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Acceleration framework for training deep learning by cooperative with algorithms
and computer architectures
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In this research, we aimed to accelerate the training process of deep neural
networks (DNNs) used in various fields. We focused on DNN optimization techniques such as pruning
and quantization, which help simplify DNN models. Considering computer architecture viewpoints, our

study explored how these techniques can be applied during training. We found that pruning and
quaﬂgization—based algorithms can accelerate the training process for DNN by leveraging computer
architecture.



Convolutional Neural Network
DNN

DNN

DNN

DNN

DNN

DNN

DNN

DNN
DNN

DNN
bit

PCA
1
Principal component analysis: PCA
L1

vggl6 bn
20
a 99.0%

20

/

Deep neural network DNN

Pruning after training PaT

Pruning at Initialization Pal

CIFAR100
vgglé bn

DNN
DNN
DNN
DNN
DNN
DNN
DNN
finetune
DNN
DNN
bit
DNN
DNN
CNN
200 20
topl  top5
DNN
CNN
PCA
2

Pal

DNN



[@»"[ﬁ = [oca]m

\

T menon ABSZONE - i
M ] @ =l &
- = — 3 - :
#Eirﬁiﬂb e 6/‘*! N e -
‘ @ = E .. / ..... ' IREEE]
o EFROBALFrALBORE
1
1
top1[%] top5[%)] PR [s)
F—Zty b P FE[] | FEL | REFE | FEL] | FEL | RBREFR | PR | #EFE
200epoch | 20epoch | 20epoch | 200epoch | 20epoch | 20epoch | 200epoch | 20epoch
43% 93.13 89.37 93.25 99.56 99.49 99.46 2442.1 243.8
CIFARIO 4% 93.04 88.75 93.30 99.52 99.51 99.53 2382.8 243.0
56% 92.99 88.88 93.17 99.52 99.37 99.45 2454.0 240.9
65% 93.14 89.12 92.83 99.51 99.49 99.41 2380.6 241.8
24% 72.10 61.38 70.92 89.72 86.97 88.97 2440.5 247.5
33% 71.78 60.38 70.66 89.32 86.24 88.63 2444.7 243.2
CIFAR100 )
51% 71.20 60.12 69.53 89.26 86.50 88.44 2444.1 244.2
64% 70.14 57.13 67.20 89.12 84.88 87.95 2396.1 242.9
- :
, PRI E
% ERTESTOME i i
;M: 2mE i
B | = -
M!I{E-E-T-Jbﬁm" e o
DER i .Ilﬂ'-%?:b ' GREEFL2
-nHE / : '
~ @ @ [Por]m BarLLTFLOmENR | A==
= :
--------------------- (—— —— T
2 /
91
89
g g
g T ) Z 88 N\
% —o-{BRFE = SynFlow - \ % . ——REFE -#—SynFlow ®
<64 +-Magnitude SNIP SN g <8 4+ Magnitude SNIP \\ g
62 f Grasp - NTKSAP SAS 86 e=Grasp W=NTKSAP b4
b
60 - - . 85
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
compression rate compresssion rate
(a) topl KiHE (b) top5 HilE
3 /
200 30 170 200 a 99.0%
3 topl top5 compression rate
3
Pal
DNN
DNN

DNN



5 5 0 5

Yuto Sumiya, Tomoki Otsuka, Yoshihiro Maeda, and Norishige Fukushima 29

Gaussian Fourier Pyramid for Local Laplacian Filter 2022

IEEE Signal Processing Letters 11-15
DOl

10.1109/LSP.2021.3121198

Nogami Haruki Kanetaka Yamato Naganawa Yuki Maeda Yoshihiro Fukushima Norishige 24

Decomposed Multilateral Filtering for Accelerating Filtering with Multiple Guidance Images 2024

Sensors 633 633
DOl

10.3390/524020633

Kanetaka Yamato Takagi Hiroyasu Maeda Yoshihiro Fukushima Norishige 12

SlidingConv: Domain-Specific Description of Sliding Discrete Cosine Transform Convolution for 2024

Halide

IEEE Access 7563 7583
DOl

10.1109/ACCESS . 2023. 3345660

Naganawa Yuki Kamei Hirokazu Kanetaka Yamato Nogami Haruki Maeda Yoshihiro Fukushima 12

Norishige

SIMD-Constrained Lookup Table for Accelerating Variable-Weighted Convolution on x86/64 CPUs 2024

IEEE Access

15800 15819

DOl
10.1109/ACCESS . 2024 .3354720




Tsubokawa Teppei Tajima Hiroshi Maeda Yoshihiro Fukushima Norishige 83

Local look-up table upsampling for accelerating image processing 2023
Multimedia Tools and Applications 26131 26158
DOl

10.1007/s11042-023-16405-7

27 0 7

Arashi Hirose, Yoshihiro Maeda, Takayuki Hamamoto

Optimization of CNN Structure based on Principal Component Analysis and Sparsification

International Workshop on Advanced Image Technology (IWAIT)

2024
CNN
(PCSI)/ (IMPS)
2023
CNN
(PCSI)/ (IMPS)

2023




(PCS3)/ (IMPS)

2023

Tensor Core

(PCS3)/ (IMPS)

2023

Kohei Hayashi, Yoshihiro Maeda, and Norishige Fukushima

Local Contrast Enhancement with Multiscale Filtering

Asia-Pacific Signal and Information Processing Association Annual Summit and Conference (APSIPA ASC)

2023

2023




Soichiro Honda, Yoshihiro Maeda, and Norishige Fukushima

Dataset of Subjective Assessment for Visually Near-Lossless Image Coding based on Just Noticeable Difference

International Conference on Quality of Multimedia Experience (QoMEX)

2023

Sliding DFT

2023

Haruki Nogami, Sou Oishi, Tomohiro Sasaki,Yoshihiro Maeda, Norishige Fukushima

Performance Evaluation of Halide Auto-Scheduler with Directional Cubic Convolution Interpolation

International Workshop on Advanced Image Technology (IWAIT)

2023

2022




Yamato Kanetaka,Yoshihiro Maeda, Norishige Fukushima

Basic Study on Domain Specific Description of Convolution with Sliding DFT

International Workshop on Image Sensors and Imaging Systems (IWISS)

2022
CNN

(PCSI)/ (IMPS)

2022
Just-Noticeable Difference

(PCSI)/ (IMPS)
2022
CPU 2

(PCSI)/ (IMPS)

2022




(PCSI)/ (IMPS)
2022
(PCSI)/ (IMPS)
2022
Just-Noticeable Difference
IE
2022
IE

2022




Yoshihiro Maeda, Norishige Fukushima, and Takayuki Hamamoto

Color Transformation for Compressive Computing in Image Filtering

Asia-Pacific Signal and Information Processing Association Annual Summit and Conference (APSIPA ASC)

2021

Takumi Kondo, Yoshihiro Maeda, and Norishige Fukushima

Accelerating Finite Impulse Response Filtering Using Tensor Cores

Asia-Pacific Signal and Information Processing Association Annual Summit and Conference (APSIPA ASC)

2021

2021

Tensor Core FIR

(PCSI)/ (IMPS)

2021




(PCS3)/ (1MPS)
2021

(PCS3)/ (1MPS)
2021

(PCS3)/ (IMPS)
2021

(PCS3)/ (IMPS)

2021







