TEKNOLOGISK
INSTITUT

Valg af Linux til et FPGA design

Sgren Hansen

Kim Bjerge
IT-Udvikling
Teknologisk Institut

Center for Information and Communication Technology

TEKNOLOGISK
INSTITUT

Located in Aarhus and Copenhagen
Consultancy, Seminars, Conferences and Courses in IT-Development covering
programming, architecture, design, embedded technologies and project
management
Current focus areas for Embedded Development

— Development methods and tools

— Model driven development (UML)

— Model based design (Simulink)

— HW/SW Co-design and "System Level Modeling” (SystemC, CoFluent)

—  C/C++ Programming

— FPGA: Xilinx and Altera — Embedded processing

— Wirelessand SDR

—  Linux for embedded systems

Participates in R&D projects in close cooperation with leading research and
educational institutions in Denmark and abroad
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Presentational themes INSTITUT

 Its easy to design your own microprocessor system,
even for a SW Developer!

* How to chose a system platform and when, where
and why Linux is a sound choice!

* Linux kernel architecture and what this means when
developing Linux device drivers

Agenda — Part1 + 2 TEKNOLOGISK

» System on Chip, Softcore and FPGA
« Criteria for platform and OS selection
» Examples based on FPGA designs

e Linux and FPGA - possibilities

* Introduction to Linux

* Linux examples

» Linux Driver development
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System on Chip, Softcore and FPGA

B

. . TEKNOLOGISK
FPGA Appllcatlons INSTITUT
1. Generation FPGA Application 2. Generation FPGA Application

Glue logic, 12C, LED ctrl, PCI, etc. All from 1.G and DSP functions, Firewire
A uP | | DSP—RA
FLASH
FPGA
3. Generation FPGA Application
All from 2.G and Soft core processor, SoC etc.
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FPGA at a glance... INSTITUT
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System on Chip and Softcores TEKNOLOGISK

INSTITUT

* Altera NIOS Il and Xilinx Microblaze
— 32 bit risc + MMU

— |IP catalog

— Developement tools
* ISE/XPS and Quartus/SOPC




Microblaze architecture (Xilinx)
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MicroBlaze Core Block Diagram

Xilinx IP-Catalog

IP Catalog

(Free and commercial)

Memory
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DMA and Timer
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AD/DA converter

TEKNOLOGISK
INSTITUT
" Kilinx Platform Studio - C:/Projects/ X35D_Rpy_Kilkern/system.xmp - [System Assembly View1] JST=TEY
Ele Edt Vew Project Hatdware Software Device Confiation Debug Sulation Windon el ER
IRE e L E R R e T R A= T
== m 2
E P = L Busintefaces | Pors | Addesses | By BIF Filers
Project | Appications | IP Catabog | M M
= | E B ||[Name [Bus Cornection [1PType. [1PVersion
(0] D micioblaze 0 microblaze 00.a
Desciiption /" £ ‘ TRACE microblaze ) TARACE
Clock, Reset and Interrupt | ILMB b =
Communication High-Speed DLMB El) =
Communication Low-Speed DEBUG iciobleze 0 dba >
3PS IC Inteface — o] o
%P3 5Pl Inteface i e
[2)%XPS UART (16550-sye) DPLE | o — |
JeXPS UART (Lite) St Imb_v10 100a
Detug il - amo Inb_v10 T100a
Db and Timer @b ol plb_viE 100a
¢ Fived Interval Timer D dimy_cntir Imb_bram_if_cntir 2.10.a
e %P5 Central DM Contoller P it et Imb_bram_if_crth 2108
KPS Timer/Counter S inty bram bram_block 1008
e %P Watchdog Timer DALASH wpsmch eme 1008
General Purpose 10 SPLB mb_ob =
o — @ 85232 D7E weuatie 1002
Interprocessor Communication L oo B o]
i & 0DA_SORAM mpmc: 300a
RS Malbor SPLE2 | o —
JeRPS Muten S e
Memory and Memory il Loy b
¢ Block RAM (BRAM) Block @z it po_intc 100a
LB BRAM Cortoller @ p3 iner 2 ps_tmer 100a
S Muli-Port Memory Controller D ps tiner 1 #ps_timer 1008
KPS BRAM Contioller D Efpemel WAC sps_ethemetite 100
S XPS MuliCH ot P debug modie Wa
KPS System ACE Interface Controler W Gty 47 #Ps._gpio 00
- @ proc_ss seseL0 proc_ys_teset 200
i ck_genesator 0 clock_generalor 1,002
PO Arbier D DI Switches 481 ps_gpio 1008
F‘euwjeva\ Controller SPLB | — |
305t Pl R D it
e MicroBlaze.
Uty - [ B
Rl | >
Flotom St | System ssenbl Viow
2§ UARNING:HDT - The installed version of EDK tools is 9.2, while project vas created with version 9.2.02 E

«
ot &=

Lo D




. TEKNOLOGISK
Microblaze software dev. tools INSTITUT
SDK dev. tool
« Eclipse IDE
¢ Synchronization with
hardware design
« Integrated debugging
with XMD interface
¢ HW/SW co-debugging
with Chipscope
«  Auto generation of
board support lib. Al -
«  FPGA programming —3
*  BSP configuration
¢ OS support (Xilkernel)
e C/C++ compiler
¢ File+Network support R

NIOS Il Architecture (Altera)
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Altera IP-Catalog

IP Catalog

(Free and commercial)
«  Memory

«  Communication

* Bus and bridges

« DMA and Timer

< PCI

¢ Interrupt

« Debug

¢ Video and Image
processing

¢ PLL

DI 50620
.

NIOS Il software dev. tools

IDE dev. tool

Eclipse IDE

Synchronization with
hardware design

Integrated debugging

Auto generation of
board support lib.

Flash and FPGA
programming

OS Support
(MicroC/OS-1I)
C/C++ compiler
File+Network support

C2H hardware
acceleration




Summary

» Design your own System On Chip

* Flexibility

» Scalability

* Modification of HW late in the dev. Process
» Good tool support for both HW and SW

» Possible to customize your own Hardware

Challenges

* How to handle a complex mixed HW/SW co-design ?
— Partitioning, interfaces, structure, documentation

* How to ensure quality of both HW and SW ?
— Verification, testing and debugging

* How to corporation between HW and SW designers ?
— Responsibilities, IP handling, Open Cores, OS

» Handling for update of versions for tools, softcores,
OS, board support package and application ?

— Different version of many parts and tools

>
E
E




Examples based on FPGA designs

DI 50620

Example for softcore without OS

* Simple system
without external
Memory (Cost)

e Simple
communication,
display and control

* Audio signal
processing

DI 50620




Example for softcore without OS

DI 50620

Handling of a complex digital high speed control or
signal processing task

Simple task for software
No or only very simple external communication
SPI or 12C communication with a host computer

Example for softcore and RTOS

DI 50620

More control
More functionality
Advanced display

Serial
communication

Advanced signal
processing

10
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Example for softcore and RTOS

» Handling of a complex digital high speed control or
signal processing tasks

» Parallel software processing

» External communication with reduced complexity
* SW Hard real-time requirements

» Simple user interface — display or buttons

DI 50620

Platform Nios Il and MicroC/OS-II

User Application Program

Standard C MicroC/OS-II
Library API

Hardware Abstraction Layer (HAL)

Device | Device | Device | Device | Device

Driver | Driver Driver | Driver | Driver

1 Nios Il Processor System Hardware :

11



Example with softcore and Linux

« Ethernet and web support
* File system support
e Graphic display
— VGA, Mouse, Keyboard
e Complex functionality
< Advanced audio processing

¢ Audio mixer

DI 50620

Example with softcore and Linux

* Internet protocol stack

» Graphic user interface

* No hard real-time requirements

» Hard real-time handled by digital FPGA logic

» Use of open source programs

» Separation of kernel and application

» PC alike external devices like mouse, keyboard, VGA

DI 50620

12
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Portable and target OS platforms

External
Code

External
Code

XilKernel

Microblaze (Xilinx)

External
Code

uClinux

Microblaze ‘

External
Code

| Linux 2.6 |

Nios2 (Altera)

PowerPC |

DI 50620

Criteria for platform and OS selection

13



Criteria for platform and OS selection

* Product roadmap
* Requirements

Hard or Soft real-time

Input and output devices
Network
User interaction

* Functional design
» Architectural design
» Platform selection including OS

DI 50620

» Knowledge and company strategy

Criteria for FPGA platform designs

SoC, Softcore and FPGA With
RTOS

Technical demands

Customized |10 Simple Ul and network ?2?2?2? Web enabled requirements
External devices requirements Graphics user interface
Simple display ?2?2?2? Keyboard and mouse
Graphics display Reuse of applications
Network support ?277?

Data processing speed
Resource demands (Memory)
Hard or soft real-time

Application demands 22?72
Signal or image processing Real-time requirements and  Complex data collection
Control parallel processing File handling
Measurement 22?72 777?
Data collection
Business demands
Reusability Fast development time ?277? New knowledge
Product roadmap ?277? Long development time for new
Platform strategy devices

3 (Modular, extendable) High reusability

% Development time Support wide

E (Time to market) 2727?

P Support

Knowledge in company
Risk analyses

14



Pro and Cons for platform choices

Without
oS

Pro Simple and Fast  Concurrent design
Small Memory Add on for
Network and file
Easy debug
Cons Limited Many versions
functionality Support?
Good Structure
Proprietary

E
E
3

Linux
or
uClinux

Support
Flexible
Network
Graphic
Widely accepted

Complex
Debugging
Education

Hard Real-time?

Agenda — Part 2 (GNU/Linux)

¢ Induction to GNU/Linux
¢ Linux Kernel Architecture & Driver Development

— Petalinux, BlueCat, SLS modified uClinux
— Development and environments
* Two projects
— Nokia Wrist Attach Sensor Platform
— DIMMS
¢ Future and trends

DI 50620

¢ Major Linux Distributions and work flow when used in FPGA

15



Introduction to GNU/Linux

What is GNU/Linux?

Linux is a full-blown 32-bit portable operating
system.

Linux is Open Source ! (GPL+Free)

Our statement is “There is no free Operating
System”. You must at any time invest in
infrastructure and education.

The educational investment is the largest so:

“don’t expect to save money, expect to save
problems!”

16
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Why Linux

Pros

Linux has a lot of support for networking, devices at different boards.

Linux is widely accepted; a lot of developers are supporting you “out there”
There is also Commercial support

If you know linux on one board, your knowledge is portable to another

Cons

Linux is BIG, that means you cannot use it for very small systems
As with all OS’es you have to learn how

Who is responsible no commercial organisation behind

You have to know and use Linux as a development platform

GPL licenses polities

Linux is not a real RTOS like VxWorks, but RT patches exists
«  Atmel AT91RM9200-EK <300us

o Asus P5B Core 2 Duo E6600 2.4GHz <30us
|_and_in_Use_with_CONFIG_PREEMPT_RT

DI 50620

What is Linux?

« Distribution
 Kernel

E.g. sshd, smbd,
nfsd etc.

E.g. gdb

17



History of UNIX & GNU/Linux

uClinux

* A kernel targeted processors without an MMU

* A userland or distribution yielding a complete
operating system uClinux-dist

» uClibc: A lightweight libc library
» Cross-compiling toolchains

18



History

Created by D. Jeff Dionne and Kenneth Albanowski
in 1998

— Targeted at Motorola Dragonball (68k family)
— Originally targeted at 2.0 kernels, but went for 2.4 & 2.6

* In 1999 Motorola ColdFire

* In 2001 Linux 2.4 ARM7

* In 2004 Linux 2.6 ARM

* As of 2.5.46 integrated into the mainline kernel

DI 50620

uClinux

» Supported architectures

— Xilinx MicroBlaze

— Altera NIOS

— ADI Blackfin

- ARM

- ETRAX

— Freescale m68k (including DragonBall, ColdFire, PowerQUICC and others)
—  Fujitsu FR-V

— Hitachi H8

— Intel i960

— MIPS (example: the Brecis parts)
— NEC V850E

« Probably more...

19



uClinux v. Linux

* uClinux
— No MMU
— Lightweight kernel <300k
— Small applications — uClibc
— User has access to Hardware

* You still get
— Full access to Linux 2.6 features
« Drivers etc.
— Full Linux API
* Many ported applications

>
E
E

Linux and Embedded Systems

>
E
E

Source: www.linuxdevices.com

20



License Terms

e GPL Version 2

— Allows anybody to redistribute and sell a product covered by
GPL as long the recipient has access to the source code.

— Additionally any software product derived from a product by
the GPL must be released under GPL.

— Kernel modules in binary form only, has been tolerated so
far to be accepted, but your users are better off, if you
release your module as free software.

— If the driver code goes into the mainline kernel or requires
patches to the kernel, you must use a GPL-compatible
license as soon you release the code !!!

>
E
E

Summary: Why is Linux a good choice ?

* OpenSource

— Lots of software

— Support / Community / Commercial
* Flexibility

— HW support

— Network support

— Applications
» Scalability

— Size

— Speed

>
E
E

— Respons time - RT patches

21



Linux Kernel and Architecture

B
E
E
B
B
E
E
b

Linux Kernel space & user space

| |

22



Linux Kernel

DI 50620

Hardware dependent/independent

«  Abstraction of layers
¢ Low-level device drivers
*  For each peripheral interface
¢ Quality an existing driver

«  Modify a close match for your
system platform

¢ Write a new driver from scratch

¢ The Linux driver subsystem can be
reused in different designs and covers
a number of areas like:

*  Flash Memory

+ Uart, USB

*« PCMCIA, SD/IMMC
*  Audio, Video

Touch Screen

DI 50620
.

*  Wireless

23
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The Linux input subsystem

Uniform handling of inputs from similar

devices. (All mouse input such as PS/2,

USB or Bluetooth)

Common event interface for dispatching

input response to user space

Separation of input device drivers and
input event drivers

Event drivers are standardized and
responsible for interfacing with the
application

Device drivers are responsible for low-

level communication with the input device

The architecture ensures an efficient, bug-

free and reusable code

Your are likely only to implement a new

input device driver

RN UL R Ry YU SR S S A S P

DI 50620

Linux-Video subsystem

« Frame buffer APl interface that
allows applications to be written

in a platform-independent
manner

e X Window GUI server to use
built-in user-space driver or use

the frame buffer system

* Text mode consoles uses the
virtual terminal driver using the
frame buffer (fbcon) or a card-

specific console driver

¢ Tools like fbset and stterm to
change settings of frame buffer

and virtual terminal

X Windows /

FB-aware appl. / Console /

foset setterm

User Space
Kernel Space - 3
Virtual Terminal
Driver
(vt, vc_screen)
Frame buffer
console driver
(focon)

Common
Framebuffer API
(/dev/bX)

VGA console
driver (vgacon)

LCD Frame Intel Frame
buffer Driver buffer Driver
(Icdfb) (intelfb)

Kernel Space

gy L g R

Hardware

Intel Graphics

LCD Controller VGA Cards

24
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Linux Device Driver

User space

Open device

Closing it again

| ——open("/dev/lcd", O_XXX)

Dl"I

close(fd)

DI 50620

Major Linux Distributions and
work flow when used in FPGA

25



PetaLinux — uClinux for MicroBlaze

Embedded Linux solutions provider founded by Dr. John
Williams, architect and maintainer of the uClinux port for
the MicroBlaze softcore

Links to the Embedded Systems Group from The
University of Queensland, Australia

Test version available with MMU support for MicroBlaze 7
Free download and commercial support

>
E
E

LynuxWorks — Linux for Xilinx FPGA

» Distribution
Kernel 2.6.13
Tool-chain

User application

Commercial and support

Good documentation
* Support for Linux with and without MMU

¢ Can be used as a solution for a number of
Xilinx targets (softcore and Hardcore)

26



LynuxWorks versus Petal.ogix

Intergration with Xilinx ~ Yes
Platform Studio

Kernel version 2.6.13
Without MMU Yes
With MMU Yes
Free download No
Commercial support Yes
Distribution and tool- Customized
support
Company size Big
é Xilinx support MicroBlaze, PowerPC

Embedded OS BlueCat PetaLinux
Linux for MicroBlaze (LynuxWorks) (PetaLogix)

Yes

2.6.20

Yes

Test version
Yes

Yes
Customized

Small
MicroBlaze

Xilinx and Linux

27



B
B
E
E
b

Linux development flow Xilinx

Hardware ( Use Linux ) Software

T 3
Design/ i Install Linux | |Install kemel
| i BSP < souce |00 shan
FrcAHW [ |
FPGA platform . Confi
to Board HW Layout and buiid
(MPACT) xparameters kernel

v

image.bin
W speedway.kdi|
Download
kernel image +  Run Linux
(XMD)

- Avnet SpeedWay Design Workshop™

SLS uClinux support for NIOS Il

* Or use distribution from

28
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Linux development flow (Altera+SLS)

Design and implement your SoC with Quartus and SOPC ->
System.ptf (HW description)
System.ptf is use by the uClinux make system to create Nios Il
platform include files (Nios Il and IP cores)
— make vendor_hwselect System.ptf
— make romfs
Configure your Kernel Settings
— make menuconfig
Make your uClinux image
— make
Download your hardware design and image file to FPGA target

— nios2-configure-sof, nios2-download, nios2-terminal (Part of Quartus)

DI 50620

Nokia Wrist Attached Sensor Platform (Cyclon 1)

DIMMS Linux 2.6 (Virtex 4)

29



Frame Buffer example (NWSP)

» Frame buffer for LCD display
* NIOS Il with uClinux

What have we done ?

e SLS uClinux
» Configuration and integration with SOPC (Altera)

» Driver development
— Framebuffer
— 12C driver
— Input test driver
» Applications
— NanoX — (Small Graphic Ul)
» Test and Debug using printk from kernel space

30



DIMMS

DIMMS Linux implementation

)) I

L I# #)

0O 0 0 O

+)

+)

)

DI 50620

Process

Linux APP API

Driver

HW Memory Map

31



What have we done ?

» Drivers
— WelchPSD
- LCD
— Buttons
» Applications
— PSDProgram (C++)
* Reads data from devices
* Relays data via sockets

— Flash program

Future and trends

» Kernel support

— When Microblaze and NIOS with MMU be supported by
Linux 2.6?
* Microblaze
— PetaLinux — Supported in Test version
— BlueCat — Supported
— In main kernel 2.6.30 (from merge window 1)
* NIOS

- ??
» Distributions
] — OpenEmbedded
: — Buildroot

b

32



OpenEmbedded — What and Why

¢ Support for many hardware architectures
¢ Multiple releases for those architectures

« Tools for speeding up the process of recreating the base after
changes have been made

¢ [Easy to customize (Steep learning curve)
¢ Runs on any Linux distribution

¢ Cross-compiles 1000's of packages including GTK+, Xwindows,
Mono, Java, and about anything else you might ever need

http://wwww.openembedded.org

OpenEmbedded !!!

* Why use it? — It needs an MMU!?
— Microblaze & NIOS both support an MMU now
— Petralinux has a
¢ Linux kernel with MMU support for Microblaze
» Gcc version having a threading model Posix

¢ Intheory it shouldn’t be a problem compiling x11-image for
Microblaze.

33



How do | get started?

Silica — Seminar Axcon - Seminar
Speedway — Godt og gratis

Petalinux, LynuxWorks sites wWww.nioswiki.com
Good eval boards Good eval boards
Basis Linux education Basis Linux education
Books Books

Linux development environment

e System
— Virtual machines (VMWare, VirtualBox)
— Native (Kubuntu)
» Toolset installation
— Windows
— Linux
— Best to crosscompile and build in Linux
» Debugger
— JTAG Altera or Xilinx
— Lauterbach support for Microblaze and Nios |l

B
B
E
E
b




Linux and hardware requirements

* 1 Mbyte — 64 Mbyte Flash
* 4 Mbyte — 128 Mbyte Memory

* Examples
— NWSP 2 Mbyte Flash
¢ (uClinux + Bluetooth + TCP/IP + Nano-X)
— OpenEmbedded
« 32 Mbyte Flash (X-Windows)
— WRT54G — Wireless router
¢ 200 MHz CPU, 4 MB flash and 16 MB SDRAM
! — uCsimm - http://www.uclinux.org/ucsimm/
; « 16MHz DragonBall Microcontroller, 2 MB flash and 8 MB SDRAM

Linux links for FPGA

DI 50620
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Books and reading

* Embedded Linux Primer, Christopher Hallinan,
Prentice Hall

» Building Embedded Linux Systems, Yaghmour,
O'Reilly

e Essential Linux Device Drivers, Sreekrishnan
Venkateswaran

 Linux Device Drivers, 3 Edition, O’'Reilly

Questions

36



Xilinx — Spartan and softcores

e Spartan 3E 500 - Micro Blaze without MMU

— Ethernet, SDRAM, Flash, 2xTimer, RS232, Leds, buttons

Number of Slices - 3966 out of 4656 85%

* MMU requires significant FPGA resources

— 600 FFs, 1200 LUTs and 1 BRAM in Spartan3 or Virtex4
¢ Spartan 3A 1800 DSP — Speedway courses

— MB (7.1), MMU, Ethernet

*  Number of Slices - 7459 out of 16640 44%

e Spartan 6 LX (XC6LX150) - 23040 Slices

— Space for Linux 2.6.30 and 3 kernels with MB, MMU

DI 50620
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