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Embox

Embox — cBobogHas onepaumoHHaa cuctema pearibHOro BpeEMeHM

(RTOS), paspabaTtbiBaemas A5 BCTPOEHHbIX CUCTEM.
OcHoBHas ngeqa ncnosno3osaHue NO JiInHyke B bonee 6eszonacHOM u

OETEPMNHNPOBAHHOM, MEHEE PECYPCOEMKOM U
9HEPronoTpeodnaoLLEM OKPYXXEHUN



Embox

e Apxutektypbl ARM, x86, RISC-V, MIPS, SPARC, ...
e [lonHodyHKUMOHanbHaa copemMmeHHasa OC

o Agpo
m BbiTecHsawowaa MHOro3aga4yHocTb
m IPC
m YnpasreHne NnamsaTbio
. e Multithreading Multitasking
dannoBasi cuctema Ha VFS 0 | mremm
KoHdurypmnpyemas ctaHgaptHas oubnunorteka
CobcTtBeHHbIn TCP/IP ST s vei

sleep

rpa¢mquKaﬂ nOﬂCMCTeMa usleep Soft IRQ

sched_sleep
sched wake Critical AP
Sctieduiock

softirg_install
softirg_raise
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softirg_lock

Timer IRQ

timer_create irg_attach
timer_destroy irqg_detach

resource control

Hardware Abstraction Layer

clock interrupt context MMU



Embox

OnepaunoHHas cuctema nog KOHKPETHY 3agadvy,
OCHOBaHHada Ha cneuuanbHoMm DSL fA3bike v
MCNOoSb3yoLLagq:

e CTaTtnyeckyro MHdpopmMmaumio 0 3agadax yCTpoucTea

e CTaTmn4yeckyto KOHpUrypauuo cMctemol

e CTaTn4yeckmn aHanms 3aBUCUMOCTEMN

e CTaTnUYeCKylo NMPOBEPKY NapameTpoB CUCTEMbI

Embox build system:
KBuild + OpenEmbedded + DevTree



Embox. [Npouecc cbopku

Text editor or IDE

Plug-in for Eclipse IDE

Developer
build model inference

type check and validation of module options
rich error diagnostics

command line interface
incremental and parallel builds

e -

User



[padp moayneun

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

at9l_twi

lego_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

at9l_tc

embox.driver.gpio

at91_pins

embox.kernel time
clock_event

embox kernel

softirq
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
embox.util
LibUtil
embox framework
test
embox.driver.gpio
pins

embox.prom
prom_printf

embox.arch.arm

libarch

embox.kernel
main

embox.arch.arm kernel

locore

embox.arch.arm.kernel

arch

embox.driver.interrupt

at91_aic

lego_nxt.driver

nxt_diag_led

embox.kernel

irq

embox.mem

pool_adapter

embox.framework

mod
embox.lib
LibC
embox.prom
printf
embox.arch
libarch
embox.driver.diag
diag_api
embox.arch
locore
embox.arch.arm
cpu

embox.driverwatchdog

at91_wdtc

embox.arch
interrupt

embox.kernel

critical
lego_nxt.driver
nxt_lcd
embox.mem
objalloc

embox.mem

pool

embox.arch

cpu



Mybuild-npouecc

Makefile

MAKELEVEL: 0

Check
GNU Make version

Export tool names
and build directories

Spawn a sub-make
for each goal

N =z

s

N/
MAKELEVEL: 1

~

mk/main.mk
help —  clean — confload all > build
s L
e N A
mk/load.mk MAKELEVEL: 2

mk/load-mk.inc.mk

Spawn a sub-

L

Prepare and cache
Mybuild scripts

mk/load-mybuild.inc.mk
make with all

Read my-files and
create build model

the scripts
preloaded




OnucaHne moayrneu

module irq extends irqg_api {
option number action_n = 0
option number entry n = 0

source "irq.c"

depends 1rq_lock

@loRuntime depends 1irq_stack

@oRuntime depends embox.mem.objalloc
depends embox.driver.interrupt.irqctrl_api
@oRuntime depends embox.profiler.trace



OnuncaHnne TpeboBaHUN

configuration conf {
@Runlevel (0)
@Runlevel (0)
@Runlevel (0O)
@Runlevel (0)
@Runlevel (0)

@Runlevel (1)
@Runlevel (1)
@Runlevel (1)
@Runlevel (1)

@Runlevel (1)
@Runlevel (1)
@Runlevel (1)
@Runlevel (1)
@Runlevel (1)
@Runlevel (1)

@Runlevel (1)
@Runlevel (1)
@Runlevel (1)
@Runlevel (1)

@Runlevel (2)

@Runlevel (

)
)
)
)

include
include
include
include
include

include
include
include
include

include
include
include
include
include
include

include
include
include
include

include
include
include
include
include

embox.
embox.
embox.
embox.
embox.

embox.
embox.
embox.
embox.

embox.
embox.
embox.
embox.
embox.
embox.

embox.
embox.
embox.
embox.

embox.
embox.
embox.
embox.
embox.

arch.
arch.
arch.
.x86.kernel.interrupt
arch.

arch

x86.kernel.arch
x86.kernel.locore
x86.kernel.context

x86. mmu

driver.interrupt.i18259
driver.clock.pit
kernel.timer.sys_timer
kernel.time.kernel_time

kernel.timer.sleep
kernel.timer.strategy.list_timer
kernel.time.timekeeper
kernel.irq

kernel.critical
kernel.task.multi

kernel.timer.sleep
kernel.timer.strategy.list_timer
kernel.timer.sys_timer
kernel.time.kernel_time

driver.net.ne2k_pci
driver.net.loopback
driver.net.el000

driver.virtual.null
driver.virtual.zero



CTtaTunyeckoe pacnpeaeneHme namsit

/* region (origin, length) */
ROM (0x08000000, 1M)
RAM (0x20000000, 512K)

/* section (region[, Ima_region]) */
text (ROM)

rodata (ROM)

data (RAM, ROM)

bss (RAM)

section (flasher _text, RAM, ROM)

phdr (flasher _text, PT_LOAD, FLAGS(5))
section (flasher_rodata, RAM, ROM)

phdr (flasher_rodata, PT_LOAD, FLAGS(5))



CTtaTunyeckoe pacnpeaeneHme namsit

include embox.mem.static_heap(heap_size=0x4000)
include embox.net.skbuff(amount_skb=10)
include embox.kernel.thread.core(thread _pool _size=16,
thread _stack size=5000)



CTtaTunyeckoe pacrnpeaeneHme namMmaTu

/scripts/ld_map _info.sh build/base/obj/fembox-2.0.map "\.bss”

anton@antonnotebook: ~/embox

832 /home/anton/embox/build/base/obj/module/embox/compat/1libc/stdio/file_pool.a(stdio_fi

980 /home/anton/embox/build/base/obj/module/embox/net/util/hostent.o

984 /home/anton/embox/build/base/obj/module/embox/compat/posix/passwd.a(pwd_grp.o)

1040 /home/anton/embox/build/base/obj/module/embox/net/skbuff.o

1280 /home/anton/embox/build/base/obj/module/embox/device/char_dev.o

1288 /home/anton/embox/build/base/obj/module/embox/1lib/tftp.o

1472 /home/anton/embox/build/base/obj/module/embox/net/util/netent.o

1572 /home/anton/embox/build/base/obj/module/embox/framework/mod.o

1760 /home/anton/embox/build/base/obj/module/embox/net/dev.o

1856 /home/anton/embox/build/base/obj/module/embox/fs/driver/fat_dvfs.o

2048 /home/anton/embox/build/base/obj/module/embox/cmd/net/httpd.o

2400 /home/anton/embox/build/base/obj/module/embox/net/tcp_sock.o

3072 /home/anton/embox/build/base/obj/module/embox/fs/driver/initfs_dvfs.o

4640 /home/anton/embox/build/base/obj/module/embox/net/af_inet.o

5952 /home/anton/embox/build/base/obj/module/embox/fs/dvfs/core.o

6480 /home/anton/embox/build/base/obj/module/embox/compat/posix/ipc/ppty.a(pty.o)

11776 /home/anton/embox/build/base/obj/module/embox/fs/buffer_cache.o

15240 /home/anton/embox/build/base/obj/module/embox/net/skbuff_data.o

15280 /home/anton/embox/build/base/obj/module/embox/driver/net/stm32f7cube_eth.o

32772 /home/anton/embox/build/base/obj/module/embox/driver/flash/stm32cube_fix_addr.o

32772 /home/anton/embox/build/base/obj/module/embox/driver/flash/stm32f7cube.o

80000 /home/anton/embox/build/base/obj/module/embox/kernel/thread/thread_allocator_pool.o
Total: 3a434 (hex) / 238644 (dec)

2 $ ./scripts/1ld_map_info.sh build/base/obj/embox-2.0.map "\.bss"




Crtatun4yeckoe pacnpegeneHue annapartypbi

[or={
.status = ENABLED,
.name = "UARTO",

.dev={
.name = "UARTO",
regs ={
REGMAP("BASE_ADDR", (UARTO_BASE), 0x100),
»
drgs = {
VAL("™, PLIC_UARTO_VECTNUM),
2
.pins ={
PIN("TX", GPIO_PORT_A, 1, 1),
PIN("RX", GPIO_PORT_A, 0, 1),
e
.clocks ={
VAL("™, "CLK_UARTO0"),
}
b



CTaTndeckoe pacnpeneneHue annaparypbl

include embox.driver.serial.stm_diag(baud_rate=115200, usartx=1)
@Runlevel(1) include embox.driver.serial.stm_ttySO(baud_rate=115200,
usartx=1)

@Runlevel(1) include embox.driver.serial.stm_ttyS1(baud_rate=115200,
usartx=6)



CTaTndeckoe pacnpeneneHue annaparypbl

@Runlevel(0) include embox.arch.arm.cortexm3.armv7/m_cpu_cache(
log level="LOG_DEBUG",
Sram_nocache section size=0x4000,
nocache_region0_addr=0x60000000,

nocache region0 _size=0x00200000



Embox: Hello world (Mybuild)

package embox.cmd

@AutoCmd
@Cmd(name = "hello_world", help="First Embox application")
module hello_world {

source "hello_world.c"



Embox: Mybuild (BuildDepends)

@BuildDepends(gcc _build)

@BuildArtifactPath(cppflags_before="-1$(abspath

$(EXTERNAL_BUILD DIR))/third_party/gcc/gcc_build/install/_target/include/c++/_gcc_version
-I$(abspath
$(EXTERNAL_BUILD_DIR))/third_party/gcc/gec_build/install/_target/include/c++/_gcc_version/_target

ll)

static module libstdcxx extends embox.lib.libstdcxx {
@AddPrefix("*"BUILD/extbld/third_party/gcc/gcc_build/install/libs")
source "libstdc++.a"

@NoRuntime depends gcc_build



Embox: PJSIP

[l

e

220
32

Incoming call from:

<sip:anton.bondarev@sip.linphone.org>

e dtad sr:szrml-mscd
o ’l ¥812258
89 -

9 RS8
@9 RSO

8

() R63

B (9 R4

@) Re2

MB1166 A-02
218231478




PJSIP Ha Linux

$ ./configure \
--prefix=$PREFIX \
--disable-116-codec \
--disable-ilbc-codec \
--disable-speex-codec \
--disable-speex-aec \
--disable-gsm-codec \
--disable-g722-codec \
--disable-g7221-codec \
--disable-libyuv \
--disable-libwebrtc

$ make dep && make



valgrind on Linux

e valgrind --tool=massif --time-unit=B --massif-out-file=pjsip.massif
Ipjsip-apps/bin/samples/x86_64-unknown-linux-gnu/simple_pjsua
e massif-visualizer pjsip.massif

File View Settings Help

Open... Close Shorten Templates  Select peak snapshot I Toggle total cost graph ] Toggle detailed cost graph I Stacked diagrams: \ 10 :I

— Massif Data (0
pjsip.massif X

[filter

of ./pjsi| i 64 il jsua 0B: Snap..
" Peak of 750,9 KiB at snapshot #67 i 95,8 KiB: ...
145,7 KiB:.
2202 KiB:,
S Al 235,8 KiB:.
Sh 297,7 KiB:.
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- 3186 Kig:.
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4017 KiB:.

nu/libasound. 50.2.8.0) il 399,9 KiB:.

R - i 5 : : 399,2 KiB:.
X = j £ 401,3 KiB:.
! 404,1 KiB:.

55 / IEREEE . 400.8 KiB:,

v oby T I ya 4 A 402,2 KiB:.
L - | N 4038 KiB:.

= — 7 e @ 400,0 KiB:.

- 404,2 KiB:.
e o e s W 400,3 KiB:.
oA 404,6 KiB:.
. 402,7 KiB:.

286,9 KiB:.

Memory

& 600,08
,?0 :

I ] =

5 I Y
1 i 3

memory heap size

7,

NG

223,1KiB:.
202,8 KiB:.
228,9 KiB:.
224,2 KiB:.
271,1 KiB:.
» 303,0KiB:.
il i 26406 i 40406 i 60406 i 80406 i 1e407 i 120407 302,3 KiB:.
300,7 KiB:.

100,0kB

time in B e
389.1 KiB:
<] [»

Memory Chart | Allocators
. Custo...



Embox: PJSIP on QEMU

e [lobaBunu rpadmyecknn nutepdenc
e 3anycTunm Ha gemu

alexander@alexan...
6.101:44132; branch=29hG4bK . Zqpi ;rport=4413

Llinphone.org>; tag=TMpliOgam

nphone.org>

one.org;gr=urn:uuid ). linphone

droid/4.3.1 (ANE-LX1) LinphoneSDK t
CANCEL, OPTIONS, BYE, REFER, NOTIFY, MESSAGE SCRIBE, INFO, UPDA Incoming call from:
outbound, gruu

<sip:alexk1111@sip.linphone.org>

IN IP4 54
% &

20 (rdatadx775b008
pjsua_media.c
addr=127.0.1
pjsua_media.c RTF
pjsua_media.c RTCP sockat
pjsua_media.c Med
pjsua_core.c

194:5060

ta0x7f75b003a7

ia: SIP/2.0/TCP 54.37.202

ia: SIP/2.0/TLS 192.168.6.101:441

ecord-Ro <s 1.121.2¢

acord-Ro <s1p:91.121.209.194:5660; trans

)hGAbK . ZqpRVK56t

i0qam

alexk1111@




Embox: PJSIP Ha nnaTte

® KapTta NamMATun

®peiim6ydep 1500 K6

~ Kyua ansi aBoiiHoii
6ychepnsaLm v LWpUPTOB
4000 K6

RAM 512 Ko SDRAM 16 M6



Embox: PJSIP
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[Mpouecc pa3paboTkn nog Embox

HacTpoiika nog, KOHKpeTHyt0
nnarty




3akodyeHune

[TIpoBEpPKKN Ha aTarne NPoOeKTUpPOBaHUSA YBENMNYMBALOT
©e30nacHOCTb KOHEYHbIX CUCTEM

Heobxoanmo BHeceHmne n3bbITOYHOCTU AN onucaHug
TpeboBaHU N CBONCTB

CneunanuanpoBaHHbin (DSL) A3bIK XOpoLlo noaxoauT ang
onncaHusi TpeboBaHUm

[Ona ysennyeHnst 6esonacHoOCT HeODXoAMMO BHECEHME
N3MEHEHNN B NpoLiecc pa3paboTKn KOHEYHbIX CUCTEM



Contacts

@b@x

Essential toolbox for embedded development

youtube

e https://www.youtube.com/@embox-rtos
Embox Project Homepage

e http://embox.github.io/

Telegram chat

e https://t.me/lembox_chat



