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3anyckaem Embedded Linux
Ha Hard un Soft CPU Xilinx Zynq



[lasen [NaHkpaTos

Benywmit nHxeHep-nporpammmcT

* bonee 10 net onbita KOMMepYeCcKon
Embedded paspabotku

*  YYaCTHMK psaa MeXaYHAPOLHbIX
NPOeKkTOoB B chepax Telecom u
Automotive

AHa bynuHa

ixenep no paspabotke [10
MCKYCCTBEHHOTO MHTENNEKTA

* 3 rona e Al paspaboTke

* 3HaeT kakue |P-bnoku npurogarcs
ons uHbepeHca BaLlei
HEUpoOCeTH




3anyckaem Embedded Linux na Hard u Soft CPU Xilinx Zynq

Y
AN
[locTaHOBKAO 30004M e

Yto Mbl XOTenu cagenaTb?

* [lapannenshuii 3anyck apyx OC Ha FPGA ¢ npoueccopHoit noacnctemoi
* [lpoekT N NoBbILEHMS KBANMOUKALMM COTRYAHMKOB OTAENA

* (OcBoeHWE CUCTEMHOTO NOAXOAA K PA3paboTKe

[MloyeMy 31O MHTEpECHO?

* (OxBOTHBAET BECb UMK PA3PAOOTKM HAUYMHAS C YPOBHS ANNAPATHOMO
obecneyeHms M 3aKAHUYMBAS 3AMYCKOM MOMb3OBATENLCKOTO MNPUNOXEHNS

* Mano goctynHol nHbopmaumm o peluernn nogobHeix 3agay Ha FPGA ¢
MPOLECCOPHOM MOACUCTEMOM



3anyckaem Embedded Linux na Hard u Soft CPU Xilinx Zynq

YA
ConepxaHue hie

Yacrb 1: npoekt nporpammupyemoit normku (9Ha bynunal)
* Onpepgennm otnmuna B nogxonax ana FPGA co sctpoentsim Hard CPU v 6es
* PaccMOTpUM OCHOBHBIE KOMMOHEHTH ANNAPATHOrO obecneyeHus

Yactbs 2: c6opka Embedded Linux (Maeen MNaxkparos)

* [lorosopum o Heobxooumbix coctasnaowmx Embedded Linux
* Cobepem OC nog ase apxuTexTypsl

* [loorotoBunm 3arpy30uHbIi HOCUTEND

Yacrs 3: 3anyck u eepudukaums npoekta (Masen Mankparos)
* Pasragaem 3araaky: “Ckonbko HYXHO 3arpy3unkos ans aanycka apyx OCe”
* Ybeanmcs B paboToCnocobHOCTH NPOEKT]



HacTtb 1: npoekT nporpaMMmupyemMoit normkm

Hacts 2: cbopka Embedded Linux

Hactb 3: 3anyck 1 BepUDUKALMS MPOEKTO
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Paznnums B apxutektype FPGA 1 SoC ke
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Paznnums B apxutektype FPGA 1 SoC ke

Processing System

Hard CPU

Programmable Logic

Memory Memory

Peripherals Peripherals

Programmable Logic

Soft CPU
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MYIR Tech FZ5BOX
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YA
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7
ApX1TeKTypa NpoekTa e
/PS | \ Y10 HaM HyxHo ans 3anycka Linux:

v' CPU c MMU

v OnepaTt1sHas NamaTb
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ApPXMUTEKTYPA NPOEKTA bte

~ ™N
|||+ TERRUPT pve 4 ||
— Clk e 4 |||
— Reset M_AXI_DP -}
—| Ext BRK M_AXI_DC o fif
' 7 4 -
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== \Wakeup[0:1] Sleep =
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MicroBlaze
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ApPXMUTEKTYPA NPOEKTA bte

4 N

|||+ inTERRUPT pwve 4 ||

— Clk ive 4 |||

- Reset M_AXI_DP -+ :::

— Ext BRK M_AXI_DC - E

' 7 4 k-

— - +H

Ext NM_BRK MICFOBI&Z@ M_AXI_IC - f

== \Wakeup[0:1] Sleep =

== Reset Mode[0:1] Hibernate =

- Pause Suspend e

Ol - neperitn 8 == Non Secure[0:3] Pause Ack fe

COH Cpa3y

N\ J/

nocrne 3CI|_IYCKO MicroBlaze
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ApPXHUTEKTYPA MPOEKTA bie

4 N
|||+ inTERRUPT pwve 4 ||
— Clk ive 4 |||
— Reset M_AXI DP -}
O1 — ctaptyem - +:_:
| - Ext BRK M_AXI_DC - ::
pabory! . . =
— Ext_NM_BRK MicroBlaze M_AXI_IC - f
== Wakeup[0:1] Sleep =
== Reset Mode[0:1] Hibernate =
- Pause Suspend e
Ol - nepenmie Non_Secure[0:3] Pause_Ack e
COH Cpa3y
N\ J/

nocrne 3CI|_IYCKO MicroBlaze
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ApPXMTEKTYPA NPOEKTA

Reset_Mode =01 Wakeup grrewm

| |
1

AXI AXI

PL

YA
e

Y10 HaM HyxHo ans 3anycka Linux:

v' CPU c MMU

v OnepaTt1sHas NamaTb
v' KoHTponnep npepbiBanmii
v' CucremHuiit Taimep

v’ KoHcons

v Ynpasnenue Soft CPU
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ApPXMTEKTYPA NPOEKTA

Reset_Mode =01 Wakeup grrewm

| |
1

AXI AXI

PL

YA
e

Y10 HaM HyxHo ans 3anycka Linux:

v' CPU c MMU

v OnepaTt1sHas NamaTb
v' KoHTponnep npepbiBanmii
v' CucremHuiit Taimep

v’ KoHcons

v" Ynpasnenne Soft CPU
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HacTb |: npoekT NporpaMMmMpPyeMon Normku

Yacrte 2: C6opka Embedded Linux

HacTb 3: 3anyck 1 BepUdUKaLms NPOeKTa
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AN

KomnoHeHTsl Embedded Linux X

—

DTB

a
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YA
Yem cobpats Embedded Linux ine

HBe apxutekTypbl

AArché4 microblaze-el
HARD CPU SOFT CPU
ARM Cortex A53 MicroBlaze

UnctpymeHTsl ans cbopku

* Petalinux

* Yocto project

* Buildroot

* Kpocc-Komnunaums COBMECTUMBIM TyNYeNHOM

26
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YA
Cbopka ans Hard CPU (devicetree) ine

Uckniouaem ogHOBpEMEHHbIM BOCTYN K BbigeJIeHHOMY PErMoHY MAMSTH.

{

#address-cells = <2>;
#size-cells = <2>;
ranges;

g
no-map;
reg = <0x0 Ox40000000 Ox0 Ox20000000>;

27
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YA
Cbopka ansa Hard CPU (Petalinux) ine

# petalinux-create
e (Cosnaet NpoekT

# petalinux-config
* KoHpurypupyeT npoekT OCHOBLIBAACH HA baiine OnuMcaHWs annapaTHOro obecneyeHms
* KoHdurypmpyeT pasnmyHble KOMMNOHEHTH NPOEKTA

# petalinux-build
* Cobupaet npoekT

# petalinux-package
* [logroTaenuneaeT HeOOXOOMMbIE 3ArPY304HbIE OOPA3HI

28
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YA
Cbopka ansa Soft CPU (devicetree) ine

xsct% hsi open_hw_design
* OTkpbiBAET AN ONUCAHUS ANNAPATYPH

xsct% hsli set_repo_path
*  YKa3sbiBAET NyTb K PEMNO3UTOPUIO KOMNOHEHTOB devicetree

xsct% hsli create_sw_design
» Cospaet npoekT devicetree ana 3040HHOTO NPOLECCOPA

xsct% hsli generate_target
* [eHepupyeT daiinsl devicetree

xsct (Xilinx Software Command-Line Tool) poctynen & cranaapTroit noctaske Vivado/Vitis (xInx/Vitis/2024.1 /bin /xsct) -
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YA
C6opka ans Soft CPU (kpocc-komnumnsaums) e

[oToBuM initramfs

* CHopka GPeMBOPKOM UMK BPYUHYIO

* MoxHo ncnonb3oBaTh NPeaBAPUTENBHO-CODPAHHBIN APXMB

*  OnuMoHANbHO KOMMPYEM B AMPEKTOPMIO MCXOAHOTO KoAd sapa Linux

Konupyem dts B gppekTopmio cooTBeTCTBYIOWEN AOPXUTEKTYPDI
* arch/microblaze/boot/dts

* Heobxogmmo ana cbopku simplelmage

* Vma darina ByaeT sBnaTbCa HACTbIO TAPTETA NPU NOCTROEHMM

* CosmecTumblit TynueitH nocTynen 8 cranaapTHoit noctaske Vivado/Vitis (xInx/Vitis/2024.1 /gnu/microblaze/linux_toolchain/liné4_le /bin/microblazeel-xilinx-linux-gnu- )

30
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C6opka ans Soft CPU (kpocc-komnunsaums)

KoHdurypupyem aapo
* General setup > initramfs
* Platform options > ycTaHoBMTE TOUKY BXOOA M CKOHPUTYPUPOBATE ANMAPATHLIE

KOMMOHEHTHI

Cobupaem npoekrt
# make ARCH=microblaze \
CROSS_COMPILE=microblazeel-xilinx-linux-gnu- \

simpleImage.system-top

CoBmecTnmbiil Tynueiin foctynen B ctanaaptHoi noctaeke Vivado/Vitis (xInx/Vitis/2024.1 /gnu/microblaze/linux_toolchain/lin64_le /bin /microblazeel-xilinx-linux-gnu- )

YA
e
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Y%
AN
[loarotoeka 3arpy3o4yHOro HocuTens e

SD-kapta
/ Partition O Partition 1 \ BOOT.BIN
FAT32 EXT4 * zyngmp_fsbl.elf
* u-bootelf
BOOT.BIN * bl3T.elf
* pmutw.elf
* system.bit

image.ub

rooffs.tar.gz

Image.ub (Hard CPU)

boot.scr
* Linux kernel
simplelmage.system-top * iniframfs
« DIB
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3anyckaem Embedded Linux na Hard u Soft CPU Xilinx Zynq  / /
[loarotoeka 3arpy3o4yHOro HocuTens e
SD-kapta
/ Partition O Partition 1 \ boot.scr
FAT32 EXT4 * 3arpysounsiii ckpunt U-Boot

rootfs.tar.gz
* DaiinoBas cUCTEMA, MOHTUPYEMAS
BMECTO iniframfs

BOOT.BIN

image.ub

rooffs.tar.gz

simplelmage.system-top
(Soft CPU)

e linux kernel

boot.scr

simplelmage.system-top
* initramfs

« DIB

33



HacTb |: npoekT NporpaMMmMpPyeMon Normku
Hacts 2: cbopka Embedded Linux

Yacte 3: 3anyck u Bepudukaums npoekra




3anyckaem Embedded Linux na Hard u Soft CPU Xilinx Zynq le‘
[lopspok 3arpy3sku »e
SSBL Linux Linux
BooROM FSBL ATF U-Boo] Hard CPU)  (Soft CPU

* BootROM - 3awmT B NOCTOSHHYIO NAMATE MIATH, OTBEYAET 30 NMOWUCK U 3arpyaky FSBL
* FSBL - 3arpysunk nepsoit cTagmn, OTBEYAET 30 KOHOUIYPAUMIO NNATGOPMbI
* ATF (ARM Trusted Firmware) - otsedoet 3a ncnonHenume nosepentoro 10

* SSBL (U-Boot) - 3arpysumk BTopoit ctogmn, oteedaet 3a 3arpysky obpasos OC 8 O3Y
* Linux (Hard-CPU) - OC Hard CPU{ARM Cortex A53)

* Linux (Soft-CPU) - OC Soft CPU (MicroBlaze)

35
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Y%
AN
3arpy304HbIM CKPMAT ke

# dd if=boot.scr of=boot.txt bs=72 skip=1
* Ybupaet 13 darna saronosok U-Boot

boot.txt

mmc 1 Ox10000000 image.ub

mmc 1 Ox60000000 simplelImage.system-top
Ox60000000 Ox40000000 0x10000000
Ux10000000

# mkimage -A arm -T script -C none -d boot.txt boot.scr
¢ DopmmpyeT 3arpy3oydHbiit ckpunT nytem nobasnerms saronoska ang U-Boot

36
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3anyck OC Ha Soft CPU

Mopaem nornyeckyio eguumuy Ha wakeup nopt Microblaze

[Tpoueccop HAUMHAET BHIMOMHEHME MHCTPYKLUMIA N0 DA30BOMY afpecy Tabnmubl

BEKTOPOB MNPEPbLIBAHNM

General Exception Cache MMU
Interrupt
E:] Use Interrupt | FAST
Reset
Specify MSR Reset Value: []EIP EE
Vectors
E} Vector Base Address

Debug

DCE

Interrupt & Reset

ICE

O0x00000000

BIP

PVR

YA
e
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Touka sxoga 8 OC

ENTRY(_reset)
VM_OFF
O; /* Jump to reset vector *x/

/* These are compiled and loaded into high memory, then
% copied into place in mach_early_setup */

.section .init.ivt, "ax“

.org 0x0

CONFIG_MANUAL_RESET_VECTOR
.0rg 0x8

TOPHYS(_user_exception); /* syscall handler x/
.org 0x10

TOPHYS(_interrupt); /* Interrupt handler */
.org 0x18

TOPHYS(_debug_exception); /* debug trap handler */
.org 0x20

TOPHYS(_hw_exception_handler); /* HW exception handler */

YA

ihe
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A
Touka Bxoga B OC e

unsigned int offset = 0;

/* Do not copy reset vectors. offset = 0x2 means skip the first

* two instructions. dst is pointer to MB vectors which are placed

% in block ram. If you want to copy reset vector setup offset to 0x0 x/
offset = Ux2;
dst = (unsigned long *) (offset * sizeof(u32));

for (src = __ivt_start + offset; src < __ivt_end; src++, dst++)
*dst = *src;

39
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YA
ApX1TeKTypa NpoekTa e

/PS \ Y10 HaM HyxHo ans 3anycka Linux:

v' CPU c MMU

v" OnepatMBHAs NAMSTb

v" Kontponnep npepbisanmii

v' CucrtemHbiii Taimep
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Y%
AN
Tabnuua BekTOpOB NPEepPbLIBAHK ke

# reset vector
Ox40000000

# user exception handler
Ux0

# interrupt handler
Ux0

# break handler
Ux0

# hw exception handler
Ux0

Komnunupyem
# microblazeel-xilinx-1linux-gnu-as -o vectors.elf vectors.s

Accounmpyem daitn c bnouHoi namateio B Vivado > Tools > Associate ELF_files...
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Ewe pas o npouecce 3arpysku N

* OtpabaTsiBaeT kof, 3awmnTsii Bengopom B BootROM, sarpyxaeT nepsuuHbIi 3arpysumk 1 nepeaaeTt
emy ynpaBsneHue.

* [ lepBUYHBIN 3ATPY3UMK MHULMANU3MPYET NIAThOPMY, 3ArpyXaeT BUTCTPMM, NepeaaeT ynpasneHmne
BTOPUYHOMY 3ArPy34MKY.

 Bropuunbiit sarpysunk, pasmettaet obpassl obenx OC 8 O3Y ocHosbiBasck Ha boot.scr, nepeaaet
ynpasnenme Ha Touky Bxoaa 8 OC Hard-CPU.

* [Tocne 3arpysku noagaet normyeckyio 1" Ha sxoa “wakeup” Soft-CPU.

* HaumHaeT BoinonHeHne nHcTpykumii ¢ agpeca OxO 8 BRAM.

* [lepeas MHcTpykuma — nepexo Ha Touky exona OC Soft-CPU 8 O3Y.

Y G A U AN

42
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Pesynbrat 3anycka apyx OC

HARD CPU

root@mbpetalinux:~# uname -nrm
mbpetalinux 6.6.10-x1l1nx-v2024.1-g3af4295e00ef aarch64
root@mbpetalinux:~#

root@mbpetal inux
processor
BogoMIPS
Features

.~
.

# cat /proc/cpuinfo

: 0
: 66.66
: fp asimd aes pmull shal sha2 crc32 cpuid

implementer :
architecture:
: Ox0

: 0xdo3
4

variant
part
revision

processor
BogoMIPS
Features

0x41
8

1

: 66.66

: fp asimd aes pmull shal sha2 crc32 cpuid

implementer :
architecture:
: Ox0

: 0xdo3
4

variant
part
revision

processor
BogoMIPS
Features

0x41
8

2
: 66.66
: fp asimd aes pmull shal sha2 crc32 cpuid

implementer :
architecture:
: Ox0

: 0xdo3

variant
part

0x41
8

/ # uname -nrm

YA
e

SOFT CPU

mb-demo 6.6.0-ge475cc1c9432 microblaze

/ #

/ # cat /proc/cpuinfo

CPU-Fam1ily:
FPGA-Arch:
CPU-Ver:

Stream-1insns:
Icache:
Dcache:

Dcache-Pol1icy:

HW-Debug:
PVR-USR1:
PVR-USR2:
Page size:
/ # 1

MicroBlaze
UltraScale+ Zynq
11.0, little endian
99.999001

49.35

yes
yes

yes

yes

3

V2

no

op0x0 unal 111 1lopb dopb zero
privileged

16kB line length: 32B
16kB line length: 16B
write-through

no

01¢)

00000000

4096
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T4
Boieogbl e

* [lpoekT nonyumn NonoxuTensHble OT3bIBb OT LENEBOM AyanTOPUM

* [Lnpoknit oxBaT NpmMKNAgHbIX 30404 NO3BOMMA 3GPEKTUBHO CUCTEMATUIMPOBATS
3HOHWS COTPYAHMKOB OTLENA

* [lng pana nHXeHepoB NPOEKT ONPeAenmna HULLY AANbHENLIMX MCCNEeOBAHMMI U
PA3BUTUA KOMMNETEHLIMM

* VHTepecHbie 3aaaUm — OTAMYHLIN CNOCOD CTATH ABTOPOM CTATbM M MOMACTL HA
KoHpepeHLumio =)

3anyckaem Embedded linux Ha Hard u Soft CPU Xlinx Zynq - https://habr.com/ru/companies/yadro/articles /845714
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