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## Preamble: Introductions

+ Pthereal jpster (Tuitter)
+« Pthe jpster (Github)
+ keybase. io-the jpster
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# Preamble: What can I expect?

« A tale of obhsession

+ Right tool, to fix the wrong thing
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Embedded Rust <—
The Idea

The Implementation

apiralling out of control
The Deno
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Act 1: Bust 2018
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LLUM Backend
Target File

libcore
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# Act 1: UART .~ GPIOD Example

~~ HUHESH Serial UWUWART

Iet mut uush umart = Serial: —umaxr-tio

P -UnAaRTGO ,

porta . pal. into_af puoash_ _pull g 1o -
dmut porta.control

.

porta . pa®@. into_af_ puoa=sh_pull < 1
dmut porta.control

.
C .,

C,

115200 a3 _bp=0C2,

Mewl ineMode - - SwapLLFtoCH.

e lock=s .
= L poweyy contraol
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pub fnn freed<F. R>COEF: FJ

where
F: FnUOhhhrcel&Crriticalsection)

+
ttpr-imask:: treadC >

let primask = registex - :

di=abhleC X

Iet » = FFrlun=afe +
HCryriticalSection: tmewl )

i o -

ifFf primask.is_ _actiwveC]ld L
mn=safe €@ enmableCd F

3
x~
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impl CBP <

pub (crate?) unsafe fm new( 3
CEHBET +

_ markex»: FPhantomData
i

3

pub fnn ptyrxCx —2 ==const HegisterHlock +
CDx>xEOOD EFS3 b0 as ==Ccon=+Lt
3

3

impl op=s: Deref for CHBFPF +
TtType Tar-get = HegisterBlock:

fvi deref(S=self)) — > &5l - Tar-get L

uwn=afe €L S=Self 2 tpitrCd 3
i o
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## Act 1! Creating a new Project

« cargo new my_pro ject
+ Clone rust-embedded/cortex—nm—quickstart

+ cargo generate
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## Act 1 Adding a HAL crate

Hardware Abstraction Layer

aome crates will Use the HAL. ..

fn newlspi: 3) where 5: spi:Fullluplex
aome crates will Impl the HAL...

impl spi::FullDuplex for TiwvadPI {...%}

serial Ports, IZ2C, 5FPI, Timers, eic.
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« Angone can 1mpl the Hal. ..

« impl spi::FullDuplex for LinuxDeu {...}

« #ilcfg(featurel] macros
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Embedded Rust
The Idea <—

The Implementation

apiralling out of control
The Deno
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The Commodore 64

COMMODORE 651 BASIC U e

SYSTEM FE8911 BAasIC BYTES FREE

= 41 TO S
C"HELLDOD nAaccCl®
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#ft Act Z2: Less iz More

+ For Sale: Baby shoes, neuver worn
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## Act £ Goals for the project

+ To distract me...
« Can you generate video with Rust?

+ How much can you squeeze from one chip?
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Cortex—M¢ @0 216 MH=z

1 MiB Flash

340 Kib SREAM

Audio, Ethernet, 3D-MHC

Has a TFT controller...

About £50
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# STM3IZF? Discovery

al MdcF |

MSLLwERY
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Cortex-M4 @ 80 MHz
Zob KiB Flash

JZ KiB SRAN

I1ZC, UART, SFPI
About £12

There was one on my desk
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#t Act Z£: UGA Timing

tinyuga.consuga—timing

640 x 480 @ 60 Hz = £5.175 MH=z
720 x 400 @ 70 Hz = £8.322 MH=z
go0 x 600 @ 60 Hz = 40.000 MH=z
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# Aact Z2: Text Mode

+ A Font 1= a collection of tiny bitmaps

+ Code Pages us Unicode

+ Rendering to a bitmap or in real-time
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# Act Z2: Text Attributes
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Embedded Rust
The Idea

The Implementation <{—

apiralling out of control
The Deno
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# Act Z2: Show me the =ource?

for- (ch, attrxrd in r»Ywow._.glyph=s=_itexr () L
Ilet iwvvdex = (=ch as isSsi=Zze )} =
CHMAax_ FONT HEIGHT a=s isi=e]:
Iet w = umnsatfe L
=font table . aoffsetCindex}) F:
1let rgh_ _addrr = uansate 4
RGEH_MnAarPrsS
-a=__pihtxr )
-ofFf=et
I
Catitr. ) as isi=mel) =
A5Sh i =1=e
o+ (ww as isiz=ze)
3
3 =
1et r»Yywgb__word = umunsafe € =rgbh_ addx»> ;2
hw. write pixel=sC
b word >> 16,
gb_ _word >> 8.
rgb_ woxrd
) -
3
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« Fringing effect
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Act J: Would you like to see a demo”

CIEthereal jp=texr1, ACCU 2019 FPage I1.-55S



Monoktron — 4

# Act 3: Serial Input

+ Keyboards are tiny computers

+ Talking to them 1= non—-trivial
« 30, I cheated...
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## Act 3: Command Line Interface

« BASICY

+ Keep 1t simple. ..

ITtem L
item_ type: ITtemType: Callback(bhbeep].

command - ""heep”’ .
help: Some(<freg> <len>""2,

i o

> beepn
Ery»or : Mot enouagh ar-guments

> beep 440 GO
Flagyging “33 H= for G600 frame=s
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# Act 3. P5-Z Keyboard (fail?t)

Clock Signal (from Keyboard)
Data Signal (bi-directiomnal)
Open-Collector (can hold clock low)

acan Codes, ught

Interrupts @ 10 kHz are bad for video
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Act 3: Joystick
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# Act 3 Memory Layout

ahdSinlolo B slolaln)

AppPpl icat ion

(DS inlnloResdololn)

ob gslolnlo e Rololo

adsinlologolololo)

obdololnl: JEgolololo

EaADEOETE B

Oodaita

N CNENEN T e

text

ob dololnlo o bdolo

I e toxe

(adolnlologgolololn)
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## Act 3. Application Binary Interface

« 2000 — OxZ2003: Pointer to init fn
« OxZ2004 — OxZ2FFF: Don’' t caret

« dtructure of function pointers
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putchar(char) -> int
puts(const char=) -> int
readc() -> int

wifubi()

kbhit() -> int

move cursori(row, col)

playlfreq, chan, wave, vol) -> int

change_font(font)

get_joystick() -> ub

CIEthereal jp=texr1, ACCU 2019 FPage 3IH--5SS
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# Act 3. Audio

« aquare Wave Beeps

« PUM and Audio Filtier

| | |

+« Basic Tunes=

+ Three—chammel wavetable synthesizer

+« Tested on Linux with Pulse Audio
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# Act 3. S3torage Options

.5 inch Floppy Disk=s

held VP20 KiH o 113940 KiB

of data -
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Par-tition 1

IREEEI"UEﬂ.

II"‘IBR
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# Act 3: Sh Card

Appear as an array of 51Z-byte blocks
Can be partitioned (or not)

Can work in SFI node (slowly)

auper cheap!?

GH: the jpster-embedded-sdmnc—rs
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Embedded Rust
The Idea

The Implementation

apiralling out of control <—
The Deno
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Act 4: Demo verobhoard
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# Act 4. Designing a PCH

..really time consuming

..an open—ended project

..quite good fun?
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# Act 4: R5-Z232 Serial Port

It's not a DB9?

+/— 0Ol to 150 signalling
RX » TX » GHND

RIS ~ CTS

DTR ~ DSR

RI ~» DCD

Could hook up old Modems™

serial mice®

Linux on Monotron?
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# Aact 4: MIDI Port

Atari 3T had one...

MIDI is just a UART?

31,250 bps

o zsignalling, opto-isolated
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#ft Act 4: Heal Time Clocks

CHOS Batteries
TM4C has one...

. but no coin cell input
Crystal capacitance 1= fun

Inter-Integrated Circuit ~ TWI

Jec-MinsHour-DOW.sDay-Month-Year
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i Act 4. Keyboard=s, revisited

Can't do 10 kHz data AND uvideo
How did IBM =oluve this?
Intel 18042

I could add an I-0 processor!t

CIEthereal jp=texr1, ACCU 2019
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it Act 4: AtMega 328

« 23 pins
« (If you include R3T and XTAL1-£)
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## Act 4: IEEE-1784 Parallel Port

CEthereal jp=stexr-l1. [ACCU FPage 5155
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Javascript

Pascal
REXX

Euphoria

CIEthereal jp=texr1, ACCU 2019 FPage 5593205



Monoktron — 4

# Act 4: Monotronian

oo mainCtarg=s>2>
1len = lengthliCarg=s2
for » = 1 to len
ifF argsLwxl1 == ""—help™”
print helpol
etuwrn
=1l1if argsLlx1 == ""—werhose""
wver-bose = wuerbose = 1
e 1l=e
process_ _fFilelargsLx12
end 1 F
end Hor
=rnd £
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## Act 4. Clo=sing Thoughts

github.com/the jpster

keybase. io-the jpster

Come say hi?t

(I have Rust Embedded flyers)

Think about how you write code
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Embedded Rust
The Idea

The Implementation

apiralling out of control

The Demo <—
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