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Presenters

Shinkook Choi is a tech lead in Nota Al.

His research interests are improving the performance
of Al model compression technology in various tasks
such as image classification, object detection, and

super-resolution.
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Nota Al

* Al Model Optimization Company

History Location Team

2015 Founded

Operation

BD
Strategy

2021 Series B ($22M)

10%

Strategic Investors

\sI‘E\ITTsUI:II:(:NVESTMENT @LGCNS

NAVER kakaoinvestment

~70 Teammates, > 80% in R&D
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Nota Al
* Our Technology

1. Al Model Optimization

NetsPresso

# Automated SW platform
NetsPresso minimizes human
resource input by automatically
developing lightweight Al models

# Optimized for devices
NetsPresso creates optimized Al
models for target devices and
provides a wide range of devices
as options
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2. Edge Al Development and Optimization Services

Intelligent Driver
Transportation System Monitoring System
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Outline

* Problem statement

Arm Ethos-U65

NetsPresso

Results
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Problem statement

* The number of float-point operations (FLOPs) is a widely used metric to measure
computation complexity. However, FLOPs is not the same as the direct metric such as
speed or latency.

* The figure below shows that networks with similar FLOPs have different speeds.
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Problem statement

* On various machine learning accelerators, not all FLOPs and the number of trainable
parameters have the same efficiency.

* Fused-IBN may run the same as fast as a depthwise-IBN even with 7 X as many

Parameters.

Comparing IBN Variants [Input: 1x28x28x32, Expand: 8]
B Latency (us) @ Parameters (KB)
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* Itisimportant to analyze the hardware and design the neural network accordingly.
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Arm Virtual Hardware (AVH)

* Arm Virtual Hardware (AVH) is an evolution of Arm’s modeling technology delivering
models of Arm-based processors, systems, third party hardware for application
developers and SoC designers to build and test software before silicon and hardware
availability.

* Fixed Virtual Platform (FVP)
- digital twin of a development board with Ethos-U65 & Cortex-M55

e Corstone-300 (sse-300), available as part of Arm Virtual Hardware

* Device setting
« Arm Ethos-U65 NPU
- Optimize: Performance
« 256 MAC units
- Memory mode: Dedicated SRAM
- System: High End
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Arm Ethos-U65 NPU

* Device dedicated for Neural processing Ethos-U65 NPU

Weight Decoder

* Consists of: Central
- Computation Units Control
- MAC Unit MAC Unit
— Elementwise Engine

« Memory
— Internal Memory

— External Memory: SRAM, DRAM Shared Memory

(Internal Memory)
3~ Controller
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* KiB is kibibyte which equals 210 bytes
* MiB is mebibyte which equals 22° bytes

Arm Ethos-U65 NPU

* When memory mode is dedicated SRAM, the arena cache size is 384 KiB

* If the activation buffer size is larger than 384 KiB, DRAM is used and latency increases
dramatically.

* Since the memory size is 32 MiB, it cannot be executed if the sum of the model size and
the activation buffer size is greater than 32 MiB.

Arena Cache for
Activation Dat
B 7 Y¢:1l SRAM

Activation Evicted to
DRAM if (size > 384KiB)
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@y fthos-U65 NPU

External Bus

DRAM (32MmiB)

Cannot be Executed if
(Model > 32MiB)



Neural Network Blocks

Convolution types

Split | Split
Concat
Conv Group Conv

{
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* DW
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Ghost Conv!Y Blueprint Separable
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PW: Pointwise Convolution

DW: Depthwise Convolution

Building Blocks

Input Input

Q

Output Output

Inverted Bottleneck(IBN) Fused-IBNE!

Input Input

4

Concat

ik

Output Output

Fused group convolution IBN maxpool-IBN!
(Fused-GC-IBN)EI
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* groups = 4 for Fused-GC-IBN

Neural Network Blocks

* Latency characteristics of blocks vary on the configuration

Convolution types Building Blocks

Latency of different convolution types Latency of Various IBNs (Normalized to IBN)
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* The value of the horizontal axis represents the value of height X width X channels when the size of the input/output feature map is the same.
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NetsPresso

 Hardware-Aware Al Model Optimization
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NetsPresso

e Arm Virtual Hardware in NetsPresso

Snapshots of NetsPresso

(WEE MG e Ml = Projects /create aNewProject / Quick Search NetsPresso = Projects / Create aNew Project / Quick Search

= Models = Models

Quick Search Quick Search
Datasets Datasets

Project info Recommendations

& Projects X Projects

e For Image size
Project name *

>
CompIEss Demo Project-AVH = Compress YOLOVSn YOLOVSs YOLOVSm YoLOvS! YOLOVSx
& Convert Memo & Convert
h
Package This is a demo project targeting for arm virtual HW. Package ° >° w
Nano Small Medium Large Xlarge
Estimation 98 Estimation 102 Estimation 116 estimation 120 estimation 143
|mage size(pixel Image size(pixel Image size(pixel Image size(pixel Image size(pixel
Image data 480 x 480 480 x 480 480 x 480 480 x 480 480 x 480
Task *

@® Object detection For Latency

_ NPNet-1 YOLOV5m6- YOLOVSm YOLOVSI YOLOV5x

aase NPNet-CPU-0

Sample-VOC -

ne ne >
Target device Medium Large Xlarge
@® arm Virtuol Hordware cotmation 102 cotmation 102 cotmation 116 simaton 120 Coimation 143
Image size(pixel Image size(pixel Image size(pixel Image size(pixel Image size(pixel

O Raspberry Pi 128 %128 128x 128 128 x 128 256 x 256 256 x 256

Documentation :
a Bl Documentation

Search Recommendations
Github Discussion [ search Racommandutions | R
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NetsPresso
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Model Searcher

Shorter Al model development time
(months = weeks)
Better performance
(latency, power consumption, etc.)
More options to choose from
(performance/Hardware, etc.)
Near production-ready Al models
(based on Hardware Validation)
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NetsPresso
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Model Compressor

Supports all CNN architectures

Optimal compression ratio is recommended

Eliminates months of paper implementation time

Minimal loss of information
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AI Model
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NetsPresso

e Model Launcher

Deep
Learning
Engineer
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Trained model

HW benchmarks
(latency, power consumption)

<

Ready-to-deploy
package

Convert and accelerate the model on *real* devices

Model converting

€& ONNX @ 1o

TensorFlow Lite

©penVIN® Coral

Optimization targets

AVH arm ' Raspberry Pi’

Ready-to-deploy packaging
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NetsPresso

* Pipeline

- One-stop shop to build, optimize, and deploy optimized hardware-aware Al models with AVH

-

Labeled Data DL
Data Preparation Modelling
Automation
Model Model Model
NP S:ar?:her N P Compressor N La(:miher AVH
Baseline Al Model Lightweight Al Model

\
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Results

21

Image classification

« On CIFAR-100 (image size =32 X 32)

« VGG19: up to 7x compression with ~1.5% drop in

dCCuracy

- MobileNetV1: up to 5x compression with marginally
improved accuracy

© 2022 Arm

Latency (ms)
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10

VGG19

Resnet50

Accuracy Model size Latency
(%) (MiB) (ms)
Original 73.66 398.3 20.1 19.3 6.32
VGG19
Nota 72.12 61.5 0.7 1.4 0.68
Original 78.58 1,298.0 23.8 23.5 12.35
ResNet50
Nota 76.84 132.1 2.4 2.9 2.58
Original 66.36 46.5 3.3 3.5 1.43
MobileNet V1
Nota 66.64 9.7 0.4 0.5 0.27

M Original

W Nota
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Results

* Image classification
- On Imagewoof (image size = 224 X 224)

- Because the sum of model size and activation buffer size of the baseline VGG19 is larger than 32MiB,
Ethos-U65 could not run the model.

- Nota's NetsPresso reduced the size of VGG19 to ~50% so that Ethos-U65 can run the model.

Accuracy Params Model size Latency
(%) (M) (MiB) (ms)
Original 88.39 19527.4 32.9 32.0 X
VGG19
Nota 87.99 6914.7 18.4 18.0 57.41
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Where to try

N e t s P re s s o Model Searcher  Model Compressor  Model Launcher  Free Models  Resources

NetsPresso

NetsPresso is a proprietary hardware-aware
Al optimization platform for lightweight Al model development.

NetsPresso

Model Searcher
+
u [ 4
Target Performance \ \ \
-+ -
» L3
f

# Model Compressor
Optimized Al Model
Target Hardware

Model Launcher
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