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M2 A3X|s d&™S MO|L} - Application Processor Overview

© What is Smartphone?
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M2 QA3X|s d&™S MO|L} - Application Processor Overview

© Smartphone Teardown
» Galaxy S20 Ultra

Source: ifixit
https://www.ifixit.com/Teardown/Samsung+Galaxy+S20+Ultra+ Teardown/131607
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M2 QA3X|s d&™S MO|L} - Application Processor Overview

© Smartphone Teardown

» Galaxy S20 Ultra, Main PCB

SEC
128GB UFS (NAND Flash)

5G Modem

PMIC

SEC ExynosS830 AP
+ SEC 12GB LPDDRS5 DRAM

WiFi & Bluetooth
Module

Source: ifixit
https://www.ifixit.com/Teardown/Samsung+Galaxy+S20+Ultra+ Teardown/131607
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M2 QA3X|s d&™S MO|L} - Application Processor Overview

© AP Physical Structure
» Galaxy S20 Ultra, Main PCB

Camera Display Memory
ISP Control Control

1/0 Interface Special Functions

. _l_ - _. Application Processor r-P

Die Photo

Source: ifixit Source: CHIPREBEL
https://www.ifixit.com/Teardown/Samsung+Galaxy+S20+Ultra+ Teardown/131607 EX y n 08982 0 https://www.chiprebel.com/exynos-9820/
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M2 23X s AetME MO|Lt — Market Trend

© Most AP companies emphasize Al performance
= Computing resources

. M | tl r rillion operations per second
u core Inspiring intelligence F
Snapdragon 865

‘2x

2 _7"»5 :

=" |Snapdragon 855 5X
= AT ¥ |
=" |Snapdragon 845

SAMSUNG
Exynos

e O 15 TRILLION OPERATIONS PER SECOND -

64-bit Fastest Fastest S Al PERFORMANCE & POWER EFFICIENCY
FUSIon C?th GPth 3 i Hexa-Core APU 3.0 and NeuroPilot support

Neural Machine
Engine Learnmg

‘ New Architecture, Intelligence Evolution

HUAWEI

2Big-Core 1Big-Core
+ Lo+

|
1Tiny-Core | 1Tiny-Core

X What architecture is suitable for user applications?



MELH ASX|S

Aet™ & M O|Lt — Market Trend

© Computing Paradigm 2| 3z}

= Accurate Computing Ol A Approximate Computing 2 £...

[ ] E
Computing EH Example
. ALro| A7t HESt D 52 =T 9| precisions 7t HW: CPU, GPU, DSP S
Traditional =
. - O AR AHX| 7} 2 RS Precision: 32, 64, 128, 512, 1024bit ALU H4t &S
Computing = e o
-SAOf 2 AMES T AR AH|HH AR M oHA L B0 ALu Sih o] ef Cryot BB = M|
AHAO| ALt M Atho| QIX|St=0| EX7F Si7ALt AtEho| H =
ML(IV?aI\’chine ol =&F0o| @ /_Q_X|-§ o HW: NPU (Neural Processing Unit)
Learning) _AMH® O 2 Chadt oA RHX| 7 AR | Precision: 8, 16bit ALU G4t &
Computing | - @42l & M2 Training S 53+ Algorithm & 20 2 718 3 301: Multiply and Accumulate (MAC) H0f S 2t
- QlAto| ZAnt= SHE 2 LIEHY

DEEP LEARNING APPROACH

s
2N g’l

Errors




MEL Q13X ASHS MO|Lt - User Applications

© On device Al Applications

Visual
Perception

Low Computation

Object Detection Classification Body tracking
Shopping, Scene Optimizer AR Emoji

Object
Construction

More Computation

Segmentation Depth Estimation Motion Estimation
Live Focus Exquisite Bokeh/Deblur, Frame Rate Conversion
Bokeh/Blur Effect AR Effect
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MEC| 213 X|s A S MO|Lt - User Applications

© On device Al Applications

Image
Quality

NO NOISE REDUCTION NOISE RED

More High

. _ Computation
Noise Reduction Image Sharpening Super Resolution

HDR Effect, Professional Camera Space Zoom

Image
Generation

More High
Computation

Inpainting Style Transfer
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MEL Q13X ASHS MO|Lt - User Applications

© On device Al Applications

Speech
Applications
Bixby says hello
AEA
e Memory Intensive
Translate Speech Recognition Speech Translate
Bixby Voice

Focus on Vision Al




A-l % I:H ?_I _CT;_xI % E EPH _CT;_ k" I:II LI' - User App/ications (® Applications of Deep Learning for Computer Vision)
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1. Image Classification 2. Image Classification with 3. Object Detection 4. Object Segmentation
(Inception, ResNet&) Localization (Fast R-CNN, YOLOS) (U-Shape NET | DeepLab&)
(Fast R-CNNS)

[]convolutional layers in encoder
D convolutional layers in decoder
[ ]layers in VGG 16/ 19

|: D skipped connected layers
identity

Source: Machine Learning Mastery

5. Style Transfer (U-Shape Network | Neural Style Transfer, Style GAN %) Flx) +x Skip Connection https://machinelearningmastery.com/applications-of-deep-learning-for-computer-vision/
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A-l % I'-'I'I ?_I _CT;_xI % E EPH _CT;_ k" I:II LI' - USEI‘ App/ications (9 Applications of Deep Learning for Computer Vision)

|
A & B channels

(2xHxW)
Ground Truth
(ZxHxW)
7 AL
Input 47 48 L

BxHxW) N &
N ; Output
(ZxHxW)

(CIE Colorspace) 3
ResNet-18-Gray Deconvolutional Layers
Li htness (ResNet- 18 trained for (Convolution & Upsampling)
(lgx Ha¥D grayscale inputs)

128x128 —
Global Discriminator

X
i 64x64

32x32
16x16

Image + Mask

Dilated Conv.

Output 128x128

Completion Network 64%X64 3232 16x16 gxg

7. Image Reconstruction (U-Shape Network | DeepFill &)

Local Discriminator

% U-Shape Net (Decoder) , Skip connection & | 5 &

Source: Machine Learning Mastery
https://machinelearningmastery.com/applications-of-deep-learning-for-computer-vision/
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L= -|_<T':_ k" I:II LI' — User App/lcatlons (® Applications of Deep Learning for Computer Vision)

bicubic
(21.59dB/0.6423)

SRResNet
(23 53dB/0.7832)

SRGAN
(21.15dB/0.6868)
g ——

original

Generator Network B residual blocks

b

n256s1

8. Image Reconstruction (U-Shape Network | SRResNet SRGANS)

Zebras _ Horses

zebra —) horse

horse — zebra

9. Image Synthesis (U-Shape Network | CycleGan's-)

n64s1

" n64s1

nﬁ.ﬁ

~N
-

skip connection

Encader Transformer Decoder
x 2 & '8 & & & & & 2% 'z =
S R R e N N NS s My S T S
z & % & § § 8% 8 § 8 3 -
K4 /4 k/4 K/'4 K4 k/4 ]
K2 Convolutional Layer K2
Residual Block
{Convolutional)
Transpose Convolutional Layer K Kk

Source: Machine Learning Mastery

https://machinelearningmastery.com/applications-of-deep-learning-for-computer-vision/
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MEC| 218 X|s A S MO|Lt -User Applications

© Live HDR+

X HDR (./-//'gh Dynamic Rang.e) ) )
» Deep bilateral learning for real-time image enhancement

LOW-RES COEFFICIENT PREDICTION §3.1.2 Iocal features L'

$°F
#*#ﬁi‘lA}l@n

low-res input 1 §3.1.1 low-level features S’ @ §3.1.3 global features '

§3.2 bilateral grid
of coefficients

‘ Pt 4" .\"

§3.3 sliced coefficients A

§3.4.1 guidance mapyg §3.4.2 full-res output O

(D Global feature : O|O|X| = ALO[ 0| S& Q! feature = (64-d vector) dat/night, indoor/outdoor, color distributions etc.
localized color distortions and undesired artifacts & X| 0| ==0]| &

@ Local feature: {70 Z=0| A1, O 7|0f S0 UL,
(3 Fusing two features: learnable linear function (16x16x64 array) O| At-& & Felxyl = U(bc +;W'cc'GZG +;ch'L'c"L["’y])

@ Pointwise linear layer 7} "bilateral grid of affine coefficients A (16x16x96 array)" = A A Aclx.yl =be + ) Folx.ylwee

Source: https://groups.csail.mit.edu/graphics/hdrnet/data/hdrnet.pdf
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