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Agenda
e Low Cost Embedded Solution

FPGA-based Processing Solutions solve Critical Embedded Challenges
Getting Started with Low Cost Embedded Solutions is Easy

Hardware Design Flow

Software Development Flow

Linux eases Embedded Software Development

Powerful Techniques for Optimizing Embedded System Performance
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FPGA-Based Processing
Solutions Solve Critical
Embedded Challenges
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Embedded System Challenges

Critical Embedded System Needs

Solution Requirement

Want a tightly integrated system that
reduces overall System Cost

Low cost platform that can integrate the
processor, peripherals & glue logic

Want processor system that's a fit to the
target application

Flexible processing solution with mix of
standard or custom peripherals

Want a solution that can be changed rapidly
during the product life cycle

Configurable platform that can be
modified even while in the field

Want to minimize inventory of off-the-shelf
(OTS) parts for each project

One type of device (e.g. FPGA) that can
be used across many projects

Want a solution that will not become obsolete
necessitating software rewrite

Common processor system architecture
for software re-use

S XILINX



Configurable Embedded Processing

Flexibility-Differentiation-Price/Performance

Medical

Industrial/
Motor Contro!

|,

Connectivity IP
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High End Displays
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Surveillance

Wireless
———

Milcom

)ne or Multiple
Cores

or

PowerPC
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M1 V2

Choose Processor Customize System
(Flexibility) (Differentiation)

V3

Choose Silicon
(Price/Performance)

Processing System Tailored for Target Applications
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Flexible System Architecture

e Customizable Processor

ArCh Ite Ctu re Local Memory
— Pipeline, Instructions v v
— Caches, Floating Point Unit wmu || cacte | MicroBlaze  |FPYI[ o0 [T
— Memory Management Unit 2= £ I 7 s
. _ nterrupt
— User-defined Coprocessors . { Controle
ComirliEr || s Timer/PWM (¢
o Selectable I/O Interfaces I
< = Ethernet MAC
— Ethernet, PCI ‘ — R
< 1 PCI Express
— Uart, SPI, 12C, GPIO — oo Je
— User-defined Peripherals e —
Cu;tom l{e} I i USB 2.0 —
e Adaptable Memory Interfaces b |
Virtex™ or Spartan™ FPGA

— DDR, DDR2, SDRAM, Flash, SRAM
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Flexible Device Selection for
Lowest System Cost

Spartan-3 Platforms 3 3E 3A 3AN 3A DSP
High Density Logic /0s Non-Volatile DSE
Logic i \ |
/0s N |
Security || I | |
Power Management L | |- |
Embedded Processor | | N | I |
DSP Capabilities i I |
On-chip RAM i | |
Flash Memory B
Production NOW! NOW! NOW! NOW! NOW!
Starter Kit Available YES YES YES YES YES
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Getting Started with Low Cost
Embedded Solutions is Easy

As easy as... 1).... 2).... 3)....
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Getting Started with MicroBlaze

MicroBlaze Embedded Development Kit
Spartan-3AD 1800A Edition

 Spartan-3AD 1800A Development Board |
« EDK and ISE software tool suites O oD 18008 o
e MicroBlaze v7 Reference Design < o

e BlueCat Linux Image
e JTAG Probe (USB/PC4), Power Supply
e FLASH device, Ethernet & Serial Cables
e Documentation

 Available Now

e Promotional Price - $395
— Regular price - $595

http://www.xilinx.com/products/devboards/emb_devkits.htm
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http://www.xilinx.com/products/devboards/emb_devkits.htm

Getting Started...

Setup the Tools

matis e Ws Br sz ARCOR O,

o Connect the Board

[T ——

Download & Run Software

2.6.1
5 S0 2007

On node @ totalpages: §192

DHA zone: 8192 pages, LIFD balch:3

Normal zone: § pages, LIFO batch:l

HighMem zone: B pages, LIFO batch:l
Built 1 zonehs

command : romdisk_size=15360 xilinx_emac_mac=00:0F :B6:6E:6C:00 hda=bs
wap hdb=hswap hdc=bswap hdd=bswap root=101
wps_intc_1.80.a TNIC al BxG1200008 mopped to BxFOFFFORR
PID ash table eniries: 296 {order: 8, 409 byies)
8.0 TIMER at OuiiC00000 mapped to BKFDFFEBM
5ol :K linx OPB URRT Lite

ﬂenh-u cache hash table entries: 8192 (order: 3, 32768 butes)
Inode-cache hash table entries: 4896 (order: 2. 16384 bytes)
Memory: 26628k available
Calibrating delay loop... 24.57 BogoMIPS (1pj=122880)
Mount-cache hash table entries: 51
HET: Registered protocol family 16
xilinx spi O: at OwAOADDNOD mapped to DWC2DOO00D, ira=0
xgpiold W) at @xi2000080 mapped to BxC2070000 device: 18,185 not using IRD
wopioBl H1 at Bwi2600000 mapped to DxC2040000 dev 10,186 using IRONS
xgpicl? 02 al Bxi2600000 mapped to DxC2060000 deu 12,187 using IROML
gpiold M3 at DeiZB00000 mapped to OxC2OBOU08 device: 10,188 nol using IRD

MicroBlaze/Linux workshop g XII_INX.
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Creting & Configuring a
Custom Embedded System
Hardware Design Flow
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Embedded Design Solution

Embedded
Development Kit (EDK)
: — Processing
PowerPC MicroBlaze By
Hard Processor Core Soft Processor Core %ﬁ;
Design Support
_ Reference Designs ECOSyStem
Tools Suite Examples
HW - Xilinx Platform Studio (XPS) Documentation 3 artF;nggu qgers
SW - Software Development Kit (SDK) Support 31 party trace

MicroBlaze/Linux workshop 12 g XILINX.



Hardware/Software Design Flow

Specify Processor,

Build Software Project Bus & Peripherals

SW Configuration HW Configuration

Automatic Hardware
Platform Generation

Xilinx FPGA Implementation
Flow

Automatic Software
BSP/Library Generation

Software Compilation
Spartan-3
Development Board

Executable Bitstream

A

Debug

i Download to FPGA

Arbiter|[I08

H ________ |er:IE
=i[H[E]

N[

SW Development Flow | ________ UART |iE

Ll e ———||WZ|
0 D D

| HW Development Flow |

SDK (Eclipse, GNU) Platform Studio
MicroBlaze/Linux workshop 13 g XII_INX.



Wizard-based System Creation

Embedded D
Platform_§

Welcome to the Base System Builder!

- Flense begin by ¢} F
I waid like 1 eresit & niw design

» aq session)

| Browen, |

F DOR_SDRAM_JMa6

Dot Shorint
Paripherat [MCH OFE0OR. = T
EE Data Sheet
Puighorst [OFEETFEFNET =] @) Mot
DMA Praiant
 NoDMA
" Simple DMA.

™ Scafter gather DMA

¥ [Usa inemmuge]

Mo ino < Back IE Cancel

MicroBlaze/Linux workshop

1=l
Devics: Frcknge: . Spead graca:
=] [oammne o] [Foam = =

Pricsssn desenphin

Thas MicroElare{TM) 30k sk pracasser ik o AISC-based anine wih o 32
register by 32 ELLIT FAb-based Register File, with separste nstuctions far
dnin a

oy Bl
mgmery. All peripherels ane impleramed on the FPGA tabric and operate of he
an-chip pRnpRere Bus (OFE)

a;i:mm\wim 85110 your memoey dendces.

- MomonyTest
sockons. - °
watucice: | -
Deta: [ dients_cortr =l
SackHeap: | dimb_crir |
‘Boct socon resides indmb_cntle
Interrupt vector reskdes i imb_cntl
WARNIG
pragram in an axtemal
det bootoade:. or ACE L
bgA0r you can re thig program|

Mien kel ¢ Hack Maad 3 Cancel

2l
Systirn wide setings
agnsy. frequency:
[=000 =] iz 5000 =] Mhe
Resotpolarity.  [Ache Hion -
~Fimcessor canfiguraion:
~ Dby IF 5
& [Direkip HAW debug modue
™ MO with SW debug sub
N detug
|- Liseal mesnony:
Dintn nad Instrachon:
M Use BRAM)
[orn
~Cache sotup
~ Mo Cache & Eneblo cache fink
Cached mameny: [ DDR_SDAAM_I2M:16 =l
™ Ennble fankng poin und {FRLY
Mien kel < Back Mt s Cancel

i
Balowi
o, ¥t comecl hit aGenesnte i " d
Fracessor Mioobleze j
Syatem clack requancy 50000000 MHz
Diebug rterace: OrrChip HW Debug Meduie
Dieta Cache: DK
I::‘d‘umnn m‘Jm']‘:’II.!u ﬂ
The aekdress mep L
orn isiing thie eddfing fashues of 5PS
OFH Bus - OPB_VZD Insl nome. mi Annched Components
Core Mom stonce Nome  Bose Addr High Addr
epb_men |debug_mocule  Gesl 400000 | el A0FFFF
opb_uerine [Rseze_DCE [T |OwABOFFFE
opb_gme [FLASH_Tentd | maZ1 000000 |Ox2IFFFFFE
meh_opb_dde | DDF_SORAM_32M 122000000 |DzFFREFE
cob_etheret | Ethemet MAC | x40C00000 |oaRCaFFFE
opb_tmer 41 CO000D |OeAICOFFFE
cpb_ine 41200000 ed1ZOFFFE

LME Bus - LMB_V10 Inst. name: ilmb  Aftached Co
Instance Name  Base Addr
ilenib_crtlr 00000000

High Addr
00001 FFF

Irniby_beam_#f_crir

LME Bus - LMB_VI0 Inst. name: dimb  Amached Components:

Core Name Instance Mame  Base Addr High Addr
Inb_beam_#_crdr | dimb_cntle 00000000 00001 FFF

M bl ¢Bnck || Gerarois | Conet
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Creating and Debugging Software
Applications with Eclipse IDE
Software Development Flow
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Xilinx Platform Studio SDK
Eclipse IDE with GNU tools

e ST .- - T

Compiling ‘C’ code with GCC

e Supports MicroBlaze &

PowerPC 405/440 processors |

e Supports JTAG-based
On-Chip Debugging (BDM)

MicroBlaze/Linux workshop
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Debugging with GDB
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Linux eases Embedded
Software Development
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Embedded Linux

UblC]UItOUS SOftWB.re Platform Open.source, commercia! anq
_ Wlde range Of applications proprietary software applications
— Easily portable and reusable ‘

RunS on a Wide range Of Many Linux Distributions

Hardware platforms i

State of the Art networking Most Hardware Platforms

Open Interfaces & {

- POSlXI, SysV, BSD Embedded Devices

Very Reliable -

— Protected address
Spaces
FREE!!

MicroBlaze/Linux workshop 18 g XILINX.



Linux and Real-Time

 Linuxis a general purpose, not real-time OS (RTOS)

 Embedded vendors offered real-time enhancements,
often in mutually incompatible ways

 Linux 2.6 provides significant real-time performance
enhancement

— A single real-time solution, minimizes forking, maintain
interoperability

MicroBlaze/Linux workshop g XI LINX"




Linux 2.6 Key Features

e More “real-time” performance
— More Kernel Pre-emption Points
— New Scheduler
— Synchronization
— NUMA (Non-Uniform Memory Access)

e More embedded infrastructure
— Subarchitecture (makes porting easier)
— Headless configuration
— Virtual memory not required (demand paging)
— POSIX threads, signals, timers
— UClinux (MMU-less processors)
— Device Support (goodies for consumer electronics)

Linux 2.6: A Breakthrough for Embedded Systems
http://www.linuxdevices.com/articles/AT7751365763.html

MicroBlaze/Linux workshop 20 g XI I.Ih\lx.ﬂ



Migration of Software
Applications

 Migration from traditional CPU based systems to

processor based FPGAs is becoming easier for software
developers

— Linux programming APl is the same

— Linux kernel is the same

— MMU is now available on both Xilinx processors

— Industry standard GNU tools

— Eclipse based development environment

— Easy configuration of Linux from Xilinx EDK

MicroBlaze/Linux workshop g XI LINX"




BlueCat Linux
for FPGA-based Embedded Processors

Add BlueCat Specific
hooks in the kernel

FPGA Targets

Add utilities and
embedded tools

Kernel

- GCC’gdb

Utilities/apps

BlueCat

FROM LYNUXWORKS

Port to embedded
arch/targets

Integrate with FPGA
configuration tools

Add pre-built demos

Embedded
Tools CVS Managed

Unit & regression

MicroBlaze/Linux workshop Testlng
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Linux BSP Generation

% Platform Studio =1 |

File Edit %iew Project Hardware Software Device Configuration Debug  Simulation Window Help _|ﬁ'|5|
NP EZ] o REXNRBERER L P-2R 4 wRBXIBrIz [RS8 0N

E| <

Project I Applications | IF Catalag I 4 45) 46% 47L 48M

=

39! 40' 41' 42! 43

i A TR A FE N TR N R N

Platform

El- Project Files

- MHS File: system.mhs

M55 File: spsterm.mss

+LICF File: data/spstem.uck

- IMPALCT Command File: ete/download o
- |mplementation Options File: stc/fast_runt ~ Piocessor Sellings
=N Pmiiltc?leggﬁ:r: Fies srbigen DS_ and Libraries CPU Driver: | cpu - CPU Driver Version: m
- Divice: #e3s1600sfg320-4 Diivers
- Metlist: ToplLevel

| mpl tation: <P5 (<fl 2
....JSSF&ZHDTW eflan] [=]-microblaze_0

- Cirn Model: BEHAVIORAL ORE_CLOCK_FREG_HZ 7a0a0a0a0 100000000 int

Software Platform Settings x|

—Processar Information

Frocessor Instance: | micioblaze 0 'I

Processor Parameters:

Mame I Current Yalue I Default Value Type Diescription

Care Clock Frequency in Hz

og Files
- Sunthesis Report Files

rchiver nbear rab-ar shring
ampiler nbgoe mb-gce string

Archiver used to archive libraries far bath BSP ge
Compiler used ta compile bath BSP/Libraries anc

4] | |

[0S & Library Settings

BlueCat Linux
B Specified as OS
m In Xilinx EDK

03: [l be54 =] Wersion: [1.00a =]

Use | Library I Wersion | Description

- Reference Files mdstub_peripheral |nnne =1 hane peripheral_instance Debug peripheral ta be used with xrmdstub .
wtra_compiler_flags Pl -g string Extra compiler flags used in BSP and library gene

Download ThirdParty 05 & Library Definition Files hers
Ok I Cancel | Help |

4]
Output IW’am\ng I Error I

MicroBlaze/Linux workshop
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Linux BSP Generation (contd)

ilinx Platform Studio

=17l x|

File Edit Wiew Project Hardware Software Device Configuration Debug Simulation window Help _|ﬁ||5|

IDPEHZ ] EnH e dpBXNREEBo R 2 @=-2Ra/lwalEdXBrlc 28 now
=

Project IAppIicalinns | IF Catalog I 39! 40' 41! 42! 43! 44) 45) 46¥ 47L 48M
MR [ [ T T TR R R

Platform
[=-Project Files

-~ MHS File: system.mhs —Fracessor Information
-~ bS5 File: aystem mes

- LICF File: data/system.uct Frocessor Instance: | microblaze 0 =
MPACT Command File: ete/download.cr

- Implementation Options File: ete/fast_runl
~ Bitgen Options File: etc/bitgen. ut

% Software Platform Settings

Software Platform

Configuration for 05:  linux_beB4 +1.00.a

[=-Project Options Mame I Current ¥ alue Default Value Type D escription
- Dievice: we3s Defg320-4 Divets - ruar_bo54
- Metlist: TopLevel i BLUECAT _PREFIX fuse sk inoe i’ standaions string Path to the BlueC

Implementation: PS5 [flow)
- HDL: WHDL
- 5im Model: BEHAVIORAL
[=-Reference Files

Configuration for BlueCat
Linux specified in Xilinx EDK

KERMEL_COMFIG /use s imco buid. fritiaty Ol shring BlueCat Lire 5.4

|

Configuration far Libraries

ok I Cancel Help

<
Output IW’aming I Errar I

3

MicroBlaze/Linux workshop ] g XI]_INX.




Linux BSP Generation (contd)

tandalone'boot',project_sp3e'system.xmp - [System Assembly Yiew1] = Iﬁ' Iil
File Edit Yiew Project Hardware Software Device Copfiguration Debug Simulation Window Help =18 x|
PECRAEEEIEE PR ERE RleRel@-=ARawe  XIBRz (200N ([GOR L S
=] I L L | Buslnieraces I Ports | Addiesses | Ew BIF Filters
it I Applications I IP Catalog I E I;' rg Mame I Bus Connection I IP Type I IF Wersion I 1=l
Platform =2 micrablaze 7.00.a
£ Project Files ‘ mcrobiazs ) TRACE
MHS File: gystem.mhs a— ik R
MSS File: system.mas a dimb |
UCF File: datatspstem.ucf § microblaze 0 dbg =]
PACT Command File: eteddownload cr fete)
- [mplementation O ptions File: etc/fast_mnl et
- Bitgen Options File: etc/bitgen.ut o
- Project Options ﬂ
- Device: xo3s1600efg320-4 | Imnb_%10
- Metlist: TopLewvel — Irnb_w10
- Implementation: =<PS [flow) - e i S
- HDL: YHOL O Y- G- Imb_bram_if_cntlr
- Sim Model: BEHAYIDRAL F,',,_APO_ - Irnby_bram_if_critle
[=- Reference Files e - brarm_block
Log Files 9 [ Hite:
Sunthesiz Repart Files 3 -
@ 2]
& B
’0 -
;' -
;' -
5 [
g B
| proc_sys_reset
foB, -X i_0_io_combine -
o 5 (-5 D0R_SDRAM 32My 15 mpme
| e ok genaator clock_ageneratar
o | = DiE tohes 48% E ln LI
.Ll—l LI System Assembly View W
A oy -
I Running post_generate for 05'es, Drivers and Libraries
Linux target architecture is: microblaze
Updating the 'e:/standalonef/usr/src/linux.spie' Linux kernel to reflect the design
Updating the 'e:/standalone/demo.spie/standalone/standalone.config’ kernel configuration file to reflect the design
INFO:MDT — The standslone BEP (libxil.a) will not bhe generated for the processor
cpu, because linux_bcS4 has been selected as the OF. . . .
Running execs generate for Of'es, Drivers and Libraries ... ‘ L I b rar I eS fo r L I n u X
LikGen Done. . 1:
Generated in the Xilinx EDK
| =
| | 3
Output | Wwiarning I Errar I

Ready K-

MicroBlaze/Linux workshop g XII_INX.




BlueCat-ME Linux IP Cores Support

 BlueCat Supports Following Devices
— UARTLIte
— 16550 UART
— Linear Flash
— Ethernet-Lite
— SPI Flash and Parallel Flash
— Timer
— INTC
- MPMC
— GPIO Devices
e BlueCat Linux for MB7 Features
— MMU Support
— Shared Libraries
— Separated memory space for each user process
— Dynamic page swapping

MicroBlaze/Linux workshop g XI LINX"
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Powerful Techniques for
Optimizing Embedded System
Performance
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When more software
performance Is required

e Option 1: Optimize the software

— Limited return for time spent if good coding practices
were used originally

e Option 2: Optimize the compiler
— Open source GNU compilers

e Option 3: Configure the OS
— Allocate more time to processes that require them
— Still limited to determinism of Linux Kernel

25% to 50% Performance Increase

MicroBlaze/Linux workshop g XI LINX"




When more software
performance Is required

e Option 4: Customize MicroBlaze processor
— Add Floating Point, Barrel Shifter
— Modify Caches

e Option 5: Customize System Architecture
— Free processors and configurable hardware make this an
appealing option
e Option 6: Move S/W algorithms into hardware fabric

— Easily programmable hardware makes this a feasible option
that is not usually available

— Performance gains are huge

2X to 40X Performance Increase
MicroBlaze/Linux workshop g XI LINX"
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Getting Started with MicroBlaze & Linux

MicroBlaze Embedded Development Kit
Spartan-3AD 1800A Edition

e Spartan-3AD 1800A Development Board

e EDK and ISE software tool suites

e MicroBlaze v7 Reference Design

e BlueCat Linux Image

e JTAG Probe (USB/PC4), Power Supply
e FLASH device, Ethernet & Serial Cables
e Documentation

e Available Now

e Promotional Price - $395
— Regular price - $595

http://www.xilinx.com/products/devboards/emb_devkits.htm

MicroBlaze/Linux workshop 31

MicroBlaze Embedded Development Kit

Spartan-3AD 1800A Edition

LYNUXWORKS™

Open.Reliable. Safe. Secure.

BlueCat-ME Linux for Xilinx MicroBlaze

S XILINX


http://www.xilinx.com/products/devboards/emb_devkits.htm

BlueCat Linux for MicroBlaze
Avallability

Demo version
Evaluation version

Fully Supported
version

GPL version

MicroBlaze/Linux works 32

LYNUXWORKS™ E

pet Reltibla Lafe e

MicroBlaze &, MicroBlaze 7 and PowerPC: BlueCat Embedded Linux and Lynx05 RTOS for Xilinx Reference Pl

or MicroBlaze™ 6, MicroBlaze 7 and PowerPCE processors, BlueCat®
Linue® i$ now available mtegrated in Xiline® EDKs (embadded development kits)

o Our LyfQEW dupgsrt far the Milhix Virtex-d FRGA brags 20 years & RTOS expanence
to Kilas® PewerPC procesiars

7 XILNX

The ®ilinx MicroBlaze snd PowerPC EDKEs provede & rich festurs set for deweloping BlusCat Linux and LynxdS
applications and eaadiguning custem BSPs uging Xilenx hardmars designs. The EDKs also provide an easy path to
syatem gepaniesn with additional PawerPC and MicreBlace hardware Based on the Virtes-4 FRGA or the
Spartan-1E FPGA

The Eclipse-based Leminosity 108 for embedded software development is also & perfect compasion slongside
the Xilinx 0K and Eclipse-based Flatform Studio

ggoning n gdevelogeng gmbedded syslams with BlusCat Lings god LynxDS is regularly offered.

Te ratriave the GPL varsion of Bluelat and BleeCat-ME for Wlinx PomerPC and MecraBlaze cores, plesse visit
awf FEHIRor

bowire | e o
B tocar Lynxo® | LynxCl
PomerPC 405 : [

Wiz Virax-4 HL40) Embadded Flatform i5 4 4.2 [eadming s-::'\-:l!
Ailinx Virtex-4 ML40S Embedded Flatform |5 a [
link Virtez-4 ML410 Embedded Flatform |54 |
e ey
MICROBLAZE BluaCat Lynx Lynx "

MicroBlaze & |
wilinx Spartan-JE 1400E Microblaze Developmant Kit | ME 5.4.1 [
wilinx Virtex-4 ML401 Evalustion Platform |mE 5.4 |

MicroBlaze T

http:/fwww.lynuxworks.com/board-support/xilinx.php
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Summary

Configurable Embedded Processing Solutions
— Integration, Flexibility & Non-obsolescence
— Optimal System Performance

FPGA-based Embedded System Design

— Hardware Design Flow
* Quick Wizard-based System Creation
+ Standard FPGA design flow

— Software Development Flow
* Industry-standard Eclipse IDE for ‘C” programming
» Comprehensive Driver support and automatic-BSP generation

Embedded Linux
— Ubiquitous Open Software Platform
— Wide range of Applications, Libraries and Drivers

Getting Started Quickly
— Low Cost MicroBlaze-Linux Development Kit

MicroBlaze/Linux workshop 33 g XI LINr



References

Processor Central
— http://lwww.xilinx.com/processor

Newsletters, Appnotes, Whitepapers and other resources

— http://lwww.xilinx.com/products/design resources/proc central/resource/pro
c central resources.htm

Forums
— http:/[forums.xilinx.com/

Embedded Magazine

— http://lwww.xilinx.com/publications/magazines/index.htm
Embedded Ecosystem Partners
— http://www.xilinx.com/ise/embedded/epartners/listing.htm

LynuxWorks BlueCat Linux

— http://lwww.lynuxworks.com/board-support/xilinx.php

MicroBlaze/Linux workshop 34 g XILINX.
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Xilinx Services
Finish Faster
Xilinx Productivity Advantage (XPA) |
Bundled starter solutions
L Includes: SW, IP, Boards
& Education Credits
3 Special Offers

Xilinx Education

Targeted courses and tracks
Delivered by experts
Knowledge on demand

MicroBlaze/Linux workshop 35 g XILINX.
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Integrated ISE Design Suite 10.1
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