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Fiche synthétique

Matériel
Processeur cible MicroBlaze avec MMU
Fondeur Xilinx
Outils de synthése ISE version 11.4 et supérieur
Carte cible Xilinx ML403
Logiciel
Distribution Linux Fedora 12
Version Linux pour MicroBlaze Linux 2.6.31
Version compilateur croisé pour MicroBlaze
Version patch pour MicroBlaze preempt-rt-2.6.31.12-rt21-microblaze-1.0-
00.patch
Version patch PREEMPT-RT pour Linux 2.6.31.12-rt21
Gestion du document :
Date Version Modifications | Relecture Commentaires
25/06/10 [ 1.0 PK PK Création fichier
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1.

PRESENTATION DU PROCESSEUR SOFTCORE
MICROBLAZE DE XILINX

Le processeur MicroBlaze de Xilinx est un processeur RISC soffcore entierement synchrone, son
architecture interne étant de type Harvard. Il est optimisé pour une implantation dans un circuit
programmable FPGA Xilinx.

La figure 1 donne I’architecture du processeur MicroBlaze
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Figure 1 : Architecture du processeur MicroBlaze

Les caractéristiques générales du processeur MicroBlaze sont les suivantes :

L’architecture du MicroBlaze utilise une architecture Harvard avec ses bus de programme et bus
de données séparés.
Le processeur utilise un jeu d’instruction réduit RISC (Reduced Instruction Set Computer).
Le processeur posséde un pipeline de 5 étages et de profondeur 3. Trois instructions sont
exécutées en 9 cycles d’horloge.

. Les instructions sont de 32 bits avec 3 opérandes et 2 modes d’adressage.
Le bus d’adresse est de 32 bits.
Il possede 32 registres de 32 bits a usage général.
Depuis la version 7 (version actuelle 7.2), le processeur a une unité¢ de gestion de mémoire
virtuelle MMU (Memory Management Unit) optionnelle.

Les parties en couleur grise sont optionnelles et montrent la configurabilit¢ du processeur
MicroBlaze.

Les options matérielles Barrel Shifter, Multiplier, Divider et FPU (Floating Point Unit) permettent
d’accélérer les traitements en implantant par matériel des opérations mathématiques (division,
multiplication, opération sur des nombres réels).
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Le pipeline se compose de 5 étages d’exécution :

Lecture de I’instruction dans le buffer d’instruction.
Décodage de I’instruction dans le décodeur d’instruction.
Acces mémoire pour la lecture des opérandes.

Calcul ou exécution de I’instruction dans I’ALU.
Ecriture du résultat dans la mémoire.

AW =

La figure 2 précise les différentes options de configuration du processeur MicroBlaze en fonction de
sa version. De maniére générale, il est important d’utiliser la derniére version des outils Xilinx pour
avoir acces a la derniére version du processeur MicroBlaze.
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— e e e & mmmt o = —m g eemn e = mn s
MicroBlaze Versions
Feature

A 0D va oo vE 00 vi o0 v Al w20
Verszon Staias phEnletz oisolatz oisnlets pbsoletz | deprecated | prefemsd
Processor pipaling depth 3 i 35 35 i Tl 35
Jz-chip Periphare] Buos (OFB) deta side opoon opoon opon opoon opoon opoon
imtarface
Cm-chip Pemipharz]l Baos (OFB) msmaction opoon opoon opOon opoon opoon opoon
dde iterface
Local Memory B (LMB) data sids interfacs opoon opoon opon opoon opoon opoon
Local Memvory Bus (LME) mstmucton side opoon opoon opon opoon opoon opoon
imtarface
Hardware barral shiftar opoon opoon opon opoon opoon opoon
Hardware dividar opoon opoon opon opoon opoon opoon
Hardwars debug logic opoon opoon opoon opoon opoon opoon
Fast Simplex Lizk [F5L) imerfaces 0-7 -7 0-7 -1 0-13 0-13
Mackine st2tos 5t 2nd clear instrocticzs Jpon Tas opSion Jpon spSion Jption
Insimcion cacks over IDPE interfacs opoon Hao Ho [ Hao Mo
Datx cache omr DOPH intarface opoon Mo Mo o Mo Mo
Instruction cacks over Cache Link (TROCL) aption sption aptian aption sption spEian
mmterfice
Dare cache owar Cache Lk (DICL) opoon opoon opOon opoon opoon opoon
mmiartace
4 or B-word cachs lizms om XCL 4 opoon opon opoon opoon opoon
Hardware sxzaptioz supparn optian optian optian optian optian optian
Pattarn cozopars insmactiozs opoon piH opoion opoon opoon opoion
Floeating poizt u=it {FPI) opoon opoon opoion opoon opoon opoion
Disabls Eardware mealizplar! opoon opoon opOon opoon opoon opoon
Hardware debug madzbls E5E and FAR Yas Tas Yas Yas Tas Tas
Processes Varston Ragister (PVE) = sption aptian aption sption spEian
Amaa or spead opimized s s opoon opoon opoon opoon
Hardware muliipliar §4-it msult - - opoion opoon opoon opoion
LUT cache meemeoy s s opSion Jpon spSion Jption
Processor Local Bus (PLE) daia side s s s opoon opoon opoon
mmiartace

Figure 2 : Options de configuration du processeur MicroBlaze

La table suivante résume les caractéristiques du processeur MicroBlaze.
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MicroBlaze

Architecture RISC pipeline
Instructions 32 bits

Liste de registres fixe
Données sur 32 bits

32 niveaux d’interruption

Cache d’instructions et de données

MMU, FPU, div HW, mul HW

Figure 3 : Caractéristiques du processeur MicroBlaze

La figure suivante présente les performances en DMIPS (Dhrystons Million Instructions per Second

de différentes versions du processeur MicroBlaze.

Taille du pipeline

3 étages 0.95 DMIPS/MHz
5 étages 1.19 DMIPS/MHz
Figure 4 : Performances du processeur MicroBlaze

Dans la phase de construction du circuit SoPC (System on Programmable Chip) avec I’outil XPS de
la suite ISE de Xilinx, il est possible d’inclure différents périphériques standards en utilisant le bus

d’adresses/données PLB du processeur MicroBlaze :

+  Mémoire.

o Timer.

o Liaison série UART.

+ Interface écran LCD.

« E/S paralleles.

» Interfaces Ethernet.

+ Interface Compact Flash.
« JTAG.
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2.  PORTAGE DE PREEMPT-RT SUR LE PROCESSEUR
SOFTCORE MICROBLAZE

2.1. Principes du portage

Le portage de PREEMPT-RT pour le processeur MicroBlaze avec MMU s’est basé sur celui pour le
processeur ARM et PowerPC (PREEMPT-RT version 2.6.31.12) et pour le processeur SH
(PREEMPT-RT version 2.6.22.1).

Une analyse fine a pu mettre en évidence le role des fichiers potentiellement a modifier pour
I’architecture MicroBlaze dans le répertoire arch/microblaze.
Les principaux fichiers modifiés sont décrits.

Le fichier arch/microblaze/include/asm/prom.h est modifié pour accéder de facon atomique a la
structure DTS (Device Tree Structure) définissant les parameétres a passer au noyau Linux.

Le fichier arch/microblaze/kernel/entry.S est modifié pour appeler la fonction du nouvel
ordonnanceur PREEMPT-RT _ schedule.

Le fichier arch/microblaze/kernel/exceptions.c est modifié pour un acces atomique a la console en
cas d’OOPS.

Le fichier arch/microblaze/kernel/irg.c est modifié pour utiliser des spinlocks atomiques.

Le fichier arch/microblaze/kernel/process.c est modifi¢é pour appeler le nouvel ordonnanceur
PREEMPT-RT __ schedule().

Le fichier arch/microblaze/kernel/prom.c est modifié pour un accés atomique a la structure DTS.

Le fichier arch/microblaze/kernel/signal.c est modifi¢ pour avoir un noyau préemptible.

Le fichier arch/microblaze/mm/fault.c est modifié sur le traitement de défaut de page.

Le fichier drivers/gpio/gpiolib.c est modifié pour un acces atomique aux E/S GPIO.

Le fichier drivers/gpio/xilinx_gpio.c est modifié pour un acces atomique aux E/S GPIO Xilinx.

Le fichier drivers/i2c/i2c-dev.c est modifié pour un acces atomique au bus 12C.

Le fichier drivers/i2c/algos/xilinx_iic/i2c-algo-xilinx.c est modifié pour un acces atomique au bus
12C Xilinx.

Le fichier drivers/net/xilinx_emaclite.c est modifi¢ pour un acceés atomique a I’interface Ethernet
emaclite Xilinx.

Le fichier drivers/serial/uartlite.c est modifi¢ pour un acceés atomique a I’interface UART uartlite
Xilinx.

Le fichier drivers/spi/spi_bitbang.c est modifi¢ pour un acces atomique au bus SPI en mode bit
bang.

Le fichier include/asm-generic/bitops/atomic.h est modifi€¢ pour utiliser plutdt raw local irq xxx()
que local_irg xxx() pour homogénéité avec le patch général PREEMPT-RT.

2.2 Fichiers sources Linux impactés par le portage PREEMPT-RT

La liste des fichiers sources Linux impactés par le portage de PREEMPT-RT sur I’architecture
MicroBlaze est donnée en annexe 1.

On retrouve globalement un ensemble de fichiers indépendants de I’architecture pour I’implantation
de la préemption Temps Réel mou dans le noyau Linux et un ensemble de fichiers modifiés
concernant I’architecture MicroBlaze. ..
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3. MISE EN (EUVRE DE PREEMPT-RT SUR LE PROCESSEUR
SOFTCORE MICROBLAZE

3.1. Carte cible

La carte choisie pour le portage de PREEMPT-RT sur le processeur MicroBlaze est une carte
Virtex-4 de Xilinx : carte ML403.

._.@}-“NL.:m!u‘.nﬂ-;;r-i.
13)

®

Figure 5 : Carte cible Xilinx ML403

La carte ML403 possede les caractéristiques suivantes :
Circuit FPGA XC4VFX12-FF668-10.
8 Mo de SRAM 32 bits.
64 Mo de SDRAM DDR32 bits.
« 8 Mo de mémoire Flash.
Oscillateur a 100 MHz.
« 1 support CompactFlash type I par interface System ACE.
« 1 interface Ethernet 10/100/1000 Mb/s.
1 port série (RS-232 DB9).
1 port d'extension pour carte fille maison.
1 connecteur JTAG.
«  Boutons poussoirs.
Leds utilisateurs.
1 afficheur LCD 2x16 caractéres.
Bus 12C.
4Kb d’EEPROM SPI.
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- Bus USB.
- Sortie audio AC97.

. Connecteurs PS2 clavier et souris.
« Sortie VGA.

3.2. Configuration matérielle : construction du systéme SoPC

Il convient a I’aide de 1’outil de synthése XPS de Xilinx de construire le systtme SoPC compatible
avec le portage PREEMPT-RT sur processeur MicroBlaze. A I’issue de la synthése, on récupérera le
fichier .bit de programmation du circuit FPGA de la carte cible ML403 ainsi qu’un fichier .dts qui
décrit le systtme SoPC en termes de types de périphériques, d’adresses de base et de numéros
d’interruption, fichier qui sera utilisé lors de la compilation du noyau Linux.

Le design de référence pour Linux embarqué avec ou sans I’extension Temps Réel a été construit
avec ’outil BSB (Base System Builder) de XPS.

Ce design standard est une bonne base de travail pour faire tourner dans un premier temps Linux
embarqué.

La figure présente le design de référence standard :

& ilinx Platform Studio - B:tmpimian3 uartlite_v4isystem.xmp - [System v View] EE8 |
& Flle Edit Miew Project  Hardware Software  Device Configuration  Debug  Simulabion  Window  Help
DAEF . BB 400EX0 we ) ENEBRRG RS F=i> s @5 B> £» B>
|Project +0& X i L L +| BusInterfaces | Perts | Addrasses |
Platform - ?{' "['.': {niame |us e {1p Type |IP version 1P Classification
= Project F.iles | ol - | B miroblaze 0 Y microblaze 7.20d Processor
m;‘g ;_'l"?: svsttem-mhs [ | I dimér 1 Imb_vl 1,00.a LMB Bus
e e b T Imb_v10 1.00, LME B
UCF File: datafsystem, ucf | F i L Tb ‘V46 L4 2 PLBV4:SB
MPACT Command File: etc/de | i LA B O chbd i
Implementation Options File: \I_-,__o_ + dimb cntl 5 Imb_bram_if.. 2100 Memory Controller
Bitgen Options File: etc/bitge F‘__. O— | = dmb oo +fr Imb_bram_if.. 210k Memory Contraller
= Project Options i o POR SRR ;‘; TR 5:04.a Memory Controller
Dev?ce: wcdvbx ] ZFF6ES-10 Il } o imf bram 1‘:‘{ bram_block 1,005 Memary
[etlist: TopLgveI - o mdn @ 'p‘i' mdr 1.00.9 Debug
Ln&ﬁl:aﬁ:gtatlon. #PS (<Flow) H O rOC EYE PR 1‘,‘{ proc_sys_te.. 2003 Peripheral
: T =y j
Sim Modal: BEHAVIORAL v - Ethernet Mac 5,“ xps_etherne... 3018 Per!pheral
Design Summary v H LEDs 45 1‘,‘{ ¥ps_gpia 2003 Peripheral
& - (ERe Postions T ¥ps_gpio 2,008 Peripheral
1= Presh Buffon,.. 1‘,‘{ ¥ps_gpia 00,3 Peripheral
- SPLE |mb_plb :]
»- 5T EEPROM P =ps_iic 2.02.a Peripheral
- + xpgonfc O 3"; wps_intc 2008 Interrupk Controller
v H EpsdcE Com.. 1‘,‘{ HPS_SYSACE 1,01, Peripheral
- + xpx Hmer 0 ;‘; xps_timer 1,01k Peripheral
. + RSE32 flart 1‘,‘{ xps_uartlite 1,01, Peripheral
dlock_ganera... ;‘; clock gemer.. 3.02.a P
| Project | ‘Applica.. | el || “Stait Up Page | System Assembly View | & Block Diagram | i Design Surimary |
‘Console s 08 %
Generating Block Diagram to Buffer
Generated EBlock Diagream 3VG
4 *

Cansole | Warrings | Erors
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Figure 6 : Design de référence standard XPS de la carte cible Xilinx ML403

Les figures suivantes montrent la construction du systeme SoPC.

Pour pourvoir intégrer le patch PREEMPT-RT, le processeur MicroBlaze est configuré avec une
MMU (Memory Management Unit).

Il convient de créer un projet XPS avec 1’outil BSB :

@

g Xilin Platform Studio
Creale el o opar extsting projack

(%) Base Syskem Builder wizard (recammended)

e\
BSB
I@ {7 Blank %P5 project
E O Open a recent project

|Eu:uwse far Mare Projects, ., | - I

Browse EDK examples {projects) on the web hiere

ok i Cancel | | Help

Figure 7 : Création d’un nouveau projet SoPC avec BSB
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(;?‘ Base System Builder L&

Welcome Board Syster Processar Peripheral Cache Application SUMMaEY

Welcome to the Base System Builder

This kool leads vaou through the steps necessary For creating an embedded system,
vetaclk Cree ob Ehe Falldwing:
() would fike bo create a new design

3 Twauld fike toload an existing .bsh settings File (saved from a previous session)

| Erowse

Mare Info < Raic) ek | | Zancel

Figures 8 : Création du projet SoPC

On choisit comme carte cible la carte Xilinx ML403 :
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S

Base System Builder

e
Swskemn FProcessor

elcome: Board Petipheral Cache Application Surmmary

Board Selection

Select: a target development board.

Eiard

=) Twould lilke to create a swstem For the following developrment board
Board Yendor |><i|in><

Board Name

walustion:Platform

Board Revision |1

=]
) Twauld ke ta create a system for & custom board

Brard Intoomation
Architecture Device: Package Speed Grads

o] [seaviatz = [=][-10
[ Use Stepping | [+]
Sckivie Low

 Related Information
Yendor's Website

|VII (=4 )

Reset Folariby

Yendor's Contack Information

Third Party Board Definition Files Download Website

The ML403 board is intended to showcase and demonstrate Yirtex-4 technology, espedially the new features being added to'the FPGA, The ML403 board
utilizes ¥iline: Mirkex 4 XC4VERLZ2-FFA6E device., It is a demaonstration platform to showcase the enormous power and Flexibilicy of Yirtex-4 FPGAs including
new and improved clock technolagy, DSP blocks, Smart RAM blocks, advanced If0s, embedded MACs, embedded processors, LSE, and more,

Mare Tnfo | < Back H Mk > ]| Cancel

Figure 9 : Choix de la carte cible Xilinx ML403

On construit un systéme SoPC monoprocesseur :
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< Base System Builder @8
Welcome: Bosrd ~ System Processar. Peripheral Cachs: Application SUmmay

System Configuration

Configure yaur system,

O] Single-Processar System: ) Dual-Processdr System:
Sqléct.'th['s.'qpi_t!'gn tocreate a design with & single processor. This Sefech thic option o dreate:s design with twa processors, This Wizard
“wizard will let you configure the processar, the peripheral st and will [t fou eanfiours the typesof the processors, the peripherals
‘some major configuration parameters For the peripherals. accessible to the twe processors and the penpherals shared by the
LG Rracessors,

Processar 1 Paripherals

RE232  GRIO

Procsssor 1

Shared Paripherals
Vailbox  Mulex

Processar 1 Paripharals Mailbox Wutex

ASE3E | GPID

ss0f 2 Perpherals
QEA EMAC
MoreTnfo. | | o<Back || we> || caneel

Figure 10 : Construction d’un systéme SoPC avec un seul processeur

On choisit le processeur MicroBlaze (le circuit FPGA posseéde un processeur hardcore PowerPC) et
une horloge systeme de 100 MHz :
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& Base System Builder &
Melcome: Board System Processor Peripheral Cache: Application Surmmary

Processor Configuration

Configure the processors),

Refatence Clock Frequency |1E|IZ|.E|E| | MHz
Praessa) | Capfialirstion
Processor Tvpe MicroBlaze
Systemm Clock Frequency |1EIEI.DEI |- l MHz
Local Memory |8 KB | |
Debug Interface |l;|r|-:ZI'||p H Debug Module |:|

[ Enable-Floating Paint Linit

Tare Info | < Back H Nt 2 ]| iCancel

Figure 11 : Choix d’utilisation du processeur MicroBlaze

Un ensemble de périphériques intégrés dans le systeme SoPC est fourni par défaut en corrélation
avec le respect d’usage des broches du circuit FPGA (fichier de contraintes .ucf) :
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& Base System Builder

‘ielcomme Board System

Processar

)

Peripheral Cache Application SUrnmary

Peripheral Configuration

To add a peripheral, drag it From the "Available Peripherals” to the processor peripheral lisk, To change a core parameter, click on the peripheral,

available Peripherals

i_PeripheraI Hames:

= IO Devices
Cypress_LISE
Tritode_MAC GMIT
SRAM
FLASH

1= Internal Peripherals
wps_bram_if _cntlr
xps._timebase_wdt
xps_kimer

Add =

< Hemove

Mare Info

Processor-1 (MicroBlaze) Peripherals Select All

I

‘ Zore Parameter

DDR_SDRAM
Care; mpmec
Ethernet_MAaC
Care: xps_ethernetlite
IIC_EEPRCM
Care xps_iic
LEDs_4Bit
Care: xps_gpio
LEDs_Fositions
COre; xps_gpia
Push_Buttons_Position
Core! xps_gpio
R5232_ark
Cares xps_uartlite, Baud Rate: 9600, Data B
SysACE CompactFlash
Core: xps_sysace
dirmb_cntl
Care; Imb_Bram_if_critlr
ilmb_cntlr
Care: Imb_bram_if_cnitlr

i- < Back: i | Mexk | | Zancel

Figure 12 : Création d’un systéme SoPC par défaut

Pour le support de Linux embarqué, on rajoute le périphérique timer xps_timer avec les 2 timers de
validés : un timer est utilisé comme tick timer, I’autre comme clock event.

On validera toutes les interruptions pour les périphériques (case Use Interrupt cochée) :
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& Base System Builder &

‘welcome Board System Processar Peripheral Cache Application SUrmmary

Peripheral Configuration

To add a peripheral, drag it From the "Available Peripherals” tothe processar. peripheral list, To change a core parameter, click on the peripharal,

Available Peripherals

i Periphietal Mames:

Procéssor-1 (MicroBlaze) Peripherals | Select all |
= I Dg:g::ss_LISB _(_;;_c-_r?__ - | Fatannstet: |
TriMode_MAC_GMIT DDR__SDRAM
SRAM COre - mpme
FLASH Ethernet_MAC
= Internal Peripherals Care; xps_ethernetlite, Use Interrupt
xps_bram_if _crkr [IC_EEPROM
xps._kimebase_wdk Core; xps_iic, Use Inkerrupk
“ps_timer LEDS_4BIt
Core! xps_gpio, Use Interrupk
LEDs_Positions
Core wps_gpia, Use Inkerrupk
Push_Buttons Position
Care: xps_gpia, Use Inkterrupk
RS232_Llart
o Core; xps_uartlite, Baud Fate: 9600, DataB..
Add > SysACE_CamipackFlash
S —— Core! xps_sysace, Use Interrupk
<Remove: | dimb_critl
Care Imb_bram_if_critlr
ilmb_cntlr
Care: Imb_bram_if_critlr
kirner, T
Core #ps_timer
Count \Width [z2 =]
Configure Made | Twso bimier s are present) = |
Use Intarrupt

Mate Info | < Back H et = H Zancel

Figure 13 : Rajout du périphérique xps_timer

On validera le cache d’instructions et de données :
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& Base System Builder

‘ielcomme Board Systen Processar Peripheral Cache Application

Cache Configuration

Select cache size-and cache memory For processor(s),

Frocessar ] (MicroBlaze ) Cache

)

SUrmaty

In MicreBlaze, caches are aptional and configurable. Caches ate implemented using FRGA LUTs for small caches or Block RAMS Far large sized caches,

{rstruckion Cache Diata Cache

Instruction Cache Size i2 KB El Data Cache Size |2 KB EI
Instruction Cache Memory Data Cache Memory

(%) DDR_SDRAM (%) DDR_SDRAM
Mare Info | i < Back: | ‘ Mexk | | Zancel

Figure 14 : Validation des caches d’instructions et de données

On laissera la génération des programmes de test :
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& Base System Builder e
Melcome: Board System Processor Peripheral Cache Application SUrnmary

Application Configuration

Caonfigure the example applications,

Example Applications
Application Cptian Yalue
1=l ETest microblaze_0
Standard 10 RS232 Uart -
Book Memary Ik _critle
= Memory Test TestApp_Memory _microblaze_0
Instructions ilmb_cntl -
Data dimb_crtlr -
= Peripheral Test Testapp_Peripheral _microblaze_0
Instructions DDR._SDIRAM -
Data DDR._SDRAM -
Interrupt Veckor IImb_cnkir
Mare Info | < Back: | [ Mexk ] | Zancel

Figure 15 : Génération des programmes de tests

On a alors le récapitulatif du systéeme SoPC généré :
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Q Base System Builder !__J Q
‘ielcomme Board System Processor Pariphetal Cache Application Summary
—
Summary

Below is the summary of the system vou are creating,

System Summary

Lca're Mame Instance Mame iB‘ase fddress High Address
=1 {Processar 1 micrablaze. 0
Mpmc QDR _SDRAM 44000000 Ox47FFFFFF
xps_ethernetlite  Ethernet” MAC 051000000 Ox5100FFFF
x¥ps_jic IIC_EEPRCM Ox& 1600000 081 60FFFF
«ps. gpio LEDs_4Eit 0x%51440000 0x5144FFFF
®ps_gpio LEDs_Positions OxE1420000 OxE142FFFF
»Ps_gpio Push_Euttons_Position 061400000 Ox8140FFFF
xps . uartlice RS232_Llart Qx84000000 OxE400FFFF
XpSs_SWsace SysACE CompactFlash  0x&2600000 OxE5360FFFF
Imb_bram_if _cntlr  dimb_cntlr 000000000 O0x00001FFF
Imb_bram_if _cntlr  ilmb_cntlr 0300000000 0x0000LFFF
xps_fimer xps_kimer_0 0x 3300000 0x53C0FFFF
File Location
= Cverall

D Empiml03, syskerm, xmp
D:\emip'il4 034 sy skem, mhs
Detempiml$03, syskem, mss
i\ empiml403t datalsyskem, uck
DiVEmpiml403 etchFast_runtime. opt
D:\Erpl4 03 etcidownioad, crnd
DitEmpimls03h etcibibgen. uk

# TestApp_Memory_microblaze_0

31 TestApp_Peripheral_microblaze 0

Save Base System Builder {,bsh) Settings File
! Dt Empiml403, system. bsh |

| Mare Info | < Back | ‘ Finizh l | Cancel |

Figure 16 : Récapitulatif du systéme SoPC généré
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& Xilinx Platform Studio = B:tmpimian3\aystemaanp - [System Assembly View] @ea |
& Flle Edit Wiew Project  Hardware Software  Device Configuration  Debug  Simulabion  Window  Help
ODREF . BEF sDOX® oc ) ENBORG BRE Fwed» 8» H» B> £» B
|Project +0 & x P L L 4| Buslnterfaces | Ports. M|
iPiatF.orm I‘é‘l E] EBus MNarne: |IP Type IIP Wersian) IIP Classification
[z Project Files j Wl | mwoblaze. & S microblaze 7.20d Processor
m;‘g ;_‘:9: svsttem-mhs I | i,... dimb 2 Imb_vi0 1,00:a LME Bus
e dmé ' Imb_vi0 1,00, LME B
UCF File: datafsystem, ucf | | | b o .!}‘l Tb_v | 2
iMPACT Command File: etcfde -3 T 1 e Lo : 1;: pIz G : Lo PLEA G Bl
Irnplemantation Options Flle: 09| B oimé_ et 5p Imb_bram_if.. 2.10.b IMemory Controller
Bitgen Options File: etc/bitge Flo_ = U- | dmb ot 'ff Imbs_bram_if... 2.10.b Memaory Controllar
=} Project Dptions [ + P0R_SORAM {4 MpmE 5045 Memary Controllar
Dev?ce: scavf12ffees-10 J'—i..— 5 dmbbram 2 bram_block 1,000 Memary
Tetlist: TopLz_aveI e H @ mdn s .{4 rdm 1.00.a Debug
LnE)Tl??:BEatmn' P (#Flow) | | O SWE FER. 'ff proc_sys_re.. 2,003 Petipheral
i Il‘\ﬂodel' BEHAYIORAL 9 F Ethernet MAC 'r wps_etherne. 3.01.a Petipheral
Design Surnmary 9 W LEDs 45F 'ff *ps_gpio 2,003 Petipheral
{F # LEDe Postions '{;; *ps_gpio 2,005 Petipheral
@ 3 Fush Button... 'ﬁf *ps_gpio 2,005 Peripheral
{F ) I EEPROM or xps_iic 2.02.a Petipheral
Q 3 xpEg gt @ 'ff *ps_intc 2,005 Interrupt Controller
{F # SprdCE Com.. '{;; HPS_SYSAce 1,015 Peripheral
{p 3 xpe hmar 3 'f; *ps_timer 1.01.b Peripheral
9 ¥ REZFD-Cart '{;; *ps_uartlite 1.01.5 Petipheral
clock genera.. 'ff clock gemer. 3,024 il
| Project | ‘Applica.. | sl || %S “Start Lp Pags | System Aassmbly View | & Black Diagram |2 Design Sumimary |
‘Console wOA X
Copied D:/logiciel/Xilinx/11.1/EDE/data/xflowsbitgen. ut to ete directory -
Generating Block Diagram to Buffer
Generated EBlock Diagram 3VG
4 *

Console | warings | Errors |

Figure 17 : Systéeme SoPC généré

Il convient ensuite dans XPS de reconfigurer le processeur MicroBlaze pour repréciser les adresses
de base des caches d’instructions et de données et de valider la MMU :

* Adresse de début : 0x50000000.

e Adresse de fin : 0x50000000 + taille mémoire SDRAM.
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XPS Core Config - microbiaze 0 - microblaze T 20 d
Instruckions | Exceptions Cache | ML | bebug | Interrupt and Reset | PR | Buses :'ﬁl |?_'f| |é|
Enable Instruckion Cache
Fristructinn Cachi Feature
Size of the I-Cache in Bytes ZKB = | Instruction Cache Ling Length |4 -
I-Cache Base Address 0x50000000 | I-Cache High Address |nx53ffffff
Enable [-Cache Writes Usa Cache Links for all I-Cache Memary Accesses
Murnber of I-Cache Address Tag Bits ||J : I
Enable Data Cache ]
Data Cache Feature
Size of D-Cache in Bytes 2KEB | = | DataCache Line Length |iz i ¥

D-Cache Base Address 0x50000000 | D-Cache High Address Ox5IEEEEFE

|

Enable D-Cache Writes Use Cache Links for All D-Cache Memory Accesses

Mumber of D-Cache Address Tag Bits i} | 5| Enable Write-back Storage Policy |

l oK l | Caneel | | Help

Figure 18 : Reconfiguration des adresses de caches d’instructions et de données du processeur
MicroBlaze

La MMU est validée :

Memory Management : virtual.

Data Shadow : 4.

Instruction shadow : 2.

Enable Access to Memory Management Special Registers : full.
Number of Memory Protection Zones : 2.
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& ¥PS Core Config - microblaze 0 - microblaze vl 20 d ]
Instruckions I Exceptions | Cache | ML | Dehiig I Interrupt and Resst | PYR I Buses. | |HDL| |T||@|
Memory Mamagament Linit
Mermadry Management Iu'InTlm.L [

Data Shadow Translation Look-8side Buffer Size

[ T
Instruction Shadow Translation Look-Aside BuFfer Size 2 | - l
EULL | |

Enable Access bo Memaory Management Special Registers

Murnber of Memary Protection Zonss |2| i

[ oK ” Cancel || Help

Figure 19 : Validation de la MMU du processeur MicroBlaze

On vérifiera la priorité des interruptions :
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ﬁ! Interrupt Conneclion Dialog L
Pateritial Interrupt Connectionis) Connected Interruptis) Priority
mb_plb:Bus_Error_Det R3232_Ilark Interrupt Lo
radm_0: Inkerrupk LED=_4Bic _IPZIMNTC_Irpk {,’-’

LEDs_Positions_IPZINTC Irpk
Push_Butkons_Position_IPZINTC Irpt
IIC_EEPROM TIC2INTC Irpk

£ SvsACE_CompactFlash_SysACE_IRG £
Ethernet MAC_IPEINTC Irpk
{:I Fpga_D_Ethernet_M.ﬁ.C_MDINT _piry -
ps timer O Interrupt
=
High

oK | | Cancel

Figure 20 : Configuration des interruptions

On vérifiera les adresses de base. On reprécisera 1’adresse de base de la mémoire SDRAM DDR
(0x50000000) :
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& ¥ilinx Platform Studio - D:tmpimid0isystem.mp - [System Assembly View] =aaE
@ Flle Edit Wiew Project  Hardware Software  Device Configuration  Debug  Simulabion  Window  Help
E=A=E BEEE aD0XxX® oo M BROEBEREG| el & Head » Bs &> » £» FE»
|Project: =08 x 4| Bus Interfaces | Ports | Addresses. | & Generate Addresses |
iPiathrm Ens-tanc?.' Base Name |Bas_e_ Address High-&ddrass ISize Bus Interface(s) iBus Marrie |
= Project Files = i
MHS File: svstem.mhs dimb_cntlr C_BASEADDR 0007000 Ox0000D1FFF gk | SLME dirnb
M55 File: system.mss ilmb_cnitlr C_BASEADDR 0035003 Ox00001FFF gk - | SLME ilmb
UCF File: data/system. ucf DOR_SDRAM C_MPMC_BASEA.. xSO000000 Ox53FFFFFF 541 = | KCLOwRCLL microblaze 0::.
MPACT Command File: etc/dr Ethernet_MALC C_BASEADDR B1000000 Ox8100FFFF Gk = | SPLE mb_plb
Trnplamentation Options File: Push_Futtons_Position C_BASEACDR SxE 1400000 OxE140FFFF £ = | SPLB mb_plb
Bitgen Options File: etcfbitge LEDs_Positions C_BASEADDR EI20000 OxB142FFFF 64 ~ | SPLB mb_plb
=} Project Dptions LED:s_4Eit C_BASEADDR B IS0000 Ox8144FFFF 64 = | SPLE mb_plb
Device: xcdvix12ffe6E-10 IIC_EEPROM C_BASEADDR BTS00 Ox8160FFFF i = | SPLE mb_plb
Metlist: TopLevel ¥ps_ inte_0 C_BASEACDR EIE00000 Ox81E0FFFF 64 = | SPLE mb_plb
Implemantation: ¥PS (<flow) SysACE_CompactFlash C_BASEACDR B3SO0 Ox3360FFFF 4 = | SPLB mb_plb
HDL: YHDL xps_timer_0 C_BASEADDR 00000 OxB3COFFFF 4 * | SPLE mb_plb
Sim Madel; BEHAYIORAL RS232_Uart C_EASEACDR BE000000 D¥B400FFFF 4 ~ | SPLE mb_plb
Design Summary mdm_0 . BASEADDR rESF00007 OxE440FFFF (55, = | 5PLB mb_plb
| project |“appica. | peas ||® Satuprase & System pssembly View | & Block Diagrami | 45 Desion Summary
Eonsolé +08 x

Copied D:/logiciel/Xilinx/11.1/EDE/data/xflowsbitgen. ut to ete directory
Generating Block Diagram to Buffer
Generated EBlock Diagram 3VG

4

Console | warings | Errors |

Figure 21 : Configuration de I’adresse de base de la mémoire SDRAM DDR

Le design du systeme SoPC étant terminé, il convient de générer le fichier .bit de programmation du
circuit FPGA. Dans le menu Project, il faut sélectionner le choix Export Hardware Design to SDK
et cliquer ensuite sur le bouton Export Only :
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- Export 1o SDK / Lavmeh SDK C G
@ This dialog -allows wou bo export hardware platform
information ko be used in Kilinx Software Development kit

Include bitskream and BMM File

(%P5 will regenerate bitstraam if necessary,
and it ray take some time to Finish.)

Direckary location For-hardware description files

| Ceermptml403Y 50K 30K _Export | i i |

[ Export Only ‘ iExpmt&Launcl‘rEDK | | Cancel | | Help |

Figure 22 : Génération du fichier system.bit

I1 convient enfin de générer le fichier .dts.

Il faut au préalable installer un plugin spécial et le recopier dans le répertoire du design :
$ git clone git://git.xilinx.com/device-tree.git

$ cd device-tree

$ cp —r bsp repertoire du design
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On relance XPS. Dans le menu Sofiware, il faut sélectionner le choix Software Platform Settings.
Dans le menu Software Platform, il faut valider pour le choix OS & Library Settings, device-tree :

& Software Platform Settings —Deprecated Gy

Processar Informaton
4 - £ 1
Processor Instance: |microblaze 0 = l

Software Platform ) ; .
05 and Lib Configuration Processof Sethings
Dirivers

CPU Driver: |cpu | * l CPU Driver versian: !1.12.b I' l

Processor Parameters:

iName |£urrent Yalue EDaFauIt Walue |Type. EDestript'ron |
= microblaze-0
compiler mb-gee mb-gce skring Compiler used to compile bo..
archiver  mb-ar mb-ar skring archiver used to archive lib. ..
extra oo, - -g string Extra compiler flags used in::.
smdstub.. [none = inone petipheral_instance Debug peripheral to be use...
05 & Library Settings
Q5 } v| Versian: |D.DD.>< - I Generate flat device tree
! Use I Libtary et sion Description
1 silmfs 1,00,a {4 wilime: Memory File System
[ xilisft 1.00.a | = | wiline: In-swster and Serial Flash Library
E] wilflash 1,03.a | { wilim Flash library for IntelfamMD CFT compliant para
' wilfatfs 1.00.a | = | Provides readwrite routines ko accass filas stared ©
] lwip130 1.00.0b | = | wIP TCR{IP Stack libraty: WWIP w130, Hiline: adapte
" "
l (574 | | Cancel | | Help

Figure 23 : Configuration pour la génération du fichier .dfs

Dans le menu OS and Lib configuration, il faut préciser la valeur de bootargs (pour le passage
d’arguments au boot du noyau Linux) soit ici console=ttyULQ ip=192.168.0.100 :
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g Software Platform Satfings — Deprecated

Processor Inrormeation

Processor Instarice: imicroblaze_ﬂ - l

Software Platform

05 and Lib Configuration Configuration For 05 device-tras v0.00.x
Drivers X
iNama Current Yalie !Del’*ault Yalue Type
= device-tree
hootargs  consele=tpEE 0 ip=182. 768, O 10 console=ttyS0 to... string
console ., skring

Configuration For Libraries

l o | | Canesl | |

Figure 24 : Configuration du cmdline pour la génération du fichier .dts

Dans le menu Software, il faut enfin sélectionner le choix Generate Libraries and BSPs pour

générer le fichier .dts.

3.3. Installation des outils Xilinx sous Linux

Il est possible d'utiliser les outils Xilinx sous Linux que ce soit pour le design du systeme SoPC que
pour le développement logiciel. Cela permet d'avoir une seule machine sous Linux, ce qui permet de

garder une cohérence dans le développement matériel et logiciel.
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Il convient de récupérer les outils sur le site de Xilinx (s’inscrire au préalable) [5]. La procédure a
été testée sous Fedora 12.

On installera les outils Xilinx ISE version 11.4 (a la date d'écriture de ce document). Il faut installer
au préalable la version 11.1 :

$ cd

$ tar -xvf Xilinx 11.1 ISE SFD.tar

$ cd Xilinx 11.1 ISE SFD

# ./xsetup

$ cd

$ tar -xvf 91Xilinx 11.1 EDK SFD.tar
$ cd Xilinx 11.1 EDK_SFD

# ./xsetup

$ cd

$ tar -xvf Xilinx 11.1 SDK SFD.tar

$ cd Xilinx 11.1 SDK_SFD

# ./xsetup

$ cd

$ tar -xvf Xilinx 11.4 ISE DS lin.tar
$ cd Xilinx 11.4 ISE DS lin

# ./xsetup

$ cd

L'ensemble des logiciels est installé dans le répertoire /opt/Xilinx/11.1.
On créera le script mbsdk que 'on placera sous ~/bin :
#!/bin/bash

export LM LICENSE FILE=1700@localhost

export XIL IMPACT USE LIBUSB=1

source /opt/Xilinx/11.1/ISE/settings32.sh
source /opt/Xilinx/11.1/EDK/settings32.sh

# set prompt
export PS1="[MB EDK]S$ "

bash

Pour pouvoir utiliser les outils Xilinx ISE, il faut bien siir avoir une licence Xilinx valable que 1'on
utilisera en réseau avec un serveur flexim...

Mais 1'on peut utiliser les autres outils en ligne de commande.
On installera la sonde JTAG :

# yum install -y fxload

# cd /opt/Xilinx/11l.1/common/bin/lin/

# sh setup pcusb

On vérifiera I’existence du fichier /etc/udev/rules.d/xusbdfwu.rules pour la régle udev.
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La sonde JTAG peut étre pilotée avec la bibliotheque /ibusb (on vérifiera que la bibliothéque libusb
est bien installée, ce qui est le cas par défaut pour Fedora). Il convient de rajouter le lien symbolique
suivant :

# cd /usr/lib/
# 1n -s libusb-0.1.s0.4 libusb.so

On vérifie que la commande xmd fonctionne pour télécharger un fichier dans la cible par le JTAG :
[Xilinx EDK]$ xmd

Xilinx Microprocessor Debugger (XMD) Engine

Xilinx EDK 11.4 Build EDK_LS4.68

Copyright (c) 1995-2009 Xilinx, Inc. All rights reserved.

XMD%
XMD% exit

Les outils Xilinx sont opérationnels sous Linux.

34. Configuration logicielle : configuration et compilation de Linux
pour MicroBlaze

Le processeur MicroBlaze étant configuré avec sa MMU, la distribution Linux standard est
utilisée.

Il convient dans un premier temps de télécharger la distribution Linux pour MicroBlaze. On se
réferera au document [6] pour plus de détails :

S cd

$ git clone git://git.xilinx.com/linux-2.6-xlnx.git

$ In -s linux-2.6-x1nx mb-linux

On suppose que $mb_linux représente le chemin du répertoire mb-linux.

On installe le compilateur croisé gcc pour le processeur MicroBlaze :

cd

git clone git://git.xilinx.com/xldk/microblaze v1.0.git
cd microblaze v1.0

tar Jjxpf mb gnu tools bin.tar.bz

su

\mv microblaze-unknown-linux—-gnu /opt

H= Ur 0 Ur U

On ajuste sa variable PATH dans son fichier profile (~/.bash_profile) :
PATH=$PATH: /opt/microblaze-unknown-linux-gnu/bin
export PATH

On vérifie que le compilateur gcc pour MicroBlaze est opérationnel :
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$ microblaze-unknown-linux-gnu-gcc -v

Using built-in specs.

Target: microblaze-unknown-linux—-gnu

Configured with: /home/ddeboni/src/Linux/crosstool/crosstool-ng-
1.4.1/targets/src/gcc-4.1.2/configure --build=1386-build redhat-
linux-gnu --host=1386-build redhat-linux-gnu --target=microblaze-
unknown-linux-gnu --prefix=/tmp/microblaze-unknown-linux-gnu
--with-sysroot=/tmp/microblaze-unknown-linux-gnu/microblaze-
unknown-linux-gnu//sys-root -—-enable-languages=c, c++ --disable-
multilib -—enable- cxa atexit --with-local-
prefix=/tmp/microblaze-unknown-linux-gnu/microblaze-unknown-1linux-
gnu//sys-root -—-disable-nls -—enable-threads=posix —-—enable-
symvers=gnu -—-enable-c99 -—-enable-long-long —-—-enable-target-
optspace --enable-multilib

Thread model: posix

gcc version 4.1.2

On suppose que Sdesign représente le chemin du répertoire contenant le design XPS. On récupeére le
fichier de programmation du circuit FPGA system.bit et le fichier DTS xilinx.dts issus de la
synthése :

$ cd S$design

$ cp implementation/system.bit $mb linux/preempt-rt.bit

$ cp microblaze/libsrc/device-tree/xilinx.dts $mb linux/preempt-rt.dts

Le fichier preempt-rt.dts est a recopier sous $mb_linux/arch/microblaze/boot/dts :
$ cd $mb linux
$ cp preempt-rt.dts arch/microblaze/boot/dts

On utilisera un fichier initramfs minimal comme systéme de fichiers root :
$ cd

$ cd microblaze v1.0

$ cp initramfs minimal cpio.gz $mb linux

On configure Linux pour le processeur MicroBlaze :

$ cd $mb_linux

$ make ARCH=microblaze CROSS COMPILE=microblaze-unknown-linux-gnu-
xilinx mmu defconfig

On compile le noyau Linux :
$ make ARCH=microblaze CROSS COMPILE=microblaze-unknown-linux-gnu-
simpleImage.preempt-rt

On programme le design dans le circuit FPGA par la sonde JTAG :
S mbsdk

[Xilinx EDK]$ cat preempr-rt.cmd

setMode -bscan

setCable -p auto

identify

assignfile -p 3 -file preempt-rt.bit

program -p 3

quit

[Xilinx EDK]$ impact -batch preempt-rt.cmd
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On télécharge ensuite le fichier simplelmage.preempt-rt dans la carte cible par le JTAG :
[Xilinx EDK]S$ cat preempt-rt.opt

connect mb mdm

dow linux/arch/microblaze/boot/simplelmage.preempt-rt

run

exit

[Xilinx EDK]$ xmd -opt preempt-rt.opt

On utilisera minicom pour accéder a la liaison série de la carte cible une fois correctement configuré
(9600, 8, 1, N) :
L'outil minicom étant lancé dans un deuxiéme terminal, on récupere les traces de boot du noyau
Linux :
$ minicom
early printk console is enabled at 0x84000000
Ramdisk addr 0x00000003, Compiled-in FDT at 0xc02d35f8
Linux version 2.6.31-00593-g4e2d699 (kadionik@linux00) (gcc version 4.1.2) #18 0
setup cpuinfo: initialising
setup cpuinfo: No PVR support. Using static CPU info from FDT
setup memory: max mapnr: 0x4000
setup memory: min low pfn: 0x50000
setup memory: max low pfn: 0x54000
On node 0 totalpages: 16384
free area init node: node 0, pgdat c0386230, node mem map c04a4000
Normal zone: 128 pages used for memmap
Normal zone: 0 pages reserved
Normal zone: 16256 pages, LIFO batch:3
Built 1 zonelists in Zone order, mobility grouping on. Total pages: 16256
Kernel command line: console=ttyULO ip=192.168.0.100
PID hash table entries: 256 (order: 8, 1024 bytes)
Dentry cache hash table entries: 8192 (order: 3, 32768 bytes)
Inode-cache hash table entries: 4096 (order: 2, 16384 bytes)
Memory: 60084k/65536k available
NR IRQS:32
xlnx, xps-intc-1.00.a #0 at 0xc4000000, num irg=9, edge=0x200
xlnx,xps-timer-1.00.a #0 at 0xc4004000, irg=0
microblaze timer set mode: shutdown
microblaze timer set mode: periodic
Calibrating delay loop... 48.43 BogoMIPS (lpj=242176)
Mount-cache hash table entries: 512
NET: Registered protocol family 16
bio: create slab <bio-0> at 0
XGpio: /plb@0/gpio@81440000: registered
XGpio: /plbR0/gpio@81420000: registered
XGpio: /plbR0/gpio@81400000: registered
NET: Registered protocol family 2
IP route cache hash table entries: 1024 (order: 0, 4096 bytes)
TCP established hash table entries: 2048 (order: 2, 16384 bytes)
TCP bind hash table entries: 2048 (order: 3, 40960 bytes)
TCP: Hash tables configured (established 2048 bind 2048)
TCP reno registered
NET: Registered protocol family 1
msgmni has been set to 117
io scheduler noop registered
io scheduler anticipatory registered
io scheduler deadline registered
io scheduler cfqg registered (default)
Serial: 8250/16550 driver, 4 ports, IRQ sharing disabled
84000000.serial: ttyULO at MMIO 0x84000003 (irg = 3) is a uartlite
console [ttyULO] enabled
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brd: module loaded
xsysace 83600000.sysace: Xilinx SystemACE revision 1.0.12
xsysace 83600000.sysace: capacity: 1000944 sectors
xsa: xsal xsaz
Xilinx SystemACE device driver, major=254
xilinx emaclite 81000000.ethernet: Device Tree Probing

xilinx emaclite 81000000.ethernet: MAC address is now 0: a:35:bf:28:
xilinx emaclite 81000000.ethernet: Xilinx EmacLite at 0x81000000 mapped to 0xC42

i2c /dev entries driver
Device Tree Probing 'i2c'

#0 at 0x81600000 mapped to 0xC40A0000, irg=5
TCP cubic registered
NET: Registered protocol family 17
RPC: Registered udp transport module.
RPC: Registered tcp transport module.
IP-Config: Guessing netmask 255.255.255.0
IP-Config: Complete:

device=eth0O, addr=192.168.0.100, mask=255.255.255.0, gw=255.255.255.255,

host=192.168.0.100, domain=, nis-domain= (none),

bootserver=255.255.255.255, rootserver=255.255.255.255, rootpath=

Freeing unused kernel memory: 937k fStarting rcS...
++ Creating device points

++ Mounting filesystem

++ Loading system loggers

++ Starting telnet daemon

rcS Complete

/bin/sh: can't access tty; job control turned off

/ # ps
PID USER TIME COMMAND
10 0:09 init
2 0 0:00 [kthreadd]
30 0:00 [ksoftirgd/0]
4 0 0:00 [watchdog/0]
50 0:00 [events/0]
6 0 0:00 [khelper]
70 0:00 [async/mgr]
8 0 0:00 [kblockd/0]
9 0 0:00 [khungtaskd]
10 0 0:00 [pdflush]
11 0 0:00 [pdflush]
12 0 0:00 [kswapdO]
130 0:00 [aio/0]
14 0 0:00 [nfsiod]
15 0 0:00 [cifsoplockd]
16 0 0:00 [rpciod/0]
29 0 0:00 /sbin/syslogd
31 0 0:00 /sbin/klogd
34 0 0:00 /sbin/telnetd -1 /bin/sh
38 0 0:00 /bin/sh
39 0 0:00 ps

/ # cat /proc/timer list
Timer List Version: v0.4
HRTIMER MAX CLOCK BASES: 2
now at 32436930632 nsecs

cpu: O

clock O:
.base: c0379884
.index: 0
.resolution: 10000000 nsecs
.get _time: ktime get real

0
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active timers:

clock 1:
.base: c03798a8
.index: 1
.resolution: 10000000 nsecs
.get time: ktime get

active timers:

Tick Device: mode: 0
Per CPU device: 0
Clock Event Device: microblaze clockevent

max delta ns: 2147483647
min delta ns: 1000
mult: 1677721
shift: 24
mode: 2
next event: 2147483646999999999 nsecs
set next event: microblaze timer set next event
set _mode: microblaze timer set mode
event handler: tick handle periodic
/ #
3.5. Configuration logicielle : configuration et compilation de

PREEMPT-RT pour MicroBlaze

Il convient de resynchroniser les versions du noyau Linux pour MicroBlaze et du patch général
PREEMPT-RT. On met déja a jour le noyau Linux pour MicroBlaze :

$ cd $mb linux

$ git pull

$ git checkout -b v2.6.31 xilinx v2.6.31

On récupere le patch général version 2.6.31.12-rt21 de PREEMPT-RT que 1’on applique aux
sources du noyau :

$ cd

$ wget http://www.kernel.org/pub/linux/kernel/projects/rt/patch-
2.6.31.12-rt21.bz2

$ cd $mb linux

$ bzcat ../patch-2.6.31.12-rt21.bz2 | patch -p

Les 4 fichiers suivants sont rejetés mais ils seront corrigés par le patch PREEMPT-RT pour
MicroBlaze :

./Makefile.rej

./kernel/perf counter.c.rej

./kernel/futex.c.rej

./kernel/time/clockevents.c.re]

On récupere le patch PREEMPT-RT 2.6.31.12-rt21-microblaze-1.0-00 pour MicroBlaze que I’on
applique aux sources du noyau :

S wget http://www.enseirb.fr/~kadionik/microblaze-preempt-
rt/patchs/preempt-rt-2.6.31.12-rt21-microblaze-1.0-00.patch
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$ patch -pl <../preempt-rt-2.6.31.12-rt21-microblaze-1.0-00.patch

On recompile enfin le noyau Linux en validant PREEMPT-RT dans le menu du choix du mode de
préemption :

$ cd $mb linux

$ make ARCH=microblaze CROSS COMPILE=microblaze-unknown-linux-gnu- gconfig

On télécharge ensuite le fichier simplelmage.preempt-rt dans la carte cible par le JTAG :
$ mbsdk

[Xilinx EDK]$ impact -batch preempt-rt.cmd
On utilisera minicom pour accéder a la liaison série de la carte cible une fois correctement configuré

L'outil minicom étant lancé dans un deuxiéme terminal, on récupere les traces de boot du noyau
Linux :
$ minicom
Linux version 2.6.31.12-rt21 (kadionik@linux00) (gcc version 4.1.2) #38 PREEMPTO
setup cpuinfo: initialising
setup cpuinfo: No PVR support. Using static CPU info from FDT
setup memory: max mapnr: 0x4000
setup memory: min low pfn: 0x50000
setup memory: max low pfn: 0x54000
On node 0 totalpages: 16384
free area init node: node 0, pgdat c03956cc, node mem map c04b7000
Normal zone: 128 pages used for memmap
Normal zone: 0 pages reserved
Normal zone: 16256 pages, LIFO batch:3
Built 1 zonelists in Zone order, mobility grouping on. Total pages: 16256
Kernel command line: console=ttyULO ip=192.168.0.100
PID hash table entries: 256 (order: 8, 1024 bytes)
Dentry cache hash table entries: 8192 (order: 3, 32768 bytes)
Inode-cache hash table entries: 4096 (order: 2, 16384 bytes)
Memory: 60016k/65536k available
Real-Time Preemption Support (C) 2004-2007 Ingo Molnar
Preemptible RCU implementation.
NR_IRQS:32
xlnx, xps-intc-1.00.a #0 at 0xc4000000, num irg=9, edge=0x200
xlnx,xps-timer-1.00.a #0 at 0xc4004000, irg=0
microblaze timer set mode: shutdown
microblaze timer set mode: periodic
Calibrating delay loop... 48.64 BogoMIPS (1lpj=243200)
Mount-cache hash table entries: 512
NET: Registered protocol family 16
bio: create slab <bio-0> at O
XGpio: /plb@0/gpio@81440000: registered
XGpio: /plb@0/gpio@81420000: registered
XGpio: /plb@0/gpio@81400000: registered
microblaze timer set mode: oneshot
NET: Registered protocol family 2
IP route cache hash table entries: 1024 (order: 0, 4096 bytes)
TCP established hash table entries: 2048 (order: 2, 16384 bytes)
TCP bind hash table entries: 2048 (order: 3, 57344 bytes)
TCP: Hash tables configured (established 2048 bind 2048)
TCP reno registered
NET: Registered protocol family 1
msgmni has been set to 117
io scheduler noop registered
io scheduler anticipatory registered
io scheduler deadline registered
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io scheduler cfqg registered (default)

Serial: 8250/16550 driver, 4 ports, IRQ sharing disabled

84000000.serial: ttyULO at MMIO 0x84000003 (irg = 3) is a uartlite

console [ttyULO] enabled

brd: module loaded

xsysace 83600000.sysace: Xilinx SystemACE revision 1.0.12

xsysace 83600000.sysace: capacity: 1000944 sectors

xsa: xsal xsaz2

Xilinx SystemACE device driver, major=254

xilinx emaclite 81000000.ethernet: Device Tree Probing

xilinx emaclite 81000000.ethernet: MAC address is now 0: a:35:bf:28: 0

xilinx emaclite 81000000.ethernet: Xilinx EmacLite at 0x81000000 mapped to 0xC42

i2c /dev entries driver

Device Tree Probing 'i2c'

#0 at 0x81600000 mapped to 0xC40A0000, irg=5

TCP cubic registered

NET: Registered protocol family 17

RPC: Registered udp transport module.

RPC: Registered tcp transport module.

IP-Config: Guessing netmask 255.255.255.0

IP-Config: Complete:
device=eth0, addr=192.168.0.100, mask=255.255.255.0, gw=255.255.255.255,
host=192.168.0.100, domain=, nis-domain=(none),
bootserver=255.255.255.255, rootserver=255.255.255.255, rootpath=

Freeing unused kernel memory: 941k freed

/ # ps

PID USER TIME COMMAND
10 0:06 init
20 0:00 [kthreadd]
30 0:00 [sirg-high/0]
4 0 0:00 [sirg-timer/0]
50 0:00 [sirg-net-tx/0]
6 0 0:01 [sirg-net-rx/0]
7 0 0:00 [sirg-block/0]

8 0 0:00 [sirg-tasklet/0]
9 0 0:00 [sirg-sched/0]
10 O 0:00 [sirg-hrtimer/0]

11 0 0:00 [sirg-rcu/0]

12 0 0:00 [posixcputmr/0]
13 0 0:00 [watchdog/0]

14 0 0:00 [desched/0]

15 0 0:00 [rcu sched grace]
16 0 0:00 [events/0]

17 0 0:00 [khelper]

18 0 0:00 [async/mgr]

19 0 0:00 [kblockd/0]

20 0 0:00 [khungtaskd]

21 0 0:00 [pdflush]

22 0 0:00 [pdflush]

23 0 0:00 [kswapdO]

24 0 0:00 [aio/0]

25 0 0:00 [nfsiod]

26 0 0:00 [cifsoplockd]

27 0 0:00 [irg/4-systemace]
28 0 0:00 [irg/5-]

29 0 0:00 [rpciod/0]

30 0 0:01 [irg/2-eth0]

31 0 0:00 [irg/3-uartlite]
46 0 0:00 /sbin/klogd

49 0 0:00 /sbin/telnetd -1 /bin/sh
53 0 0:00 /bin/sh
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59 0 0:00 ps
/ # cat /proc/timer list
Timer List Version: v0.4
HRTIMER MAX CLOCK BASES: 2
now at 825509050322 nsecs

cpu: O

clock O:
.base: c0389920
.index: 0
.resolution: 1 nsecs
.get _time: ktime get real
.offset: 0 nsecs

active timers:

clock 1:
.base: c0389954
.index: 1
.resolution: 1 nsecs
.get time: ktime get
.offset: 0 nsecs

active timers:

#0: per cpu tick cpu sched, tick sched timer, S:01

# expires at 825510000000-825510000000 nsecs [in 949678 to 949678 nsecs]

#1: def rt bandwidth, sched rt period timer, S:01

# expires at 826000000000-826000000000 nsecs [in 490949678 to 490949678 nsecs]

.expires next : 825510000000 nsecs
.hres active 1
.nr_events : 82289
.nohz mode : 0
.idle tick 0 nsecs
.tick stopped 0
.idle jiffies 0
.idle _calls 0
.idle sleeps 0
.idle _entrytime 0 nsecs
.idle waketime 0 nsecs
.idle exittime 0 nsecs
.idle sleeptime 0 nsecs
.last jiffies 0
.next jiffies 0
.idle expires 0 nsecs
jiffies: 52550
Tick Device: mode: 1

Per CPU device: O
Clock Event Device: microblaze clockevent

max delta ns: 2147483647

min delta ns: 1000

mult: 1677721

shift: 24

mode : 3

next event: 825510000000 nsecs

set next event: microblaze timer set next event
set mode: microblaze timer set mode

event handler: hrtimer interrupt
/#

Avec la commande ps, on voit bien 1’action d¢ PREEMPT-RT, les interruptions étant maintenant
considérées comme des threads...
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4. MESURES DES PERFORMANCES

Les mesures de performances ont été effectuées sur la carte cible Virtex-4 ML403 de Xilinx.

Il faut rappeler que le processeur a une fréquence de fonctionnement de 100 MHz. Les expériences
menées ont consisté¢ en la mise en ceuvre du programme de tests cyclictest rendu possible avec le
support des timers haute résolution Artimer pour 1’architecture microblaze dans les sources du
noyau Linux.

4.1. Noyau Linux ordinaire
On utilise sur la carte cible le noyau standard version 2.6.31 sans extenstion PREEMPT-RT.

On utilise le shell script goperf-ml403 donné en annexe 2 qui permet de tester le noyau suivant le
mode opératoire suivant :

Lancement de cyclictest en mode fichier de traces avec un intervalle de 10000 ps (10 ms) a la
priorit¢ SCHED FIFO de 99. Pas de charge CPU pendant les 5 premicres secondes, puis lancement
du bench hackbench pour un groupe de 20 processus pour la charge CPU. A la fin de I’exécution de
hackbench, pas de charge CPU pendant 5 secondes avant de recommencer 20 fois en tout.

A partir du fichier de traces donnant les temps de latence obtenus avec cyclictest, on peut créer 2

types de courbes :

« Courbe histogramme : donne la répartition histogramme des temps de latence (x=valeur du
temps de latence, y=nombre de fois obtenu).

« Courbe latence : donne le temps de latence en fonction du numéro d’échantillon (x=numéro
d’échantillon, y=latence). Comme on travaille avec un intervalle de 10000 us pour cyclictest, on
a en fait pour 1’abscisse acces au temps : temps en seconde = numéro d’échantillon/100.

Pour construire ces 2 types de courbes, on utilise le shell script gotraite donné en annexe 3 qui
utilise les shell scripts gohisto, golatency et make hist.sh.

On obtient les courbes suivantes :

- 40/65 -



Conception détaillée des portages PREEMPT-RT/Microblaze

Histogram Latency
168 T T ™ T T ™ T T ™ T T ™

148 .

128 N

188 -

28 - -

68 N

Humber of data samples

4m | -

28 N

1 18 186 1a88 186888 1068848
Max. latency 17931 usecs

Figure 25 : Courbe histogramme Linux standard

On observe un temps de latence maximal de prés de 18 ms.
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Latency distribution according sample number
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Figure 26 : Courbe latence Linux standard

En divisant par 100 le numéro d’échantillon, on obtient le temps. Entre 0 et 5 secondes, on a un
systéme non chargé, puis de 5 secondes a 60 secondes un systeme chargé par hackbench, puis de 60
secondes a 65 secondes un systeme non chargé. Le temps de latence est de 1’ordre de 400 us sans
charge pour passer en moyenne a moins de 2 ms. On observe néanmoins des points en dehors de
I’épure avec un point a pres de 18 ms de temps de latence. ..

4.2. Noyau Linux PREEMPT-RT

On utilise sur la carte cible le noyau standard version 2.6.31 avec I’extenstion PREEMPT-RT.

On réalise des mesures avec un valeur de tick de 10 ms.
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Figure 27 : Courbe histogramme Linux PREEMPT-RT avec fick a 10 ms
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Latency distribution according sample number
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Figure 28 : Courbe latence Linux PREEMPT-RT avec tick a 10 ms

Le temps de latence est de 1’ordre de 400 ps sans charge pour passer en moyenne a moins de 2 ms.
On observe néanmoins des points en dehors de I’épure avec un point a prés de 15 ms de temps de
latence...

On recommence les mesures avec un valeur de fick de 1 ms.
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Figure 29 : Courbe histogramme Linux PREEMPT-RT avec tick a 1 ms
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Figure 30 : Courbe latence Linux PREEMPT-RT avec fick a 1 ms

On n’observe pas d’amélioration notable du temps de latence...
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S.  CONCLUSION

Le portage de PREEMPT-RT pour le processeur MicroBlaze dans 1’environnement Linux (avec
MMU) est opérationnel.

Nous avons aussi défini le design matériel qui a permis le portage de PREEMPT-RT.

Le portage est fonctionnel sur une carte cible de Xilinx (Virtex-4 ML403) fonctionnant a 100 MHz.
L’outil cyclictest a été ici utilisé pour les mesures de temps de latence.

L’extension PREEMPT-RT n’améliore pas significativement les temps de latence mesurés avec
cyclistest.

Une piste possible pour expliquer les résultats est une fréquence CPU trés faible ou bien une

incompatibilité de I’extension PREEMPT-RT avec ’architecture microblaze.
Pour des environnements Temps Réel dur, il vaudra mieux s’orienter vers la solution Xenomai...
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8. ANNEXE 1 : FICHIERS IMPACTES PAR LE PORTAGE DE
PREEMPT-RT POUR I’ARCHITECTURE MICROBLAZE

8.1. Liste des fichiers génériques modifiés

La liste des fichiers modifiés par le patch PREEMPT-RT concernant les architectures dé¢ja
supportées a été supprimée (répertoire arch/).

patching file Documentation/kernel-parameters.txt
patching file Documentation/trace/events.txt
patching file Documentation/trace/ftrace.txt
patching file Documentation/trace/function-graph-fold.vim
patching file Documentation/trace/histograms.txt
patching file Documentation/trace/ring-buffer-design.txt
patching file MAINTAINERS

patching file Makefile

patching file arch/Kconfig

patching file block/blk-core.c

patching file drivers/acpi/acpica/acglobal.h
patching file drivers/acpi/acpica/hwregs.c
patching file drivers/acpi/acpica’hwxface.c
patching file drivers/acpi/acpica/utmutex.c
patching file drivers/acpi/ec.c

patching file drivers/acpi/osl.c

patching file drivers/acpi/processor_idle.c
patching file drivers/ata/libata-sff.c

patching file drivers/base/bus.c

patching file drivers/base/core.c

patching file drivers/base/dd.c

patching file drivers/base/power/main.c
patching file drivers/block/hd.c

patching file drivers/block/paride/pseudo.h
patching file drivers/char/random.c

patching file drivers/char/rtc.c

patching file drivers/char/tty audit.c

patching file drivers/char/tty buffer.c

patching file drivers/char/tty ldisc.c

patching file drivers/char/vt.c

patching file drivers/firewire/core-device.c
patching file drivers/gpu/drm/r128/r128 cce.c
patching file drivers/gpu/drm/r128/r128 drv.h
patching file drivers/gpu/drm/r128/r128 state.c
patching file drivers/ide/alim15x3.c

patching file drivers/ide/hpt366.c

patching file drivers/ide/ide-io-std.c

patching file drivers/ide/ide-io.c

patching file drivers/ide/ide-iops.c

patching file drivers/ide/ide-probe.c

patching file drivers/ide/ide-taskfile.c

patching file drivers/ieee1394/nodemgr.c
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patching file drivers/infiniband/core/user mad.c
patching file drivers/infiniband/ulp/ipoib/ipoib_multicast.c
patching file drivers/input/gameport/gameport.c
patching file drivers/input/joystick/analog.c
patching file drivers/input/keyboard/hil_kbd.c
patching file drivers/input/misc/hp sdc rtc.c
patching file drivers/input/misc/pcspkr.c
patching file drivers/input/mouse/hil_ptr.c
patching file drivers/input/serio/hil mlc.c
patching file drivers/input/serio/hp sdc.c
patching file drivers/macintosh/adb.c

patching file drivers/media/dvb/dvb-core/dvb_frontend.c
patching file drivers/mfd/tw14030-irq.c
patching file drivers/mfd/ucb1x00-core.c
patching file drivers/misc/Kconfig

patching file drivers/misc/Makefile

patching file drivers/misc/hwlat detector.c
patching file drivers/mmc/card/queue.c
patching file drivers/net/3¢c527.c

patching file drivers/net/3c59x.c

patching file drivers/net/8139too.c

patching file drivers/net/arm/at91 ether.c
patching file drivers/net/atllc/atllc_main.c
patching file drivers/net/atl1e/atlle main.c
patching file drivers/net/bnx2.c

patching file drivers/net/bnx2x main.c
patching file drivers/net/chelsio/sge.c

patching file drivers/net/hamradio/6pack.c
patching file drivers/net/hamradio/mkiss.c
patching file drivers/net/irda/sir_dev.c
patching file drivers/net/ixp2000/enp2611.c
patching file drivers/net/ixp2000/ixpdev.c
patching file drivers/net/loopback.c

patching file drivers/net/mlx4/mlx4.h

patching file drivers/net/mv643xx_eth.c
patching file drivers/net/netxen/netxen_nic_init.c
patching file drivers/net/niu.c

patching file drivers/net/ppp async.c

patching file drivers/net/rionet.c

patching file drivers/net/s2io.c

patching file drivers/net/sungem.c

patching file drivers/net/tehuti.c

patching file drivers/net/tulip/tulip core.c
patching file drivers/net/wan/cosa.c

patching file drivers/of/base.c

patching file drivers/oprofile/event buffer.c
patching file drivers/oprofile/oprofilefs.c
patching file drivers/parport/ieee1284.c
patching file drivers/parport/share.c

patching file drivers/pci/access.c

patching file drivers/pci/bus.c

patching file drivers/pci/hotplug/ibmphp hpc.c
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patching file drivers/pci/pci.c

patching file drivers/pcmcia/ds.c

patching file drivers/s390/cio/crw.c

patching file drivers/scsi/aacraid/aacraid.h

patching file drivers/scsi/aacraid/commctrl.c
patching file drivers/scsi/aacraid/commsup.c
patching file drivers/scsi/aacraid/dpcsup.c

patching file drivers/serial/8250.c

patching file drivers/staging/comedi/drivers/dt9812.c
patching file drivers/staging/comedi/drivers/usbdux.c
patching file drivers/staging/comedi/drivers/usbduxfast.c
patching file drivers/staging/cpc-usb/cpc-usb_drv.c
patching file drivers/staging/frontier/alphatrack.c
patching file drivers/staging/frontier/tranzport.c
patching file drivers/staging/go7007/go7007-driver.c
patching file drivers/staging/go7007/go7007-12¢c.c
patching file drivers/staging/go7007/go7007-usb.c
patching file drivers/staging/go7007/go7007-v412.c
patching file drivers/staging/go7007/s2250-loader.c
patching file drivers/staging/mimio/mimio.c
patching file drivers/staging/octeon/ethernet-mdio.c
patching file drivers/staging/otus/wwrap.c

patching file drivers/staging/p9auth/p9auth.c
patching file drivers/staging/rspiusb/rspiusb.c
patching file drivers/staging/rt2870/common/2870 rtmp_init.c
patching file drivers/usb/core/devio.c

patching file drivers/usb/core/driver.c

patching file drivers/usb/core/hcd.c

patching file drivers/usb/core/message.c

patching file drivers/usb/gadget/inode.c

patching file drivers/usb/misc/ftdi-elan.c

patching file drivers/uwb/umc-bus.c

patching file drivers/uwb/uwb-internal.h

patching file drivers/video/console/fbcon.c
patching file drivers/video/console/vgacon.c
patching file drivers/watchdog/davinci_wdt.c
patching file fs/affs/super.c

patching file fs/aio.c

patching file fs/attr.c

patching file fs/btrfs/locking.c

patching file fs/buffer.c

patching file fs/cifs/cifsglob.h

patching file fs/cifs/cifssmb.c

patching file fs/cifs/connect.c

patching file fs/cifs/misc.c

patching file fs/dcache.c

patching file fs/direct-io.c

patching file fs/exec.c

patching file fs/ext4/inode.c

patching file fs/fat/inode.c

patching file fs/file.c

patching file fs/hfs/bfind.c

-51/65 -



Conception détaillée des portages PREEMPT-RT/Microblaze

patching file fs/hfs/btree.c

patching file fs/hfs/btree.h

patching file fs/hfsplus/bfind.c

patching file fs/hfsplus/btree.c

patching file fs/hfsplus/hfsplus fs.h
patching file fs/hpfs/buffer.c

patching file fs/hpfs/hpfs_fn.h

patching file fs/hpfs/super.c

patching file fs/inode.c

patching file fs/ioprio.c

patching file fs/jbd/transaction.c
patching file fs/jbd2/transaction.c
patching file fs/namespace.c

patching file fs/nilfs2/mdt.c

patching file fs/ntfs/aops.c

patching file fs/ntfs/file.c

patching file fs/ocfs2/aops.c

patching file fs/ocfs2/file.c

patching file fs/pipe.c

patching file fs/proc/array.c

patching file fs/proc/stat.c

patching file fs/proc/task mmu.c
patching file fs/reiserfs/xattr.c

patching file fs/smbfs/inode.c

patching file fs/xfs/linux-2.6/mrlock.h
patching file fs/xfs/linux-2.6/xfs_buf.c
patching file fs/xfs/linux-2.6/xfs_buf.h
patching file fs/xfs/xfs_alloc.c

patching file fs/xfs/xfs bmap.c

patching file fs/xfs/xfs filestream.c
patching file fs/xfs/xfs_fsops.c

patching file fs/xfs/xfs ialloc.c

patching file fs/xfs/xfs_itable.c

patching file fs/xfs/xfs mount.c
patching file fs/xfs/xfs mount.h
patching file include/acpi/acpiosxf.h
patching file include/asm-generic/bug.h
patching file include/asm-generic/cmpxchg-local.h
patching file include/asm-generic/percpu.h
patching file include/asm-generic/tlb.h
patching file include/asm-generic/vmlinux.lds.h
patching file include/linux/bottom_half.h
patching file include/linux/buffer head.h
patching file include/linux/console.h
patching file include/linux/device.h
patching file include/linux/fs.h

patching file include/linux/ftrace event.h
patching file include/linux/hardirq.h
patching file include/linux/hrtimer.h
patching file include/linux/init _task.h
patching file include/linux/interrupt.h
patching file include/linux/irq.h

- 52/65 -



Conception détaillée des portages PREEMPT-RT/Microblaze

patching file include/linux/jbd.h

patching file include/linux/jbd2.h

patching file include/linux/kernel.h
patching file include/linux/kernel_stat.h
patching file include/linux/kprobes.h
patching file include/linux/list.h

patching file include/linux/lockdep.h
patching file include/linux/mm.h

patching file include/linux/mm_ types.h
patching file include/linux/module.h
patching file include/linux/mutex.h
patching file include/linux/netdevice.h
patching file include/linux/netfilter/x tables.h
patching file include/linux/netpoll.h
patching file include/linux/oprofile.h
patching file include/linux/page cgroup.h
patching file include/linux/pagevec.h
patching file include/linux/parport.h
patching file include/linux/percpu-defs.h
patching file include/linux/percpu.h
patching file include/linux/percpu_counter.h
patching file include/linux/perf counter.h
patching file include/linux/plist.h

patching file include/linux/preempt.h
patching file include/linux/profile.h
patching file include/linux/proportions.h
patching file include/linux/quicklist.h
patching file include/linux/radix-tree.h
patching file include/linux/ring_buffer.h
patching file include/linux/rt lock.h
patching file include/linux/rtmutex.h
patching file include/linux/rwlock.h
patching file include/linux/rwlock types.h
patching file include/linux/rwsem-spinlock.h
patching file include/linux/rwsem.h
patching file include/linux/sched.h

patching file include/linux/semaphore.h
patching file include/linux/seqlock.h
patching file include/linux/signal.h
patching file include/linux/skbuff.h
patching file include/linux/smb_fs sb.h
patching file include/linux/smp.h

patching file include/linux/smp_lock.h
patching file include/linux/spinlock.h
patching file include/linux/spinlock api smp.h
patching file include/linux/spinlock api up.h
patching file include/linux/spinlock types.h
patching file include/linux/srcu.h

patching file include/linux/syscalls.h
patching file include/linux/time.h

patching file include/linux/timer.h

patching file include/linux/timex.h
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patching file include/linux/topology.h
patching file include/linux/tracepoint.h
patching file include/linux/tty.h

patching file include/linux/uaccess.h
patching file include/linux/usb.h
patching file include/linux/vmstat.h
patching file include/linux/workqueue.h
patching file include/net/bluetooth/hci_core.h
patching file include/trace/define trace.h
patching file include/trace/events/block.h
patching file include/trace/events/hist.h
patching file include/trace/events/latency hist.h
patching file include/trace/events/module.h
patching file include/trace/events/sched.h
patching file include/trace/events/syscalls.h
patching file include/trace/ftrace.h
patching file include/trace/syscall.h
patching file init/Kconfig

patching file init/Makefile

patching file init/main.c

patching file ipc/mqueue.c

patching file ipc/msg.c

patching file ipc/sem.c

patching file kernel/Kconfig.preempt
patching file kernel/Makefile

patching file kernel/audit.c

patching file kernel/capability.c

patching file kernel/cgroup.c

patching file kernel/exit.c

patching file kernel/fork.c

patching file kernel/futex.c

patching file kernel/futex compat.c
patching file kernel/hrtimer.c

patching file kernel/irg/autoprobe.c
patching file kernel/irq/chip.c

patching file kernel/irg/handle.c

patching file kernel/irq/internals.h
patching file kernel/irg/manage.c
patching file kernel/irg/migration.c
patching file kernel/irg/numa_migrate.c
patching file kernel/irq/pm.c

patching file kernel/irq/proc.c

patching file kernel/irq/spurious.c
patching file kernel/itimer.c

patching file kernel/kmod.c

patching file kernel/kprobes.c

patching file kernel/latencytop.c
patching file kernel/lock-internals.h
patching file kernel/lockdep.c

patching file kernel/module.c

patching file kernel/mutex-debug.h
patching file kernel/mutex.c
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patching file kernel/notifier.c

patching file kernel/perf counter.c
patching file kernel/posix-cpu-timers.c
patching file kernel/posix-timers.c
patching file kernel/printk.c

patching file kernel/rcupreempt.c
patching file kernel/rcutorture.c
patching file kernel/relay.c

patching file kernel/res_counter.c
patching file kernel/rt.c

patching file kernel/rtmutex-debug.c
patching file kernel/rtmutex-debug.h
patching file kernel/rtmutex.c

patching file kernel/rtmutex common.h
patching file kernel/rwlock.c

patching file kernel/rwsem.c

patching file kernel/sched.c

patching file kernel/sched cpupri.c
patching file kernel/sched cpupri.h
patching file kernel/sched debug.c
patching file kernel/sched_fair.c
patching file kernel/sched idletask.c
patching file kernel/sched rt.c
patching file kernel/sched_stats.h
patching file kernel/semaphore.c
patching file kernel/signal.c

patching file kernel/smp.c

patching file kernel/softirq.c

patching file kernel/softlockup.c
patching file kernel/spinlock.c
patching file kernel/srcu.c

patching file kernel/stop_machine.c
patching file kernel/sys.c

patching file kernel/sysctl.c

patching file kernel/time.c

patching file kernel/time/clockevents.c
patching file kernel/time/clocksource.c
patching file kernel/time/ntp.c
patching file kernel/time/tick-broadcast.c
patching file kernel/time/tick-common.c
patching file kernel/time/tick-internal.h
patching file kernel/time/tick-sched.c
patching file kernel/time/timekeeping.c
patching file kernel/time/timer _list.c
patching file kernel/time/timer_stats.c
patching file kernel/timer.c

patching file kernel/trace/Kconfig
patching file kernel/trace/Makefile
patching file kernel/trace/blktrace.c
patching file kernel/trace/ftrace.c
patching file kernel/trace/kmemtrace.c
patching file kernel/trace/latency hist.c
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patching file kernel/trace/ring_buffer.c
patching file kernel/trace/trace.c

patching file kernel/trace/trace.h

patching file kernel/trace/trace boot.c
patching file kernel/trace/trace entries.h
patching file kernel/trace/trace event profile.c
patching file kernel/trace/trace_event types.h
patching file kernel/trace/trace _events.c
patching file kernel/trace/trace events filter.c
patching file kernel/trace/trace export.c
patching file kernel/trace/trace functions.c
patching file kernel/trace/trace functions graph.c
patching file kernel/trace/trace _irqsoff.c
patching file kernel/trace/trace_mmiotrace.c
patching file kernel/trace/trace output.c
patching file kernel/trace/trace output.h
patching file kernel/trace/trace power.c
patching file kernel/trace/trace sched switch.c
patching file kernel/trace/trace_sched wakeup.c
patching file kernel/trace/trace_selftest.c
patching file kernel/trace/trace stack.c
patching file kernel/trace/trace stat.c
patching file kernel/trace/trace stat.h
patching file kernel/trace/trace syscalls.c
patching file kernel/trace/trace_workqueue.c
patching file kernel/tracepoint.c

patching file kernel/user.c

patching file kernel/workqueue.c

patching file lib/Kconfig

patching file lib/Kconfig.debug

patching file lib/Makefile

patching file lib/debugobjects.c

patching file lib/dec_and lock.c

patching file lib/kernel lock.c

patching file lib/locking-selftest.c

patching file lib/percpu_counter.c

patching file lib/plist.c

patching file lib/proportions.c

patching file lib/radix-tree.c

patching file lib/ratelimit.c

patching file lib/rwsem-spinlock.c

patching file lib/rwsem.c

patching file lib/scatterlist.c

patching file lib/spinlock debug.c

patching file mm/bounce.c

patching file mm/filemap.c

patching file mm/highmem.c

patching file mm/memcontrol.c

patching file mm/memory.c

patching file mm/mmap.c

patching file mm/oom_Kkill.c

patching file mm/page alloc.c
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patching file mm/page cgroup.c

patching file mm/quicklist.c

patching file mm/slab.c

patching file mm/swap.c

patching file mm/vmscan.c

patching file mm/vmstat.c

patching file net/bluetooth/hci core.c
patching file net/core/dev.c

patching file net/core/flow.c

patching file net/core/netpoll.c

patching file net/core/skbuff.c

patching file net/core/sock.c

patching file net/ipv4/icmp.c

patching file net/ipv4/netfilter/arp_tables.c
patching file net/ipv4/netfilter/ip tables.c
patching file net/ipv4/route.c

patching file net/ipv4/tcp.c

patching file net/ipv6/netfilter/ip6_tables.c
patching file net/netfilter/core.c

patching file net/netlink/af netlink.c
patching file net/sched/sch_generic.c
patching file scripts/Kbuild.include
patching file scripts/checkpatch.pl
patching file scripts/mkcompile h
patching file scripts/recordmcount.pl
patching file security/keys/permission.c
patching file security/keys/proc.c

patching file sound/drivers/pcsp/pcsp.h
patching file sound/drivers/pcsp/pesp_input.c
patching file sound/drivers/pcsp/pcsp _lib.c
patching file sound/soc/s3c24xx/s3¢2443-ac97.c
patching file tools/perf/util/parse-events.c
patching file virt/kvm/kvm_main.c

8.2. Liste des fichiers spécifiques modifiés
microblaze

patching file arch/microblaze/include/asm/prom.h
patching file arch/microblaze/kernel/entry.S
patching file arch/microblaze/kernel/exceptions.c
patching file arch/microblaze/kernel/process.c
patching file arch/microblaze/kernel/prom.c
patching file arch/microblaze/kernel/signal.c
patching file arch/microblaze/mm/fault.c
patching file drivers/gpio/gpiolib.c

patching file drivers/gpio/xilinx_gpio.c

patching file drivers/i2c/algos/xilinx_iic/i2¢c-algo-xilinx.c
patching file drivers/i2c/i2c-dev.c

patching file drivers/net/xilinx _emaclite.c
patching file drivers/serial/uartlite.c

patching file drivers/spi/spi_bitbang.c

pour

I’architecture
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patching file include/asm-generic/bitops/atomic.h
patching file kernel/futex.c

patching file kernel/perf counter.c

patching file kernel/time/clockevents.c

patching file Makefile
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9. ANNEXE 2 : SHELL SCRIPT GOPERF-ML403

#!/bin/sh

i=1
hb=1

while [ $1 -le 20 ]

do
echo "Run #$i..."
./cyclictest -n -p 99 -1 10000 -v > $i.log &
sleep 5
echo "hackbench S$hb..."
./hackbench $hb
sleep 5
killall cyclictest
i="expr $1 + 1°
done
Usage :

Lancement de cyclictest en mode fichier de traces avec un intervalle de 10000 ps (10 ms) a la
priorit¢ SCHED FIFO de 99. Pas de charge CPU pendant les 5 premiéres secondes, puis lancement
du bench hackbench pour un groupe de 20 processus pour la charge CPU. A la fin de I’exécution de
hackbench, pas de charge CPU pendant 5 secondes avant de recommencer 20 fois en tout :

$ ./goperf-ml1403
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10. ANNEXE 3 : SHELL SCRIPT GOTRAITE

#!/bin/sh
for i in brut/*.log; do

echo $i

\cp $i cyclicdata.log

./golatency

cp latency.pbm brut/lat-"basename $i log pbm

./gohist
cp histo.pbm brut/histo-'basename $i log pbm
done
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11. ANNEXE 4 : SHELL SCRIPT GOLATENCY

#!/bin/bash
defaultcyclicdata=cyclicdata

cyclicdata=$1

if test -z "Scyclicdata"

then
cyclicdata=$defaultcyclicdata

fi

plot=latency.pbm

echo "Creating latency plots (may take a while)..."
#./make hist.sh -i ${cyclicdata}.log 1>/dev/null 2>/dev/null
./make hist.sh -i ${cyclicdata}.log

latency=S{cyclicdata} plot thread0.log

echo -e "set title \"Latency distribution according sample
number\"\n\

set terminal pbm color\n\

set xlabel \"Sample number\"\n\

#set logscale x\n\

#set logscale y\n\

set xrange [1l:*]\n\

set yrange [1:*]\n\

set ylabel \"Latency in usecs\"\n\

set output \"Splot\"\n\

plot \"S$latency\" notitle " | gnuplot -persist

#display S$plot
#gimp Splot
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12. ANNEXE 5 : SHELL SCRIPT GOHISTO

#!/bin/bash
defaultcyclicdata=cyclicdata.log

cyclicdata=$1

if test -z "Scyclicdata"

then
cyclicdata=$defaultcyclicdata

fi

latencydata=latencydata
maxlatencydata=maxlatencydata
plot=histo.pbm

#echo S$cyclicdata
echo "Creating histo plots (may take a while)..."

cat S$cyclicdata | cut -d: -f3 | sort -n | unig -c¢ | sed 's/"[ ]
*x//g' > latencydata

MAXIMUM COUNT="cat Slatencydata | awk '{print $1}' | sort -n -u |
tail -1°

MAXIMUM="tail -1 S$latencydata | awk '{print $2}'"
echo MAXIMUM=S$MAXIMUM

if [ -z "S$S(head -1 S$latencydata | awk '{print $2}')" ]
then

sed --in-place 'ld' $latencydata
fi

let YRANGE=$MAXIMUM_COUNT+$MAXIMUM_COUNT/2
echo -e $YRANGE\\t$MAXIMUM >$maxlatencydata

echo -e "set title \"Histogram Latency\"\n\
set terminal pbm color\n\

set xlabel \"Max. latency SMAXIMUM usecs\"\n\
set logscale x\n\

set xrange [1l:*]\n\

set yrange [0:$YRANGE]\n\

set ylabel \"Number of data samples\"\n\

set output \"$plot\"\n\

plot \"S$latencydata\" using 2:1 notitle with
histeps, \"Smaxlatencydata\" using 2:1 notitle with boxes" |
gnuplot -persist
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13. ANNEXE 6 : SHELL SCRIPT MAKE_ HIST.SH

#!/bin/bash

#

# Copyright (C) 2006,2007 Luotao Fu, Pengutronix
(Lfu@pengutronix.de)

#

# parse the output file of cyclictest in debug mode in plottable
histogramm

# files, single files are automatically created on detecting new
threads.

#
# This program is free software; you can redistribute it and/or
modify

# 1t under the terms of the GNU General Public License version 2
as

# published by the Free Software Foundation;

#

# Software distributed under the License is distributed on an "AS
# IS" basis, WITHOUT WARRANTY OF ANY KIND, either express or

# 1mplied. See the License for the specific language governing

# rights and limitations under the License.

set -e

args=S$ (getopt 1i: $¥)

if [ $2 -ne 0 ] || [ $# -eq O ];then
echo "Usage: $ (basename $0) -i inputfile"
exit 1

fi

for 1 in $args; do
case "S$i" in
-1) shift;logfile name=$ (basename $1);;
esac

done

logfile name prefix=$(echo $logfile name | cut -d . -f 1)
step dist=2
thread sum=0

step counter=0

IFS_BUF=$IFS
TFS="$TFS:"

echo -n "splitting single thread logs"
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while read thread nr loop count m result ;do
echo "S${loop count} ${m result}" >> §

{logfile name prefix} plot thread${thread nr}".log"
#determine thread summary and search for min, max
if [ ${loop count} -eqg O ];then

# if [ ! $thread nr ] || [ ! $loop count ] || [ !
$m_result ];then
# echo "parsing failed, check your input file"
# exit 1
# fi
(( thread sum++ ))
if [ -e ${logfile name prefix} plot thread${thread nr}".log" ]
; then

rm ${logfile name prefix} plot thread${thread nr}".log"

fi

elif [ $loop_count -eqg 1 ];then

max [thread nr]=${m result}

min[thread nr]=${m result}

else

if [ ${m result} -gt S${max[thread nr]} ];then
max[thread_nr]=${m_result}

elif [ ${m result} -1t S${min[thread nr]} ];then
min[thread nr]=${m result}

fi

fi

#now try to collect histogram data

if [ $loop count -ne 0 ];then

hist index=$(( ${m result}/S${step dist} ))
tmp name=hist data S${thread nr}[$hist index]
tmp val=${!tmp name}

(( tmp_val++ ))
eval S${tmp name}=${tmp val}
fi

fwe'd give the user some lifesign every 5000 lines
if [ $(( ${loop count} / 5000 )) -ge $step counter ]; then
echo -n "."
(( step _counter++ ))
fi
done < $1
echo done

# PK
# Histogramme fait avec autre script

#

exit

echo -n "making histogram files"
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for

then

((thr co=0; thr co < thread sum - 1; thr co++)); do

echo -n "."

hist array=hist data ${thr co} [@Q]

hist index=0;

if [ -e ${logfile_name_prefix}_hist_thread${thr_co}".log" 1;

rm ${logfile name prefix} hist thread${thr co}".log"
fi

#hist index max=$(( ${max[Sthr col}/S${step dist} ))
hist index max=$ ((${max[$thr col}/${step dist}))

for ((i=0; 1 < ${hist index max} ; i++)); do
var pnt=hist data S{thr co}[${i}]
index value=$ ((${i} * S${step dist} + ${min[S{thr co}]l}))
if [ ! -z ${!var pnt} ]; then
echo "S$index value ${!var pnt}" >> S

{logfile name prefix} hist thread${thr co}".log"

fi
done

done

echo done

IFS=$IFS BUF
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