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The loT development experience can be better.
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Taking loT Programming
to a Higher Level

with Instantiations and Toit
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Instantiations, Inc. _3

o Founded in 1988 - Headquartered in Raleigh, NC HARTFORD
TELECOM ) —
S Energy’ =
o Developer of the VAST Platform A (& sempra Energy LB=BW
o A comprehensive integrated development environment (IDE) that
works with a Smalltalk language runtime M M
PROGRESSIVE AVA -
o Advancing both the IDE and Virtual Machine (VM) . = /\-

o

Provider of technology services SHRA O CHUBB'
o Custom software development
o Consulting

o Training

o |oT

flspry  @sendstone  Liovos sank
objektfabrik 44

Our software and services are leveraged by il
o Fortune 100/500 companies
o Small and medium-sized businesses
o Solo developers/entrepreneurs

o
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Why is a higher-level development
experience better?

O instantiations



Advantages of higher-level languages

o Deal with high-level abstractions (objects, functions, prototypes)
o More productive

o Memory-safe
o FEasier to debug
o More human readable
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VAST Platform

o A comprehensive integrated development environment (IDE)
that works with a Smalltalk language runtime

o For Windows® and Linux® operating systems

o Intel®/AMD® and ARM® processor support (32/64-bit)

VAST Platform

o Purely object-oriented
o Extremely productive and performant
o Almost 30 years of enterprise-proven stability

o Can be used for loT orchestration or edge devices
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What about microcontrollers?
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Toit: The Programming Language

o An open-source, object-oriented language
purpose-built for loT programming

o Uses open-source hardware (ESP32) that’s
small and energy efficient, and available from
dozens of reputable sources

o 20x faster than MicroPython

ESP32 Development Board
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KN, Toit

with Kasper Lund, co-founder and CEO
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Kasper Lund, co-founder and CEO of Toit
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| joined Google in 2006 to build something new ...
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| am located in Aarhus, Denmark

THE V8 TEAM Ah‘
WHICH 1S EXPERTS AT VIRTUAL

EXACTLY WHAT THE [ s, whaTEVeR
DENMARK DID. LANGUAGE YOU WANT TO
PUT INTO A VM, THEY CAN
TELL YOU HOW TO

-- WE DECIDED IT
WAS IMPORTANT TO WORK
ON BUILDING A JAVASCRIPT
VIRTUAL MACHINE --




| have a deeply technical background

“

Java

Flutter



| am driven by enabling others to be more productive

Virtual machines

Operating systems :

@ Developer tooling
’

Programming languages
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| ¥ Smalltalk!

Revolutionizing Embedded Software
Kasper V. Lund and Jakob R. Andersen

Master’'s Thesis

Department of Computer Science
University of Aarhus
Denmark

https://verdich.dk/kasper/RES.pdf

A Forgotten language enables nc X +

v

& > C @ theregister.com/2004/07/27/esmertec_acquires_oovm/ ) % B #* o :

2 Apps () €) toitwareftoit
& SIGNIN The A Register’

{* SOFTWARE *}

Reading List

Q =

Forgotten language enables nonstop gadgets

Smalltalk, in a very small machine

Andrew Orlowski

Tue 27 Jul 2004 // 16:53 UTC

Swiss embedded software company Esmertec has acquired the start-up
founded by VM pioneer and former technical lead of Sun's HotSpot project,
Lars Bak. OOVM was founded in Denmark in 2002 and privately-held

Esmertec acquired the company for an undisclosed sum.

OOVM produces a virtual machine that allows programmers to hook in
remotely and modify code on the fly without needing to reboot the
environment: which is very useful indeed. It makes software updates

transparent to the user.

"If you have say, a small router or a dishwasher you can upgrade the code
while it's running, no reboot is required,” Bak told us today. "If you have a
device, and you have more than one component it doesn't make sense to

shut down the system."
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https://verdich.dk/kasper/RES.pdf

| am excited to be presenting with Instantiations

> Worked with fantastic ex-Instantiations folks at Google
o Indirectly collaborated in the Dart and Flutter ecosystems

o Shared passion for developer experience and languages
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| learned of the ESP32 back in 2018 ...

Powerful Runs on batteries Inexpensive
Dual-core 240 MHz RISC CPU Practical drain in sleep mode is ~10 uA Development kit costs $10
520 KB RAM, 4MB+ Flash Runs for years on AA batteries Standalone chip costs less than $2

Built in WiFi / Bluetooth
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For a lot of interesting use cases, this is a ...

... compelling alternative to the Raspberry Pi
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| am just a software engineer.

How can | write code for an ESP32?
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| found the ESP32 development framework on GitHub!

() esp-idf/README.md at master X + [~}
& github.com/espressif/esp-idf/blob/master/README.md b ¢ wl.l » “
O Search or jump to... Pull requests Issues Marketplace Explore L5 +-~ v
B espressif | esp-idf @®Watch ~ 465 Yy Star 6.6k % Fork 4.2k
<> Code (*) Issues 876 i) Pull requests 95 (*) Actions [71) Projects [0 wiki () Security |~ Insights
¥ master ~  esp-idf / README.md Go to file
1:) krzychb docs: Linking to a page that helps navigate to documentation for spec... - Latest commit 1c@b26e 9 days ago (9 History

AX 12 contributors

= 106 lines (57 sloc) 5.55 KB Raw Blame 0GJ /2 §

Espressif loT Development Framework

o PXHR

ESP-IDF is the development framework for Espressif SoCs (released after 2016) provided for Windows, Linux and macOS.

Developing With ESP-IDF

Setting Up ESP-IDF

See https://idf.espressif.com/ for links to detailed instructions on how to set up the ESP-IDF depending on chip you use.

Note: Each SoC series and each ESP-IDF release has its own documentation. Please see Section Versions on how to find documentation
and how to checkout specific release of ESP-IDF.
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| still find that developing for microcontrollers sucks ...

o Thin, if any, separation between application, drivers, and OS

> Monolithic, close-knit system software tied to specific hardware
o Common source languages are C and assembly

o Application errors often result in crashing the entire device

o Development cycles are looooong
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In spite of the hardware advances in microcontrollers,
the development experience just doesn’t compare favourably
to server, desktop, or mobile development.
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How can we enable and empower software engineers?

@ EXPLORER

EXAMPLES

> ble

> http

> ntp
bubble_sort.toit
CMakeLists.txt
deep_sleep.toit

= gpio.toit

£ hello.toit

£ i2c.toit
LICENSE
mandelbrot.toit
README.md

£ uart.toit

OUTLINE
TIMELINE
§° ficwarnings® O @0 A0

1

mandelbrot.toit — examples

mandelbrot.toit X

mandelbrot.toit

X_PIXEL_VA = 255

mandelbrot 200 80 -0.6 0.0 0.015 500
mandelbrot 200 80 -0.743030 0.126433 0.00003 5000

width height x_center y_center scale limit:
t width:
height

= scale * 2

height - 1; y 9;

= 0; x < width; x++:

pixels[x] [yl = do_pixel

(x - (width >> 1)) * scale + x_center

(y - (height 1)) * y_scale + y_center

limit

if y &1 =

print_line pixels width y

1 pixels width y:
line
for x width; x += 2:

top_left (color pixels[x Iy +

top_right := (color pixels[x

bottom_left := (color pixels[x

bottom_right := (color pixels[x + 1][y

index := top_left + top_right + bottom_left + bottom

line += [* ", " ! A B N ¥
print line

iterations:
return iterations != @ and iterations != 2 and iterati

x y limit:
= 0.0
20

Ln1,Col1 Spaces:2 UTF-8 LF Toit & 0
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https:/toitlang.org/

Open source language
implementation for
microcontrollers

Productive and high level developer
tooling for your ESP32s.
No C developers? No problem.

https://toit.io/

Cloud-managed
containers on
microcontrollers

4

)
( SV

@ ZE;
Cloud-managed environment for your

ESP32 code, fully controlled through
a rich programmatic API.
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Firmware

Traditional stack

All system
functionality

ESP-IDF

X Toit

dde waisAs
dde Jayieap
dde 12011 %0018

Virtual machine

ESP-IDF

Software

Firmware
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We have been tackling this since 2018

> |nnovate at the fundamental technology level so you don’t have to
o Build the foundation for the future of all microcontroller functionality

o Enable software engineers to use their skills on battery-operated devices
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Hands-on demo with Toit

Jump-start your knowledge of the Toit language and platform
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Let’s get started

o Preparing for the demo

o Hardware and Toit setup

o ‘Hello World’ program

o ‘Date and Time Logger’ program

o ‘Traffic Light’ app

o ‘Fleet device update’ demo

o Preparing your ESP32 for home usage
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Preparing for the demo

@ instantiations



Preparing for the demo

Go to: instantiations.com/riot-dev-day-2022

Sign up for the Toit platform

Provide your Toit account email to us
Install Toit CLI

Install USB serial drivers

Confirm Chrome/Edge is up-to-date

A o

Download a PDF of the slides (now available)
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Hardware and Toit setup
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Unpack your Tech Demo Kit

Each kit includes:
o ESP32 Development Board
o Micro USB to USB-A cable
o GPIO Traffic Light
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Provisioning the Hardware via Toit’s Web Console
1. Signin to https://console.toit.io

RloTDevDay @' @ MM

cu.Bluetooth-Incoming-Port

2. Select “RloT Dev Day” project

the ESP32

ilicon Labs. Connect the ESP32 to your
, press the Ready button and choose

3. Plug the ESP32 to your computer with no vt
USB cable

Cancel

4. Go to the “Serial” Tab and provision the
hardware with the “Ready >" button

5. SSID is “waketech” and no password
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Confirming the Setup

1. Go to the “Devices” tab

2. Your device should be up and running! (as status “Healthy”)

X Toit

Devices
Health
Playground
Serial
Project
System

Data

Welcome to Toit!

Free devices in use (3/10)

Devices

Device

crazy-people

reverent-stranger

strange-analysis

Firmware

v1.6.9

v1.6.9

v1.6.9

Last seen

Mar 04 13:54

Mar 04 15:25

Mar 02 18:23

RloT DevDay @ @ MM

+ Add device

Id Status

050b7¢83-76.. Unhealthy
4733d635-a0... Healthy

aca0aff3-29... Unhealthy
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Once your ESP32 is provisioned with Toit, it’s
very energy efficient and can run on any power source.

It no longer needs to be plugged into your computer. All further
communications will be over-the-air.

Wi-fi, Cellular, and Ethernet are supported.
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‘Hello World’ program
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‘Hello World’ Program from web console

H &
Devices RoTDevDay ~ B (@ (MM
D reverent-stranger ® m
4733d635-a0eb-4b8c-80f2-0d0e8db79¢12
Health
OVERVIEW LOGS APPS CODE CONFIGURATION TROUBLESHOOT

Playground
Source: hello_world.toit

SE

main:

print "Hello, World!' — > Examples

PubSub W

Project

System

Data

Language W

Welcome to Toit!
We have listed a few things that will

GPIO

BLE W

Sensors

Set up tools
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‘Date and Time Logger’ program
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Set default project and device

Set your ESP32 as the default one for you:
1. $ toit project use "RIoT Dev Day"
2. $ toit device use <<device-name>>

)it devices

DEVICE ID | LAST SEEN | FIRMWARE |
o o t——————————— o +
| 47b619e6-f610-48ac—-ace7-be3e8ebefcde | final-square | Now
| 6d@ebale-3fc7-42db-ba78-b72c21177dde | relaxed-store | Now
T e o Fomm e B +

toit device use relaxed-store
relaxed-store is now your default device
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Date and Time Logger “Program” from CLI

1. Grab code from:

O github.com/instantiations/devday2022-demo-toit

2. Save code in a new file named: dateAndTime.toit
(if you didn’t clone it)

3. Runit:
o $ toit run dateAndTime.toit

run dateAndTime.toit
2022-03-10T14:33:23.998812Z: <process initiated>

Time: 15:33
Date: 2022-03-10
2022-03-10T14:33:24.401103Z: <process terminated - exit code: 0> §ying’[an’[ia’[iong




“Traffic Light’ app
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Application Code

1. Grab code from:

O github.com/instantiations/devday2022-demo-toit

2. Save code in new files named: traffic-light.yaml and traffic-light.toit
(if you didn'’t clone it)
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ESP32 Dev Board Pin Layout

m _ mma (11 e &
['RTC GPI09 | [XEBIS2H] | Touch9 m:] | GPIO32 | S
['RTc GPio8 | [EAIS2N] | Touchs |[ADC1 S| [T T1 11| ¢
[[DAC1] —mambm ¢

[ GPI019 [IATIR) 1:»_“" 0.
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A B [T e
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) /Y ] NG | +5PI_CIK | [SDGHKI] [-FiashSCK]
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Traffic Light Connection

ESP32 Development Board
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Deploy the app

$ +toit deploy traffic-light.yaml

deploy traffic-light.yaml
Successfully deployed the job Traffic Light on 'reverent-stranger'

The job will be installed on 'reverent-stranger' next time it connects to the Toit console
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The Result
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‘Fleet Device Update’ demo
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Updating our fleet of devices

1. Change code to make the lights switch faster

2. Update app on all devices over the air

$ toit fleet deploy traffic-light.yaml

fleet deploy traffic-light.yaml
No device name prefix provided. Are you sure you want to proceed? [y/n] y

¢ Device 'crazy-people': Job 'Traffic Light' successfully deployed
¢ Device 'reverent-stranger': Job 'Traffic Light' successfully deployed
¢ Device 'strange-analysis': Job 'Traffic Light' successfully deployed
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Preparing your ESP32 for home

...If you're not sticking around longer
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Preparing your ESP32 for home

1. Move device to “MyProject”
1. $ toit device unclaim
2. $ toit project use "MyProject"

2. Re-provision again your device (ensure it’s plugged in via USB)

1. $ toit serial provision --skip-identity-detection --device-name
<<device-name>> -p wifi.ssid="waketech"” -p wifi.password=""

2. $ toit device -d <<device-name>> config connection -c "wifi:<<home-
ssid>>:<<home-password>>" -c "wifi:waketech:"

3. Your username will be removed from the “RloT Dev Day” project after this
session.
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Additional resources

o https://toit.io/

o https://toitlang.org/
o https://docs.toit.io/
o https://pkg.toit.io/

o https://www.instantiations.com/news/bridging-the-gap-with-toit-a-rich-dev-experience-for-microcontrollers/

Hardware used in this demo:

o https://www.digikey.com/en/products/detail/espressif-systems/ESP32-DEVKITC-32D/9356990
o https://www.amazon.com/Pi-Traffic-Light-Raspberry-pack/dp/BOOP8VFA42/
o https://www.amazon.com/Anker-3-Pack-Powerline-Micro-USB/dp/BO15MJLEUS/
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https://www.amazon.com/Anker-3-Pack-Powerline-Micro-USB/dp/B015MJLEUS/

So, what's next?
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Thank you for attending!

Any more questions? Let’s hear them.

Seth Berman

President & CEO
Instantiations

¥ sberman@instantiations.com
YW @sethloco78

M /in/seth-berman

Kasper Lund
Co-Founder & CEO
Toit

¥ kasper@toit.io
¥ @toitware

M /company/toitio/

Mariano Martinez Peck

Senior Software Engineer
Instantiations

¥ mpeck@instantiations.com
¥ @MartinezPeck

[ /in/mariano-martinez-peck

Contact

General Inquiry
info@instantiations.com

Sales
sales@instantiations.com

Support
vast-support@instantiations.com

North America, Toll Free

855476 2558

International

+1 503 263 0058

© Instantiations, Inc. All rights reserved. All product
names, trademarks, and registered trademarks are
property of their respective owners. Company, product,
and service names not owned by Instantiations are used
for identification purposes only. Use of these names,
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