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Summary
Hardware
Target processor NIOS 11
Vendor Altera
Synthesis tools Quartus II version 9.0 at least
Target board example Altera Stratix 1S10
Software versions used in this guide
Linux distribution Fedora 12
Linux version for NIOS II uClinux 2.6.30
Cross compiler for NIOS 11 3.4.6
ipipe patch version for NIOS II adeos-ipipe-2.6.30-nios2-1.1-00.patch
Xenomai version 2.5.2
Document version:
Date Version | Comments
11/16/2009 | 1.0 Initial version
01/10/2010 | 1.1 Updated to Xenomai 2.5.0. Text corrections
04/01/2010 | 1.2 Updated to Xenomai 2.5.2. Text corrections. Adding design rule on timer
creation
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1. INTRODUCTION

This guide explains how to set-up your SoPC (System on Programmable Chip) design for running
Xenomai. Altera's Stratix 1S10 board is the reference target throughout the document. However, the

contents of this guide should be applicable to similar hardware as well.
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2.  THE ALTERA NIOS II SOFTCORE PROCESSOR

The NIOS II processor (second generation of the NIOS processor) is a RISC softcore processor with
a Harvard architecture. It has up to 6 pipeline stages and has a 32-bit data bus.
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Figure 1: NIOS II processor architecture
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The following table resumes its main characteristics:

NIOS II Processor
RISC architecture

32-bit instructions
32 32-bit general registers
32 IRQs

Instruction and data caches

Custom instructions

Figure 2: Main characteristics of the NIOS II processor

During the configuration of the NIOS II processor with the SOPC Builder tool, you can choose
between three versions for the processor:

* The Economy version that uses less silicon area on the FPGA circuit.

* The Standard version that allows a good compromise between area and speed.

» The Fast version is the fastest (in frequency) version.

NIOS 11 /£ NIOS 11 /s NIOS 11 /e
Pipeline 6 levels 5 levels No
HW Multiplication | 1 Cycle 3 Cycles By SW
Branch Prediction Dynamic Static No
Instruction Cache Configurable | Configurable | No
Data Cache Configurable | No No
Custom Instructions Up to 256

Figure 3: The different versions of the NIOS II processor

The following figure shows the performances in DMIPS (Dhrystone Million Instructions per
Second) and the used area in Altera Logic Elements for different versions of the NIOS II processor
on different families of Altera FPGA circuits (Stratix, Stratix II, Cyclone, Cyclone II ...).
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Figure 4: NIOS II processor performances

When you build your SoPC system with the SOPC Builder tool, it is possible to include various
devices using the Altera Avalon bus:

*  Memory.

e Timer.

* UART serial line.

* LCD screen.

* GPIO.

* Ethernet interface.

* CompactFlash interface.

 JTAG.
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Figure 5: Altera Avalon bus
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3. HARDWARE CONFIGURATION: A STEP BY STEP GUIDE

3.1. The target board used as an example
For this tutorial, we have chosen a development board from Altera: the Stratix 1S10 board.
i U U |I

oM BCE
A-451F

CRETEL A T |

Figure 6: Altera Stratix 1S10 target board

The Stratix 1S10 board has the following features:

* A Stratix EPISI0OF780C6 device.

* 8 Mbytes of flash memory.

e 1 Mbyte of static RAM.

e 16 Mbytes of SDRAM.

* On board logic for configuring the Stratix device from flash memory.
* On-board Ethernet MAC/PHY device.

» Two 5-V-tolerant expansion/prototype headers each with access to 41 Stratix user I/O pins.
* CompactFlash connector header for Type I CompactFlash (CF) cards.
*  Mictor connector for hardware and software debug.

*  Two RS-232 DB9 serial ports.

* Four push-button switches connected to Stratix user I/O pins.

* Eight leds connected to Stratix user I/O pins.
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* Dual 7-segment LED display.

* JTAG connectors to Altera devices via Altera download cables.
* 50 MHz oscillator and zero-skew clock distribution circuitry.

* Power-on reset circuitry.

3.2. Building the SoPC system

You have to use the Altera Quartus II tool for building the SoPC system compatible with the
Xenomai port. The FPGA synthesis process builds a .sof file, which will be usable in turn for
programming the FPGA circuit on the target board with the JTAG module.

1. Reference design

The Quartus Il reference design for embedded Linux with or without real-time extension has been
built from the standard reference design provided by Altera for the Stratix 1S10 board.

This standard reference design is generally provided for all Altera boards and is a good start for
using Embedded Linux.

The following figure shows the standard reference design for the Stratix 1S10 target board:
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Figure 7: standard reference design for the Altera Stratix 1S10 target board
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Modify this reference design with the SoPC Builder tool.

The three following figures show the new SoPC configuration. New timers have been introduced in
the design for compatibility with the Xenomai port for the NIOS II processor.

1 Altera SOPC Builder - std_1s10.sopc pdesign,: i_v3 a2 i_q9.0_v3.0\std_1s10.50pC) [EX SN 2]
File Edit Module System “Wiew Tools Mozl Help
iSystem Corterts | System Generation |
T " Clock 1
i | Component Library ) .
e @ Mioz Il Processar LR Gl m | Matme Source hiHz | [ Add -]
[+-Bridges and Adapters clk External 50,0 A
[#-Interface Protocols sys_clk pll.c0 s0.0
+-Legacy Components sdram clk out pll.e0 500 X
[#-Memories and Memary Contral
=J-Peripherals
# Debug and Performance [ Use | connec... || Module Hame Description Clock RQ | Base Endl
= Display E cpu Mios Il Processar A
+-FPGA Periphersls —< instruction_master Avalon Memaory Mapped Master sys_clk
licrocontroller Periphersals —< data_master Avalon Memory Mapped Master S Img o0 IRg =1
Interyal Timer jtan_debug_moduls :¢alon Memory Mapped Slave 000810000 |0x008107££
FIO (Parallel 110 B ext_ram_bus Avvalon-bi Tristate Bricge
+-Multiprocessor Coordinatic avalon_slave Awalon Memory Mapped Slave sys_clk
E-PLL tristate_master malon Memory Mapped Tristate Master
E-USB B ext_flash Flash Memory Interface (CFI)
+-ideo and Image Processing =1 Avalon Memary Mapped Tristate Slave  |sys_clk 0x:00000000 |[0x007£EEEE
B ext_ram IDT7 1416 SRAM sys_clk
=1 Avalon Memory Mapped Tristate Slave 002000000 0x0Z0£fE£E
B onchip_ram_64_kbyt... On-Chip Memary (RAM or ROM)
=1 Avalon Memory Mapped Slave sys_clk 002100000 |0x0210£F£F
B hrtimer Irterval Timer
‘ » &1 Awalon Memory Mapped Slave sys_clk :E 0x00810860 |0Ox0081087f
I hrelock Interval Timer sys_clk 000810900 |0x0081093f e
“ »
3
L ]
[ .. F S v || x [ Acldress Map.. Filters... | Fiter: Detaut

o, Warning: onchip_ram_64_kbytes: This memary is not infislized during device programiming
o, Warning: reconfig_request_pio: PIO inputs are nat harcwired in test bench. Undefined values will be read from PIO inputs during simulation
@ Info: ext_flash: Flash memory capacity: 8,0 MBytes (8388608 bytes).

- Help | 4 Mext [ Generate |
(P )
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r
i Aftera SOPC Builder - std_1s10.sopc P igl i_v3 d i_09.0_vi.0\std_1s10.50pc)

File Edit Module System “iew Tools Mozl Help

i System Cortent:

System Generation |

Tarys Clock Seth
J:,_] Component Library ]
@ Mios | Processar Detlcehanty m [ Mame Source MHz | Add ]
[=-Bridges and Adapters clk External 50,0 -
[#-Interface Protocols _clk pll.c0 s0.0
+-Legacy Components sdram clk out pll.ed 500 !
[+-Memoties and Memary Control
= --Pt_aripharals
* Debug and Performance | Use | Connec.. | Module Mame Description Clock IRGQ | Base End
-Display B hrtimer Interval Timer £
+-FP3A Peripherals P 51 Ayalon Memory Mapped Skave sys_clk 0x00810860 |0x0051087£
Microcortrolier Peripherals [~——| @ hrclock Interval Timer sys_clk 000810900 |0x008103%E
¢ Irterval Timer B sys_clk_timer Irterval Timer
i + PIO (Paraliel 110) o =1 Avalon Memary Mapped Slave sys_clk 000810800 |0x0081081¢
+ Muttiprocessor Coordinatic B jtag_uart TAG UART
E-PLL R avalon_ftag_slave avalon Memary Mapped Slave sys_clk 000810820 |0x00S108Z7
E-USB B uart1 LART (RS-232 Serial Port)
+-Wideo and Image Processing s =1 #avalon Memary Mapped Slave sys_clk 000810840 |0x00B1035E
E button_pio PIC (Parallel 10
[ 51 Avalon Memory Mapped Slave: sys_clk 000810830 [0x00581083£
B led_pio PIC (Parallel 110)
e &1 Ayalon Memory Mapped Slave sys_clk 0:x00810880 |0x0081082f
; " el B sewven_seg_pio PIC (Parallel 170) Ted_pio.sl
s Avalon Memory Mapped Slave Avalon Memary Mapped Slave [avalon_slave 9,01 F9%2£
Tl F _reconfia reauest pio IO (Parallel 1101 T T 1 T b

l e = e v - 4 [ Address Map.. Filters... Filter; Detallt

., Warning: onchip_ram_64_kbytes: This memary iz not infialized during device programming.

., Warning: reconfig_request_pio: PIO inputs are not hardwired in test bench. Undefined values will be read from PIO inputs during simulation.
@ Info: ext_flash: Flash memory capacity: 5,0 MBytes (8388608 bytes)

Help L ) Mext [» Generate |
) (e |

r

- 2
¥ Altera SOPC Builder - std_1s10.s0pc pidesign_s i_v3 a2 i_q9.0_v3.0\std_1s10.50pc) (SRR
File Edit Module System “Wiew Tools Mozl Help

i Bystem Corterts || System Generation |
| Companent Library . .
@ Mioz Il Proceszor el @ Source hiHz | Add ]
=-Bridges and Adspters External 50,0 M
+-Intetface Protocols sys_clk pll.c0 50,0
F-Legacy Componerts sdram clk out pll.ed s0.0 it
[#-Memories and Memory Control
[=-Peripherals
* Debug and Performance Connec... || Module Kame Description Clock IRGQ | Base End
— -Display E seven_seg_pio PIC (Parallel /0] -
FPGA Peripherals [—— =1 Axalon Memory Mapped Slave sys_clk 0x00810890 0x0081085f
Microcontroller Peripheralz & reconfig_request_pio |PIO (Parallel 1/0)
» Interval Timer o =1 Avalon Memory Mapped Slave sys_clk 0x008108a0 0x008102af
H » PIO (Paraliel 0y 3 sdram SDRAM Controller
+-Multiprocessor Coordinatic =1 Axvalon Memory Mapped Slave sys_clk 0x01000000 OxO1ffffff
+-PLL 3 sysid System ID Peripheral
=-USB s et cortrol_slave Avalon Memory Mapped Slave sys_clk 000810828 |0x0081032Z£
+-%ideo and Image Processing 2 pll PLL
e el =1 Avalon Memory Mapped Slave clk 0x008108c0 |0x000108df
B led_display Character LD
M cortrol_slave #valon Memory Mapped Slave sys_clk 03008108b0 |0x008103bE
3 lan91c111_0 LAMITC111 Interface
Sy =1 Avalon Memory Mapped Tristate Slave  |sys_elk 0x00800000 |0Ox0000EE£E
. ’ B uvart_d UART (RS-232 Serisl Port)
—_— =1 Avalon Memory Mapped Slave sys_clk 0x008108e0 |0x008108ff -
“ »
3
L ]
[ hew.. x (| a v | = [ Acldress Map Fiers... | Fifler: Defaul

&, Warning: onchip_ram_64_kbytes: Thiz memory iz not intialized during device programming.
\, Warning: reconfig_request_pio: PIQ inputs are nat hardwired in test bench. Undefined values will be read from PIO inputs during simulation.
@ Info: ext_flash: Flash memary capacity: 80 MBytes (5338603 bytes).

Help 4 Mext |» Generate |
T [

Figures 8: Creation of new peripherals in the SOPC system
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The main points to respect are:

* Peripheral name.

* IRQ attributions.

*  Memory mapping for each peripheral.

It is very important to respect these rules in order to use the Xenomai port for NIOS II. All IRQ
numbers must be different from 0 (Linux auto detection).

Peripheral Type Peripheral Name IRQ) Number Used by
32-bit Timer hrtimer 1* Xenomai
64-bit Timer hrclock 2% Xenomai
32-bit Timer sys_clk timer 3 * Linux

Figure 9: IRQ attribution to the timers in the SoPC system

*: the IRQ number is not important according to the IRQ priority (just one priority in the NIOS II
processor).

2. Memory mapping

The SoPC memory mapping must have no memory mapping overlapping.
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= Altera St

File Edit Module

System Corterts | System Generation

r_j Component Library

- @ Mioz | Processor
+|-Bridges and Adapters
rterface Protocols
egacy Components

etipherals

izplay

+, Warning: onchip_ram_64_kb
0 Warning: reconfig_request_|

@ Info: ext_flash: Flash memoty|_

uilder - std_1s10.sopc (D:dmpidesign mai_v3standard ai_g9.0_v3.0\std_1s1l.s0pc)
System  Wiew  Toolz  Miosll Help
Target lock Settings
Device Family:| Stratix Y| i e | . | Al
= Address Map -
| cpu.instruction_master cpu data_master -
emaries and Memary Cantr pll.=1 0x00810820 - 0Ox0081084f
cpujtag_debug_module | 0x00210000 - 0x00S107££ |[0x00S10000 - Ox00S107ff
ebuy and Performance  Sxd_ram_bus svalon_slave inze |_End
ext_flash.g1 Ox00000000 - O0x007f£££f |[0x00000000 - Ox007ff££f _—A
PGA Petipherals ext_ram.s1 0x02000000 - Ox0ZOfffff [0x0Z000000 - OxOZOEffff
icrocartraller Periphers  Onchip_ram_64_kbytes.s1 0x02100000 - Ox0Z10£f£f |0x02100000 - 0x0Z1O0ffif Im o &
Irterval Timer ays_clk_timer 21 0x00810800 - Ox00S1081f 0300810000 02008107 £
5 FIO (Parallel 10y Rtao_uart.avalon_fag_slave 0x00510520 - Ox00810527
F-Muttiprocessor Coordingt uartl =1 0x002810840 - 0Ox0081085£
hrclock =1 0x00210300 - Ox0081093f
button_pio.=1 0x00210230 - Ox0021023f
iden and Image Processing led_pio =1 0x00810880 - 0Ox0081088f 0300000000 |0%007££€£
Feven_sed_pio.s1 0x00810890 - 0Ox00S1089f
reconfig_request_pio.s1 0x008108a0 - 0Ox00S510S8af 0302000000 |0x0Z0fEEE
sdram.s1 0x01000000 - Ox0lfff£f£ff [0x01000000 - Ox0lffffff
sysid.control_slave 0x008108258 - 0x0081052f 002100000 |0%0210£¢€¢
lcd_display .contral_slave 0x005108b0 - Ox00S108hf{
lan31c111_0.s1 0x00200000 - 0x0080£££f |[0x00200000 - Ox0020ffff 0300810860 |0x0051057
uart_0.31 0x008108=0 - Ox00S108£f 0300210900 |0x00S109% ~
hrtimer.z1 0x002810850 - 0Ox0051087f£ »
4 [ Mext |» l [ Generate ]

Figure 10: Memory mapping for the SoPC system (example)

3. NIOS II processor configuration

The NIOS II processor is configured at least in its standard version:
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0 1 Hios Il Processor - cpu 7]
File Edit
e Nios II Processor
1 com
e ik
e Y
i Caches and Memory: Inker /‘ Advanced Features  »  MMU and MPU Settings JTAG Debug Mo
Select a Nios Il core:
ONios Ilfe |®Nios Iifs ONios IIff I
. RISC RISC RISC _
Nios Il 32-bit 32-hit 32kt 1
Selector Guide Instruction Cache Instruction Cache
Family: Stratix Branch Prediction Branch Prediction T
Hardware Multiply Hardware hultiply 2107f
fsystem: 30,0 MHz Hardware Divide Harchweare Divide
o Barrel Shifter
£RuS: U Data Cache
LSE Dynamic Branch Prediction
Performance &t 50,0 MHz Up to § DMIPS Up to 32 DhIPS Lp to 57 DMIPS
Logic Usage £00-700 LEs 1200-1400 LEs 14001300 LEs izesiles
Memory Usage Twwo M4Ks (or eguiv.) Twvo Mdks + cache Three Madks + cache e
Hardtware Multiply: | psp Block [=| COHardware Divide e
‘ 21087
Reset Vector: Memarsy: [ex‘t_flash E]Offset |DxD |DXDDDDDDDD o
Exception Wector: Memory: [sdram B Offzet: |gx20 |gxg1 000020 ’

Cnly include the Ml when using an operating system that explicitly supports an Ml
Fast TLE Miss Exception Yectar:  Memory: E]Offset |

&, Wiarnin
0, Warnin

@ Info: ex

Figure 11: NIOS II processor configuration in its standard version

The instruction and data caches are enabled:
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] a Nios Il Processor - cpu @
File Edit I

e Nios II Processor

ocurnentation

1 Comg

,
> MMU and MPU Settings

-Caches and Memaory Interfaces

rinstruction Master- 7 rData aster

Instruction Cache: |4 woyptes n Data Cache: | 5 ypytes . o—
[ Enhle Bursts (Burst Size: 32 bytes) Help Data Cache Line Size: . B -
I

Help
|:| Include tightly coupled instruction master port(s). 2107f
By i :I:] 1 |
H-FLL 2
-USE
e jetes
Offff
10£££
) 21027
81093 ~
L]
3
Tlenny..
&, Warnin
(0 Warnin
@ Info: ex

Figure 12: Data and instruction cache configuration

MMU or MPU circuits are disabled (new functionalities appeared with the Quartus II version 8).

In consequence, you have to use the no-MMU Linux version (uClinux for NIOS II) with the NIOS
I processor with or without Xenomai enabled...
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3 o ‘Hios Il Processor - cpu @
File Edit

[Syetem Con Nios II Processor

Documentation

J‘Q Comg
@ N
~Bridgy

E
E-tert g dvanced Feature
[
[

-Lega
et |:| Include cpu_resetrequest and cpu_resettaken signals

These signals appear on the top-level SOPC Builder system.
Wou tust manually connect these signals to logic external to the SOPC Builder system. -

|:| Azzign cpuid control register value manually

|
cpuid control register value: l:l 8107 f‘

Exception Checking
D llegal instruction (alvways present with MU and MPLY
[#-Widec DEEEE
Dffff
10fft
+ (— 51087
81093 ¥

o \Warnin

S0, Warnin

@ Info: e

n A= ‘Hios Il Processor - cpu @
File Ecit

[Systom Con Nios II Processor

J‘Q Comg
@ N

[+-Bridg )

BEHntert LU and MPL Setting

[#-Leoa

[)-Meme rhihd L

Process D (PD)BES: 1ngs || —

TLE Set-Associativity: |15 Viays
Wicro DTLB Ertries .
- idet Micro TLB Ertries: (4 Ertries [ 2321

rhPLU Dffff

|
TLE Entries: 128 Ertries 2107 fi

10ff£

81087

4
St Mumber of Data Regions: Mutmber of Instruction Regions:
: 2 s1052 -
bfinimum Data Region Size: | 4 Khytes | hfinimum Instruction Region Size: | 4 Kbytes | ¥

o, Warnin
S0, WaErnin

@ Info: e

Figures 13: MMU and MPU circuit configuration

- 17/31 -




Xenomai on NIOS II Softcore Processor: a step by step Guide

Enable the JTAG (level 1) for debugging:

il'} = Hios Il Processor - cpu 2]
File Edt

e Nios II Processor )
,
—tx 7 .
Aol
- oy > \
Core Nios 11 Cach e b » Advanced Features >  MMU and MPL Settings m Instruckions
JTAG Dehbug Module
Select a debugging level:
() No Debugger “ (® Level 1 CiLevel 2 1 CiLevel 3 ] CiLevel 4
JTAG Target Connection JTAG Target Connection JTAG Target Connection JTAG Target Connection
Download Software Dovvnload Software Dowenload Software Dovvnload Software - Y
Software Breakpoints  Software Breakpoints Software Breakpoints Software Breakpoints
2 Hardware Breakpoints 2 Hardvware Ereakpointz 4 Hardware Breakpoints
2 Data Triggers 2 Data Triggers 4 Data Triggers +
Instruction Trace Instruction Trace 8l07f
Data Trace
On-Chip Trace On-Chip Trace
Off-Chip Trace
Mo LEs 500-400 LE= S00-900 LE= 2400-2700 LE=s 3100-3700 LE=
Mo Maks Twvo Mdks Twvo Mdks Four M4ks Four M4Ks TEEEE
Dffff
|:| Include debugreq and debugack signals
These zignals appeat on the top-level SOPC Builder svstem. 10fff
You must manually connect these signals to logic external to the SOPC Builder system.
i rBreak Vector 1 glos?
21083 ¥
Memary: [cpu Doffset | »
—Advanced Debug Settings-
OC| Onchip Trace: [1 By D
&, Warnin sl

o, Warnin Advanced debug licenses can be purchased from FS2. v f22.00m

@ Info: ey

Figure 14: JTAG (level 1) configuration

You don’t use the custom instructions:
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] a Nios Il Processor - cpu @
File Edit I

T “ Nios II Processor

—
5T =

1 com

+-Bricg Core Mios 2 Caches and Memory Interfaces /‘ Advanced Features > MMLU and MPL Settings

GH-Interf

+-Lega Eitzwap | hlame || Clock Cycles || Il Port || Opeode Extension |

+-Meme Endian Converter

[=-Perip Floating Poirt Harchware

2 JTAG Debug Mad, 2 | Custom Instr

+)
]

H I‘ ‘
3

&
e
[#-F
b
! 2107£
J-PLL
-USE
-ide jeenes
NEEEE
10f£f
1 21027
21023 ~
»
='e
Il
&, Warnin i
0, Warnin
@ Info: ex

Figure 15: Custom instruction configuration

4. sys_clk timer timer

IMPORTANT SOPC DESIGN RULE FOR XENOMALI:

When you instantiate your peripherals in your SoPC system with the SOPC Builder tool, the
peripherals appear in the .ptf file in the order they have been created.

When you create the nios2.h file from your .ptf file (see 4.2), the used parser (Perl script) searches
the first Altera timer and uses it as a Linux tick timer.

You must create first the sys clk timer timer in the SoPC system and then the other timers
after.

If you have not done it, erase all Altera timers in your SoPC system (SOPC Builder), save and
create again first the sys clk timer timer!
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The sys clk timer timer is used by Linux as a tick timer. Its configuration with the SoPC Builder
tool is:

e 32-bit timer.

e Timeout period: 10 ms.

* Preset: custom. Writable period, readable snapshot, Start/Stop control bits.

r % |
iy} Edit Z Altéra SOPC 3 standard 5 @90 w30

pidesign X

File Edi Module System “iew Toolz  Mios| 24 Interval Timer - sys_clk_timer

System Contents | System Generation

; R Interval Timer |
#1 Companert Library et ] |
o Mios Il Processor 2 MHz | ol ]
-Bridges and Adapters 50,0 =
[-Irterface Protocols 0,0
+-Legacy Components 50.0 x
Memoties and Memory Control Timeout period
ipherals e
Period:
-Debug and Performance Use |10 Hms E] Baze Encd Tags
Dizplay 3 0x02100000 (0x0Z10ffff o

FPGA, Peripherals Timer counter size
icrocontroller Peripherals
+ Interval Timer

' FIO (Parallel 110)

+-Muttiproceszor Coordinstic

000810860 |0x0051087f

Courter Size: [32 :|b-,t3 0500810900 |0x0081053f

0x00810800 0x0021021f

rHardware aptions
000810820 (0x00510827

-PLL
i Presets:
&-UsB [Custom E] 0200810840 |0x0021085f
+-4ideo and Image Processing .
Registers
000810830 (0x00S1083£
Writable periad

000810880 [0x0051085 ¢
Readable snapshot

Start.E.‘topcontrol bits 000810890 0x00S10S3 £

!!!!!!H!!

0x008108a0 [0x005108af ¥
Cutput signals 4

[ Timeout pulse (1 clock wide)

|:| System reset ontimeout (Watchdo)

+, WWarning: onchip_ram_64_kbytes: This memor
©, Warning: reconfig_request_pio: FIO inputs ar
@ Info; ext_flash: Flash memory capacity: 8,0 MBx

Cancel

. - N —— T !

Figure 16: sys_clk_timer Linux timer configuration
5. hrtimer timer

The hrtimer timer is used by Xenomai as a high-precision clock event source. Its configuration with
the SoPC Builder tool is:

e Timer: 32 bits.

* Timeout period: 1 ps.

* Preset : custom. Writable period, readable snapshot, Start/Stop control bits.
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r b
u Edit Module - Altera SOPC Build td_ (D:tmp'design_xenomai_v3istandard_Xenomai_q9.0_v3.0'std_1s10.sopc)
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-Bridges and Adapters 50,0 &
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isplay '1 o ——— 0302100000 -
PGA, Peripheral imer counter size R e
icrocontroller Peripherals Counter Size: [ZB bits 0200210900
Interval Timer | 0300810800 |0x00S1081f
| PIO (Parallel I .
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-PLL
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Readable snapshot
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@ Info: ext_flash: Flash memary capacity: 5,0 MBsy
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Figure 17: hrtimer Xenomai timer configuration
6. hrclock timer

The hrclock timer is used by Xenomai as a freerunning counter for precise time stamping purpose,
in the snapshot mode. Its configuration with the SoPC Builder tool is:

*  64-bit timer.

* Timeout period: 1 ps. The timer functionality is not used by Xenomai.

* Preset: custom. Writable period, readable snapshot, Start/Stop control bits.
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= Edit Module - Altéra S
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Figure 18: hrclock Xenomai timer configuration
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4. SOFTWARE CONFIGURATION: A STEP BY STEP GUIDE

4.1. Altera tool installation under Linux

It is possible to use the Altera tools under Linux. In this way, we just need one machine under Linux
for both HW and SW development.

The document [5] deeply explains how to do this installation. The installation procedure has been
validated under Fedora 10 to Fedora 12.

We have used in this guide the version 9.0 of the Quartus II tools:

$ cd

$ wget ftp://ftp.altera.com/outgoing/release/90 quartus linux.tar
$ wget ftp://ftp.altera.com/outgoing/release/90 nios2eds linux.tar
wget ftp://ftp.altera.com/outgoing/release/90 modelsim ae linux. tar

tar -xvf 90 nios2eds linux.tar

cd nios2eds

./install

cd

tar -xvf 90 modelsim ae linux.tar

cd modelsim ae

./install

cd

tar -xvf 90 quartus linux.tar

cd quartus

./install

cd

Uy FH= 0 0y U = Oy Uy U FH= 0y > O

All the Altera software has been installed under the /opt/altera9.0 directory.

Create the n2sdk script that you put in your ~/bin directory:
!/bin/bash

# Run this for a Nios II SDK bash shell
export LM LICENSE FILE=1700@localhost
SOPC_KIT NIOS2=/opt/altera9.0/nios2eds
export SOPC KIT NIOSZ

SOPC BUILDER PATH 90=/opt/altera9.0/nios2eds
export SOPC BUILDER PATH 90

unset GCC EXEC PREFIX
QUARTUS_ROOTDIR—/opt/altera9.0/quartus
export QUARTUS ROOTDIR

export PERLSLIB=/usr/lib/perl15/5.10.0

bash --rcfile SQUARTUS ROOTDIR/sopc builder/bin/nios bash

For using the Altera Quartus I and ModelSim tools for synthesis and simulation, you must acquire
valid floating licences from Altera that you’ll use with a flex/m server...

But you can use freely the Altera tools for programming the target board.

Install the JTAG module. In this guide, we use with the target board the USB Blaster module:
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# mkdir /etc/jtagd

# cp /opt/altera9.0/quartus/linux/pgm parts.txt /etc/jtagd/jtagd.pgm parts

$ n2sdk

[NiosII EDS]S$ su

Password:

# jtagd

# exit

[NiosII EDS]$ touch ~/.jtag.conf

[NiosII EDS]S jtagconfig

1) USB-Blaster [USB 2-1.3.2]
020010DD EP1S10

Verify that the nios2-download command is ready for downloading a file into the target board:
[NiosII EDS]S$ nios2-download

Using cable "USB-Blaster [USB 2-1.3.2]", device 1, instance 0x00
Pausing target processor: OK

Restarting target processor

[NiosII EDS]S

The Altera tools are now ready under Linux.

4.2. Linux configuration for the NIOS II processor
You have to use the NIOS processor without MMU or MPU, running a pClinux distribution.
Download the uClinux distribution for NIOS II processor [4]:
2 sget http://www.niosftp.com/pub/uclinux/nios2-1inux-20090730.tar

Install the archive file:
S tar -xvf nios2-1inux-20090730.tar

All the software is under the nios2-/inux directory:
$ cd nios2-linux

Run the checkout script for recovering all source files and you use after the update script for

updating:
$ ./checkout
$ ./update

Checkout the kernel baseline from the linux-2.6 git repository, according to the commit number
mentioned for the target release, in the ksrc/nios2/patches/README file:

$ cd

$ cd nios2-linux/linux-2.6

$ git checkout -b ipipe d01303a1035a39e445007¢c7522d89ad985c4153c¢c

Install the gcc crosscompiler for the NIOS II processor:
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$ wget http://www.niosftp.com/pub/gnutools/nios2gcc-20080203.tar.bz2
# tar jxf nios2gcc-20080203.tar.bz2 -C /

Adjust your PATH variable in your profile file (~/.bash_profile):
PATH=/opt/nios2/bin:$PATH
export PATH

Verify that the gcc crosscompiler for NIOS 11 is ready:

$ nios2-linux-gcc -v

Reading specs from /opt/nios2/lib/gcc/nios2-linux-uclibc/3.4.6/specs
Configured with: /root/buildroot/toolchain build nios2/gcc-
3.4.6/configure --prefix=/opt/nios?2 --build=i386-pc-linux-gnu
--host=1386-pc-linux-gnu --target=niosZ2-linux-uclibc -—-enable-
languages=c, ct++ --disable- cxa atexit —-—enable-target-optspace
--with-gnu-1d --disable-shared -—-disable-nls -—enable-threads
--enable-multilib

Thread model: posix

gcc version 3.4.6

We suppose now that $uClinux_dist variable is the directory containing the pClinux source files, in
our case nios2-linux/uClinux-dist directory.

Configure uClinux for the NIOS II processor:

$ cd SuClinux dist

$ make menuconfig

In the menuconfig screens, veritfy that the following options are enabled:

Vendor/Product Selection --->
-—— Select the Vendor you wish to target
Vendor (Altera) —_——>
-——- Select the Product you wish to target
Altera Products (nios2) —_——>
Kernel/Library/Defaults Selection —--->
-—— Kernel is linux-2.6.Xx
Libc Version (None) —_——>

*

Default all settings (lose changes)
Customize Kernel Settings
Customize Vendor/User Settings

[
[
[
[ Update Default Vendor Settings

ST T T "'

Create now the nios2.h file that is the link between the HW SoPC system and the pClinux software

via the .ptf file of your design:
$ make vendor hwselect SYSPTF=/path to your design/your design.ptf

For example here:
$ make vendor hwselect SYSPTF=~/design xenomai/std 1s10.ptf
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RUNNING hwselect
-—— Please select which CPU you wish to build the kernel against:
(1) cpu - Class: altera niosZ2 Type: s Version: 7.080900

Selection: 1
——— Please select a device to execute kernel from:

(1) ext flash
Class: altera avalon cfi flash
Size: 8388608 bytes

(2) onchip ram 64 kbytes
Class: altera avalon onchip memory?2
Size: 65536 bytes

(3) ext ram
Class: altera nios dev kit stratix edition sram?2
Size: 1048576 bytes

(4) sdram
Class: altera avalon new sdram controller
Size: 16777216 bytes

Selection: 4

-—-— Summary using

PTF: /home/kadionik/design xenomai/std 1s10.ptf
CPU: cpu

Program memory to execute from: sdram

You may configure nClinux for using the UART serial line as a Linux console instead of the JTAG
UART emulation:
$ make menuconfig
Menu Device Driver>Character devices>Serial drivers
[ 1 8250/16550 and compatible serial support
*** Non-8250 serial port support ***
[ 1] Altera JTAG UART support
[*] Altera UART support
(4) Maximum number of Altera UART ports
(115200) Default baudrate for Altera UART ports
[*] Altera UART console support

Compile now the Linux kernel:
$ make

You can download the z/mage file into the target board with the JTAG module:
$ n2sdk
[NiosII EDS]S$ nios2-download -g images/zImage

Use the minicom tool for having access to the target board serial line:

You can see the Linux traces:
$ minicom
Uncompressing Linux... 0Ok, booting the kernel.
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Linux version 2.6.30 (kadionik@linux0l) (gcc version 3.4.6) #2 PREEMPT Fri Jan O

uClinux/Nios II

Built 1 zonelists in Zone order, mobility grouping off. Total pages: 4064
Kernel command line:

NR_IRQS:32

PID hash table entries: 64 (order: 6, 256 bytes)

Dentry cache hash table entries: 2048 (order: 1, 8192 bytes)
Inode-cache hash table entries: 1024 (order: 0, 4096 bytes)
Memory available: 13604k/2492k RAM, 0k/Ok ROM (1667k kernel code, 824k data)
Calibrating delay loop... 24.26 BogoMIPS (lpj=121344)
Mount-cache hash table entries: 512

net namespace: 264 bytes

NET: Registered protocol family 16

init BSP(): registering device resources

bio: create slab <bio-0> at 0

NET: Registered protocol family 2

IP route cache hash table entries: 1024 (order: 0, 4096 bytes)
TCP established hash table entries: 512 (order: 0, 4096 bytes)
TCP bind hash table entries: 512 (order: -1, 2048 bytes)

TCP: Hash tables configured (established 512 bind 512)

TCP reno registered

NET: Registered protocol family 1

io scheduler noop registered

io scheduler deadline registered (default)

ttyS0 at MMIO 0x810840 (irg = 5) is a Altera UART

console [ttySO] enabled

ttySl at MMIO 0x8108e0 (irg = 8) is a Altera UART

smc9lx.c: v1l.1l, sep 22 2004 by Nicolas Pitre <nico@cam.org>
ethO: SMC91Cl1xFD (rev 1) at 80800300 IRQ 7 [nowait]

ethO: Invalid ethernet MAC address. Please set using ifconfig
dm9000 Ethernet Driver, V1.31

TCP cubic registered

NET: Registered protocol family 17

RPC: Registered udp transport module.

RPC: Registered tcp transport module.

Freeing unused kernel memory: 596k freed (0x11da000 - 0x126e000)
Shell invoked to run file: /etc/rc

Command: hostname uClinux

Command: mount -t proc proc /proc -o noexec,nosuid,nodev
Command: mount -t sysfs sysfs /sys -o noexec,nosuid,nodev
Command: mount -t devpts devpts /dev/pts -o noexec,nosuid
Command: mount -t usbfs none /proc/bus/usb

mount: mounting none on /proc/bus/usb failed: No such file or directory
Command: mkdir /var/tmp

Command: mkdir /var/log

Command: mkdir /var/run

Command: mkdir /var/lock

Command: mkdir /var/empty

Command: ifconfig lo 127.0.0.1

Command: route add -net 127.0.0.0 netmask 255.0.0.0 lo
Command: cat /etc/motd

Welcome to

-
|

|
[

[ |

For further information check:
http://www.uclinux.org/
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Execution Finished, Exiting

Sash command shell (version 1.1.1)
/>
/>

4.3. Xenomai configuration for the NIOS II processor

Download the latest Xenomai version from the gif server:
$ cd
$ git clone git://xenomai.org/xenomai-head.git

For the latest stable version (2.5.2) :

S wget http://download.gna.org/xenomai/stable/xenomai-
2.5.2.tar.bz2

$ tar -xvjf xenomai-2.5.2.tar.bz2

We suppose now that the Sxenomai root variable is the directory containing the Xenomai source
files.

Apply the ipipe patch for the NIOS II processor on the Linux kernel source files:
$ cd
$ cd $xenomai root
$ export linux tree=$HOME/nios2-linux/linux-2.6
$ ./scripts/prepare-kernel.sh —--arch=nios2 \
--adeos=Sxenomai root/ksrc/arch/nios2/patches/adeos-ipipe-

2.6.30-nios2-* \

--linux=$linux tree

Compile the Xenomai utilities in order to integrate them into the romfs directory:
$ ./configure —-host=nios2-linux
$ make install DESTDIR=$uClinux dist/romfs

You may suppress all the Xenomai documentation in the romfs directory:
$\rm -rf $uClinux dist/romfs/usr/xenomai/share/doc
$\rm -rf SuClinux dist/romfs/usr/xenomai/share/man

Recompile the Linux kernel for including Xenomai support:
$ cd S$uClinux dist
$ make

Download the zImage file into the target board with the JTAG module:
$ n2sdk

[NiosII EDS]$ nios2-download -g images/zImage

Use the minicom tool for having access to the target board serial line:

You can see the Linux traces:

$ minicom

Uncompressing Linux... Ok, booting the kernel.

Linux version 2.6.30 (kadionik@linux0l) (gcc version 3.4.6) #18 PREEMPT Tue Mar0

uClinux/Nios II
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Built 1 zonelists in Zone order, mobility grouping off. Total pages: 4064
Kernel command line:

NR IRQS:32

PID hash table entries: 64 (order: 6, 256 bytes)

I-pipe 1.1-00: pipeline enabled.

Dentry cache hash table entries: 2048 (order: 1, 8192 bytes)
Inode-cache hash table entries: 1024 (order: 0, 4096 bytes)
Memory available: 11572k/4525k RAM, 0k/Ok ROM (1931k kernel code, 2593k data)
Calibrating delay loop... 24.06 BogoMIPS (1lpj=120320)
Mount-cache hash table entries: 512

net namespace: 264 bytes

NET: Registered protocol family 16

init BSP(): registering device resources

bio: create slab <bio-0> at 0

NET: Registered protocol family 2

IP route cache hash table entries: 1024 (order: 0, 4096 bytes)
TCP established hash table entries: 512 (order: 0, 4096 bytes)
TCP bind hash table entries: 512 (order: -1, 2048 bytes)

TCP: Hash tables configured (established 512 bind 512)

TCP reno registered

NET: Registered protocol family 1

I-pipe: Domain Xenomail registered.

Xenomai: hal/nios2 started.

Xenomai: scheduling class idle registered.

Xenomai: scheduling class rt registered.

Xenomai: real-time nucleus v2.5.2 (Souls Of Distortion) loaded.
Xenomai: starting native API services.

Xenomai: starting POSIX services.

Xenomai: starting RTDM services.

io scheduler noop registered

io scheduler deadline registered (default)

ttySO at MMIO 0x810840 (irg = 5) is a Altera UART

console [ttyS0O] enabled

ttySl at MMIO 0x8108e0 (irg = 8) is a Altera UART

smc9lx.c: vl.1l, sep 22 2004 by Nicolas Pitre <nicof@cam.org>
ethO: SMC91Cl1xFD (rev 1) at 80800300 IRQ 7 [nowait]

ethO: Invalid ethernet MAC address. Please set using ifconfig
dm9000 Ethernet Driver, V1.31

TCP cubic registered

NET: Registered protocol family 17

RPC: Registered udp transport module.

RPC: Registered tcp transport module.

Freeing unused kernel memory: 2276k freed (0x1232000 - 0x146a000)
Shell invoked to run file: /etc/rc

Command: hostname uClinux

Command: mount -t proc proc /proc -o noexec,nosuid,nodev
Command: mount -t sysfs sysfs /sys -o noexec,nosuid,nodev
Command: mount -t devpts devpts /dev/pts -o noexec,nosuid
Command: mount -t usbfs none /proc/bus/usb

mount: mounting none on /proc/bus/usb failed: No such file or directory
Command: mkdir /var/tmp

Command: mkdir /var/log

Command: mkdir /var/run

Command: mkdir /var/lock

Command: mkdir /var/empty

Command: ifconfig lo 127.0.0.1

Command: route add -net 127.0.0.0 netmask 255.0.0.0 lo
Command: cat /etc/motd

Welcome to
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| \ N T O D I D IN_/\_/

For further information check:
http://www.uclinux.org/

Execution Finished, Exiting

Sash command shell (version 1.1.1)

/>

/> cd /usr/xenomai/bin

/usr/xenomai/bin> ./latency -t2

== Sampling period: 10000 us

== Test mode: in-kernel timer handler

== All results in microseconds

warming up...

RTT|] 00:00:01 (in-kernel timer handler, 10000 us period, priority 99)

RTH|-—--- lat min|----- lat avg|-—-———-- lat max|-overrun|----lat best|---lat worst
RTD| 73.080 | 83.223| 90.020] 0| 73.080 | 90.020
RTD | 1.820| 55.164| 104.840| 0| 1.820| 104.840
RTD| 3.240| 65.454 | 106.160| 0] 1.820] 106.160
RTD| 0.920| 63.167]| 100.800| 0 0.920| 106.160
RTD| 1.160| 65.735] 103.860| 0| 0.920| 106.160
RTD| -0.600] 62.741| 105.180| 0| -0.600] 106.160
RTD| 3.520| 64.406 | 105.480| 0| -0.600] 106.160
RTD| 1.720] 65.379] 105.100]| 0] -0.600| 106.160
RTD| 2.280] 66.060| 106.980| 0| -0.600] 106.980
RTD| 4.900 | 65.314| 106.320| 0| -0.600] 106.980
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