Keras) TD3RER

import tensorflow as tf

mnist = tf.keras.datasets.mnist
(x_train, y_train), (x_test, y_test) = mnist.load_data()
Xx_train, x_test = x_train / 255.0, x_test / 255.0

model = tf.keras.models.Sequential( [
tf.keras.layers.Flatten(input_shape=(28, 28)),
tf.keras.layers.Dense(512, activation=tf.nn.relu),
tf.keras.layers.Dropout(0.2),
tf.keras.layers.Dense(10, activation=tf.nn.softmax)

1)

model.compile(optimizer="adam’,
loss="'sparse_categorical_crossentropy’,
metrics=['accuracy'l)

model.fit(x_train, y_train, epochs=5)
model.evaluate(x_test, y_test)
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Get Started with TensorFlow
https://www.tensorflow.org/tutorials
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Tensorflow (Keras) TD3R3%

Get Started with TensorFlow
https://www.tensorflow.org/tutorials
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Keras J—R
Y NDID—DTDL AV —FRE

- Input (& 784 (28x28) R;tDRT )L

- 512 AR EEZIF DL 17— ED2eEE (MEADAIN 512 @ EiEE
- 20% D — RZzE#EmiBEDE_EDEH(IC ROV T 77D hEtEd

- Softmax EWDEEZE U CI0ED 1 —O>M5EERE L THD

model = tf.keras.models.Sequential( [
tf.keras.layers.Flatten(input_shape=(28, 28)),
tf.keras.layers.Dense(512, activation=tf.nn.relu),
tf.keras.layers.Dropout(0.2),
tf.keras.layers.Dense(10, activation=tf.nn.softmax)

1)
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Keras J1—R

Y ND—DODFE EARETE

- IEMLRIZNE Adam
- ¥85KRE%E Cross Entropy i87%
- 600001ElD Training =—47% 5 epochs #&DiRY
- EEMRD D 1248 (C evaluate() TIRIEDRHAGE 2R

model. compile(
optimizer="'adam‘,
loss="'sparse_categorical_crossentropy’,
metrics=['accuracy'])

model.fit(x_train, y_train, epochs=5)
model.evaluate(x_test, y_test)
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Tensorflow (Keras) TD3RER

import tensorflow as tf

mnist = tf.keras.datasets.mnist
(x_train, y_train), (x_test, y_test) = mnist.load_data()
Xx_train, x_test = x_train / 255.0, x_test / 255.0

model = tf.keras.models.Sequential( [
tf.keras.layers.Flatten(input_shape=(28, 28)),
tf.keras.layers.Dense(512, activation=tf.nn.relu),
tf.keras.layers.Dropout(0.2),
tf.keras.layers.Dense(10, activation=tf.nn.softmax)

1)

model.compile(optimizer="adam’,
loss="'sparse_categorical_crossentropy’,
metrics=['accuracy'l)

model.fit(x_train, y_train, epochs=5)
model.evaluate(x_test, y_test)

LY LUMINOUS
PRODUCTIONS

Get Started with TensorFlow
https://www.tensorflow.org/tutorials
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MNISTZf#< RrY hDJ—2

CD Keras J— R%ZEITIDE. BFEIRDDEEN 97.8% DIEE (IEFAER) D
- RFEOBEZXRIRIT V)L IVILZEIBFEEUICERELULDS &9 D EHEH

Epoch 1/5
B0000/60000
Epoch 2/5
6000060000
Epoch 3/5
6000060000
Epoch 4/5
6000060000
Epoch 5/5
6000060000
1000010000

(0.06973317598235444, 0.9784]

B0us/sanple

s T3us/sample

75us/sanp e

Tdus/sanp e

87us/sanple
s d4us/sanple

acc: 0.978 (97.8%MDIEf#EEK)
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NN on Compute Shader
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Compute Shader

L LUMINOUS
PRODUCTIONS

Compute Shader (CHRXT%Z+5D T DRICHEBIRD(E. il EORIE TETEIT DH
—E(CEITTEDDE. —DDAAEE (T MU—RA> K) DFH

» DirectML O XD (L4 DEEZS T —F — A1 BEMEUTEERELT
D3D12 FTHAENTE TETE I DHRN

- —E®D Dispatch T—DDS T —45 — XA EAHANTETEELUTULEDN

Softmax.cs

Affine.cs

Mul.cs

Deconv.cs

Conv.cs

Add.cs

or

MNIST.cs

CNN.cs
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Compute Shader
EAW(C(E DirectML DK D (LB 4 DER(CUIRZ T E| T DDH RN
HEEC E(C Input/Output VY — X Z5%7E LT Dispatch

- KHERRY NDO—DODIgE,. BERXRS T —4—(C12dEF/\WOhREE
- $5(C CNN EE(JVIB LIRS —IHEKX

&l 2 DERF(E. ERAUETHENITDIE EZ2HENSD
- ReLU 7 ETRTMEALRAZREEAL (TN I = CEENAZE
- 5% (F CNN + Activation O#fIE, Keras @ Layer EEMNIEE(CSE(CRD
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Our Network

272, SEEFT D MNIST (FAH, FREE. BHBNGDTITD > TIVigxy KD—0
IRICIBEBFECIEDIED—DD CS T 71 ILAISE E LIAD

- CSPredict.cs
)\ FHIEOHEHVIRZEIT, EREFTB(CHERT—F% UAV ([CESHT

- CSTrain.cs

CSPredict COERZTICFBUIEZITD, Bdr. /A7 ADEFH

CNBDNIE%Z Compute Shader (T3& & LIAD
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Compute Shader

DirectX @ Compute Shader (& Thread Group & Thread D S8Rk

CommandList::Dispatch(x, y, z) 655 C Thread Group ZXZ1EE U.

Thread Group ATikc# 9D Thread %3 Compute Shader DX 1 > EERICIETE

M

LUMINOUS
PRODUCTIONS

Thread Group 1

Thread 0

Thread 1

Thread 2

Thread 3

Thread 4

Thread Group 2

Thread 0

Thread 1

Thread 2

Thread 3

Thread 4

Thread Group 3

Thread 0

Thread 1

Thread 2

Thread 3

Thread 4

—E D Dispatch UM LT, #2819 3D Compute Shader 07O S AIFETRU
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Compute Shader

1 Thread Group ATic#) CZ 3 Thread ZXdD_LEE(E 1024

1024 Threads (& group shared EWDERERRHEBAES —(CT7ITTZATED
S[El. D 1024 Threads RIZFERA LT, T—F 14D ZUIE T INMIIETZERD

. Thread Group 1
s Input Data P

/vl Thread 0 | I\

B Thread 1 |
[ th ds(32, 32, 1)1
void cg??asin() { 1 Thread 2 | 1 Thread Group N TIZ

> Thread 3 | > = .
Texture2D<float> data = InputDatalGid.x]; I BxX 1024 Threads & T
OutputData[@] = data.Load(int3(0,0,0)); e Thread 4 |
l
™ Thread 1023 | J
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CSPredict
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Predict

Compute Shader TUUT®D UAV ZESTHDU Y — X =R

Texture2D<float>
ByteAddressBuffer

RWStructuredBuffer
RWBuffer<float>

RWBuffer<float>
RWBuffer<float>
RWBuffer<float>
RWBuffer<float>

/] AHEERORER

trainData[ IMAGE_NUM]
trainLabel

DebugOutputBuffer
LayerOutput

LayerInput
LayerWeight
LayerBias
WorkingBuffer

groupshared float layerlNeuron[512];
groupshared float layer2Neuron[10];

: register(u9);
: register(ul);

: register(u2);
: register(u3);
: register(u4);
: register(u5);

Pseudo code

LY LUMINOUS
PRODUCTIONS

: register(to9, spacel);
: register(t3);
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Predict

ARNELTCD784=1—O>=UET D
BEHT —HEDOREBITVW A7 AZ2ELU TEHERERZET

if (GI < 512)

{
float neuronl = 0.0f;

for (int i = 0; i < 784; i++) {
float data = trainData[dataIndex].Load(int3((i % 28), (i / 28), 0));
LayerInput[(Gid.x * 784) + i] = data;
neuronl += dot(data, LayerWeight[(i * 512) + GI]);

}

neuronl += LayerBias[GI];

float result = 0.0f;
ActivationRelLU(neuronl, result);

layeriNeuron[GI] = result;
}

GroupMemoryBarrierWithGroupSync();

Pseudo code
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Predict
FfEEMNSHAOEBANOH HZEKDDITIETER

if (GI < 10)
{
float neuron2 = 0.0f;
for (int i = 0@; i < 512; i++) {
float data = layerlNeuron[i];
LayerInput[(Gid.x * 512) + i] = data;
neuron2 += dot(data, LayerWeight[(i * 10) + GI]);
}

neuron2 += LayerBias[GI];
layer2Neuron[GI] = neuron2;

}

GroupMemoryBarrierWithGroupSync();

Pseudo code
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A |
S PRODUCTIONS

%1% (C Softmax & U CHER(CEL T, HAORAD/\w J7 (A

if (GI == 0)

{

float result[10];
ActivationSoftmax(layer2Neuron, result);

float oneHotLabel[10];

[unroll]

for (int i =0; i < 10; ++i) {
LayerOutput[(Gid.x * 10) + i] =
oneHotLabel[i] = ©.0f;

result[i];

}

int maxIdx = GetMaxIndex(result);

DebugOutputBuffer[Gid.x].x
DebugOutputBuffer[Gid.x].y

oneHotLabel[maxIdx];
LossCrossEntropy(oneHotLabel,

Pseudo code

result);
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Training

NE{Z=H%E & (FFE(CED . Predict TOMRBDFER EIEFHMEE DREZETRY NI — U TIRiE

if (GI < 64)

{
int dataIndex = idxArray[GI / 4][GI % 4];

uint label = trainLabel.Load(datalndex * 4);
oneHotLabel[label] = 1.0f;
for (int j = 0; j < 10; ++j) {

output[GI][j] = (LayerOutput[(GI * 10) + j] - oneHotLabel[j]) / 64.0f;
}

oneHotLabel[label] = ©0.0f;

Pseudo code
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Training
ENT D4 EZBOMEE I — KT, &N ReLU OFEIETI— R
HABNSDLELC. EHT —HFDERETIZRNTDC ETANBHISDLELZETE
if (GI < 64) ' // ReLU
{ | if (GI < 64)
for (int j = 0; j < 512; ++j) { {
float dc = @.0f; for (int j = @; j < 512; ++j) {
for (int k = 0; k < 10; ++k) { if (LayerInput[(GI * 512) + j] <= 0) {
dc += output[GI][k] * LayerWeight[(j * 10) + k]; WorkingBuffer[(GI * 512) + j] = 0.0f;
¥ : }
WorkingBuffer[(GI * 512) + j] = dc; }
} g
¥
JL JL .
Pseudo code B 6_YW
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Training
ENEHDI\SA—HFDEFHT. GH)\A 77 ADEFH
EHDISA—FDEF(E. ANDERE EHAIENSDLEDITIIDIEZETE
I\A T ADIZEEEDRFHENENSDLABL T/ S A - ZEFR
if (GI < 512) E if (GI < 10)
{ for (int j = 0; j < 10; ++j) { { float db = 0.0f;
float dc = 0.0f; | for (int j = @; j < 64; ++j) {
for (int k = 0; k < 64; ++k) { : db += output[j][GI];
dc += LayerInput[k * 512 + GI] * output[k][j]; }
} LayerBias[GI] -= lerninglLate * db;
LayerWeight[(GI * 10) + j] -= lerninglLate * dc; }
}
}
JL _ taL
Pseudo code W X 37
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Result
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sHilie bL—=20

CCERTTRRESNEZ2—3I/ILRy hDO—DODiHliE bL—Z20 %175
MNIST > —41tw ~dD 60000BDNEHRTFEL. &Z(C 10000ED>T —4 2R THEEZHE:R

Iz

2By BEI5 — 5

FEHAT A EREEAT 9% DIRUANDZITV., FBZESD
BB 0 (SHIEDULYTULYD NN, Loss & Val Loss DK F =89 D

5[o], Compute Shader MDFT 64 Epoch (&£ UZFER
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Result

IEf#ER 97.3% @ 5CEKo
Keras TDRITIER 97.8% (CLLEF, CS RETEHEIF NN JL—AD -0 EEULEN ] HE

i
¢
Ii§

Show output from: Debug v cd
Yalidation Vata \d/Z8-4741)
Validation Data (9792-9855)
Validation Data (9856-9913)

Yalidation Data (9920-3983)

Yalidation Result
Accuracy . 97.305695 ¥
Loss = 0.116194

[Training Phase] Epoch : 64
Training Frame : 68860 Accuracy : 100.000000 ¥ Loss : 0.001833 Data (0-63)

Training Frame : 68861 Accuracy : 100.000000 ¥ Loss : 0.001067 Data (64-127)
Training Frame : 68862 Accuracy : 100.000000 ¥ Loss : 0.000636 Data (128-131)

0.5% MEL\F. Keras (& Adam 72H. SEITDOFT X M TIE SGD Z{FER U
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Convolutional Neural Network
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Convolutional Neural Network

Convolutional Layer (EAHN5T—4 & Filter 2175 & U CERRE U TITAIREZ R D
B THREDR (I 1A 7 R ZziE U ORI Rz @I 12T THIOMNKESD

VAR A4
/////

ANT =B DITHNDER Filter > — 45 DITHINDER
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Convolutional Neural Network

Compute Shader LT CNN EZ=44

int writeSize = IM2COL_OUTPUT_SIZE(fs.x, fs.y, ch, outFilter.x, outFilter.y );
int writeStartPos = AddWorkBuffer(BUFFER_CNN_© MNIST TO COL, writeSize);

IM2COL_MNIST INPUT(trainData[@], ©, writeStartPos, insize.x, insize.y, ch, fs.x, fs.y, pad.x, pad.y, st.x, st.y);

int weightStart, biasStart, keepInputStart;
GetWeightBiasKeepInputOffset (MNIST CNN_LAYER @, weightStart, biasStart, keepInputStart);

int filterStartPos = AddWorkBuffer(BUFFER_CNN @ FILTER, fn * fs.x * fs.y * ch); // (32, 9) mat
GET_FILTER_MATRX(filterStartPos, weightStart, fn, fs.x, fs.y, ch);

AddWorkBuffer (BUFFER_CNN_© RESULT MUL_WEIGHT, 676 * 32);

MUL_AT BT( WorkingBuffer, GetStartPos(BUFFER _CNN_© RESULT MUL_WEIGHT), // Result
WorkingBuffer, GetStartPos(BUFFER_CNN_© MNIST TO COL), // im2col (9, 676) mat
WorkingBuffer, GetStartPos(BUFFER_CNN_© FILTER), // Filter (32, 9) mat
9, 676, 32, 9);

ADD_BIAS(WorkingBuffer, GetStartPos(BUFFER_CNN © RESULT MUL_WEIGHT), 676, 32, biasStart);

ACTIVATION RELU(WorkingBuffer, GetStartPos(BUFFER_CNN_© RESULT MUL_WEIGHT), 676, 32);
COPY_BUFFER(LayerKeepInputs, keepInputStart, WorkingBuffer, GetStartPos(BUFFER_CNN_© ), GetBufferSize(BUFFER_CNN O ));

Pseudo code
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HLSL

> 1 —45 — (HMERDY A XDEHZ RS BBEIIENIEW. BIED A XD
ST DAITEHIRA > A EER IR

Stack / Queue 2 Tree Structure 72 &, B TATY RMETETPNRAWS E(FHEOA
HEICL>>XITHEI DL ORMBEIETEEZETIED

— Bt EBX C. BAAEZRODI— R(EFS -4 — ETIEENDRL)
GPU O05=>/2& CPU OS5 =220 DBEMEL)
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HLSL

EEDEHIDBEE L. ¥ oODEECTHRHA

/*
NOTE :
C=AxB ZHELEFT . GTEFHERIE C (A row, B cul) IZHEYFET,
C [ (A row, B cul) YA XDEHEFHERLTHEDENHYET
C(3,3) = A(3,5) * B(5,3)
*/

#define MUL_A B(C, co, A, ao, B, bo, a_row, a_cul, b row, b cul)\
for (int i = 9; i < a_row; ++i) {\
for (int j = 0; j < b_cul; ++j) {\
float dc = 0.0;\
for (int k = 0; k < a_cul; ++k) {\
dc += A[ao+(i * a_cul + k)] * B[bo+(k * b_cul + j)];\
A\
Cl[co+(i * b_cul + j)] = dc;\
I\
N\

Pseudo code
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Compute Shader L TERKITDIEHDIX

#define ADD_BIAS(A, ao, row, col, offset)\
for (int i = 0; i < row; ++i) {\
for (int j = 0; j < col; ++j) {\
Alao+(i * col + j)] += LayerBias[offset + j];\
A\
A\

#define ACTIVATION RELU(A, ao, row, col)\
for (int i = 0; i < row; ++i) {\
for (int j = 0; j < col; ++j) {\
Alao+(i * col + j)] = max(@.0f, A[ao+(i * col + j)]);\
N\
A\

#define COPY_BUFFER(DEST, destOffset, SRC, srcOffset, copySize)\
for (int i = @; i < copySize; ++i) {\

DEST[destOffset+(i)] = SRC[srcOffset+(i)];\
A\

Pseudo code
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L LUMINOUS
PRODUCTIONS

Weight data

© 2019 LUMINOUS PRODUCTIONS CO.,LTD. All Rights Reserved.



L LUMINOUS
PRODUCTIONS

Weight Data

—a1—TILRY ND—DODEHFT—4 I8/ Raw Data & UTCEIE
— float32 T 10{BDEHFT —INHBNIEZDEZE 40byte DT 7 1)L

Weight, Bias >—+%/(& Compute Shader £ T(& UAV (RWBUffer) & U CiRHESE
(#EmBFDAH THIUL SRV EUTIRD)

FERKICEREINIEEHT—FIE GPU NS —R)I\W O UTZDEREI71)LHES
P AHFE, O— RUIEEHT—FZEDEZE Upload Heap -> Default Heap
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Weight Data

Weight, Bias /\wv J 7 &—##(C D3D12 O—#f%HY7 Read Back AAD/\w J 7 ZE %
7T TERC CopyResource UL CRAEZES

m_device->CreateCommittedResource( &CD3DX12_HEAP_PROPERTIES(D3D12_HEAP_TYPE_READBACK),
D3D12_HEAP_FLAG_NONE,
&CD3DX12_RESOURCE_DESC: :Buffer(bufferSize),

D3D12 RESOURCE_STATE_COPY_DEST,
nullptr,
IID PPV_ARGS(&readBackBuffer));

m_commandList->ResourceBarrier(1, &CD3DX12 RESOURCE_ BARRIER::Transition( srcbuffer.Get(),
D3D12 RESOURCE_STATE_UNORDERED_ ACCESS,
D3D12_RESOURCE_STATE_COPY_ SOURCE));

m_commandList->CopyResource(destbuffer.Get(), srcbuffer.Get());
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Weight Data

Map, Unmap U T CPU h'S&5FEHHU. HREREETEDEET 7 XL

CD3DX12_RANGE readRange(9, 0);
float* mappedData = nullptr;
ThrowIfFailed(readBackbuffer->Map(0@, &readRange, reinterpret cast<void**>(&mappedData)));

{
std::ofstream fout(outputBinName, std::ios::binary | std::ios::trunc);
fout.write((const char*)& mappedData[@], sizeof(float) * elementNum);
fout.close();
}
#if ENABLE_OUTPUT_WEIGHT_TEXT_MODE
{
std::ofstream fout(outputTextName);
for (int i = 9; i < elementNum; ++i) {
fout << mappedData[i] << std::endl;
}
fout.close();
}
#endif

readBackbuffer->Unmap (0, nullptr);
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Weight Data

EEIED Weight, Bias —4FEFEHT—DODI 7 1)L TEIR

22w NDO—2ODWEENZEHSRTNIE. Raw data DL 770 MIBBETE
— L1V —1BmHhS. BEOEHT—F (J\1 ) #1858 U TCEE/ vV I 7 (TELTESE

// 1B CNN Layer D/NTA—7A

{
// 1EBIE 0 hoSRLTEL
m_constantBufferData.weightsStartOffset[MNIST CNN_LAYER @] = wnum * sizeof(float); // ©
m_constantBufferData.biasStartOffset[MNIST_CNN_LAYER O] = bnum * sizeof(float); // ©
int filterNum = 32;
int filterSize = 3;
int channelNum = 1; // RGB &5 3
// Convolution Layer MD/NTA—%% ({E%)
int twnum = (channelNum * filterNum * filterSize * filterSize);
int tbnum = filterNum;
PrintDebugParamNum(L"CNN Layer@", twnum, tbnum);
}
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Working Buffer

S 1T —45 — FTHRAIEEIRL SR IEIKRE L FHIPRN B D
— 1 Thread N CZ LK DO—BBZH#H=FERAITDE GPU AD Thread FHME T URERK T =B <

ENMEIRIB(CHE L DN S T —45 — A THERBIRE /A —IFE# 0D R (3113 65536
ZDzs float temp[256][256]; MERITDES T —H —TIRADERDLIRISIET S

— —FHEZEH(C UAV T7OTXTD/\Y I 7 & EE
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Working Buffer

StERO—F/E Work Buffer & U CEXRRRT/I\AAXEY— (UAV) =R
L > —5F—4w ~MI3 LT CNN ZA23I557138 E— i (CIAV WWEEMEIS A E
Ed{ka D3D12Resource T Compute Shader "5 XE=/\v T 7 A\D 77 I AN ] 8E

m_workingBufferSize = 1920 * 1080 * sizeof(float);
m_workingBufferSize *= 240; // Test 1,990,656,000 Byte

I
N
®
[0}
w

// Working Buffer UAV

{
D3D12_UNORDERED ACCESS_VIEW DESC uavDesc = {};
uavDesc.Format = DXGI_FORMAT_R32 FLOAT,;
uavDesc.ViewDimension = D3D12 UAV_DIMENSION_ BUFFER;
uavDesc.Buffer.FirstElement = 0;
uavDesc.Buffer.NumElements = m_workingBufferSize / sizeof(float);
uavDesc.Buffer.StructureByteStride = 0;
uavDesc.Buffer.CounterOffsetInBytes = 0;
uavDesc.Buffer.Flags = D3D12 BUFFER_UAV_FLAG_NONE;
md3dDevice->CreateUnorderedAccessView(m_workingBuffer.Get(), nullptr, &uavDesc, WorkingBufferUAV);
}
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Optimize

Compute Shader &iE1t

- Thread Group #cE#E{iI& group shared AND 77Ut X
WA CLYDThread Z&/]\E(C

- 4x4 Ll EDZIRThES Dt B
4 BIRC & (C floatd TD dot ZERDIRE

- UAV ANDESZR Uz &/ \BRIC
Dispatch ZD &I &ICKD. HARN(CETREIBIET UAV ZEEIEHI D28

- J\S A—5% Texture {tLC. Gather (s TI7otzX
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Applicate a machine learning to real-time rendering.
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UZIWVEALLFID

RERDUTILE A LA ) 2D DR (S
L>FYUZTIATSA > EICHEEEINZ NN (CXDEBEGEEDHE EHITHOND

TDIRERZILCTIZREC, INATSA> LEIC NN ZHBEITDIEUES EDKIDRERERDIN ?

\ 4

—DDERRT « —TS—ZJTRENITRY ND—OTETIILOHEZITDON
HDVE, EoDiEEZIFORY NO—DODHEIEDERICLD ETIILDEEZITDN
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UZIWVEALLFID

HRZ T ZEX(E—D2D"1—3)L3RY NDJO—=TOMFELTED.
ZC(CEFRZE AT D EmBEN M EUZEERME NSNS LW DSiin

\ 4

»
»

BEros—T5—=>7
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UZIWVEALLFID

Mo — Y DEBREETCILIZITZE5ZI TEEBTED
UM UMEHERE G . —DDRY MDD —O TODXEIR (KK
— Denoising (CfEA T 5w D —2 & Super-Resolution 72 ETIIEENERD

DIz, fEAxDMEEZF DRy NDO—DODESICKDINATSA 2 DEEEEX S
ERD Pixel, Compute TEELU CWEMRA NI v )L —DER
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RenderingSystem: :BuildNeuralNetwork()

{

¥

AddNeuralNetwork (new DenoisingNeuralNetwork());
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AddNeuralNetwork (new AntiAliasingNeuralNetwork());
AddNeuralNetwork (new SuperSamplingNeuralNetwork());
AddNeuralNetwork (new SuperResolutioNeuralNetworkN());
AddNeuralNetwork (new StyleChangeNeuralNetworkN());

RenderingSystem: :DispatchNeuralNetwork()

{

DispatchDenoising (RenderTarget, outDenoiser);
DispatchAntiAliasing (outDenoiser, outputAA));
DispatchSuperSampling (outputAA, outSS));
DispatchSuperResolutio (outSS, outSR));
DispatchStyleChange (outSR, outSC));

DrawRect (outSC, RenderTarget);

Pseudo code

A=A UIBE S Sl
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Encoder-Decoder
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Encoder-Decoder
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Denoising Auto Encoder
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Denoising Auto Encoder

EpOCh C K DB No generalization performance

50 Epoch 1000 Epoch
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Denoising Auto Encoder

No generalization performance

Input Image Ground Truth Denoising
10spp 100spp Auto Encoder
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Denoising Auto Encoder
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Image Super-Resolution Using Deep Convolutional Networks
https://arxiv.org/pdf/1501.00092.pdf
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Super-Resolution
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Image Super-Resolution Using Deep Convolutional Networks
https://arxiv.org/pdf/1501.00092.pdf
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Image Restoration Using Convolutional Auto-encoders with Symmetric Skip Connections
https://arxiv.org/abs/1606.08921
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Reference

- Building Autoencoders in Keras
https://blog.keras.io/building-autoencoders-in-keras.html

- TsnsorFlow BIFE AP Keras (CKBDFEFZETIUVBEFE

- TOMSESDdeep learning

- WIREE T 1 — TSI DEFH EFMA LoD OB HRIE

- Trains a denoising autoencoder on MNIST dataset.
https://keras.io/examples/mnist_denoising_autoencoder/
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