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Latency Performance

Single Thread

<40% Power
Aam >40%

Perf

<40%

B

Performance
at1ISO Power

Power at ISO
performance

GPU



https://www.eettaiwan.com/20210824nt61-intel-12th-core-processor/
https://ofeyhong.pixnet.net/blog/post/59851482-%E3%80%90%E9%9B%BB%E8%85%A6%E7%B5%84%E8%A3%9D%E3%80%91ram%E8%A8%98%E6%86%B6%E9%AB%94%E7%9A%84%E9%81%B8%E8%B3%BC%E8%88%87%E6%8E%A8%E8%96%A6--(2022%E5%B9%B45
https://gpu.userbenchmark.com/Compare/Nvidia-RTX-3090-vs-Nvidia-GTX-1080-Ti/4081vs3918
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eo Growth of Hyperscale Data Centers: _

Others
5 Country Share Q4 2020

Q4 02 Q4 Q2 Q4 02 Q402040204 Q204 02 04 Q2 Q4

S

Number of Data Centers (Workiwide)


https://www.srgresearch.com/
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Machine Learning

S T -

Data Input Feature Extraction Classifier Output
Deep Learning
Y Mexledheds
- WM WA/ WX/ WX/ _—
Fh
Na N\ g N @

Output

Data Input Feature Extraction + Classifier
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Deep neural networks

Medium neural networks

E#EIENNE - ARRITAKBELCR

(Machine vs Deep Learning)

Performance

Shallow neural networks

Traditional machine learning
>

Amount of data
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https://zh.wikipedia.org/wiki/%E7%A5%9E%E7%B6%93%E5%85%83
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7o -
ﬁﬁbendnte o : Xl

iif] 2 Axon
Y
*Z /[ MNucleus

, Vi .

N ) @« ’ %%Synapse )(2

e SHTHE

(Cell body / Soma)

* Neurons:
« Have K inputs (dendrites).
« Have 1 output (axon).
« |f the sum of the input signals surpasses a threshold, sends an action
potential to the axon.

¢ Synapses
 Transmit electrical signals between neurons.
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LeCun - Bengio * Hinton, Deep Learning, Nature, 2015

> https: / /www.cs.toronto.edu/~hinton/absps/NatureDeepReview.pdf
> Yann LeCun, #ZZ3KE + Facebook A T &EZ=
> Yoshua Bengio, 4152 K&

> Geoffrey Hinton, Z{f2 X2 - Google Brain

‘Godfathers of AI' honored with 2019 Turing Award

REVIEW

doi:10.1038/naturel4539

Deep learning

Yann LeCun'?, Yoshua Bengio® & Geoffrey Hinton*®


https://www.cs.toronto.edu/~hinton/absps/NatureDeepReview.pdf
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ImageNet (ILSVRC)
> FRMR FA
> 1000 E%ERI LK 1.2M RFE &
> ~2017

EntleBucher Appenzeller

RSP POz SR LLIA



http://www.image-net.org/challenges/LSVRC/
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30 282

258

25

20
16.4

15
11.7

| |

10

B

" | i - B

2010 2011 2012 2013

Lin et al Sanchez & | Krizhevsky et al | Zeiler &
Perronnin (AlexNet) Fergus

19 layers| |22 layers

7.3 &7

Simonyan & |Szegedy et al
Zisserman (VGG (GooglLeNet)

152 layers| |152 layers| | 152 layers
et s onmsans &
H =
2016 2017
Shao et al Hu et al
(SENet)

5.1

Human
Russakovsky et al
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https://www.youtube.com/watch?v=FwFduRA_L6Q

EIRRA MM
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FHHIR



https://www.youtube.com/watch?v=BNHJRRUKMa4

EIRRA MM
7N B FEfER T &l

FHHIR

Due to a limited training dataset size,
a variational autoencoder branch is added.



https://www.youtube.com/watch?v=CVYCmB1e8J8
https://www.youtube.com/watch?v=CVYCmB1e8J8

EIRAR AR

. hidden layver 1 hidden laver 2 hidden layver 3
input laver

output layer
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EIRAR AR

Each image contain many pixels and each pixels compose red, green, blue (RGB)

Each channel have brightness levels between 0~255
Pixel (1, 0)

red:6 green:250 blue:7
(1.e. shade of green)

Pixel (4, 2)
red: 241 green:252 blue:23

Pixel (2, 3):
red:247 green:250 blue:237
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Convolution Neural Network (CNN)
> &g (Convolution layer)
> (i@ (Max-pooling layer)
> EEE (Fully connected layer)

- Prica

Lo sunset [ Dy o
—0
B, - B A |0 ~o
° No 9
_— o o Mo Paog
- - o o
= 0 0
2 e P Doy
2 . ] [+]
convolution + max pooling vec |, \:
| nonlinearity | °

convolution + pooling layers fully connected layers| Nx binary classification
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Carnegie Mellon University

Machine Learning




EIRA MRS

a2 Kernel = 3*3, Padding = No, Stride = 1
IL_\
1::1 1:-:0 1:-;1 0 0
Kernel 0::0 1:“:l 1::0 110 4
101 0,0,1/1(1
0 1 0 X x ®
101 0|{0(1]|1]0
011111010
Convolved
Image

Feature
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Filter 1

|

|

Color image

Filter 2
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1(1]-1

-1

-1 1

1]-1

Rlr|lkr|O|R|O

olo|lr|O|O|F
OoO|lRr|O|O |~ |O
RlO|lO|»r|O|O
o|loO|O|w | O|O
oc|lo|lo|Cc|OC|F

image

Fully-
connected

||k, |O|O|K

o|lr|O|C |~ |O

= O|0O|=»|O|O

|||k |O|O

RlRr|r|lO|~r|O

o|lo|jo|(Cc|O|K

1
-1
convolutio!

filter (neuron) count

/
(3x3+1)x3 =30

w X h bias

(36 + 1) x 3 = 111

previous pixel count + bias
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Max-pooling Mean-pooling
s (0.65-0.11-0.11+0.98)/4
s

0.65 [-0.11 0.21 { 0.42 | 0.53 |-0.11

0.65 |-0.11 0.21 | 0.42 | 0.53 | -0.11

0.98

-0.11 | 0.98 -0.11| 0.42 |-0.11| 0.21 042 053 0.68 | 024 | 0.13

-0.11 [ 098 -0.11| 0.42 [-0.11 | 0.21 ' '
0.21 [-0.11] 0.98 [-0.38 | 0.21 |-0.11 042 | 098 | 0.42

0.21 |-0.11 | 0.98 |-0.38 | 0.21 |-0.11 0.24 | 0.19 | 0.04
042 1042 |-038(0.53 |-0.38| 042 053 | 042 | 098 042 | 0.42 |-0381 053 | 038/ 0.42 00 R

0.53 (-0.11 | 0.21 | -0.38 0.98 | -0.11 053 [-0.11] 021 [-038 098 |-0.11

-0.11 [ 0.21 [-0.11 | 0.42 -0.11] 0.98 -0.11} 0.21 [-0.11| 0.42 -0.11] 0.98

Mean-pooling

Max-pooling (0.98-0.11-0.11+0.98)/4




