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Unlocking the Future of Al. This is our Mission. .



Sensors

This is a Major Problem:
90 Zettabytes of Data from the Edge to the Cloud in 2025

Bandwith competing for
the same resources

in other words, too slow
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15+ yrs fundamental Al architecture research & technologies
65+ data science, hardware & software engineers
17 Patents

Publicly traded:
ASX: BRN.AX
OTCX: BCHPY

Customer Engagements— Early Access, Proof of Concept, IP License
Automotive
Consumer

Healthcare

Imaging

Transportation

Engineering Corporate



Traditional cloud-based solutions are not constrained
by model size or complexity

At the Edge, Al processing will face these constraints

Brainchip’s Neuromorphic architecture efficiently
optimizes and accelerates any type of CNN Network

S63 Billion

Edge Inference Market 2025

Data Center Inference
_$17Billion, 26.98%

M Data Center Inference
$17 Billion

M Al Edge Inference
$46 Billion

Al Edge Inference
$46 Billion, 73.02%

Source: Omdia, Qualcomm Estimates 4



Figure 1: Comparing the brain, neuromorphic chip, and GPU in Al inference mode
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brainchip”  akida

Unlocking the future of Al
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Akida IP

AKD1000 Chip

Shuttle PC Development Kit
Raspberry Pi Development Kit
AKD Mini PCle board

Purchase: shop.brainchipinc.com
For more information contact
Sales@brainchip.com
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Visual Wake and Face Recognition




Distributed Computation

Computation spread across many cores (neural processing units — NPUs)

Each NPU has its own dedicated computational engine and memory, which reduces data
movement

Event-Based Processing
Non-zero activation map values are represented as multi-bit (1 to 4-bit) events

NPUs only perform computation on events, not activation maps

Event-Based Communication

NPUs communicate by sending events to each other over a mesh network without host CPU
intervention

Neural network connectivity is configurable in the field

Event-Based Learning
AKIDA implements an on-chip, learning algorithm

No costly communication with cloud required



Akida: Software Development Environment and with Meta TF

Akida Software Development Stack

Akida Chip Simulator

Training tool (CNN2SNN)

ip install cnn2snn Dataset Model e - _ ,
pip install ¢ S Pisariiioe Definition Training Quantization Fine-tuning Conversion

Models

pip install akida-models

fgth?D f Keras

TensorFlow
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Overview

The Akida Neural Processor

BrainChip's Akida integrated circuit technology is an ultra-low power, high performance, minimum
U SI n Sta n d a r.d Te n SO r F I OW memory footprint, event domain neural processor targeting Edge Al applications. In addition,
g because the architecture is based upon an event domain processor, leveraging fundamental

e nvi ro n m e nt principles from biological SNNs, the processor supports incremental learning. This allows a deeply
trained network to continue to learn new classifiers without requiring a re-training process. Due to

the highly optimized architecture, the Akida Neural Processor eliminates the need for a CPU to run

° H Search docs
I n Sta I |at | O n m a n u a I the neural network algorithm and in most cases eliminates the need for a DRAM external to the

. U G . d : neural fabric. The elimination of external devices makes the Akida solution significantly more power
Se r ul e Overview efficient compared to deep learning accelerators which require both external CPU and memory.
Installation
. f . 4 G
A P | rererence User guide Built around a mesh-connected array of neural processor units (NPUs) the architecture is highly

API ref scalable to meet the needs of a wide range of applications. The uniqueness of the BrainChip Akida
* Example/Workflows tactureles in the abl i
p Architecture lies in the ability of the hardware to run traditional feedforward, deeply learned CNN
Sape networks as well as native SNN networks. This documentation provides examples of how to
Changelog develop both classes of solutions, using industry standard tool flows and networks, to solve a
Support variety of application problems such as vision, acoustic, cybersecurity amongst others.

Need a network and Dataset
’ The Akida neural processor is available both as Intellectual Property (IP) circuit design for
b If yo u d O n t h ave O n e O r kn OW integration in ASIC products or as a System on a Chip (SoC) product.
hd Seve ra I free O n es a re i n t h e As Figure 1 shows, the SoC is built around a core neural processor comprised of 80 neural

. processing units, it includes a conversion complex and allows one to run popular convolutional
Exa m p I e Sect [o]g] neural networks (CNNs) such as MobileNet 1. Designers can use the Akida SoC to run industry
standard CNNs, dramatically reducing power by changing convolutions to event based

G et a h ea d Sta rt computations, or run native SNN solutions.
e Convert your normal CNN to SNN vt puttrtaces R

= PCl-Express 2.1 X2 Lane Endpoint = M-Class CPU with FPU & DSP

following CNN2SNN flow in - i T e
Examples e

= Pixel-Spike Converter

= SW Data-Spike Encoder
- Any multivariable digital data
= Sound, pressure, temp, others



https://doc.brainchipinc.com/

Transfer Learning on Meta TF Akida model zoo
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Overview

Installation

User guide
& API reference
Akida Execution Engine

—— CNNZSNH

1 M 2 @& Python3|Idle Mode: Command & Ln1,Col1 t Akida models
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Model zoo performances
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Akida™ T g
Edge Based Learning

Revolutionizing Al at the Edge




1. Train CNN feature extractor offline on original dataset

2. Replace last classifier layer with Akida layer capable of on-chip learning

3. Perform few-shot learning: learn from a few samples
a) original classes ( )

b) new classes ( ) — should share similar features with original classes

DL-SNN-Extracted Features

( ( ( (1 rrrrrmii»

- e o e e o e = - — a L
« We have demonstrated edge learning for:

Layer with on-chip learning

Classes from original data set

» Object detection using MobileNet trained on the ImageNet dataset
« Keyword spotting DS-CNN trained on the Google Speech Commands

dataset

« Hand gesture classification on a custom DVS events dataset
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https://www.youtube.com/watch?v=xeGAiWbKa7s
https://www.youtube.com/watch?v=vOEY2NICjVY
https://www.youtube.com/watch?v=Rin5RGTHiOk

Object Classification: Time for a Beer?

A .

Corona Premier '™

Learn new class™"” Corona Premier




ImageNet Mobilenet V1 Edge learning at
High Speed

Pit Crew '™
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Akida™

Facial Recognition
Keyword Spotting
Visual wake




Akida Visual Wake Word
Keyword spotting::Hey Akida!
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Tactile Sensing Jii!

Revolutionizing Al at the Edge




Figure 1

ST-MNIST
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Akida Neuromorphic Processor and IP

Data Processing

- Pixel-Event Converter

- SW Data-Event Encoder i
- Any multivariable digital data
- Sound, pressure, temp., others

On-Chip Processor

- M-Class CPU with FPU & DSP
- System Management
- Akida Configuration

Data Input
Interfaces

- PCl Express 2.1 x2 Lane Endpoint
- USB 3.0 Endpoint
- 13S, 12C, UART, JTAG

External Memory Process
Interfaces Independent IP
- SPIFLASH for boot/storage - Standard CMOS

- LPDDR% Program/Weights - Event Based NPU

- Configurable SRAM Memory
- On Chip Communication

Multi-Chip Expansion

- PCle 2.1 2 lane root complex
- Connects up to 64 devices
NEURAL PROCESSO

. )0,-00-0 0 )
B pd ; | 3 IP Configurable

Flexible Akida ey L4 °_,° L4 Number of Nodes

- IP Deliverables

Neuron Fabric

A - DevTools
- Implements 80 NPUs CONVERSION -~ e - Test Suites
- All Digital logic with SRAM (8MB) e j E , £l - Do umentation

- Also Available as Licensed IP Core
- First Implementation: TSMC 28nm
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Traditional Al is compute intensive

Traditional Al solutions are not the future for Edge Al environments
Too much irrelevant data is being processed
Consuming too much power

Too many dollars are being spent in the wrong areas

The key is not to process more data faster
Process Relevant Data Efficiently with Accuracy

Neuromorphic Computing is the next generation of Al
Processing the most relevant data: smarter, faster and most economical

BrainChip is first to market and is leading the way!



We don’'t make the sensors
. We make them smart

We don't add complexity
. We eliminate it

We don’t waste time
. We save it

We solve the tough Edge Al problems
. Others do not or cannot solve

26



Empowering Product Creators to
Harness Edge Al and Vision

The Edge Al and Vision Alliance ( ) is a partnership
of 100+ leading edge Al and vision technology and services suppliers, and
solutions providers

Mission: To inspire and empower engineers to design products that
perceive and understand.

The Alliance provides low-cost, high-quality technical educational c
resources for product developers A

Register for updates at

The Alliance enables edge Al and vision technology providers to grow their
businesses through leads, partnerships, and insights

For membership, email us:


http://www.edge-ai-vision.com/
http://www.edge-ai-vision.com/
mailto:membership@edge-ai-vision.com

Join us at the Embedded Vision

Summit
May 17-19, 2022—Santa Clara, California

The only industry event focused on practical techniques and technologies
for system and application creators

* “Awesome! | was very inspired!”

embedded \

VISIC N
summit

= 4

* Exciting demos, tutorials and expert bars of the latest applications and technologies

* “Fantastic. Learned a lot and met great people.”
* “Wonderful speakers and informative exhibits!”

Embedded Vision Summit 2022 highlights:
* Inspiring keynotes by leading innovators

* High-quality, practical technical, business and product talks

Visit to learn more


http://www.embeddedvisionsummit.com/

brainchip™

Intelligent Al Everywhere
This Is our Mission

www.brainchip.com



