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Apps processor Touchscreen &

Cortex-A sensor hub
Cortex-M

2G/3G/4G/5G Mali GPU

Cortex-A

Cortex-R \ >~
Cortex-M _ e Cortex-M

Sensor hub

Cortex-M Cortex-M

Camera

WiFi
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Example: IP Selection for Face Unlock

Face unlock use case

o Detect real faces, extract features, and filter false positive
o Within reasonable wait time

Feature extraction takes majority of the compute

o 90% compute in feature extraction
o Different networks were analyzed for compute and accuracy

Granted

Face Spoof Face Feature e
] , : Verification
detection detector aliecnments extraction
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Face Unlock (ResNeXt-50) : Performance

|7.5s

Cortex-M7
587MHz 4 55

Yamin
564MHz

Log Scale

0.2mm?
25m)

0.2mm?
475m)
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I 78ms

Cortex-A55

Quad
1.8GHz

4.9mm?
120mJ

106ms

Cortex-A75

Quad
2.0GHz

11.7mm?
344m)

69ms

9.3mm?
105mJ

62ms

MP3
850MHz

8.3mm?
86mJ

What performance level is needed?
Characterise the workload and identify the

required response time.

53ms

Cortex-A76

Quad
2.0GHz

46ms

Mali-G72
MP16
850MHz

I5ms
Benjy NPU

|.0GHz

36.4mm? 2.4mm?
298mlJ 8mJ

[5.0mm?2
228m)J

[2ms

Mali-G76

MP16
850MHz

46.6mm?
106mlJ

8ms
Frankie NPU S5ms
1.0GHz
Marvin NPU
1.0GHz
3.8mm? 6.2 mm?
emlJ 5mlJ

Data quoted at 16nm
Initial data — subject to change
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Choosing the Optimum Heterogeneous Platform

- Detailed analyses of key ML end-to-end use cases across multiple platforms

CPU, GPU or NPU Image Processing @ Speech/audio @
Cortex-A53

Quad Performance .
1.8GHz ° Face unlockl hd Keyword SPOttlng

N . . 2
. CortexcaTs * Object detection  Natural Language
= Quad .
3 20Hz LB " : : Processing (NLP)
2 e e * Noise reduction
g 850MHz R
T - Subject tagging Text to Speech (TTS)
: : [
o y— *  Upscaling Automotive (=}
g 1.0GHz .
E (Super Resolution) T
- " o * Autonomous driving
298m) SmJ * Foreground/background select
Data quoted at 16nm ° IVI

Initial data — subject to change

Area and energy

* Driver assistance

'Detailed analysis available now

2Likely next priority use case .m CH I NA
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Use cases run across this platform

10

Application
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Use Case

CPU and GPU

CPU and GPU alone and dedicated Al hardware

Object detection

Super resolution

Not every problem
needs to be solved
with a dedicated
accelerator.

A combination of

Keyword spotting

Text to speech

Autonomous driving

good software and
hardware is needed
to deploy machine
learning successfully
and easily.
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Al ImAMENERR

Al/ML Applications, Algorithms and Frameworks

® Tensorfiow Caffe é Caffe? @xnet Android NNAPI

Software Libraries Optimized for Arm Hardware

Arm NN
CMSIS-NN Compute Library Object Detection Libraries

Arm Hardware IP for AI/ML

CPU GPU ML and OD 3rd Party IP

QArm CORTEX-A QM NEON ArmMALI Processors DSPs, FPGAs,

Machine Learning Accel
o _ ccelerators
Qa CORTEX-M  Armv8 SVE Object Detection (OD)
ArmDbDynamlQ
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Smartphoné Tablet Laptop Processors Hard disk drive Computer peripherals
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Digital TVs

Other digital products Servers
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Little Devices and Little Data/
Big Data and the Cloud

arm CORTEX B8 comexrt (- o

Internet of Things Devices

Mobile Computing
arm CORTEX

Applications  Big Data
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Standards that enable Internet scale loud and Community Based Development
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Undergraduate
University
Studies

Primary Secondary

School Studies School Studies

Postgraduate
University
Studies

* Embedded Systems

* SoC Design

*  Computer
Architecture

Core EE/CS/CE courses | - DSP

*  Linux/OS

e Compiler Design

*  Non-ARM specific
courses e.g. general
programming, logic design,
discrete maths etc.

« HPC

*  Networking

*  Graphics/Gaming
* RTOS

* Robotics/Control
Elective courses / | . |oT

specialised UG degrees | = VLSI Design
¢ Communications

e Machine Learning
*  Computer Vision
*  Analogue Mixed Signal

Confidential © 2018 Arm China Design

HPC

Green computing
Cloud computing
Networking
Machine Learning
Computer Vision
Speech Processing
Artificial Intelligence
Compiler Design
Analogue Mixed Signal
Design

RF Engineering
Security
Cryptography
Micro and Nano
electronics

Data Science

DSP and
Communications
loT
Robotics/Control
Low power electronics
VLSI Design
System Modelling

Research

Master courses
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2013 2014 2015 2016 2017 2018
LiLiok; S=E-4ia 2 5 2 2 2 2
RHHBEEML 7 9 |l 13 15
e (RERE) & 305 998 2202 3061 4598 5392

3T EHVAX BLEETT O

600 RFTEAR @

BF100,000+F4E 0

1737] JIRFELEE(F
ArmEB1TXI BT
KEEHNRER

16 Confidential © 2018 Arm China

Total courses:1737

Arm Education

arm CHINA




EAIDK-610/310
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Scratch/Makecode
Python/JS

C/C++
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Department
for Education

Computing programmes of study:
key stages 3 and 4

National curriculum in England

Purpose of study

A high-quality computing education equips pupils to use computational thinking and
creativity to understand and change the world. Computing has deep links with
mathematics, science, and design and technology, and provides insights into both natural
and artificial systems. The core of computing is computer science, in which pupils are
taught the principles of information and computation, how digital systems work, and how to
put this knowledge to use through programming. Building on this knowledge and
understanding, pupils are equipped to use information technology to create programs,
systems and a range of content. Computing also ensures that pupils become digitally
literate — able to use, and express themselves and develop their ideas through, information
and communication technology — at a level suitable for the future workplace and as active
participants in a digital world.
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Department
for Education

Computing programmes of study:
key stages 3 and 4

National curriculum in England

Purpose of study

A high-quality computing education equips pupils to use computational thinking and
creativity to understand and change the world. Computing has deep links with
mathematics, science, and design and technology, and provides insights into both natural
and artificial systems. The core of computing is computer science, in which pupils are
taught the principles of information and computation, how digital systems work, and how to
put this knowledge to use through programming. Building on this knowledge and
understanding, pupils are equipped to use information technology to create programs,
systems and a range of content. Computing also ensures that pupils become digitally
literate — able to use, and express themselves and develop their ideas through, information
and communication technology — at a level suitable for the future workplace and as active
participants in a digital world.
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Misro:pet lesson plan

The big picture — why is this relevant?

Leaming objectives:

skills developed in the previous projects

and try to solve it using technology

This is an open project to make use of all the

Learners will deal with a real world problem

+ Design and create  pet that people can
interact with

+ Program some interactive features

+ Build and test the pet

IMigro;math lesson plan

ng

ynand make 2 simple

The big picture — why is this relevant?

Learning objectives:

Varizbles are introduced which are a key
concept of computer science +  Use simple math operators in 2 program
+ Leam how to generate random numbers

within a range

and use one in a program

s Leam how to test 2 program

a petwith several

+ This project introduces interaction which is 2 + Understand what are success eriteria harimre thet meet all the
vital part of physical computing + Create a simple user interface

+ This program has real world utility and could + Use the button inputs to control the program
be used by younger learmers to revise math + Understand what a variable is, how to name it | considered the use cases

2 and have developed @
duct that could be
“into a commerdial product

Engagement - How can | engage learners?

Assessment for learning

tput

Quickstart project lesson plan

+ This program involves lots of interacticn and
learners should be encouraged to thoroughly +  Leamners will produce a simple multiplication

and it should be decorated mathematically
This program can have real world utilty for
younger leamers, encourage learners to

consider the needs of another learner using criteria
their pragram and hardware
This project could be done in pairs with one + Leamers will complete all stretch tasks and

programming and ene making will improve the program beyond the success |encils

Expected progress:

Exceptional progress:

criteria

The big picture —why s this relevant?

Learning objectives:

Physical computing is the future

+ Programming is an important skill but
programming physical devices allows much
more creativity and engagement

+ Understand what a microihit is

* Understand how to use the makecnde
website

+ Know that a hex file is @ microrhit program

+ Understand how to make a simple program,
download it to a PC and upload the program

Most leamers will be able to follow the instructions
however adding a program to a microcontraller
maybe a new concept to some leamers and they may
need support with getting the files onto the

initially.

1 micrmehit per leamer
* 1 USB cable to connect the micrrhit to a PC
+ APC

« Access to hitpsy//makecodemicrobitorg/

thoroughly. Learners will extend the program
to include other math operators and wil
evaluate their work against the success

test the program to ensure it works as program
expected Good progress: e
+  Asimple case can be made for the micrarbit, + Learners create the program and test it e the micamhit 10 8 BC.

pack for micrzhit

nal inputs and outputs
makecode microbiterg/ or
crobit.org//l

printed on Ad card

Teacher guide

Learning objectives
Each project has defined learning objectives and these objectives link directly to the success criteria defined in
the project worksheets,

Pedagogy

All the projects are designed to be delivered in order as they build in complexity and cover different skills and
techniques in an order that is accessible to learners. However more able learners or learners who are already
familiar with the micrachit could skip the Quick start project as this is an introduction only.

The resources have been designed to be delivered in a flexible manner where learners can work through them
independently or it can be accessed through small groups as most projects invelve seme design and making as
well as programming and the two must work together, The projects are designed to require minimum directed
teaching but a “Lesson flow” is provided to give the sessions some structure and to introduce some of the
meore challenging topics and concepts. As the teacher is doing minimal delivery of the content they are free to
circulate amongst the learners and troubleshoot where needed, this allows weaker learners to be better
supported and more able learners to be pushed harder when appropriate. There are stretch activities in every
project that extend the knowledge and application of the skills for these learners,

Whilst circulating amengst learners teachers should be mindful of the "Key concepts” and “Key words” and
should quiz learners at appropriate times on their knowledge of the concepts by getting them to explain the
code/blocks they are using and also the thinking behind their designs for the making activities. Learners also
may need reminding of the success criteria,

ives

knowledge and understanding of technology

AO02 | Apply knowledge and understanding of technology

AO3 | Analyse and evaluate problems

A04 | Demonstrate application of knowledge and understanding to solve problems

Grade scale and descriptors

Learners will have demonstrated limited knowledge and understanding of the
concepts and principals involved in the course.

Learners will have applied the principals and concepts using some analytical and
evaluative thinking and practice to solve a problem.

Learners will have demonstrated some ability to apply knowledge and understanding
to solve problems.

Learners will have collaborated with their peers and demonstrated some
communication and teamwork.

Learners will have demonstrated mostly accurate knowledge and understanding of
the concepts and principals involved in the course.

Learners will have appropriately applied the principals and concepts using analytical
and evaluative thinking and practice to solve a range of problems.

Learners will have demonstrated their ability to apply knowledge and understanding
to solve problems.

Learners will have collaborated reasonably successfully with their peers and
demonstrated mostly effective communication as well as effective teamwork.

to 3 micrzhit Pass
 Use some basic blocks in makecads to make
2 "Hello World” program learner
for microhit
Engagement — How can | engage leamers? | Assessment for learning cennect the micachit to a PC
* T project ks coe nsaly il on | Expectedprogress: .
et leamers have fun with « Leamners create a “Hello world” program and | #/makecode.micrabitorg/ |
changmg the text and icons save the hexfile to the.
« Inspire leamers by explaining what can be | Good progress:
done with a micrahit and how it can be * Learners attempt the stretch tasks and
programmed using blocks and real code complete some of them successfully
+ Give examples of micro controllers in the real | Exceptional progress: =
world and how they could be useful to the « Leamers complete the stretch tasks and move Intermediate
learners onto the next project
Key concepts: Key words:
« Microrhit programs can be written on the .
makecods website + Microcontroller
+  Amicrorhit is a microcontroller « Program
= Aprogram is a file that needs to be uploaded . UsE
to the microshit to work o hex
o Programs should be named appropriately « Douwnload/Upload
o Programs can be developed iteratively « Copyand Paste
*  What sensors are * Blocks -
*  What inputs/outputs 2 microchit has « LED Higher
* Sensor
Differentiation: Resources:

Learners will have demonstrated relevant and comprehensive knowledge and
understanding of the concepts and principals involved in the course.

Learners will have effectively applied the principals and concepts using sustained
analytical and evaluative thinking and practice to solve a range of problems.
Learners will have successfully demonstrated their ability to apply knowledge and
understanding to solve substantial problems in an efficient manner.

Learners will have collaborated successfully with their peers and demonstrated
effective communication as well as efficient and effective teamwork.
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STEM COMPETITION

2018 Future Engineer Youth STEM Maker Challenge UK

10-17 s it froe o
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(If | have seen further it is by standing on ye
shoulders of Giants),
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The Arm China trademarks featured in this presentation are registered
trademarks or trademarks of Arm China (or its subsidiaries) in China
and/or elsewhere. All rights reserved. All other marks featured may be
trademarks of their respective owners.
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