P o 2N

N d:cvt p ' .._.J..rv.x

EH ETHONRF

B L .
&

e CEASRRRLS Kol &

.n.n.«.v\

r.e
P

i ol 2 Y - MR e



Wake up, Ruby...



The Micon has you...



Follow the white rabbit.



Hi!



Pi1coRuby
and
PRK Firmware




Pi1coRuby
1s a Ruby interpreter
for Microcontorollers



PRK Firmware
1s a keyboard firmware
framework i1n PicoRuby



PRK Firmware



Hardware became familiar

You can design your PCB even on a web
browser

PCB manufacturers are willing to
accept your PCB data via the 1nternet

You can receilve your PCB or even PCBA
(assembled PCB) that arrives from
overseas



When you build a keyboard

You can choose
Keycaps for appearance and touch
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https://talpkeyboard.net/?category 1d=59bel183£f428£f2d49120007b1



When you build a keyboard

You can choose
Keycaps for appearance and touch

Switches for touch

https://talpkeyboard.net/?category 1d=59cf8860ed05e668db003f5d



When you build a keyboard

You can choose
Keycaps for appearance and touch

Switches for touch

Layout for usability and appearance
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When you build a keyboard

You can choose
Keycaps for appearance and touch

Switches for touch
Layout for usability and appearance

Firmware for programmability
iffRN




Keyboard firmware
OMK Firmware ... C
KMK Firmware ... Python

PRK Firmware
AR R




Keyboard firmware

= gmk / gmk_firmware

o KMKfw/kmk_firmware: Clackety ' X +

€& - C & github.com/KMKfw/kmk_firmware

O Search or jump to...

= KMKfw / kmk firmware

() picoruby/prk_firmware: A keybo: X +

&« - C & github.com/picoruby/prk_firmware

Q Search or jump to...

= picoruby / prk_firmware
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Stargaze at picoruby/prk firmware!

= gmk / gmk_firmware

() KMKfw/kmk_firmware: Clackety ' X 4+

< - C @ github.com/KMKfw/kmk_firmware

0 Search or jump to...

= KMKfw / kmk firmware

o picoruby/prk_firmware: A keybo: X o

&« - C @ github.com/picoruby/prk_firmware
Q Search or jump to...

= picoruby / prk_firmware

> Watch ~ 233 7 Star  10.3k % Fork  21.2k

o = L]

@ % @ 2 B e nfy :

etplace Explore A +v &~

57 Star 256 % Fork 56

Pulls Issues Marke

lace Explore A +v B~

(> Unwatch v 3 5.7 Star 35 % Fork 3



e.g.) picoruby/prk pipigherkin

Gherkin for the Raspberry P1 Pico
PCB avallable on talpkeyboard.net
Easy to explailn but to build




e.g.) prk pipigherkin/keymap.rb

kbd = Keyboard-.new

kbd-1ni1t_pins(
L 12- 1l- 10.- 9. & 71
L ?- k- 5. 4, 3, 2 1
)




e.g.) prk pipigherkin/keymap.rb

KC_a KC_W
KC_A KC_S
LZ_LSFT X_LGUI
)
kbd.add_layer :
KC_EXLM KC_AT

)

KC_L KC_cC

KC_TAB KC_NO

KC_ESCAPE KC_LGUI
)

kbd.define_mode_key
kbd.define_mode_key

kbd.define_mode_key
kbd.define_mode_key

kbd.add_layer :default. %1

KC_E
KC_D
.

2 Z1¢(
KC_HASH

KC_LABK KC_LCBR KC_LBRACKET
KC_RABK KC_RCBR KC_RBRACKET

kbd.add_layer :lower. Z%1i(

KC_3
KC_ARUOTE
KC_LALT

:/_L3FTh
:UNDS_RSFTh-

:ENT_RAISE-
:SPC_LOWERA

KC_R KC_T KC_Y

KC_F KC_G KC_H
V_LCTL SPC_LOWER ENT_RAISE
KC_DLR KC_PERC KC_CIRC
KC_LPRN KC_MINUS KC_LEFT
KC_RPRN ADJUST ENT_RAISE
KC_H KC_5S KC_E
KC_Dau0 KC_MINUS KC_GRAVE
KC_LCTL SPC_LOWER ADJUST

L KC_ZA :KC_LSFT- 150,
L KC_UNDS- :KC_RXFT- 200,
L KC_ENTER. = y 150,
L :KC_SPACE- :lower- 300

KC_U KC_I KC_0
KC_J KC_K KC_L
B_RCTL N_RALT M_RGUI

KC_AMPR KC_ASTER KC_EQUAL
KC_DOWN KC_UP KC_RIGHT
KC_BSLASH KC_COMMA KC_DOT

KC_7 KC_b8 KC_A
KC_TILD KC_PIPE KC_COLON
KC_RCTL KC_RALT KC_RGUI

150 1
150 1

150 1
250 1

KC_P
KC_BSPACE
UNDS_RSFT

KC_PLUS
KC_BSPACE
KC_SLASH

KC_DO
KC_SCOLON
KC_RSFT




picoruby/prk firmware/releases

Pre-release . .8:
The first release &+
© 0.9.0
= hasumikin released this now
-O- 9863eae
Verified : : :
* You no longer need compiler toolchains like CMake and GCC
Compare ~ e Just download the release binary and unzip it

e Flash uf2 file iInto RP2040, then you'll find PRKFirmware drive mounted

* Drag and drop your keymap.rb Into PRKFirmware drive

e Keyboard will automatically reboot and apply the new keymap

®

v Assets 4

Q@ prk_firmware-0.9.0-20210910-0863eae.uf2.gz

Downloadlandfunzip

Q@ prk_firmware-0.9.0-20210910-0863eae.uf2.zip



Install into the microcontroller
Connect USB cable while
pressing "boot button" -
RPI-RP2 will be mounted
as storage, then




Install into the microcontroller

f Q 'C
g r-uunu uut-{m-

l-—:

Boot button on Pro Micro RP2040



Install into the microcontroller

N

B Name Date modified Type
. prk_firmware-0.9.0-20210908-e8ee115.uf2 9/8/2021 5:35 PM UF2 File
‘B m. RPI-RP2 (D:)
Home Share View Drive To)ls

> v A =  RPI-RP2 (D)

B Name Size
& INDEX.HTM 1KB
NFO UF2.TXT 1KB



A new drive automatically mounted

File Home Share View Drive Tools

&« =2 v N = > PRKFirmware (D)

A "
( :' ’ M Libraries ~ I Name

m INETwork

E_ DESKTOP-FOEG&S2
B Control Panel

B¥ Recycle Bin




\an B Name Date modified Typ
lan Agent keymap.rb 8/23/2021 1:31 PM RB
I-tag-v2.4.1-builde
Games
_ . . — PRKFirmware (D:)
File Home Share View Drive Tools
IR T h o t;5]it!!!
. i B Nan ate modifie
i izl REY IETXT 11/5/2013 1:4

 —
-

¥ DESKTOP-FOEGS8S2

*
| —

aamas -~ . I ™ i



KEiﬁ\dﬂAP
REILOADED




Unlike OMK Firmware,
You don't need

to
anything!



Demonstrations

meishi keypad

meishili means "name card"

Four keys macro pad



FFibonaccl number
(DEMO)



Fibonacci 1n keymap.rb

Fibonhacci

da = 0 5 db

I
-

result = da + db

da = db
db = result
fibonaccli = Fibonaccil-new

kbd.define_mode_key :FIBONACCT-

L Proc.-new { kbd.macro fibonacci-take }-
:KC _NO~ 300 1




Password generator
(DEMO)



Password generator in keymap.rb

Password
(c = )
dc = ¢ || "abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPARSTUVUXYZ_ 'd#s/A%x()==+/L3{1}<>!

dsrand
srand(board _millis)
dsrand =

password = "7

1 = rand % 100
password << dclfil-to_s
password-.length ==

password

passwd = Password-.new
kbd-define_mode_key :PASSUWD -
L Proc-new { kbd.macro passwd.generate- L[1 1}
:KC_NO- 300, 1

Use 1t at your own risk




Extend your keyboard

If you wanna 1nput with SHIFT and
without SHIFT,

kbd.before_report
kbd-1nvert sft

kbd.keys_1nclude? (:KC_SCOLON)

You no longer need to modify .vimrc




Extend your keyboard

Keyboard

(dmodifier & 0b0001L0O00YL) > O
admodifier &= 0bl11101110

dmodifier |= 0b0000000OL

kbd-before_report
kbd.1nvert ctl kbd-keys_include? (:K{C_V)




Ruby-mode key
(DEMO)



T H |

KEY BOARD
REVOLUTIONS




Micon of PRK Firmware
Target MCU 1s "RP2040"

Raspberry Silicon

Implemented on Raspberry P1 Pico
264KB RAM
Arm 32bit Cortex-MO+ (dual)
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Micon of PRK Firmware

RP2040 assembled
on Pro Micro

[ model no. DEV-18288]

https://www.sparkfun.com/products/18288



Pi1coRuby




https://xruby.or.jp/en

7 Ruby Association

About the Organization ~ Certification

) a2 ‘\' — Py - )- - \l Arvaze N :, R 2 T - ) o - _ / ™M
Ruby Association ast News Call For Grant Proposals 2021

2021 Call for Grant Proposals

Ruby Association grant overview

The Ruby Association is looking to give grants for development projects related to Ruby implementations, libraries
and frameworks, including projects that improve existing software.

1T you have a good idea, please submit a proposal. However, please note that we do not intend to fund

development projects of Ruby applications for specific purposes because the aim of this grant is to improve Ruby
and i1ts environment.




Multitasking

unlocked

Running

Switches tasks every 1 ms

Ready

Queue by state

Dormant



Multitasking

unlocked
Running

Switches tasks every 1 ms

Ready

Sandbox
task

Queue by state



RUBY
RESURRECTIONS



Architecture

; M nmruby oo mruby e
puts SWake up, Ruby.. compiler | i i L i‘;z;virtual machine .

An mruby app generally consists of
and
mruby-compiler has somehow big footprint

It 1sn't assumed to be embedded



Architecture

'23alala) 2laT
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mruby 3032 2000 o060 00t 004 000 o000 000 mruby
compiller BO0G Dats Exks Ecte 2057 72 ok 2100 virtual machine

mruby

embed

virtual machine

puts "Wake up, Ruby..."

-

Technically, you can embed also
and

It makes sense 1f the computing resource 1s big
enough



Architecture

..................

mruby s s e s o mruby
n " ) 1001 4£f02 002« 0100 0137 0167 0000 0001 . 2 med
puts “Wake up, Ruby... compiler [elc: s il il pvirtual machine

ANAN ANEN

el T - -~ - -~

. mrub 3032 0000 0060 0O :::i 0004 0000 0000 000c mrub
puts "Wake up, Ruby..." Y to01 4c02 onae o100 0137 o3 oooo aocs (B0 o Y embed

compiler e e s sz A virtual machine

............
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mruby/c 1s a smaller VM for one-chip
microcontrollers
Naturally, we don't embed mruby-compiler with it

+ mruby/c bed

virtual machine




Architecture

embed

machine

e
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Ruby-compiler + mruby/cVM

Pico

Pi1coRuby



Architecture

As you know, the syntax of Ruby 1is
complicated

Easy to 1magine that a Ruby compiler
consumes large memory



Architecture

You might think that you can use a
microcontroller that has a big RAM

The answer 1s "Yes and No"
You should do 1t 1f you can

The bigger RAM, the bigger electric
energy consumption

The bigger resource, the more
expensive 1n general



To make a small Ruby compiler

mruby-compller depends on mruby
The maln reason for big footprint

PicoRuby compiler should be coded from scratch

To make PicoRuby compiler small
Every fine logic should be minimal

Lemon parser generator instead of Bison/Yacc
A part of SQLite project



consumption

s valgrind
--tool=massif
--stacks=yes
mrbc hello world.rb

s valgrind
--tool=massif
--stacks=yes
picorbc hello_world-rb

S ms_print massif.out.xxx

7~ 77

7 7

less




hello world.rb (20 bytes)

puts "Hello World!"™



mrbc hello world.rb -> 133.5 KB

Command: mrbc hello _world.rb
Massif arguments: --stacks=yes

KB
L33.5A #

e
)
#*

—BEN-DEN-DRN-DEN-DRN DN RN RR-B IR}
—DEN-DEN-DRN-DEN-DRN-DRN B RN DR "B IR}

a8
a8
28
VB ) .-




picorbc hello world.rb -> 16.98 KB

Command: picorbc hello_world-.rb
Massif arguments: --stacks=yes
KB
LE-98A #
d::ad# ::d a
d::a# a : d :
d: ¥ a I -
d: ¥ a I -
d::a# a c :
a::g# a ta - -
d::a# a cd::::d
d::a# a cad::::d
d::a# a cad::::d
da::ad::ad# a 3
a d::a# a cad::::d
a d::a# a cd::::d
a d::a# a t@d::::d
a d::a# a cd::::d
a d::a# a cad::::d
a d::a# a 3
a d::a# a cad::::d
a d::a# a cad::::d
sssstssrsirrrriiiiiiiiiiiiig@giiid: @ d::a# d tD::::Q:
e e e e e e e il >k1
0 ccee -0




keymap.rb of meish2 (2388 bytes)

'sSmutex
relinguish

kbd = Keyboard.new
kbd.-init_pins(

CL b~ 7 1,
L 28~ 27 1
)
kbd.add_layer :default. Z%Zil RUBY_GUI KC_1 RAISE_ENTER LOWER_SPACE 1
kbd-add_layer : 2 Zi[L FIBONACCI PASSWD RAISE_ENTER ADJUST 1
kbd-add_layer :lower- ZiL KC_E KC_F RAISE_ENTER LOWER_SPACE) 1
kbd.add_layer :adjust-. Z%ZiL KC_SCOLON KC_LSFT RAISE_ENTER ADJUST 1
kbd-define_mode_key :RAISE_ENTER-. L :KC_ENTER- : 1 c00- 150 1
kbd-define_mode_key :LOWER_SPACE-. L[ :KC_SPACE- :lowera 300, 400 1
kbd-define_mode_key :ADJUSTs C 1 tadjusta - 1
kbd.define_mode_key :RUBY_GUI- L Proc.new { kbd.ruby }. :KC_RGUI. 300, 1
Fibonacci
da = 0 5 db =1
result = da + db
da = db
adb = result
fibonacci = Fibonacci-.new
kbd.-define_mode_key :FIBONACCI- [ Proc-.-new { kbd-macro fibonacci-take }. :KC_NO. 300 1
Password

dc = 'abcdefghijklmnopgrstuvwuxyzABCDEFGHIJKLMNOP@RSTUVUXYZ_ !a#sZAgx()==-+/CL1{3}<>!

dsrand

srand(board_millis)
dsrand =

password = "7

i = rand 7% 100
password << dclCil-to_s

password.length == 8
password
password = Password-new
kbd.define_mode_key :PASSWD- [ Proc.-new { kbd-macro password.generate- L[1 }. :KC_NO. 300, 1
kbd.before_report
kbd-invert_sft kbd.-keys_include? (:KC_SCOLON)

kbd-start!




mrbc keymap.rb -> 206.1 KB

Command: mrbc keymap-rb
Massif arguments: --stacks=yes

KB
20k . 1A o




picorbc keymap.rb -> 61.98 KB

Command: plicorbc keymap-rb
Massif arguments: --stacks=yes
KB
El-98A #
a #
d dad#
da - ada#
a da - ada#
a - cdtd::ddda#
; - cdtd::dd:da#
dacad:::qa-: ta . N dad:ada#
dad:ta:::a-: :a: N da-dad¥#
sttt tddtagdsta: - N dadad¥#
a - data:::qa-: :a: N da-dad¥#
aaa - - data:::q-: ca - N da-dad¥#
a a s a - data:::q-: :a - cad:ad: da -dad¥#
a :ada s a - data:::q-: :a - cadtad: da-dad#
detsttit dd IR a - datad-::qg-: ta . I dad-ada#
ada tstttgittstist dd IR a - datad-::qg-: ta - N dad-ada#
al detsttit dd IR a - dacad-::q-: ta - I dad-da#
a) dststtit dd IR a - dacad-::qg-: ta - I da-da#
al detsttit dd IR a - dacad-::q-: ta - cadtad: da-da#
a) detstiit dad IR a - dactad:::ta: ta . caca: da:ada#
e e e e e e e il >M1
0 ?7.101




Summary

# script size mrbc plcorbc

Note: Figures are measured 1n 64 bit Ubuntu



Implementation

Depending on only libc and less

Considering paddings and Pooled
allocation

Freeing heap memory 1n a loop 1nstead
of recursion



Depending on only libc and less

glibc for desktop/server application

newlib for embedded application
Small code size

Doesn't have regex.c

& hasumikin / regex_light ' Public ®Watch v 0  Yrstar 1 FFok 0

<> Code Issues Pull requests Actions Projects Wiki Security Insights Settings

P master ~ ¥ 1branch 0 tags Go to file Add file ~ Code ~ About 3
Light weight Regular Expression

™ hasumikin Update README.md v 36c7460 on 1 Mar (Y 45 commits library (experimental)

B .oithub/workflows Update c-cpp.yml 8 months ago (' Readme

8 build regmatch_t now works. fix bug of arm'’s char. etc 2 years ago

B src fix duplication of re_nsub 8 months ago Releases

A itignore dry-run in regcomp() 8 months ago No releases published
g g y g p g Create a new release

Y Makefile fix Cl 8 months ago



Padding 1in a struct

struct LinkedList {
struct LinkedL1ist *nextis // 4 bytes (i1n 32-bit architecture)

uintd t values // 1 byte
}
sizeof (LinkedL1st);
=> 5 & No
=> 8 @ Yes
v Data structure alignment (at least in C99)
pointer[4] + uint8 t[1] + = sum/| 8]

& You need to pack them well



Paddings waste memomy

LinkedL1st *tops
(e e.)

top->hnext=->next->next->nexts-

Consumes 40 bytes to store 5 values
of uint8 t

Total size of polnters will be 1 KB
1f there are 250 i1tems 1n a list

Pooled allocation '



Pooled allocation

CLnl: bytes
Xnext[LY4] -=-=-=-—=—=—====-= > Xnext[y4] ---=-=—=—====- > XnextCy] -=-=-=—=—=——====-
sizel2] sizel2] sizel2]
indexC2] indexC2] i1ndexC2]
datalsizeof (Data)l datalsizeof (Data)l datalsizeof (Data)l
datalsizeof (Data)l datalsizeof (Data)l datalsizeof (Data)l
datalsizeof (Data)l datalsizeof (Data)l datalsizeof (Data)l

Reduces paddings of data structure
alignment

Reduces the number of pointers

Reduces fragmentation



Before improvement -> 53.20 KB

Massif arguments: --stacks=yes
KB
53.20A #
&
o # -
a# -
o # -
dao# :
Qo # :
ada# -
ada# :
da:-ada# :
dad: da# :
dd:ad:::0d: dad: da# -
d:"ad:>"ad -d- a - dad: dd# -
d:::ddd:d:-:d: ad :d:: d- da: ada# s
dd:d::d:: dd ‘d::ad: d :‘d:: ad: da: ada# -
ddad :d: d:: dd ‘d::d: ad :‘d:: d: dad: ada# -
st 11 @ d: @ Qd DA @ :D:: @ dd: aa# s
c::::00 S d 0 ‘d: @:: 00 d::Ad: @D ‘A:: @ dd: aa# s
d SHH d 0 ‘d: @:: 00 dc:Ad: @ ‘A:: @ dd: ada# s
d S d 0 ‘d: @:: 00 d::Ad: @D ‘A:: @ dd: aao# s
e e e e e >M1
0 L.ELE




t -> 24.21 KB

improvemen

After

Massif arguments:

=yes

-=-stacks

KB
eh.2LA

BEBEBMCEBMEBMEBMGEBMWEE@MWBE@CBE@E@MEGBMEBMEEBIMEEBIMEEBS(3

aaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaa

d:dd
c:d:dd
cid:dd
cd:dd
cd:dd
cd:dd
cid:dd
cd:dd
cid-dd
cid:dd
cid-dd
cid:dd
cid:dd
cid:dd
cid:dd
cd:dd
cid:dd
cd:dd

S '

q=
BEBMEBMEBMEBMEBMWE@MWE@MCBE®E@EGBMGBMEBIMEBMEEBS(3

BCEBMCEMCEMCE@ME@EC@@MEBEBMEEBMEBMEME
cBR@@E@MCEMECEBGBEBEMEEBIEEEEBMEBE
BRE@@@E@M@CEBMGEBGEMGREEEEMEEBMEBME

BCE3MCE@MCEMCE@RMGE@ECE@MEBEBMEEMEBMEBME

q=
BCE3MCEMCEMCE@MC@@EC@E@MEBEBMEGEMEBMEME

1L.0482

O




Freeing 1in a loop

Freeing long linked list 1n recursion
causes ''stack spike"

Because the call stack becomes deep until the
recursive call reaches the bottom of the list

Freeing 1n a loop i1nstead of recursion

The call stack doesn't stack up at the cost
of a bit complicated code



Summary

Note: Figures are measured 1n 64 bit Ubuntu

Finally, I could make
PicoRuby work on the Micon!
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The
Micon
1s Everywhere.




ON A KEYBUARD
RUBY ON BOARD



written and presented by

RASUMIKIN



supported by
RUBY ASSOCIATION and MONSTARLAB



mentor

MATZ



follow the




an EQNENTIALLY RUBY production



