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Introduction

• Background

CONVOLUTIONAL NEURAL NETWORK IS HOT!

LeNet -> AlexNet -> VGG -> GoogLeNet -> ResNet->….
(LeCun,1998) (Krizhevsky, 2012) (Simonyan, 2014) (Szegedy 2014) (He, 2015)

Visual Recognition, Speech Recognition, and 

Natural Language Processing



Introduction

• Problems

SLOW FOR COMPUTATION!

Alfredo Canziani, Adam Paszke, Eugenio Culurciello, 2017



Introduction

• Existing Solutions/ Related Work

1. Network Pruning &  Convolutional accelerator
->FFT Conv. (Mathieu, 2013) 

->Winograd Conv. Operation (Winograd, 1980; Lavin, 2015)

->Pruning & Retraining （Liu, 2016)

->Replace Conv. with Winograd Conv. Layers (Li, 2017）

-> Move ReLU into Winograd domain (Liu, 2018)

2. Activation Functions (not in this pre.)



Introduction

• Existing Solutions/ Related Work

3. Batch Sizes

->Large Batch Size”: Generalization Gap ”  (Krizhevsky, 2014)

->”Sharp Minima ”  (Keskar, 2016)

-> ”Generalization Gap”: Insufficient updates (Hoffer, 2016)

->Increasing the Learning Rate & Momentum (Smith, 2017)

-> Learning Rate Warm Up (Goyal, 2017)



Introduction

• Our Solutions

Weighted Average Stacking &

Network Pruning &

Winograd-ReLU Convolution &

DYNAMIC BATCH SIZE ALGORITHM



Methodology

• Model Architecture

-> Separate Train & Test

-> Stacked CNNs

-> Weighted Average



Methodology

• Training Procedures



Methodology

• Algorithms



Experiment

• AlexNet + FASHION-MNIST (Xiao, 2017)



Experiment Results

• AlexNet + FASHION-MNIST



Experiment Results

• VGG + CIFAR10 (Krizhevsky, 2009)



Experiment Results

• VGG + CIFAR10



Experiment Results

• ResNet + CIFAR100 (Krizhevsky, 2009)



Experiment Results

• ResNet + CIFAR100



Experiment Results

• Kernel & Momentum Visualization



Conclusion

• Efficient Convolutional Neural Network
• Weighted Average Stacking
• Winograd-ReLU Convolution + Pruning
• Dynamic Batch Size

• Increasing learning rate 
• Increasing momentum coefficient
• Scale the batch size

• Promising Results
• Fashion-MNIST  1.55x & 2.66%
• CIFAR-10            2.86x & 1.37%
• CIFAR-100           4.15x & 4.48%
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Thanks for your attention!

Any Questions?☺


