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• The Proposed Model
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Parameters FLOPs Top-5 Error

AlexNet 61M 725M 17.0

VGG-16 138M 15484M 8.43

GoogleNet-V1 6.9M 1566M 7.89

ResNet-50 25.5M 3800M 5.25

Forward(ms) Backward(ms)

VGG-16 143 379

GoogleNet-V1 63 102

CNNs cost a lot

• https://github.com/jcjohnson/cnn-benchmarks.git
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Why CNN Acceleration?
Real-World Applications need Real-Time

Self Driving Face Detection
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Popular Dataset & Networks

Training Testing Classes

MNIST 60,000 10,000 10

CIFAR10 50,000 10,000 10

CIFAR100 50,000 10,000 100

ImageNet 1.2M 150,000 1000

AlexNet VGG-16 GoogleNet ResNet

Frequency Most Most Few Rare
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Related Works

• Low Rank

• Fixed Point

• Product Quantization

• Sparse

• Architecture

• Dynamic CNN
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Low Rank

3*3 kernel 1*1 kernel

• Zhang, et al. "Accelerating very deep convolutional networks for classification and detection."  TPAMI 2016

3*3 kernel
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Fixed Point

• Rastegari, et al. "Xnor-Net: Imagenet classification using binary convolutional neural networks." ECCV 2016
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Product Quantization

• Wu, Jiaxiang, et al. "Quantized convolutional neural networks for mobile devices." CVPR 2016



2017/04/12 | XUANYI DONG | UTS

Sparse

• Han S, Pool J, Tran J, et al. “Learning both weights and connections for efficient neural network”. NIPS 2015
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Architecture

• Romero, Adriana, et al. "Fitnets: Hints for thin deep nets." ICLR 2015
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Dynamic CNN

• Figurnov, Michael, et al. "Spatially Adaptive Computation Time for Residual Networks." CVPR 2017
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Problems

• Focus on the Compression rather than Acceleration

• Focus on the Fully-Connected layer not Convolution layer

• High Theoretical Time but hard to adapt Practical Implementation
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Motivation
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ReLU Activation

SparseDense
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Efficient: More (complicated structure) is Less (computation complexity)

Conv1

Conv2

Res3.0-sum

Res2.0-sum

Frequently, >30% outputs are almost zeros

after the ReLU operation, and thus their exact 

convolution values before ReLU are meaningless.

Can these positions be roughly estimated with 

very low computational cost? 

original residual block
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Res1.0-sum

low-cost,  
e.g. 1x1 
conv1

3*3 conv1

3*3 conv2

Res2.0-sum

Theoretically, model accuracy can be 
lossless, yet complexity is less.

If 1x1 or low-cost conv
1

2
outputs zero, 

then its corresponding convolution 

operation in conv
1

2
is not required.

Element-wisely multiply

low-cost,  
e.g. 1x1 
conv2

Efficient: More (complicated structure) is Less (computation complexity)

Element-wisely multiply
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Proposed Architecture

Low Cost Collaborative Layer (LCCL)
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Implementation

Input
tensor

4 × 3 × 3 × 3 kernel

im2col …
3*3*3 kernel

matrix multiplication

output
tensor

×

X ×Y ×3

=*conv

X’ ×Y’ ×4

X’ * Y’
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Implementation – weight sharing

kernel

im2col …
3*3*3 kernel size

collaborative
kernel

output

N zero values

skip calculation

Input
tensor

X ×Y ×3

*conv

×

X’ * Y’-N

LCCL
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Trade off – acceleration and accuracy
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Acceleration - Sparsity

Collaborative Layer Sparsity Trainable

Conv + Relu < 10 % Stable

Conv + Regularization + Relu 5 % - 70% Unstable

Conv + BatchNorm + Relu ~30% Stable



2017/04/12 | XUANYI DONG | UTS

Accuracy - Kernel

𝑉𝑡
′ 𝑥, 𝑦 = 

𝑖,𝑗=1

𝑘′



𝑐

𝐶

𝑊𝑡
′ 𝑖, 𝑗, 𝑐 𝑈(𝑥 + 𝑖 − 1, 𝑦 + 𝑗 − 1, 𝑐)

Input tensor               : 𝑈
Height & Width          : X & Y
Collaborative Kernel : 𝑊𝑡

′

Output tensor            : 𝑉𝑡
′

Sparsity Ratio             : r
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Accuracy - Kernel
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Details on Pre-Activation Residual Network
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Experiments
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Experiments – CIFAR10
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CIFAR10

Experiments – CIFAR10 & CIFAR100

CIFAR100
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Experiments – ImageNet



2017/04/12 | XUANYI DONG | UTS


