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Embedded systems

OrpaHu4yeHHble pecypchbl

[Tpsimon gocTyn K 0bopyaoBaHuIO
CneundonumpoBaHHaga PyHKLUNOHANBLHOCTb
OrpaHnyeHHaa yHKUMOHarbHOCTb



Linux on Embedded systems

OpenEmbedded is a software framework used for creating Linux distributions
aimed for, but not restricted to, embedded devices. The build system is based
on BitBake recipes, which behave like Gentoo Linux ebuilds.

OpenWrt is an open source project for embedded operating system based on
Linux, primarily used on embedded devices to route network traffic

The Yocto Project is a Linux Foundation Collaborative open source Project
whose goal is to produce tools and processes that enable the creation of Linux
distributions for embedded software that are independent of the underlying
architecture of the embedded hardware

Buildroot is a set of Makefiles and patches that simplifies and automates the
process of building a complete and bootable Linux environment for an
embedded system

Linux Target Image Builder (LTIB) is an open-source project based on RPM,
Menuconfig and Perl

MClinux is a variation of the Linux kernel, previously maintained as a fork, that
targets microcontrollers without a memory management unit (MMU)



OrpaHunyeHuna Linux

e MoHonnTHOE A4Pp0

e CyllecTBEHHbIE TpeOOBaAHMS NO NAMATU N APYITUM
annapaTHbIM pecypcam

e TpyaHoctu c eXecute In Place (XIP)



[ 1ONbITKN CHATbL orpaHn4eHun4

e MClinux is a variation of the Linux kernel, previously
maintained as a fork, that targets microcontrollers without a

memory management unit (MMU)

e The Embedded Configurable Operating System (eCos) is
a free and open source real-time operating system intended
for embedded systems and applications which need only
one process with multiple threads.



Embox

OTKpbITbI NpoeKT (BSD)

OpuneHTnpoBaH Ha BCTPOEHHbIE CUCTEMDbI
JKOCUCTEMA, a HE TOJbKO S4p0
BoBnekaem CTy4eHTOB

[TpOMbBILLUNIEHHBIN NPOEKT



KOHKYpEeHTHbIE NpenmyLiecTBa

CBouncTteo BctpanBaemsie OC OC obuero HasHa4yeHus Embox
POSIX coBMecTMMOCTb - + +
Ypobcteo paspaboTku - + +
ponon HHmfeTnpr?; ;aLLl,I/ITbI + B +
OtcyTtcTBYeT M3bbITOYHaS + ) +

dyHKUMOHANbLHOCTb




Embox - cocTan

POSIX coBmectnmaga OC
CeTeBOU CTEK
dannoBaga cucrema

CpepacTtBa pa3paboTku
Habop npunoxeHum n onbnmortek



Embox - cpeacrtea pa3paboTku

e CTaHOoapTHbIM HAboOp pa3paboTymka

o Kpocc-koMmnunaTtop: gcc
o |DE: Eclipse CDT, Sublime Text
o OTtnaguuk: gdb

e OMYnATOp NoA BCe apXUTekTypbl HAa ocHoBe QEMU
e B0O3MOXHOCTbL 3anycka B pexunme
Nofib30BaTENbCKOro npotecca Linux



Embox - annapaTHble TpeboBaHUS

e [loggepkka pasnnyHbIX apXUTEKTYP
o x86, ARM, MIPS, PPC, SPARC, Microblaze

e PaboTta 6e3 nogaepxkn MMU
e BrinonHeHwne koga Hanpsamyto 3 MN3Y (XiP)
e 16Kb MN3Y n 4Kb O3Y *

* MNnatdopma EMF32 Zero-Geko



Embox - npouecc cobopku

A3bIKk onnucaHua moayneun
[lapameTpbl CUCTEMDBI
PaspelueHne 3aBMCMMOCTEN
Cbopka obpasa



Embox - npouecc coopku

Text editor or IDE

Plug-in for Eclipse IDE

@ = | e R

Developer
build maodel inference

type check and validation of module options
rich error diagnostics

Mybuild

command line interface
incremental and parallel builds

GNU Make




Embox - npouecc coopku

configuration conf {
AFunlevel (2) include embox.arch.x8&.kernel.arch
@Funlevel(2) include embox.arch.x88.kernel.locore
@RuNnlLevel (0) include embox.arch.x86.kernel.context
@Runlevel (0) include embox.arch.x8s8.kernel.interrupt
@Runlevel (@) include embox.arch.x8&.mmu

@Runlevel (1) include embox.driver.interrupt.i18259
@Runlevel (1) include embox.driver.clock.pit

@Funlevel (1) include embox.kernel.timer.sys_timer
@Funlevel (1) include embox.kernel.time.kernel_time

@Runlevel (1) include embox.kernel.timer.sleep

@Funlevel (1) include embox.kernel.timer.strategy.list_timer
@Funlevel (1) include embox.kernel.time.timekeeper
@Runlevel (1) include embox.kernel.irq

@RuNnLevel (1) include embox.kernel.critical

@FRunlevel (1) include embox.kernel.task.mult1

@Runlevel (1) include embox.kernel.timer.sleep

@Runlevel (1) include embox.kernel.timer.strategy.list_timer
@Funlevel (1) include embox.kernel.timer.sys _timer
@Runlevel (1) include embox.kernel.time.kernel_ time

@Funlevel (Z) include embox.driver.net.nezk_pci
@Funlevel (Z) include embox.driver.net.loopback
@Funlevel(Z2) include embox.driver.net.elooo
@FRunlevel(Z2) include embox.driver.virtual.null
(2) include embox.driver.virtual.zero

@ARuUNlevel



Embox - npouecc coopku

module irq extends i1rg_ap1i {
option number action n = O
option number entry n = 0

source "irg.c"

depends 1rq lock

@MoRuntime depends 1rqg stack

@MoFuntime depends embox.mem.objalloc
depends embox.driver.interrupt.irgctrl_api
@MoRuntime depends embox.profiler.trace



Embox - npouecc coopku

embox.arch

system

embox.arch.arm

Ids

lego_nxt.driver

nxt_avr_init

embox kernel timer
head_timer

embox kernel timer
sleep_nosched

embox.arch

Ids
embox.driver
at91_twi
lega_nxt.driver
soft_i2c

embox kernel.timer
sys_timer

embox kernel.timer
timer_api

embox.driver.clock

at91_pitc

embox kernel.timer
sleep_api

embox.framework

LibFramework

embox.driver

at91_tc

embox.driver.gpio

at91_pins

embox kernel time
clock_event

embox kernel

softirqg

embox.arch
clock

embox kernel time
clock_source

lego_nxt driver

nxt_sound

embox framework

runlevel

embox framework

example

embox framework

service

embox framework
cmd

embosx util

LibUtil

embox framework
test

embox driver.gpio
pins

embox prom

prom_printf

embox.arch.arm

libarch

embox kernel

main

embox arch.arm.kernal

locore

embox.arch.arm.kernal

arch

embox.driverinterrupt

at21_aic

lego_rxt.driver

nxt_diag_lcd

embox.kernel

irq

embox.mem
pool_adapter

embox framework

mod
embox lib
LibC
embox prem
printf
embox.arch
libarch
embox.driver.diag
diag_api
embox.arch
locore
embox.arch.arm
cpu
embox.driverwatchdeg
at91_wdtc
embox.arch
interrupt
embox kernel
critical
lego_rxt.driver
nxt_lcd
embox.mem
objalloc

embox.mem
pool

embox.arch

cpu



Embox - cOopka BHELLUHUX MOOYNEN

@App
@QAutoCmd

@Build(stage=2, script="S (EXTERNAL MAKE)")

@Cmd (name = "nano",
help = "Text editor",
man = L B |
NAME

nano — Nano's ANOther editor

)
module nano {
source ""BUILD/extbld/”MOD PATH/install/nano.o"
@NoRuntime depends embox.compat.posix.regex

depends embox.compat.posix.LibCurses



Embox - cOopka BHELLUHUX MOOYNEN

PKG NAME

nano
PKG VER := 2.2.6
PKG SOURCES := http://www.nano-editor.org/dist/v2.2/$(PKG NAME)-$ (PKG VER) .tar.gz
PKG MD5 := 03233a2e480689a008eb98£feblb599807
PKG PATCHES := pkg patch.txt
include $(EXTBLD LIB)
$ (CONFIGURE)

export EMBOX GCC LINK=full; \

cd $(PKG_SOURCE DIR) && ( \

./configure --host=$ (AUTOCONF TARGET TRIPLET) \

--target=$ (AUTOCONF TARGET TRIPLET) \

)
touch $@

S (BUILD)
cd $(PKG_SOURCE DIR) && ( \
$ (MAKE) MAKEFLAGS='S (EMBOX IMPORTED MAKEFLAGS) '; \
)
touch $d@
$ (INSTALL)

cp $(PKG SOURCE DIR)/src/nano $(PKG INSTALL DIR)/nano.o
touch $@



Embox - CTOpOHHME NPOEKTHI

e [lepeHeceHbl criegytoLlime penmMBOpPKA
o Qt, QPid, ZeroMQ, Boost, ...

e Habop ceTeBbIX CEPBMCOB U YTUIUT
o ssh, nfs, cifs, ...

e [lopgaepkka annoBbIX CUCTEM
o FUSE, FAT, ext2/3/4, ...

e [paduka

o mesadld, nuklear



Embox - nocTuXxXeHus

pjsip Ha STM32F4discovery

Qt 6e3 mmu 1 ¢ o4eHb ObICTPbIM CTAPTOM

mesa3d Ha rtos

CMecCb NPUNoXeHnm XXecTKoro pearnibHoOro BpeMeHu
N cpencTs ynpaeneHusa no http



Embox - 4yTo 3107

e EmboXx - maneHbkuun Linux ang
BCTPOEHHbIX CUCTEM

® NuttX - POSIX RTOS ang MUKpPOKOHTpONNepos

® OpenEmbedded - Habop ckpunToB Ansa cOOpPKK
OUCTPUOYTUBOB ANt BCTPOEHHbBIX CUCTEM



Contacts

@box

Essential toolbox for embedded development

ﬁ Embox Project Homepage
e http://embox.github.io/

' Anton Bondarev

e anton.bondarev2310@gmail.com



