Embedded Ruby

Controlling Hardware
with Simple Software



What are Embedded Systems?




Simple Embedded Devices



Complex Embedded Devices



Hardware Environments

e Simple 4/8 bit microcontrollers
— Traffic light
— Touchscreen controller
— Microwave oven

e 16/32 bit low-end CPUs

— Wireless router
— Cell Phone




More Hardware Environments

 PC-class 32 bit CPUs
— Interactive retaill fixtures
— High-end Smart Phones
— ATM Machines

* Multiple 64 bit CPUs with DSPs
— Space Shuttle cockpit
— High Energy Physics detector
— High-end Network Switch



Embedded SW Development
Languages



Evolution of Embedded SW
Development Languages



Embedded Development Process

 Code in IDE on Mac/PC

* Run “black-box” unit/functional tests
 Repeat until passes

» Cross-compile for target platform

« Test compiled code in emulator (integration/system
testing)

 Repeat until passes

 Port to target

« Test on target with “white-box” instrumentation
* Repeat until passes



What Is the Ruby
Sweet Spot?



Larger Hardware

32+ bit CPU
512+MB RAM
Mass storage 20+GB

Network interface (at least for
development)



Operating System

e Full-featured OS stack
— Linux
— Embedded Windows
— Linux-compatible RTOS



Application Environment

* Non-deterministic timing situations

— +/- 50ms timing situations like retall
marketing systems

— Home lighting controller
— Tivo/DVR

 Bad examples
— Heart rate monitor

— Nuclear reactor controller
— Warhead guidance system



Server Availlable

 Web Server
— Apache (with or without mod_rails)
— Mongrel/Thin (lightweight web server)
— Nginx (with or without mod_ rails)

« Database Server
— Postgres (small memory footprint config)
— MySQL (small memory footprint config)
— SQL Lite
— Derby



How Do We Do This In
Ruby?



The Ruby Way

Make dev ~= target

Use your favorite IDE/dev tools

Don’t forget about testing

Run frequent builds to target

Use Ruby to automate your testing
Profile/tune/tweak until you hit your rgmnts

Remember that we can execute kernel calls
directly from Ruby

Don’t be afraid of C/C++ libs
Don’t forget to script your OS tasks in Ruby



My Preferences

Linux distro sized to hardware and needs
Netbeans on Linux
Rspec stories + unit tests

Custom performance and failure recovery
tests (white box)

Attach target to dev on network
Deploy to target with Capistrano
Optimize performance to 50% of target
Use Ruby FFI a lot

Ruby inline is your friend



Let’'s See Somel



Web Kiosk / Local Content

Desktop PC platform
Windows Embedded

Custom OS shell =
browser without Ul,
touch-enhanced

Touchscreen / printer /
card swipe / sound

Local database and web
server

Broadband connection
to Internet



RFID Merchandising System

Custom PC built into underside of the shelf
Capacitive RFID user interface
Alarm system on tether

Windows embedded, custom browser, Flash,
MySQL, IIS



Sensor Based System

Desktop PC built
Into cabinet w/high-
end graphics

Custom browser

Touch film on
cabinet top

Flash / MySQL /
MPEG4 video / IS
Usage logging for
retail analytics



Linux Device Drivers

Centos 5 on small desktop PC
Ruby FFI kernel access

MySQL db for usage logging, message
library

Bluetooth driver in Ruby/FFI/Linux
kernel

Phone hack interface in Ruby

Sends spam to your phone as you walk
by



Resources



syscall

Native Ruby command to call any system
call.

No easy way to specify an API for the call.
Can only call OS-level functions

Functions can be specified by humber only
and you are limited to 9 arguments

Use this and you are guaranteed to go
Insane very shortly.



Ruby/DL

Very poorly documented DLL/SO library
Interface

Works by wrapping C libraries with Ruby call
Interface

Works for Windows or UNIX

http://www.|browse.com/text/rdl_en.html
(machine translated from Japanese)

http://ruby-
doc.org/stdlib/libdoc/dl/rdoc/index.html (plain
rdoc)




Ruby FFI

Much better Ruby wrapper for C-level libraries
and the kernel with friendly DSL

http://github.com/ffi/ffi (has wiki pages here to0)

http://wmeissner.blogspot.com/2008/11/more-
on-ruby-ffi.ntml

Works with MRI, Rubinius and JRuby on all
platforms (and cross-platform)

Highly recommended for all embedded Ruby
work that needs hardware-level interaction




Ruby Inline - C

e Use this Ruby gem to insert C code Into
your Ruby code

* http://www.zenspider.com/ZSS/Products/R
ubylinline/ (docs and download)

» Use this for small stand-alone snippets of
C that improve performance compared to
Ruby equivalents—needs to run without
any external dependencies.




Wilson Assembler

 Ruby Gem that is a x86 assembler: gem install
wilson

e http://blog.zenspider.com/rubysadism/wilson/

e Use this like Inline C to create inline assembler
code for the really critical performance sections
or for times when you need some really unusual
hardware interface code—again, no external
dependencies allowed.




Sites & Books

e Video tutorials

— http://mwrc2009.confreaks.com/13-mar-2009-16-10-
ffi-jeremy-hinegardner.ntm|

— http://skillsmatter.com/podcast/ajax-ria/eleanor-
mchugh-the-ruby-guide-to-nix-plumbing
o Wikis
— http://wiki.github.com/ffi/ffi/
 Books

Arnold S. Berger Embedded Systems Design: An
Introduction to Processes, Tools and Techniques

Jack Ganssle The Art of Designing Embedded Systems

Christopher Hallinan Embedded Linux Primer: A
Practical Real-World Approach



Q&A



