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Implantation d'un double coeur

1) Problématique

Dans cet exemple on souhaite utiliser les deux cceurs de processeur de la partie PS du ZYNQ. Cette utilisation
impose de nouvelles contraintes liées au démarrage du systéme PS, I’intercommunication entre les deux
processeurs et 1’acces a des ressources partagées. XILINX a prévu un mécanisme de multitraitement
asymétrique afin de résoudre ces nouvelles contraintes

2) Mécanisme d'initialisation et de synchronisation des doubles coeurs.

Le ZYNQ-7000 possede deux processeurs CORTEX-A9 qui partage une mémoire commune et des
périphériques. Le multitraitement asymétrique (Asymmetric multiprocessing (AMP)) est un mécanisme qui
permet a la fois aux processeurs de commencer leurs propres OS ou des applications bare-metal avec la
possibilité de coupler certaines applications via des ressources partagées.

Chacun des deux cceurs de processeur CPUO et CPU1 sont configurés pour commencer ces propres
applications cloisonnées. Durant cette séance les applications cloisonnées commencent sur le CPUO qui est le
maitre du systéme et est responsable de :

v L’initialisation du systéme

v’ Le contrdle et le démarrage du CPU1
v" La communication avec le CPUI

v’ Le partage de ’'UART avec le CPU1

L’application cloisonnée qui commencent sur le CPU1 est responsable de :
v" La communication avec le CPUO
v L’interruption des services a partir d’un IPCORE présent dans la logique programmable PL générateur
d’interruption
v’ Le partage de ’'UART avec le CPUOQ

Le SOC ZYNQ et son systéme de traitement (PS) inclut des ressources qui sont privées a chaque CPU et des
ressources partagées a la fois par les deux CPU

Les ressources privées peuvent étre :

» La mémoire cache L1

» Les interruptions des périphériques privés
» L’unité de management de la mémoire

» Les timers privés

Les ressources partagées peuvent €tre :

Le distributeur de contrdle d’interruption

La mémoire DDR

La mémoire sur circuit OCM On-chip memory (OCM)
Les timers globaux

La SCU et la mémoire cache de niveau 2

L’UARTO

YVVVYY
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Dans cet exemple le CPUO est trait¢ comme le maitre et contrdle les ressources partagées. Si le CPU1 veut
réquisitionner une ressource partagée, il fera une requéte aupres du CPUOQ. 1l laisse le CPUO contrdler la
ressource. Les applications cloisonnées qui commencent sur le CPU1 ont ét¢ modifié afin de limiter 1’acces aux
ressources partagées.

L’OCM est utilisée par les deux processeurs comme une mémoire partagée. Comparé a la mémoire DDR, I’
OCM fournit de bien meilleures performances et des faible latences lors des acces.

3) L' Intégration matérielle

Créez Un projet avec le fichier de contrainte de la carte ZYBO. L'étape suivante va nous
permettre d'implanter notre propre périphérique.

Choose Create Peripheral or Package IP
Flease select one of the following tasks. '

Package your current project
Ise the project as the source for creating a new IP Definition,
Mote: All sources to be packaged must be located at or below the spedified directory.

O

Package a spedified directory
Choose a directory as the source for creating a new IP Definition.

O

Create a new AXI4 peripheral
Create an AXI4IP, driver, software test application, IP Integrator AXI4 BFM simulation and debug demonstration design.

i =Badk || Mext > Finish Cancel
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Notre périphérique sera nommé myip_int

Peripheral Details
Specify name, version and description for the new peripheral

Mame: |myi|J_ir1t

Version: [10

Display name: | myip_int_w1.0

Description: | My new AXI IP

IP location: |E:Jmursf\-'hdl?_ﬂlS,’ZYBO,IduaIcoreﬁp_repo

[] Overwrite existing

Einish

On choisit un bus du type AXI LITE

Add Interfaces
Add AXI4 interfaces supported by your peripheral ‘
[] Enable Interrupt Support o= B |SUU_A.'I<I |
= Interface Type | Lite - |
Interface Mode | Slave - |
Data Width (Bits) |32 - |
Memory Size (Bytes) | &4 - |
Mumber of Reaqisters | 4&" [4..512]
S =s00_axt
mewvip_imt_w1.0
V]
< >

ST e
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Create Peripheral

Peripheral Generation Summary
1. IP (uilinx. com:user :myip_int: 1.0) with 1 interface(s)
2. Driver{v1_00_a) and testapp more info
3. AXI4 BFM Simulation demonstration design more info
4, AXI4 Debug Hardware Simulation demonstration design more info

Peripheral created will be available in the catalog :
E:jcoursfvhdl2015/2YBO/dualcore fip_repa

MNext Steps:
(@) Add IP to the repository
() EditIP
("} Verify peripheral IP using AXI4 BFM Simulation interface

() Verify peripheral IP using JTAG interface

IVIVADO! e

Créez un bloc design, Intégrez un PS, puis automatisez les connexions du PS

JE—H Diagram X l ] Address Editor ] O =
b, design_1
L]
processing_system?_0
.'": = =
s DDR 4
I FIXED_10<5 DDR
o - sp1o_o4- ||| FIXED_IO
(=) —M_AXI_GP0_ACLK ZYNQ usemnD_o4- |||
a T M_AXIGPO4 i
- FCLK_CLKD
= FCLK_RESETO_N
I.E ZYNQ7 Processing System
Add IP
L
£ * K
R P T
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Intégrez le composant myip_int

--------- !
Searchs: |_-C{~ my [ | {1 match) DDR 4=
— T — FIXED_IO<=
Mame VLMW SDIO_0 <k
USBIND 0k
M_AXI GPO<= |
FCLK_CLKD
Select and press EMTER. or drag and drop, ESC to cancel FCLK_RESETO_N
o
JE-ﬂDiagram xIﬂhddressEditor X] O =
#[]| 4 design_1
CQ- Ea. Designer Assistance available. Fun Connection Automation
CL— processing_system7_0 2
[% DDR
{:‘l‘ — FIXED IO
R RS Y NG
) '
a 0 :
= = myip_int_v1.0 {Pre-Production )
— ZYNQ7 Processing System
=]
i,
i v
i < > K

On va lancer IP packager pour compléter le fichier VHDL de notre périphérique

I:a Designer Assistance available. Fun Connection Automation

&
M 4}1:-":"' ax M ANT GEn A~
=N awi_ach = j
o L. . __|@ BlockPropertes... Ctrl+E
a, @  Highlight >
= T Vi (Pre| 5¢' Delete Supprimer
oy
i 3 Copy Ctrl+C
=2 i )
ﬁ B raste Ctrl+W
O,  Search Ctrl+F
-
™ Iy Selectal Crl+A
i—i {# AddIP... Ctrl+|
o <
L - (@& Run Connection Automation...
1% Customize Block...
user:myip int:1.0] | & Editin IP Packager
W/ /dualcore/ip repo/myip 1 Orientation »
& IP Settings...
3
f "e:z/ecours/vhdl 2015/ ZYBO A &  Vvalidate Design F&
Create Hierarchy...
ip int:1.0 myip int O Create Comment
) myip_int 0] Create Port... Ctrl+ K
Create Interface Port... Ctrl+L
@& Regenerate Layout
= save asPDF File...
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Déclarez une sortie du type IRQ

| Project Manager myip_int_v1_0_project b4
Sources B = T4 | I Project summary x | & Package 1P - myip_int |l myip_int_w1_0.vhd X | @ myip_int_v1_0_500_AXL.vhd x | L
C\ E % |} éﬁ\ a n e:fooursfvhd|2015/zybo/dualcore fip_repo/myip_int_1.0/hd|/myip_int_v1_0.vhd
Messages: (B 2 critical warnings 5 - raryncer; . &
= 2use ieee.std logic 1164.2ll;
D S (] WA 3use ieee.numeric_std.all:
arch_imp (myip_int_v1_0.vhd) (1) d‘F 4 A . -
I Sentity myip int vl 0 is
o [ generic (
1 Simulation Sources (2) 7 -- Users to add par
x| e
3 s
1{_ 10 == line
& o
Hierarchy | Libraries | Compile Order | il el 12
T & Sources | ¢ Templates | :J‘ 13 -- Pavamesters of Axi
: ] — . @ 14 C_S00_AXI_DATA_WIDIH
Source File Properties | B o R @ 15 C_500_AXI_ADDR_WIDTH
5 ta )
@ myip_int_v1_0.vhd ® 17 port )
Location:  ex/cours/vhdl2015/zybo dualcore/ip_repo/myip_int_1.0/hd| Z] 12180 : out std logics
Type: wOL | [ -] b4 5
Library: “;ri‘\;de‘f‘aulﬁw‘b 22
Size: 3.8KB zi
Modified: Today at 20:12:03 PM i 25
v
General | Properties | < >
Design Runs = ]
| Name Constraints  WNS TNS WHS THS TPWS FaledRoutes LUT FF BRAM DSP  Start Elapsed  Status Progress
(=@ synth 1 constrs 1 Notstarted [ 10% .
< >
= Td Console LC, Messages EiLog_Lﬁ Reports', 3» Design Runs |
| Project Manager - myip_int_v1_0_project
Sources O L | £ Project Summary X ] & Package IP - myip_int X I@ myip_int_v1_O.whd X | & myip_int_v1_0_S00_
—
- el —Tlr Iﬁﬁl a | B | e:/cours/vhdI2015/zybo/dualcore fip_repojmyip_int_1.0/hdljmyip_int_v1_0.vhd
= | o 5 R¥I AWFROT T td logi tor(2 d to 0);
Messages: (1) 2 gitical warnings [ | e %n S OG}C_VEC r{ ownto 0)
= : b a2 5 RXI AWVRLID : in std logic;
y Designt Sources ) A e S_AXI_AWREADY : out std logic:
._I# ad 5_MMI WDATR : in std logic wector(C S5 AXT DATA WIDTH-1 downto 0);
=.| 65 5 AXI WSTRB : in std logic wector((C_S5 AXI DATA WIDTH/E8)-1 downt:
= Constraints ~| 66 5_A¥I WVRALID : in std logic;
= Simulation Sources (2) 67 5_RNI_WREADY : out std logic;
| a8 5_RXI_BRESP : out std logic wector(l downto 0);
I 69 5_RI_BVALID : out =td logic:
el i o) 5_RXI BREADY : in std logic;
Py 1 : E 71 5_RAXT_RRADDR : in std logic vector(C_5 RWT ADDE _WIDTH-1 downt:
_!m Libraries | Compie Order | &) 72 S_BXT_ARPROT  : in std logic vector(2 downto 0);
. & Sources |  Templates == S AXI_ARVALID : in std logic:
v 5 _ail L gy
4 " L o s e 74 5_R¥XI_LRREADY + out std legic:
SR Bneics =Hmi: 75 S _BXI_RDATA : out std logic vector (C_5_RXI_DATA WIDTH-1 downte 0]
&= % E‘_‘Ql B Q| 78 5_BXI_RRESP : out std logic vector(l downto 0):
@ myip_int_vi_0.vhd 77 EETEEPIETS e —
T = @ 78 I IRQ : out std logic;
Location:  e:fcours/vhd2015/zybo /dualcore/ip_repo/myip_int_1.0/hdl 4| 79 5_sAnl RREAUY +1n st logic
— — <%| &0 )z
Type: | VHDL =5 G
- - a1 end component myip int_wl_0 500 _2XI;
Library: | xil_defaultib | a2
Size: 3.8KB :Zbegm
| Mk L DT ¥ 85 -- Instantiation of Axi Bus
| | General | Properties | Fs
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| Project Manager - myip_int_v1_0_project X
Sources [ A | E Project Summary  x ] & Package IP -myip_int X | @ myip_int_v1_0.vhd X ]@h ip_int_v1_0_S00_AXLvhd x | EHEAT
A TE B ﬁ| ﬁ 1| & feoursvhdi2015/zybo/dualcore fip_repo/myip_int_1.0/hdlfmyip_int_v1_0_S00_AXT.vhd a
. X | 1llibrary ieee; Al
Messages: @ 2 aitica warnings @ 2usze ieee.std logic 1164.211;
.Dssign Sources (3"_ P 3use ieee.nu.lr;ric‘. szd.all:
= Syntax Error Files (1) SIF 5 -
j myip_int_v1_0 - arch_imp (myi 3
b = I Sentity myip_int_vl_0_S00_AXI is
:‘ [ generic (
Constraints —E 7 -- Users to add parameters here
=1 Simulation Sources (2) X| @
=
I 10 this line
£ =) % aial o
Hierarchy | Libraries | Compile Order | Nl 12 e e (o T -7 ol o S
L i = Width of § AXI data bu
A Sources | 7 Templates | =] 13 C_5_AXT DATA WIDTH : integer := 32;
J o ity i
H : ; = 3 14 -— Width of § AXT address bus
EaE e boperlics = (@R @ 4, C_5 RXI ADDR EID'IH : integer 1= 4
& % &\l Gy 6 16 )iz
@ myip_int_v1_0_500_AXL.vhd 6 17 port |
T 18 == USErs Lo add ports HEr
Location:  e:feours/vhd|2015/zybo/dualcore fip_repojmyip_int_1.0/hdl s IRQ : out std logic; 1
- - 77 20 —— [Iger narte and
Type: oL | [-] T e = -
Library: “;ci-l._.d.eéu.lﬂ.i.b 22
Size: 15.0KB 23 -- Global Clock S 1
' ' 24 S AXI ACLK : in std logic:
Modified:  Today at 20:15:24PM o 25 T B sat
1 e v
General Properhes| <
s e o 1. . . . e N
Définir l'instruction suivante la sortie IRQ sera l'image du bit slv_reg0O(0)
| Project Manager - myip_int_v1_0_project x
Sources g ] A [:F‘mjectSummar\-I X | & Package IP - myip_int X]@ myip_int_v1_0.vhd X]@ myip_int_v1_0_S00_AXLvhd X'| Owe *
=22 R 19 | e:fcours/vhd|20 15/2ybo/duaicare/fip_repojmyip_int_1.0/hdi/myip_int_v1_0_S00_AXLvhd
I -- Output register read data |
Messages: (1) 2 critical warnings (%] j:g prcces:{ 3 M-{I ACLK ) is - =
[7-{ Design Sources (3) | 364 beiin S
; Syntax Error Files (1) e e
BT Fes B, 3| 365 if (rising edge (5 AKI ACLE)) then
myip_int_v1_0 - arch_imp {myip_int_v1_0.vhd) (1) 4 — i
P myip_int_v1_0_S00_AXT_inst - myip_int_vL_0_S00_AXI - arch_irl| HEnd A AF ST ARESETI S 20 “then
= IP-XACT (1) - |367 axi_rdata <= (others = '0');
) Constraints -E 368 else
Simulation Sources (2) ¥ | 389 if (slv_reg rden = '1") then
."I.f 370 valid read address (S
AR address by the slave
< > E e
—_— . - @_ = 372 dada
_|\I-I'|erarchv Libraries | Compile Order | i‘ 373 A e
Sources | 7 Templates =374 axl rdata <= reg data out; -- register read data
| = | _{
: ; S —— g {57 end if;
Source File Properties e S @ 176 end HEs
L 5 377 end if;
@ myip_int_v1_0_500_AXL.vhd 6 378 end process;
I ST
Location:  e:fcoursfvhdl2015/zybo/dualcore fip_repo/myip_int_1.0/hdl 3 380
T = VHDL & ol == ad4 User Idgic IIere
e = fe21r0 <= slv_reqoio];
Library: | xi_defaultib b = -
Size: 15.0KB an
' ' 385end arch_imp;
Modified:  Today at 20:15:24FPM v 186 |
v
= ¢ ;
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Prendre en compte les modifications en cliquant sur Merge project
_ E Project Summary X | & Package IP - myip_int > | &h myip_int_v1_0.vhd X il my?p_int__v 1 0 500 _AXI.wvhd = : O =
Packaging Steps & Review and Package
+" Identification Summary of your IP
+ Compatibility IF display name: myip_int_v1.0
IP description: My new AXI IP
+" File Groups ) o
IF root directory: e:fcoursfvhdl2015/zyvbo/dualcorefip_repo/myip_int_1.0
¢ Customization Parameters
el Edit IP Project Changes
Stk Rl Mty MEFEE project n:hanges to Customization Parameters Wizard Merﬂe chanﬂes
# Customization GUI Merge project changes to Ports and Interfaces Wizard Merge changes
Merge project changes to Customization GUI Wizard Merge changes
Review and Package
After Packaging
o An archive will not be generated. Use the settings link below to change your preference
o Project will be removed after completion
edit packaging settings
Re-Package IP
e [ | i
La sortie IRQ apparait
_ T Project Summary ¥ | Package IP - myip_int X | @ myip_int_v 1 O.vhd x| Wl myip_int_v l_D__SDIII__m{I..vhd X | O =
Packaging Steps & Ports and Interfaces
o Edenilificabion '}ﬂ Mame Interface Mode Enablement Dependency Is Dedaration Directir
Q -l S00_AXI slave ]
+" Compatibility . [t' | Clock and Reset Signals ]
o ] b | IRQ D out
+ File Groups g
=
+ Customization Parameters +
+ Ports and Interfaces i
e
+" Addressing and Memary +
% Customization GUI
Review and Package
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Le symbole avec son bus AXI lite et la sortie IRQ

[ T Project Summary % | - Package IP - myip_int > | @ myip_int_v1 O.vhd 3¢ | @k myip_int_v1_0_S00_AXI.vhd X |
Packaging Steps | Customization GUT
L k Previ
+ Identification il dzhiB
@y =2 céa 3
+ Compatibility AERX1T [ ] Show disabled ports Component i
[ window »
« File Groups L-40F Component Mame C 500 AXI
Page 0
+ Customization Parameters G C 500 AXI DATA WIDTH C 500 AXI
C 500 AXI ADDR WIDTH
C 500 AXI
+ Ports and Interfaces C 500 AXI BASEADDR.
C 500 AXI HIGHADDR. C 500 AXI
+" Addressing and Memory
\uf-‘-[- tomization GUT
Review and Package
0_ad_dresin
£ > W
€
Relancez la package IP
E Project Summary [ Package IP - myip_int X & myip_int_w1_0.vhd ® '-.\ih\ myip_int_v1_0_S00_AXI.vhd 3 | O @ X

Packaging Steps fcd
+" Identification

+" Compatibility

+" File Groups

+ Customization Parameters

+" Ports and Interfaces

+ Addressing and Memory

+ Customization GUI

Review and Package

Summary of your IP

IP display name: myip_int_v1.0

IP description:

My new AXI IP

IP root directory: e:fcoursfvhdl2015/zybo/dualcorefip_repo/myip_int_1.0

S After Packaging
Review and Package
= An archive will not be generated. Use the settings link below to change your preference
o Project will be removed after completion
edit packaging settings
Re-Package IP
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Continuez I'automatisation de la connexion

JE- Diagram X I B Address Editor X ] O =
3| # design_1
Oy| (% Designer Assistance avaiable. Run Connection Automation
O‘— / s
% processing_system?_0
L mylp_int_0 DDR
@ =5 FIXED_IO
Q, I —M_AXI_GPO_ACLK ?_’YNG
|
-
==| myip_int_vL.0 (Pre-Production) FCLK_RESETO_N
ﬂ DYNQT Processing System
[
o
& v
o < > K

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on
the right.

&, .El-- All Automation {1 out of 1 selected)

: Description
=  EHLFmyip_int_0 RS
= N¥s00_AxT Connect Slave interface (fmyip_int_0/500_AXI) to a selected Master address space.
o =
Tt ;
Options
Master: Jprocessing_system7_0/M_AXI_GPO

Clodk Connection (for unconnected dks) : | Jprocessing_system7_0/FCLK_CLKD {50 MHz) - |

ok || Cancel
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La connexion au bus AXI4 lite apparait
Jg-ﬂlliagram x[ﬂp‘-\ddressEdibor x] |
]| #, design_1 »
e .
0;
o
% pracesing system? 0
& e -
@ 0.2 S mnos I e
: iy int_wL0 (Pre-Productiof) FULE RESETO ! =t procesing spEtem? 01008 |_ _sptem?_0_an geriph
e ZTHQT Procemssing System ‘ -———inm:my,m_dk mm: sn_m
2 e (S e -
ﬂ g‘ﬂﬂ mf-—l e I‘ﬂémmmr
G Prce:ssier 5ypsten Feset ’:fs -
!_ Ao ARESETH
g, A [rereon nect
]
&
G‘I— v
cﬂ+.( > K

Double cliquez sur le PS et importez le fichier XPS de configuration du PS pour la carte ZYBO

IYNQ7 Processing System (5.5)

@ Documentation % Presets E IP Location |ﬁ Import XPS Settingsl

paatiin = Zyn{!mogkp?sign_% Import XP5 preset settings |
|2ynq Block Design
0 Penpherals eneral
PS-PL Configuration I’_”/| ||—|5P| o | gelmgs —_—

ZYNQ7 Processing System (5.5)

ik Re-customize IP

| [ Documentation % Presets [ IP Location [$4 Impart XPS ¢

bk « | [ zynq Block D |E:fmursfuhdl20 15/Z¥BO/dualcore 1/ZYBO_zyng_def, xml HE

'Zyng Block Design | ok || Cancel |-

WP PR R Gm
PS-PL Configuration P10 ‘ Sattinga | 3
[ Application P
A B8
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Sélectionnez les périphériques quad spi flash, SDO et UART1

ZYNQ7 Processing System (5.5)

ﬁ Documentation ﬁ Presets E IP Location ﬁ Impart ¥PS Settings

g

Page Navigator « || Peripheral IO Pins P
Zyng Block Design 4= search: | Q- |
BSFL Config el g ‘ Bank0 |LVCMOS 3.3V ~ ‘ Bank 1
Wﬂm z Peripherals i : (1] | 3 _& el (] T £ S il by ok A3 Jlde B B LR R 18 LA L2, LI LT LS
B | ~
MIO Configuration o [#- [+] Quad 5PI Flash| e ohLE
Clock Configuration | SRAM/NOR Flas% . SEAMINOR Elashy SR
DDR Configuration - [ ] MAND Flash L2 NAND Flash
SMC Timing Calculation (- ["] Ethernet 0 Enetd
Interrupts - [T Ethernet 1
-~ [JUsB 0
- [Juss 1
- [ 5D 0 300
B-[]sD1 L 5D
G- []SP1O SFID mes
- [JSPI 1 SEl SPIt
- [JUART 0 LA UARIL. LD UARE.
- [ UART 1 UART1 UART1 UART1 UART1 UAR
& [J1zco 20 25 RN | 12co ‘ v
< L=
| ok || Ccancel

Configurez les éléments pour le dialogue avec le PL sur le bus AXI

ZYNQ7 Processing System (5.5)

i Documentation 4% Presets [ IP Location #4% Import XPS Settings

Page Mavigatar < | | PS-PL Configuration
Z Block Design
¥ = & Search: |Qv
E Mame Select Description
Peripheral If0 Pins iy | [+ General
) | & DMA Controller
MIO Configuration - GP Master AXI Interface
Clock Configuration M AXI GPQ interface Enables General purpose AXI master interface 0
~M AXI GP1linterface [l Enables General purpose AXI master interface 1
DDR. Configuration GP Slave AXI Interface
HF 5l AXI Interfa
SMC Timing Calculation i Aol
ACP Slave AXI Interface
Interrupts [-PS-PL Cross Trigger interface (| Enables PL cross trigger signals to PS and vice-versa
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ZYNQ7 Processing System (5.5)

ﬁ Documentation ﬁ Presets E IP Location ﬁ Import ¥P5 Settings

Page Mavigator “« | | Clock Configuration Summ
Zynq Block Design Basic Clocking rﬁ.dvanoed Clocking ]
P5-FL Configuration - Input Frequency (MHz}! 50.000000 | CPU Clock Ratiol il -
Peripheral I/ Pins I; Search: |Q- |
e
MIO Configuration % Component Clock Source Requested Frequen...  Actual Frequency(M... Range{MHz)
7 o | @ Processor Memary Clocks
Clock Configuration -
|' — B E'E -- 10 Peripheral Clocks
DOR Configuration E‘J PL Fabric Clocks
FCLK_CLKD IO PLL - “ 100,000000 100.000000 0.100000 : 250.000000
SMC Timing Calculation
D FCLK_CLK1 DDR. PLL 175.000000 175.000000 0.100000 : 250.000000
Interrupts D FCLE_CLK2 ARM PLL 12.288000 12,264151 0. 100000 : 250.000000
|:| FCLK_CLK3 IO PLL 100.000000 100, 000000 0. 100000 : 250.000000
[#- System Debug Clocks
(- Timers

Réalisez la connexion matérielle pour I'interruption

_[E—ﬂljiagram g_ljﬂnddressEdit::r x] O » x
+[]| # design_1 » B -
— myip_int_0
S
2] d.500_AXI M_AXI_GPO_ACLK -
_ % s00_axi_aclk IRQ Corel_nIRQ ZYNQ.
| = =s00_axi_aresetn
$Fnyip_int_v1.0 (Pre-Production) F
L
E 3 ZYNQ7 Processing System
&
o]
&
&l
HQE; < > K
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Visualisant les propriétés de 'TPCORE myip_int

Block Design - design_1

Sources s [ 2t [E—ﬂ Diagram X I B Address Editor X I@\ myip_int_v1_0_500_AXI.vhd X]
azswe BE ]| & design_1 »
in Sources () Qg
»design_1_wrapper - STRUCTURE (design_1_wrapper.vhd) | 3 70
|, design_1_i - design_1 (design_1.bd) (1) Qg = g
(@ design_1 - STRUCTURE {design_1.vhd) (4) w DDRs
P Update Log (1) e FIXED_I0 4
E <o GRO_ACLK St e
tr?\nts {1 ) %‘ 1_nIRQ ZYNO. M. o
ation Sources (1) rl:h FOLK_CLKi
im_1{1) FOLK_RESETO_N|
@ ZYNQ7 Proessing System rst_processing_systemn/_0_50M
< >[E & siowest_sync_dk mb_reset |
H 2 B
ierarchy | IP Sources | Libraries | Compile Order | o i S ; = ::1 [ )
okl A g —aw:_rese=_in peripheral_reset[D:0]m  M—
7 o i
& Sources | [ Design | m Signals | s ‘ |5 Block Properties... Cul+E ¥
......... : - : peripheral_aresetn[0:0] .
Block Properties _ 0O = ﬁ. & Highlight ¥ =
L? 2 sor Sys
= K X Delete Supprimer 50" System Reset
« »[ElR 3 il < pp
£F myip_int_0 b’ : ; _Dw Sﬂf
e e ‘aste trl+
Vendor: ¥ilinx, Inc, ~ % &, Search Ctrl<F
VLMY xilinx. com:user:myip_int: 1.0 It selectal Ctrl+A
Repository: - e:/fcours/vhd|2015/2YBO/dualcore fip_repo/myir , @ 2 AP Chrlsl
trl+
< > || ¢
B i¥ Customize Block...
General | Properties | TP B & | it oo
= $ it in IP Packager
Log Orientation »
1] ?’.!rear.lng bitmap... | ® P settings...
- [} Validate Design F&
Expand/Collapse 3
€ ) B Create Hierarchy...
Synthesis | Implementation | Simulation | Create Comment
‘\@ Td Console | © Messages-. [ Log L;’] Reports L 2 Design Runs | Create Port... Ctrl+K
Create Interface Port... Ctrl+L

Regenerate Layout
Save as PDF File...

L'encadré nous donne la position d'enregistrement des fichiers de 'TPCORE

| Block Design - design_1

L i ComEerD I

Repository: e:fcoursvhdl2015/ZYB0 /dualcore fip_repo/myip_int_1.0

General | Properties @

Log

Sources e [] 2
=S et R il
> Design Sources (2) QQ
o= design_1_wrapper - STRUCTURE (design_1_wrapper.vhd) (1)
=% design_1_i - design_1 {design_1.bd) (1) ac
[3}-#h design_1 - STRUCTURE (design_1.vhd) {4) q
IP Update Log (1) x
= Constraints {1) Ri
-J-{ Simulation Sources (1)
= sim_1(1) ﬁh
i
L , i
Hierarchy | IF Sources | Libraries | Compile Order | ij i
iy - “If s
£ Sources LE;’ Design | [ Signals | bt
Block Properties _ O ¢ % ﬁ
L =
— w,
« » B[R] 2
IF myip_int_0 i
< | &
Vendor: Kilinx, Inc, ﬁ

£
@

-
=]

| = Diagram X | B Address Editor 3 | & myip_int_v1_0_500

i, design_1 »

processing._system?_0

_GPO_ACLK

ZYNQ7? Processing System

g ZYNQT Mausod
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Le schéma final est le suivant :

processing_system7_0

h
DDR{E- 1 E g DDR
F‘XEDJ@- 1 FIXED_IO
M_AXI_GPO_ACLK SDIO_0F] =
Core1_nIRQ M_AXI_GPO[H] | e

FCLK_CLKO|

FCLK_RESETO_

rst_processing_system7_0_50M
ZYNQT Processing System processing_system7_0_axi_periph

t_sync_clk mb_reset|

t_reset_in bus_struct_reset[0:0] — ESOOJ\XI

= aux_reset_in peripheral_reset[0:0] ACLK

== mb_debug_sys_rst interconnect_aresetn[0:0]| ARESETN[0:0]

== dcm_locked peripheral_aresetn[0:0] _ACLK MOO_AXI \m

_ARESETN[0:0]
00_ACLK
myip_int_0 00_ARESETN[0:0]

[Flso0_axi

00_axi_aclk IRQ

Processor System Reset

AXI Interconnect

00_axi_aresetn

 —————————
myip_int_v1.0 (Pre-Production)

Dans ce systeme Le CPUO du ZYNQ partage dans la mémoire OCM une case mémoire (@ OXFFFFO000 avec
le CPU1. Cette case est une sorte de flag ou de jeton.

Le CPUO prend la ressource partagé UART]1 lorsque le flag ou le jeton est a 0 et affiche

CPUO: Hello World CPU 0

Le CPUI1 prend la ressource partagé UART]1 lorsque le flag ou le jeton est a 1 et affiche

CPU1: Hello World CPU 1

Les deux cceurs se donnent alternativement le jeton afin que chacun puisse prendre la main sur ’'UART1

On peut aussi utiliser le CPUO pour générer une interruption et lancer la routine d’interruption du CPU1 qui
redonnera par la suite la main au CPUO grace au jeton.

L’applicatif du CPUO se comporte de la fagon suivante :

% Il configure le MMU afin de désactiver pour I’OCM dans la gamme d’adresse de OxFFFF0000 a
OxFFFFFFFF. Ainsi 'OCM existe a 'adresse 0x00000000 a 0x0002FFFF et de
O0XFFFF0000 to OXFFFFFFFF. Les 64KB supérieurs de 1’0OCM sont utilisé
ainsi la mémoire cache est désactivée de OxFFFF0000 to OXFFFFFFFF.

Il initialise I’'ICD

Il démarre le CPU1

I1 affiche Hello world CPU O grace a 'UART.

I1 prépositionne dans la mémoire OCM le jeton

I1 attend que le flag ou le jeton passe a 0

X/ 7
L X EIR X 4

X3

*

7 X/
LXEIR X 4

Le CPUO démarre le CPUI en écrivant la valeur de 0x00200000 a 1’adresse OXFFFFFFFO et il démarre la
commande SEV the Set Event (SEV). La commande SEV démarre le CPU1 qui lit la valeur 0x00200000 a
I’adresse OxFFFFFFFO et alors démarre a 1’adresse 0x00200000 de la RAM.

Le FSBL se charge de placer le code applicatif du CPU1 a I’adresse 0x00200000 de la mémoire RAM DDR3
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Lancez le logiciel SDK. On doit intégrer un nouveau BSP dans le repository, afin de gérer les
doubles coeurs

it Kiling Tools  Run | Window | Help
:@véﬁv @v Mew Window @)&v[
= Mew Editor
8 || 3¢ systemn.hdf [€ app_q
— z Hide Toolbar
#include
#include Open Perspective »
Show View 3
#define I i )
#define T Customize Perspective... Handler
#define I Save Perspective As... » DEVICE_II
#define P

(il define |

#define C

._.Jfaci
* This t

Reset Perspective...

@ BASEADD

Close Perspective
Close All Perspectives

* i
Mavigation 2 o G

Preferences |

formation

b

= typedef struct {

ule Deviceld;
u32 BaseAddress;

} P1l_Config;

/**< Unique ID of device ¥,
/**< Base address of the di

Choisir le BSP earlyaccess_xapp1079_1024 pour la suite cliquez sur apply

[ type filter text Add, remove or change the order of SDK's software repositories. - -
G I
" Ae:era Local Repositories (available to the current workspace) -~
[ n
b CEw Eivcours\whd 201 30VZVEOV dualcoreearlyaccess_xapp1079_2014. 2\ designisrcisdk_repo IE
> Help
> Install/Update Remave
> Java
Up
> Remote Systems
> Run/Debug Down
> Team
Terminal Relative
Hilinx SDE
AR Global Repositories (available across workspaces)
Boot Image
BSP Preferences
Flash Programming
Hardware Specification Remave
Log Information Level U
Repositories E
AMD Startup Diown
SDK Installation Repositories
Fi/Xiline/SDE/2014.4/data\embeddedsw
Rescan Repositories
< > Mote: Local repository settings take precedence over global repository settings. w
@ oK | [ cancel
PAGE 145 PETITPA




TP SYSTEME NUMERIQUE EMBARQUE: TUTORIAL XILINX ZYBO VIVADO 09/08/2015

Créez une nouvelle application pour le FSBL

Application Project

Create a managed make application project.

Project name: | irg_fsbl|

Use default location
Location: | E\cours\whdl201 W ZYBO\dualcorel dual\dual sdk\irg_fsbl Browse...

Choose file systern: | default v

Target Hardware
Hardware Platform: | design_1_wrapper_hw_platform_1

Processarn | ps7_cortexad 0

Target Software
Language: @ C ()C++

05 Platform: |stan:iaic-ne

Board Support Package: (® Create New | irg_fsbl_bsp

Use existing
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L'application sera du type FSBL

Templates 3
Create one of the available templates to generate a fully-functioning %
application project.

Awvailable Templates:

Peripheral Tests First Sta ge Bootload er (_FSBL) for Zynq.

Dhrystone The FSEL configures the FPGA with HW
Empty Application bit stream (if it exists) and loads the
Helle World |Operating System (OS]} Image or

lwlIP Echo Server |Standalone (S4) Image or 2nd Stage Boot
Permory Tests |Loader image from the non-volatile
RSA Authentication App memorny (MAND/MORQSPI) to RAM
SREC Bootloader (DDR) and starts executing it. It supports

Kilkernel POSIX Threads Demo multiple partitions, and each partition

Zyng DRAM tests can be a code image or a bit stream.
ﬁ. FSBL |

(€] | <pack Next > Finish ||  Cancel |

Le board support package est bien un standalone modifié de la version 4.1

li}., system.mss &5 ] design_1_bd.tcl | ps7_init.tcl |L@ Makefile | psi_init.html |[]:., system.mss 7 =

irg_fsbl_bsp Board Support Package

i Muadify this BSP's Settings i | Re-generate BSP Sources I

Target Information

This Board Support Package is compiled to run on the following target.

Hardware Specification: Eh\cours\whd20153\ZYEBO\dualcoreltdualidual.sdkh\design_1_wrapper_hw_platform_1\system.hdf
Target Processor: ps7_cortexad_0

Operating System

Board Support Package O5.

Mame: standalone
Version: 4.91

Description: Modified Standalone based on Standalone_w4 1 is a simple, low-level software layer. It provides access to basic
processor features such as caches, interrupts and exceptions as well as the basic features of a hosted environment,
such as standard input and output, profiling, abort and exit.

Documentation: standalone w4 91

Peripheral Drivers

Drivers present in the Board Support Package,

A - A

Chverview | Source |

i T T T
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Créez une nouvelle application pour le ceeur CPUO

Application Project
Create a managed make application project. &

Project name: | irg_cpud| |

Use default location
Location: | E\cours\whdi201 5% ZYBCh dualcorel\dualdual sdkiirg_cpul Browse...

Choose file syster: | default

Target Hardware

Hardware Platform: | design_1_wrapper_hw_platform_1 w | | Mew |
Processor: | ps7_cortexaS_0 w |

Target Software

Language: @C OC++

05 Platform: |standalone w |

Board Support Package: (@) Create New | irg_cpul_bsp |

(D Use existing  irq_fsbl_bsp

@ < Back Net> || Finsh || Cancel

L'application sera vide on importera par la suite les fichiers sources

Templates
Create one of the available ternplates to generate a fully-functioning
application project.

Available Termplates:

Peripheral Tests A blank C project. ~
Dhrystone

Helle World

IwlP Echo Server

Memory Tests

RSA Authentication App

SREC Bootloader

Xilkernel POSIX Threads Demo
Zyng DRAM tests

Zyng FSBL

@ Mext > Finish | | Cancel
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Cliquez droit sur irq_cpuO

R
File Edit 5o Mew .
=i - H B Go Into
5 Project Exple Open in New Window
> G design.| Sopy Ctrl+C
‘ @ Paste Ctrl+V
. %.T s Delete Delete
B Incly
b (= Debi Source .
= srC Move...
> Lel app Rename... 2
Tl Iscrip
b gl irq_cpu{|ﬁ‘:ﬂ Import...
b &S irqfsb | gy  Export..
a ol Build Project
Clean Project
£ Refresh £

Select

Import resources from the local file system into an existing project.

Select an import source:

| type filter text

4 = General
[E Archive File
1= Existing Projects into Workspace
E Preferences

b= C/Cr+

[ = Install

[+ [ Remote Systems

[ [= Run/Debug

= Team

Finish Cancel
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Importez les fichiers suivants pour le CPUO

File system F
Import resources from the local file system., ’

From directory: | E\coursivhdI201 5\ ZYBONdualcorehduahapp_cpul v| | Browse... ‘

(= app_cpud €] app_cpud.c
Tl Iscript.ld

Filter Types... | | SelectAll | | DeselectAl
Into folder: | irg_cpul/src | | Browse...
Options

Owverwrite existing resources without warning
[] Create top-level folder

@ Next > Finish | | Cancel

File Edit Source Refactor Mavigate Search Project

MrHEo| 9-R-REe 2 EHE D
[ Project Explorer &7 = <1~==5| L, o
PR~ irg_cpul

B ﬁ.: Binaries

I @] Includes

I = Debug

E
 [€ app_cpul.c
T} Iscript.ld
README. bt
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Créez un board support package pour le CPU1

File | Edit Source Refactor Mavigate Search Project Xilink Toels Run Window Help
| Mew Alt+Shift+M » @ Application Project
Open File... 1 5PM Project
Close Crl+ W | i}, Board Support Package |
‘} -
Close Al Ctrl+Shiftsw | [ Project..
Save Crl+S £  Source Folder
Save As... (% Folder
= :
Save All Ctrl+ Shift+S |_£| Source File
Revert |£|{> Header File
| File from Template
i & Class
Rename... F2
27 Refresh 5 [ |Other.. Chrl+M
Convert Line Delimiters To r T——
Prnt... Ctrl+P Mame: standalone
. Version: 4.2
eschollisipee R e B R S e

Donnez un nom au BSP et bien choisir le CPU1 ps7_cortex9_1

Xilinx Board Support Package Project
Create a Board Support Package.

Project name: | IRG_CPU1_bsp

Use default location
Lacation: | Ehcours\whdI201 0 ZYBO\dualcarehdualhdual sdk\RQ_CPUT_bsp

Choose file systern: | default

Target Hardware

Hardware Platform: | design_1_wrapper_hw_platform_1

CPU: | ps7_cortexad_1

Board Support Package OS5

Modified Standalone based on Standalone_vd_1 is a simple, low-level software layer.
It provides access to basic processor features such as caches, interrupts and
exceptions as well as the basic features of a hosted envirenment, such as standard

input and cutput, profiling, abort and exit.
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L'application sera vide on importera par la suite les fichiers sources

Templates

Create one of the available templates to generate a fully-functioning
application project.

Available Ternplates:
Peripheral Tests A blank C project.

DhEstone

Hello World

[wlP Echo Server

Memory Tests

RSA Authentication App

SREC Bootloader

Kilkkernel POSIK Threads Demo
Zyng DRAM tests

Zyng FSBL
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Cliquez droit sur irq_cpul puis import

File Edit So
T~ H B
By Project Expld

desig
myig
[€ ps7_
[€ ps7_
[€] ps7_
[€ ps7_
@ psi_
psi_
g syste
a irg_cpul
[ ﬁ: Bina
1S @“ﬂ Incly
I = Debi
4 = srC
r [ a
"]
R
B irg_cpul
a |I== irg_cpul
b Incly
b B src
4 M IRO_CPU
I BSP
b B psT

Select

-

MNew

Go Inte
Open in Mew Window

Copy
Paste
Delete
Source
Move...

Rename...

Ctrl+C
Ctrl+V
Delete

F2

Import...

Export...

Build Project

Clean Project

Refresh

Close Project

Close Unrelated Projects

Build Configurations
Make Targets

Index

Show in Remote Systemns view
Profiling Tools

Convert To...

F5

Impert resources from the local file systermn into an existing project.

Select an import source:

| type filter text

VYV

4 = General
@ Archive File
=% Existing Projects into Workspace
El Preferences
a4 = CfC++
[E] €/ C++ Executable
'E?j' C/C++ Project Settings
Existing Code as Makefile Project
= Install
= Remote Systems
= Run/Debug
= Team

= Back

Mext =

Finish

Cancel
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Choisissez les fichiers suivants :

File system E
-

Import resources from the local file system.,

From directory: | E:\cours\vhdI2015\ZYBO\dualcoreT\duahapp_cpul v|| Browse. |
[VI|(= app_cpul £ app_cpul.c
Tl Iscript.ld
| Filter Types... || SelectAll | | Deselect Al
| | Browse...

Into folder: | irg_cpul

Opticns
Owverwrite existing resources without warning
[] Create top-level folder

@ Next > Finish | | Cancel
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Afin de rendre l'application autonome on peut par la suite créer un Zynq Boot image pour la
carte SD

50k Create Zyng Boot Image
Create Zynq Boot Image
Creates Zynq Boot Image in .bin and .mcs formats from given FSBL elf and partition files in specified output folder.
(®) Create new BIF file () Import from existing BIF file
Output BIF file path: E\coursivhdl201M\ZYBE O\ dualcorel\dualoutput.bif Browse
[ Use Authentication
Authentication keys
[]Use encryption
Encryption key:
® BRAM
Boot image partitions
File path Encrypted Authenticated Add
(bootloader) E\cours\whd 20150 ZYBO\ dualcoreldualidual sdiirg_fsbl\Debughirg_fsbl.elf none none Delete
Efcoursivhd 201 ZYE O\ dualcore T\ dualhdual.sdk\design_1_wrapper_hw_platform_1\design_1_wrapper.bit none none
E\cours\vhd2013\ZYB O\ dualcorelhdualidual sdkhirg_cpulhDebughirg_cpul.elf none none Edit
E\cours\vhd201ZYBO\dualcorehdualidual.sdkhirg_cpuliDebughirg_cpul.elf none none 7
P
Down
Output path: | E\cours\vhd2015\ZYBO\dualcorel'dual\BOOT.bin Browse
'/_? Preview BIF Changes Create Image Cancel

La communication entre les deux processeurs se visualise sur le port console de la JTAG UART

= COM4 - PuTTY = e -

En utilisant la gestion des interruptions par le CPU1, l'applicatif nous donne comme résultat :
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P PuTTY (inactive)

Le terme Asymmetric multi-processing (AMP) peut étre utilisé sur un systéme qui utilise de multiples cceurs
qui peuvent étre d’architecture différente. Chaque coeur peut commencer son propre OS. La communication
entre les cceurs de CPU est facilitée grace a I'utilisation de la mémoire partagée.

Le terme Symmetric multi-processing (SMP). Un simple OS se partage tous les cceurs afin de distribuer et
de coordonner les différentes taches entre elles. Comme avec 'AMP un espace de mémoire partagé est
utilisé pour la communication entre les coeurs de CPU

Tasks Tasks Tasks

RTOS Kernel Linux Kernel Linux Kernel

Shared Memory Shared Memory

ARM ARM ARM ARM
Core O Core 1 Core O Core 1
Asymmetric Multi-Procesing (AMP) Symmetric Multi-Procesing (SMP)
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