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Platform Support Package Details

The Impulse C Platform Support Package (PSP) “Xilinx Open Source Linux Virtex-5
APU” has been adapted from the Virtex-5 APU PSP. The HDL hardware side is
unchanged from the original, standalone PSP; only the software side is modified in
support of embedded Linux. An alternate “Xilinx Open Source Linux Virtex-4 APU"”
PSP is also ready to use with Virtex-4 FPGA devices.

This tutorial assumes that you have some knowledge of Impulse C, and of the Xilinx
Virtex-5 FX devices. Experience with creating standalone Impulse C applications (with
no embedded Linux) on the Xilinx ML507 or equivalent board is also helpful.

In the standalone mode APU PSP, co_streams are implemented using Xilinx APU
specific instructions “stwfcmx” and “lwfcmx”. When running Linux over PowerPC, we
replace these instructions with Altivec extended instructions “stvewx” and “lvewx”.

In co_stream.c, the functions “co_stream_read”, “co_stream_write” and
“co_stream_close” are supported. The primitives "HW_STREAM_READ”,
“HW_STREAM_WRITE” and "HW_STREAM_CLOSE" are supported as well.

When the PowerPC CPU runs applications in standalone mode, the application
software can have privileged instructions, such as "mtmsr” to enable the APU
on the MSR register. When an application runs on Linux user space, however,
the “mtmsr” instruction is not allowed. Here, then, we must modify some
kernel code to allow the APU to work.

In the directory “linux-2.6- xInx/arch/powerpc/include/asm”, you must
modify header files “reg.h” and “reg_booke.h” as follows:



#ifdef CONFIG_PPC64

#else /* 32-bit */

/* Default MSR for kernel mode. */

#ifndef MSR_KERNEL /* reg_booke.h also defines this */

#define MSR_KERNEL (MSR_ME|MSR_RI|MSR_IR|MSR_DR|MSR_VEC)
#endif

/* Default MSR for kernel mode. */

#if defined (CONFIG_40x)

#define MSR_KERNEL
(MSR_ME|MSR_RI|MSR_IR|MSR_DR|MSR_CE|MSR_VECQC)

#elif defined(CONFIG_BOOKE)

#define MSR_KERNEL (MSR_ME|MSR_RI|MSR_CE|MSR_VECQC)
#endif

The basic idea is to add the *“MSR_VEC” bit to "MSR_KERNEL"” for APU
activation.

In the PSP, “export.tcl” has been modified so that a new directory “user_app”
is constructed, and application code is copied into it. The EDK/code directory
is no longer included, since the source files won't be needed in EDK. The
necessary Impulse library source files are being copied to the sub-directory
“libImpulse” with a Makefile. “genMakefile.tcl” is added to the PSP, so that a
Makefile for the software application is generated and copied into the
“user_app” folder.

You need to go to the “user_app/libImpulse” directory to build the Impulse
library, and then go up to the “user_app” directory to build your software
application. A Makefile is already generated for you, so just a “make”
command will do the job.

In “co.h”, LINUX is defined, so that in user code, the compiler knows when to
select the Linux related code.

Software Application Development Notes

Currently, the XOSL APU PSP only supports co_streams for
hardware/software communications. The HW_STREAM_READ,
HW_STREAM_WRITE and HW_STREAM_CLOSE primitives are recommended
in software-side coding for higher efficiency and thus faster execution time.



The user C code is being built using cross compiler Denx EDLK toolchain
“ppc_4xx-gcc”. If your code previously runs in standalone mode, and you
want to adapt it to run on Linux, you need to eliminate all the Xilinx-related
functions and header files, and replace them with Linux ones. Also, since
your application runs in user mode, don’t use any privilege mode asm
instructions, such as “mtmsr”.

XOSL Development Environment Setup

Building applications for Xilinx embedded Linux requires a Linux development
environment. You can either use a dedicated Linux computer for this purpose,
or use a virtual machine. For this project, I chose to download CentOS 5.2 as
my Linux OS, running it on a VMware virtual machine. Any Linux 2.6 system
will work.

“git” is needed for installing XOSL. You can install it as follows:

su -c 'rpm -Uvh http://download.fedora.redhat.com/pub/epel/5/i386/epel-release-5-
3.noarch.rpm’
su -c 'yum -y install git'

|\\

You may need to install “ncurses” for using menuconfig.
yum -y install ncurses-devel

The XOSL information is available online at http://xilinx.wikidot.com/open-source-
linux.

To clone the Xilinx Linux Kernel tree run:

git clone git://git.xilinx.com/linux-2.6-xInx.git

Also, clone the device tree bsp using git:

git clone git://git.xilinx.com/device-tree.git

Copy the device-tree to the following directory on your PC:

[Xilinx Installation Directory]\10.1\EDK\sw\ThirdParty\bsp



Address | [T CoRilined 10, 1 EDK swh ThirdParty bsp

Folders X Mame
= ) 5w idevice-tree
+ ) lib linwx_Z_6_w1_00_a
+ [5) sw_apps linwe_Z_6_w1_00_h
=l 53 ThirdParty alinx_2 & w1 _00_c
= | bsp lin:_2 6 w1 01 _a
+ |7 device-tree linu:_2 6 w1 01k
# ) linux_Z 6 vl 00 a iz 2 6 w1 01 ¢
# 55 i 2 6 vl 00 b i _mvl3l_wl 01 a
+ 5 linux_ 2 6 w1l 00 ¢ i _mvl31_w1_01_b

The EDK runs on Windows, so we need to mount a windows share folder on
the Linux machine for sharing documents between your Linux machine and
windows PC.

mount -t cifs //[IP address of the Windows host]/[folder name] [/dir in Linux
machine] -o username=[xxx],password=[***]

You need to download a cross compiler for PowerPC, such as DENX_ELDK.
You can download ISO image ppc-2008-04-01_amcc.iso using FTP from site
ftp.sunet.se at /pub/Linux/distributions/eldk/4.2/ppc-linux-x86/iso/.

To mount ISO:
su
mkdir /mnt/iso
mount myiso.iso /mnt/iso/ -t is09660 -o ro,loop=/dev/loop0

To install:

cd /mnt/iso
.Jinstall -d /home/meixu/Xlinx/DENK_ELDK ppc_4xx

To set path and environment variable:

PATH=/home/meixu/Xlinx/DENX_ELDK/usr/bin:/home/meixu/Xlinx/DENX_ELDK/bin:
$PATH --let the ELDK/usr/bin dir first to use the new binutils.

export CROSS_COMPILE=ppc_4xx-

Using CoDeveloper to Generate Hardware and Software

Copy the ComplexFIR project folder "ComplexFIR_XOSL_PPC440” to your
windows share directory. Open the project in CoDeveloper Application
Manager.
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File: Edit Wiew Project Tools Mindow  Help
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L ,@ Skart Page @ Readrme.htm D Filker_sw.c
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=l @.&pplicatian FIR_fccelerator 2 £4 Complex FIR Filter example for ¥ilinx MicroBlaze FaL
=€ Source Files 3 ]
; s'[-'@ ComplexFilter. o 4 /¢ Created by Bruce Karsten of Xilinx (bruce.karstenfxilin<.com)
by [€] Filker_hw.c 2 i
g '@ Filker_sw.c :
SR IR Sk 7 ginclude <stdio.h>
=3 Header Files g #include "co.h”
5'["@ ComplexFilter b 9 #include "ComplexFilter.h"
ETh] Fikerh 10 ginclude "Filter.h"”
(21 Project Files 11
E14E] Doslment Fide 1z  =pif defined(IMPULSE_C_TARGET)
- Readme him 13 = #if defined(LINTX)
e = 14 #include «<sys/time.h>
[
|21 Other Files 15 selse
16 #include "xparameters.h”™

Open the Project > Options Dialogue, and choose “Xilinx Open Source Linux
Virtex-5 APU (VHDL)"” as the Platform Support Package. Checking the
“Generate dual clock” will allow the Impulse hardware module to use a
different clock other than the APU clock of PowerPC.
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m Support Fackage:

=

Ed
CoBuilder Ophmization Options

¥ Enable constant propagation

" Scalarize aray varables

[ Felocate loop imeariant expressions

Directoriesz
Additional optimizer options: Hardware build directory:
| b

Software build directony:

i~ EoBuilder Generation Optiohiz - i

{zw

W Generate dual clocks

[ Adtsitmases Hardware export directony:
[EDK

I Use std_logic tppes for YHOL interfaces
Software export director:

¥ Do riotinclude co_ports in bus inkerface
[EDK

Library options:

[ Inchude Aoating point Tbran

[ Lise higherdatenog, faster

[ Allow double-precision types and operatiors

0k | Cancel | fi | Help

Next, generate HDL code by clicking the "HDL" button below:
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Export the generated hardware to designated directory “"EDK” by clicking the
“HW"” button.
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Export the generated software by clicking the "SW” button.
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The directory structure is shown below. The HDL code and drivers are in the
“EDK" directory. Software code is in the “user_app” directory.

1= 1) ComplexFIR_#OsL_PPC440

# [) drivers
7)) prores

50 e )

T sw

= (5] user_app

I3 libImpulse

I device-tree

I graphics

= 1) Hellospp

7 LibImpulse

| L"

In next step, we use Xilinx Platform Studio to build a PowerPC system with
the generated Impulse module.

Create a new XPS project in the "EDK"” directory above. In Base System
Builder (BSB), select Xilinx ML507 as the development platform.
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Select a target development board:

Selectboard
%) | would like to create a system for the following development board
Board vendar: | Xilinx %]

Board name: _ Wirkew B MLS0T Evaluation Platform

Board revision: | A %]
Mate: Wizit the vendor webszite for additional board zupport materialz.

Wendor's Website Contact Info

Driovnload Third Party Board Definition Files

1 Dwould like to create a spstem for & custom board

Board description

| The MLEOT board iz intended to showcase and demonztrate Vites-5 techinology.  The MLEOF
board utilizes =iling Wirtex 5 XCEVFF0T-FF1136 device. The board includes Tri-Mode Ethernet
MAC/PHY, 266ME DDRZ SDRAM SODIMM memory, TMEB ZBT SRAM, 32ME of Commodity
Flazh, 8kb IIC EEFROM, CPI Debug and CPL Trace connectors, Syzterm ACE CF controller
and 2 R5232 serial parts.

Select PowerPC as the processor.
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The board you selected has the following FREE: device:
Architecture; Device:; FPackage: Speed grade;

letay il fi1136 1

Select the processor pau would like to uze in this design:

Proceszors

) MicroBlaze
% PowerPC

Next, choose processor clock to be 400 MHz, and bus clock 100 MHz
cache, and disable the FPU.

. Enable
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PowerPC

Spstem wide zettings

Feference clock Froceszor clock :

: : Buz clock frequency:
frequency: frequency:
100.00 MHz 40000 (| MH: DR MHz
Fieset polarity; :_.-":".E|:i'\_\.-'E L

Froceszsor configuration
Debiug 1AF
(=) FPGAJTAG
CRU debug user ping only
CRPU debug and trace pins

{3 Mo debug

PowerPC

Cache zetup
Enable

For optimal perfarmance, enable burst
anddor cacheline on rmermony

[] Enable floating point urit [FEU]  [7)

In IO configuration, select device RS232_Uart_1 with type XPS UART 16550,
and check “Use interrupt”.

Unselect the RS232_Uart_2 and the LEDs_8Bit.
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The following external memon and [0 devices were found on your board:
Hilire Virtew 5 MLE07 Evaluation Platform Revizion &

Fleaze zelect the |0 devices which you would like o use:

|0 devices

FS232 Uart 1
sl [rata Sheet

Peripheral: | =P5 UART16550

#} Configure az JART 16550
") Configure az UART 16450

R5232 Uart 2
O LR [rata Sheet

LED= SRt
[ i [rata Shest

On the next page, select the IIC_EEPROM only.

v| [IC_EEFPROM
-

Peripheral | 3PS 1IC

Uze intamupt

Next, select the FLASH and the PCle_Bridge devices.
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The fallowing extemal memony and |0 devices were found on your board:
Filine Wirtes 5 B LBOT E valuation Platform B evigion &

Pleaze zelect the 10 devices which you would like bo use:

10 devices

FLA&SH
[Data Sheet

Pefipheral | %PS MCH EMC

w| PCle_Brid
i [ata Sheet

Periphieral | Mate

i

Lse Dikda
Use interrupt

Hard_Ethernet_taC
[T i E et [rata Sheet

Select the DDR2_SDRAM and the SysACE_CompactFlash.

["@L"si_.':' systeminder e Configure i nienfaces {4 o f )
The fallowing external memory and [0 devices were found on vour board:

Filire Wirtes B MLEB0T E valuation Platform Resision &

Fleaze select the |0 devices which you would like o uze;

10 devices

DDR2_SDRAM

Peripheral | PPC440MC DDR2

W] SpstCE O tFlash

Peripheral: | %PS SYSACE

Next, enlarge the memory size of XPS BRAMs to 64 KB.
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Add ather peripherals that do nat interact with off-chip components. Use the

“&dd Peripheral' button to select from the list of available peripherals.

IF wou do nit wish to add ang non-l0 periphierals, click the "Mest' button.

Add Peripheral...

Peripheralz

wpz_bram i cntli_1

R
Peripheral %P5 BRAM IF CNTLR e

[1ata Sheet

Memarny size; |50

Add a peripheral “xps_timer_1" to the system. Choose one timer mode, and
use interrupt.

:@ Hase eSS ETE i Eyes Addinternal Fopiui=rils Gl afil) 'Eﬂ
Add other peripherals that do not interact with off-chip componentz. Use the
“idd Peripheral'’ buttan to select from the list of availlable penpherals.

IF pou da not wish to add any non-l0 peripherals, click the ''Next™ butkon.

Add Peripheral...

Farpherals

wpe_bram.if_cntlr_1

R
Peripheral %PS BR&M IF CMTLR s

— Data Sheet
Memany size; | B4KE B4

wps tirmer_1 _

Peripheral: =P5 TIMER EMOYE

Counter bit width; a7 [ Data Shest
Timer mode

() Twotimers are prezent

%) One timer is prezent

Next, select the cache options.
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“ou have enabled the cache feature on the PowerPC proceszor.

Cache setup

Size of instruchion and data cache [can not be changed on PPC]:
Instruction Cache [ICache] Size: | A2KEB

[rata Cache [DCache] Size: [ 32 KB

Select the memiary peripherals youw would like to cache:

ICache: DCache: Cacheable Memaries:
FLASH
DDR2Z_SDR&M
wps_bram_if cntlr_1

On the next page, select the sample applications as you wish.

F
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Dievices to use as standard input, standard output, and baaot merman
STDIN: | RS232_Uart_1
STDOUT: HS'232_LI art_1

Eoot Memarg: | =ps_bram_if_cntl_1

S ample’ application zelection

Select the zample C application that you would ke to have generated. Each application will
inchude & linker script.

Mermary test
[ustrate spstem aliveness and perfarm a basic read/wite test to-each memary in your system

Peripheral zelftest

Perform a simple zel-test for each peripheral in pour system.

Next, click OK to accept memory settings for the sample applications.
A page of design summary appears. Click “generate” to build the system.
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v Basp Sysiem B inlder = System Greated

Below iz a summary of the spstem vou have created. Flease review the information below. [Fit iz
correct, hit <Generate> to enter the infarmation into the %P5 data baze and generate the system files.
Othenaize return to the previous page to make corections.

Proceszor: ppcd40_0

Processor clock freguency: 40000 MHz
Bus clock frequency: 100.00 MHz

On Chip Memary : 54 KB

Total Off Chip Memory : 288 MB

-FLASH = 32 MB

The address maps below have been automatically aszigned. You can modify themn using the

editing features of <P'S.

PLB Bus : PLB_V46 Inst. name: plb_v46_0 Attached Components:

Core Hame Instance Mame Base Addr High Addr
wps_bram_if_chtlr wpe_bram_if_crtlr_1 O«FFFFOO00 0=FFFFFFFF
wpz_Uuart1ERA0 RS232 Uart 1 (x23E 00000 («33EOFFFF
.:-:ps_iic [IC_EEPROM (81 600000 =21 EDFFFF.
wpz_mch_emc FLASH OxDE000000 0=09FFFFFF
| plbvdE_peie PCle_Bridge 035C00000 DHEEtDFFFF
plbvdE_peie PCle Bridge C_IPIFEA 0240000000 «BFFFFFFF
ups_sysace SysACE_CompactFlas 083600000 04B360FFFF
wps_timer wps_timer_1 [«83C00000 0=83C0FFFF
ups_cerbal_dma  wps_certral_dma 0 0x30200000 04B020FFFF
i ¥ps_intc :-:ps_intu:__[l (81800000 0=8130FFFF
PPCA40MC Bus : ppc440_0_PPCA40MC  Attached Components:

Core Hame: Instance Hame Base Addr High Addr

ppcdd0me_ddre DDRZ_SDRAR 000000000 [ CIFFEEFEF

Here is the bus interface view of the PowerPC system you just built:
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File Edit view Project Hardware Sﬁftware Device Configuration  Debug Silﬁulation Window.HeIp
PR iDe s BN IRNEDR AR EHL (P A N & i

iEX IRREiE i

i Bug Interfaces | Ports | Addresses

Proiect | hedlealions | (REeled : ; | Name Bus Connection IP Type IP Wersion
Foftware Projscts I’ - | B P opcddd 0 ppcddl_vitex5  1.01.a
[ J4dd Software Application Praject... - =| | @2 ob s P olb. A5 LTS
mDefault: ppcd40_ 0 bootloop i || #DDHE_SDSAM ppcdd0me_ddi2 2.Dp.a
= [F Project: TestApp_Memory & + b Eoontl s nile 1008
- Processor: ppod40_0 L & 2 il ) R a
Executable: W _SharedFolder ComplesFIR_X0SL_PPO T & ~2upg bram i et 1 bran bram_black 1.00.3
[ Camnpiler Options | || B Pyageoe caff & |tagpp_c_cntlr
& Sources * E- S e Godie plbwdE prie
Headers S || & proc_sys_reset
= umiecl: TestApp_Peripheral = 4 #RE;
i+ Praceszon ppeddl 0 "f i
-~ Executable: C:A\M_SharedFolder\ComplexFIR_+<05L_PPC J a
% Compiler Options i ¥
F- Sources : : = :
! Heaers & clock_generafor clock_generator 2.01.a
B FLASH uff bug gplf O util_busz_split 1.00.a
w2 e O Ok util_ds_buf 1.00.a




In order to use the APU feature, we need to add a Fabric Co-processor Bus to
the system.

P E_J Busz Interface:
| Project || Applications | IP Catalog E Name
2@ —— THH-— - <P pocddd J

Descnptian IP Wersion - s@oh 5 o
L..l E EDE Inztall - C;ilinst\ 10 1AED K by E--*DDH.?_SDH
- Analog ? IEI <P yon bram
G- Arithmetic g | @S AASH
l_,] Eus and Bridge s @--@ms_brm_ﬁi
~-+'r PLBV4E to PLEVE Bridge 1.01.2 | | B P iagone onl
+/ PLBY46 to DCR Bridge 1.00.3 g S L e
-+ Processor Lacal Bus [PLB] 4.6 1.03.a - hﬂ'pmc_g-'s_rf;
7 PLBv4E ta FSL Bridge 1004 . .
-:‘;anal Mermary Bus (LME] 1.0 1.00.a ; E| )
FastSlmple:-: Link. [FSL] Bus 211.a e I"._ Cai
sic B 1008 — ¢ ¥ i 1
= b d Dew:e Cu:untru:ul Hegl&ter [DCFI] Eux 29 1.00a p - an
|_+:| Clock, Reset and Interrupt Vigww MPD JErT
- Commurication High-5 peed Yiew IP Modifications (Change Log) 4%
- Communication Low-5peed Vigws POF Datashieet L
- DkA and Timer i T

Next, add the Impulse generated module apu_filt from the Project Local
pcores\USER.
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| Project " Applications. | IP Catalog
=

Description | IP Yersion
= B EDE Install - C:hsilinad 0 TNEDE bty
{ @ Analog
[F- Anithmetic

- Bus and Bridge
-Clock, Rezet and Interrupt
- Communication High-5 peed
- Commurication Low-5peed

Db& and Tirner

Debug
-FPGA Reconfiguration
-General Purpoze |0
A0 Modules

Interprocessor Communication
Memany and Memary Contraller
-PLCI
- Perpheral Controller
- Processzor
: - tility
= Project Local poores - C:A\Wh_SharedFolderCo...
=-USER

i1

ﬁfﬂﬂirmﬁlm

R e B e = By R B R e e R R R

apu filt 100

&dd 1P
Views MPD

Next, connect the FCB bus to both ppc440_0 and apu_filt_0 as shown
below:




E - :;)J Bus Interfaces | Parts : Addresses |
B B | Mame Buz Connection IF Tope [P Werzion
| || Bis ppoadd 0 ppoddl witewd  1.01.3
; . RESETPPC ppo_teset bus
— ~JTAGPPE iagepe_cnt 0.0
- MFCH pocddd 3 MR
C@_ - MFCE fch w200 [=]
- 5DCR Mo Connection =
- MDCR MNoConnection [
£ ¢ PPCH0MC pocddd 1 PRCAA0UC
0 .~ 5PLBY NoConrection [
O - SPLBD i [<]
g L LMPLB =]
T —| s  feh el 1.00:a
BB 15 pib_ & | 03a
F-s@ OOA2 5084 ppcddime,_ddr? 2004
g S s beant ol ¥ wps_bra I 1.00a
'? - A4S spE mch_ems 2005
[ [ ~Fapy bram & ety T bram bram_block 1.00.a
i ~5FCB2

G

I:r. wEdagone ool O
hii- < Al Brdige
(—l E-s®aroe g revel
@- B s cenral dma @
™

BT EEFRO

feh 20 0

- .itagppc_cntlr

mbuvdE oris Ils
;_u._h'» 0o poie G003

proc_sus reset

¥ps_central_dma

b L

Open the “Clock Generator” window by double-clicking the module

clock_genrator_0. Add another clock output “pcore_co_clk” of frequency

33.333333 MHz as shown below.

{x)

B asic | Ports Overview . |
|

The clock generator module can generate required output clocks from given input reference/feedback clock(s) based on your regquirements. It serves as a central clocking resource
to meet all your spstem wide clocking needs. This tool will help you configure the clock generatar module and instantiate or update it in your epstem;

[HDL Toggle ] [ﬁ [Dratasheet ] @Hestore ]

Step 1: Specify input clock details

Step 2: Specify the output clock requirernents

| Parts Conhected to

= Input & Feedback
- CLEIN dem_clk_s
“- CLKFBIM

(=1 Dutputs

i - CLROUTD  proc_clk_s

- CLEOUTT  ppe440 0 _CPMINTERCOMMECTCLK
- CLROUTZ  sps clk s
~-CLKOUT3  ppedd0 0 CPMMCCLE

ppcdd0_0_CPMMCCLESD
poare_co_clk

Fleaze highlight a clack part in the list below and corfigurs it on the right side.

Port: CLEOUTS

= Grouping inform.

Buffered:

Fiequired frequency [Hz):

Connected ta: ;pcore_co_clk

Fiequired phase shift:

atior:

In the “Ports” tab, connect the reset and clock ports of fcb_v20_0.
And connect the co_clk and apu_clk ports of apu_filt_0 as shown below.

33,333,333

| TRUE

(< < <




+ Bus Interfaces | Ports | Addiesses

Mame Met Diirection R anige
[+ = E wternal Ports

[+ = nonddld 0

=) foh 1) O

85 _RST sys_bus_reset
FCB_CLK sy clh_s

[+ = ot g

[ = O0A2 SOAA0

[ =@ xpz bram & ol T

[F)- = AL SH

[#)- gz feam F o T bram

=) aoe fif O

ook poore_co_clk
: ’ Bmks oo e
Mo Connection [153:0]

[F- =@ ffagooe onfr

[# P Brdige

[#- = proc s resef
| 7= apr canfal dng O

Double-click the ppc440_0 to open the dialogue below. In the APU tab, set
the APU Controller Configuration Register Value to 0b0010010000100001.

s ppoAd0 0% ppod D) yirtexhiy] (07 23

| Addreszes Cache | Bus Features [BIFY Feset AP Memary Controller Iefiz HOL Toggle ] [i'E Datashest ] [@ Restore ]

APU Feature

APU Controller Configuration Register Value uhnnn;qninnun;hm_]u

UDI Configuration Register 0V alue mnunqnoqnun_' D1 Configuration Register 1 Walue monqnnpuooo
UDI Configuration Register 2 alue lunnnl_mnl_mun' D1 Configuration Register 3V alue lnunl_mnl_munu
LD Configuration Register 4% alue ll]llllllqnlll_]lll]ll' DI Configuration Regizter 5 alue llll]lll_]lllll_]lll]lll]
LD Configuration Register B alue ll]lllllll.ll]lll.]lll]ll' D1 Configuration Register 7 Walue llll]lll.]lllll.]lll]lll]
DI Configuration Register 8V alue mnnm_mm_mun' DI Configuration Register 3'Walue llll]lll_]lllll_]lll]lll]

Next, go to the Addresses tab, and generate addresses for the system.



T
i | Buslnterfaces | Ports Addresses

Mare

Instance Baze Address High &ddress
plb_w4E_0 C_BaSEADDR

PCle_Bridge C_BaSEADDR ER 00000 O=B5c O
wps_bram if_cnth 1 C_BASEADDR D0 C=FFERFEEF
'xps_centlal_dma_ﬂ C_BASEADDR EIRNA00 OwB020FE
IIC_EEFPROM C_B&SEADDR BT 5000039 (=81 B0k
ps_inte [ C_BASEADDR WET 80 (=81 B0
SyztCE_CompactFlash C_BASEADDR WERE00000 (=830
#ps_ltimer_1 C_B&SEADDR B0 (=830
R5232_Uart_1 C_B&SEADDR WEF00 [0=83e0rk
ppoddl 0 C_IDCR_BASEADDR PARPR30000 Obao11111111
PCle_Bridge C_IFIFBAR_O Dealdang OmbreFeeee
'DDFl2_SDF|AM C_MEM_BASEADDR AN CmOFEFEeee
FLASH C_MEMO_BASEADDR e L
ppoddl 0 C_SPLEO RMG_MC_BASEADDR

ppoddl 0 C_SPLE1_RMG_MC_BASEADDR

i Generate Addresses

Size Bus Interface(s) Bug Connection
u [/ Hat Applicable

B4k, K SPLB plb_ w450

BAK [Z/sPLE plb_v45_0

B [ SPLE plb_v6_0
B4 |/ 5PLB plb_v45_0

EdK. EsPLe plb_vag_ 0

BK [Z]/sPLE plb_v45_0
BK [ SPLE plb_vaE_0

4K [\ SPLB plb_w46_0

286 7 Mot Commected

512M [Z]/sPLE plb_vd6_ 0
256M 7 PRCA40ME ppcddl 0 PPC440ME
32 {5/ SFLB plb_w45_0

i} [ Moot Conmected

i} o Mok Connected

Open the Software Platform Settings Dialogue. Select “device-tree” as the OS.

@ Sofirare Ao Seliings:
Fracessar | nformation

Processar Irstance: | ppcdd0 0 [

Saftware Platform
05 and Libraries

Processor Settings
CPU Diriver: ch_.l_ppcdaiD

Drivers Frocessor Parameters:
Narme Current Walue
= ppcddl_0
- EXTR&_COMPILER_FLAGS -
= ARCHIVER poweipc-eabiar

- COMPILER Poweinc-eabigee

05 & Library Settings -

0s: || Wersion

Use Libramy erzion

CPU Driver Version:

Dezcription

1o0b [

Default Y alue Type
-a string
powerpc-eabi-ar string
powerpo-eabi-goo string

In the OS and Libraries view, type "RS232_Uart_1" as the console device,
and “console=ttyS0 root=/dev/ram rw ip=off” as the bootargs.

[ i

Frocessar Infarmation

= Bhiifugnl D=t

Pracessar Instance: | ppcdd 0 [

Software Platform
05 and Libraries
Drrivers

Canfiguration for 05 device-ree «

MName Cument Y alue

= device-tree
console device
hantargs

H5292 Vst 1

Diefault ¥ alue

conzole=ttyS 0 raot=/dev./ram sting

[rezcription

Extra compiler flags uzed in BSF and library generation

Archiver uzed to archive libraries for both BSP generation as well az for applications.
Compiler uzed to compile both BSP libraries and applications.

Tupe D escription

string Instance name of IP core for boot conzole [eg. RS232.
Booting arguments




Next, click Software - Generate Libraries and BSPs. This will create a file

“Xilinx.dts” in directory EDK\ppc440_0\libsrc\device-tree.

Address Ilj 1M _SharedFoldert ComplexFIR_%OSL_PPC44MEDK ppod40_Dilibsrcidevice-tree

: Folders x

Marne 4

= (53 ComplexFIR_XOSL PPC440 & [ i, s

2 I EDK
I =ps
| blkdiagram
[£7) data
H () drivers
I|:| ebc
# 7 prores
=) ppo#40_0
|5 code
I include
I lib
= 5 lbsre
F 1  apu_Filt_v1 00_a
[ bram_v1_00_a
) commaon_vl 00 a
& [} cpu_ppc440_w1_00_b

® |3 dmacentral w1 11 &
[ emc_vZ_00_a

Rename the DTS file to virtex440-mI507.dts, and copy it to linux-2.6-

xIlnx/arch/powerpc/boot/dts/

Size | Type
12KB DTS File

Go back to XPS, Hardware - Generate Bitstream. This will take 10 minutes

or more to finish, depending on your PC speed.

In the Applications Tab, select the ppc440_0_bootloop as the application

for initializing BRAMs.

-----

F'ru:uieu:t ﬂDDhCatlDﬁ& IP Catalog |

] = .
S-:uftware F'r|:||ects

D.ﬂ.dd Software .ﬁ.ppllcatlnn P'r|:||E:|:t
1# [Lisfault: 13.[;".4-'-1{] H: t-auuﬁiunp

{ -mleect Testhpp_Memory
i IEI Proceszsor, ppcddd 0

View Source

%@ fFlmfwreiF‘"me .»EJ..H'J' T .ccur_n;r—ﬂrum—'u*.l.ru,ﬂ;u RIS ‘r’x““

2 Bus Interfaces |’

Instance
plb_w46 0
FCle_Bridge

.

rarn_if_crtlr_1
nitral_dma_0
——tPROM

- Ewecutable: C: 4w SharedFDIder'\EDmple:-:FlFi =050 F'F'E
IF_,-I Compiler Optionz
[+ Sources

wpe_intc_0
SpedCE_CompactFlazh



Building the XOSL OS and File System on the Linux
Machine

Go to the XOSL main directory: linux-2.6-xInx

make ARCH=powerpc 44x/virtex5_defconfig
make ARCH=powerpc menuconfig

Make changes to the following options:

e Kernel options - Initial kernel command string: console=ttyS0
boot=/dev/ram rw ip=off
File systems - Ext3 journalling file system support

e Device Dirvers - Block devices 2 Xilinx systemACE support
Exit and save changes.

Next, download “ramdisk.image.gz” from http://xilinx.wikidot.com/open-
source-linux. At the end of the page, click “files”, and a list of downloadable
files will show. Copy the file to your windows share folder “win_share_5".

Switch to the user_app directory:
win_share-5/ComplexFIR_XOSL_PPC440/user_app

User application source files and a Makefile are in the user_app folder. The
Impulse library source files and a Makefile are in the libImpulse subdirectory.
Use command “make” to build the Impulse library “libImpulse.a”, and in the
user_app directory, use command “make” to build the executable file “filt".



melxu@lu:alhost ,'homelme[x::f)(lﬁnxfwin share 5,‘Con1plexFlFl XOSsL PPC440.—‘user _app
Fle Edit View Terminal Tabs Help

[root@localhost libImpulse]# pwd

Jhome/meixu/Xilinx/win_share 5/ComplexFIR_XO0SL_PPC440/user_app/libImpulse

[root@localhost LibImpulse]# make

ppc_4xx-gcc --static -maltivec -I/home/meixu/Xilinx/linux-2.6-xlnx/arch/powerpc/include/asm
-0 co_stream.o co_stream.c

co stream.c: In function 'co stream create':

co_stream.c:56: warning: incompatible implicit declaration of built-in function ‘strdup’

co_stream.c:61: warning: incompatible implicit declaration of built-in function 'printf’

ppc_4xx-gcc --static -maltivec -I/home/meixu/Xilinx/linux-2.6-xlnx/arch/powerpc/include/asm
-0 CO_Process.0 CO_process.c

co_process.c: In function 'co_process_create':

CO_process.c:29: warning: incompatible implicit declaration of built-in function 'printf’

co_process.c:32: warning: incompatible implicit declaration of built-in function 'strdup’

Co_process.c:39: warning: incompatible implicit declaration of built-im function ‘printf’

ppc_d4xx-gcc --static -maltivec -I/home/meixu/Xilinx/linux-2.6-xLlnx/arch/powerpc/include/asm
-0 co_type.o co_type.c

co_type.c: In Tunction ‘co_type create':

co_type.c:15: warning: incompatible implicit declaration of built-in function ‘malloc’

co_type.c:19: warning: incompatible implicit declaration of built-in function 'printf’

ar rcs libImpulseC.a co_stream.o co_process.o co_type.o

rm *.o

[root@localhost 1ibImpulse]# cd ..

[root@localhost user_appl# pwd

/home/meixu/Xilinx/win_share 5/ComplexFIR XO0SL_PPC440/user app

[root@localhost user_appl# make

ImpulseC -o Tilt
[root@localhost user appl# 1s

For the purpose of easy operation, I create a shell script
“makeDiskComplexFIR.sh” to add the ComplexFIR software application into
the ramdisk and then build the XOSL system.

gunzip ramdisk.image.gz

mount -o loop ramdisk.image temp

rm temp/tmp/*

cp ComplexFIR_XOSL_PPC440/user_app/filt temp/tmp/
umount ramdisk.image

gzip ramdisk.image

cp ramdisk.image.gz ../linux-2.6-xInx/arch/powerpc/boot/
cd ../linux-2.6-xInx

make ARCH=powerpc clean

make ARCH=powerpc zImage

cp arch/powerpc/boot/simplelmage.initrd.virtex440-
ml507.elf ../win_share_5/ComplexFIR_XOSL_PPC440

This will take a few minutes to finish execution. As a result, an ELF file
“simpleImage.initrd.virtex440-mI507.elf” will be copied to the
ComplexFIR_XOSL_PPC440 project directory.

IR . FER FOESRSEE ioouise [ERERS

ppc_4xx-gcc ComplexFilter.c Filter sw.c co_init.c --static -maltivec -IlibImpulse -LlibImpulse -1

[«]



-"v Applications Places Systern %@@@@

meixu@iocalhost: Ihnme{melxuﬂ(l"nﬂwin share_ 5

Fle Edit View Terminal Tabs Help

BOOTAS arch/powerpc/boot/Tixed-head.o

BOOTCC arch/powerpc/boot/ep88xc.o

BOOTCC arch/powerpc/boot/epdBd5.0

BOOTCC arch/powerpc/boot/cuboot-c2k.o

BOOTCC arch/powerpc/boot/cuboot-katmai.o

BOOTCC arch/powerpc/boot/cuboot-rainier.o

BOOTCC arch/powerpc/boot/redboot-8xx.0

BOOTCC arch/powerpc/boot/ep8248e.0

BOOTCC arch/powerpc/boot/cuboot-warp.o

BOOTCC arch/powerpc/boot/cuboot-85xx-cpm2.o

BOOTCC arch/powerpc/boot/cuboot-yosemite.o

BOOTCC arch/powerpc/boot/simpleboot.o

BOOTAS arch/powerpc/boot/virtexd485-head.o

BOOTCC arch/powerpc/boot/virtex.o

BOOTCC arch/powerpc/boot/redboot-83xx.0

BOOTCC arch/powerpc/boot/cuboot-samd4dBep.o

BOOTCC arch/powerpc/boot/cuboot-acadia.o

BOOTCC arch/powerpc/boot/empty.o

HOSTCC arch/powerpc/boot/addnote

HOSTCC arch/powerpc/boot/hack-coff

HOSTCC arch/powerpc/boot/mktree
arch/powerpc/boot/dtc -0 dtb -o arch/powerpc/boot/virtex440-ml5687.dth -b 0 -p 1024 /home/meixu/X1
linx/linux-2.6-xlnx/arch/powerpc/boot/dts/virtex440-ml307.dts
DTC: dts-=dtb on file "/home/meixu/Xilinx/linux-2.6-xLlnx/arch/powerpc/boot/dts/virtex440-ml507.d
5

WRAP arch/powerpc/boot/simpleImage. virtex440-ml507

WRAP arch/powerpc/boot/simpleImage.initrd.virtex440-m1587
rm arch/powerpc/boot/virtex440-ml507.dtb
[root@localhost win_share 5]#

Downloading and Execution

Now, the bitstream and the ELF file are ready, and we can download them to
the FPGA, and run Linux.

e Connect the ML507 board with Xilinx USB Platform Cable via JTAG, and
also connect the RS-232 serial cable and power adaptor. Turn on the
power switch.

e Open the Tera Term application, select type “Serial”, and make sure the
settings are 9600-8-N-1.

e In Xilinx XPS, Device Configuration > Download Bitstream. This will
program the Virtex-5 FPGA via JTAG connection.

e Debug = Lauch XMD. For the first time open XMD, the XMD Debug
Options Dialogue will appear. Just click OK to accept the default settings.

e Download the generated ELF file to FPGA and let it run as shown below.

I
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Watch the Linux boot display in the Tera Term window:

- e e L BV
File Edit

Setup Control  Window  Help

iLinux PowerPC load: console=ttyS@ woot=sdev-ram »w ip=off
Finalizing dewvice tree... flat tree at Bx7aaifbb
MWesing ¥ilinx Uirtex44B® machine description
Linux version 2.6.28-pct (rootPlocalhost.localdomain? (gcc wversion 4.2.2> #37 PR
EMPT Ued Jan 21 18:28:89 PST 26889
Found initrd at BxcB5a?78000:0xcBA?9cl%e
one PFN ranges:
DMA AxAPAAARAA —> AxABE1BAAA
Mormal AxA01 8808 -> AxABA1BABA
ovable =zone start PFM for each node
arly node mapll] active PFN ranges
il H: OxPABARERE > BxBAB1BBAA
Built 1 zonelists in Fone order, mobility grouping on. Total pages: 65824
‘Hernel command line: console=tty3Hd root=sdevs/ram rw ip=off
Milinx intc at BxB18PHAAA mapped to HxFdffFAAA
PID hash tahle entries: 1824 Corder: 18, 4896 hytes)
iclocksource: timebhase mult[aBPPAA] shift[22]1 registered
WConsole: colour dummy device 88x25
Dentry cache hash table entries: 32768 <{order: 5. 131872 hytes)
Inode=cache hash table entries: 16384 <order: 4, 65536 bhytes?
Memory: 253952k 262144k available <3312k kernel code. 7712k reserved, 128k data.
137k bszs. 168k initk
Iﬁalihrating delay loop... 728.72 BogoMIPS (lpj=159744@>
Mount—cache hazh table entries: 512
net_namespace: 636 bytes
ET: Registered protocol family 16
CI: Probing PCI hardware
|MET: Registered protocol family [

The user application executable file “filt” is located in /tmp folder in the file
system.



2 5 . = : = 7 1 |
[ e Pl CUE T ._._J : _;:h&g |
l. File Edit Setup Control  Wwindow Help

{Device Tree Probing ‘ethernet’
M111nx lltemac 81cBBBBAA_ethernet: MAC address 13 now 2: @: @: A: 8: B
ilinx_lltemac 8icBHBBBA.ethernet: EL1Temac: using DMA mode.
L1lTemac: DCR address: Bx80
; L1lTemac:= buffer descriptor size: 32768 (BxB0606>
i®L1Temnac: Allocating DHMA descrlptnrs with kmalloc<6>*8iL1Temac: <(buffer_descriptor
; init? phy: BxdB,. wvirt: BxB,. size: Oxf8908060
IETemac- PHY detected at address Y.
|

ilinx_lltemac B81cHBBAA.ethernet: ethB: Xilinx TEMAC at Bx81CHAAAAA mapped to BxD
Al6AAA, irg=18
;mlce- P5-2 mouse device common for all mice
iZc ~dev entries driver
HCP cubic registered
NET Registered protocol family 17
}MPC Registered udp transport module.
§'PC Registered tcp transport module .
AMDISK: Cumpressed image found at hlock 8
ERT3I—f= warnlng feature flags set on rev B £z, Punnlng e2fsck is recommended
A2T2—f= warnlng feature flags set on rev B fs, running e2fsck iz recommended
EHTZ —fs warning: mounting unchecked f=s. »unning eZ2fsck is recommended
{UFS: Mounted root Cext2 filesystem).
?'r331ng unuzed kernel memory: 168k init
m#ﬂ Application running ...
oot:"3 1s
Eln etc home linuxrc shin usr
ﬁeu ftp 1ihb proc tmp var
oot :™} cd tmp
rwnnt stmpr ls
i xinetd.pid
iwnnt stmp> _oFilcll

I
|
|
|

Execute the user application. As a result, the APU accelerated with Impulse
hardware runs 4.82 times faster than the software only version.

BTy ey - Gl T -] .

-File Edit Setup Control ‘Window  Help

P R R ST SR R o P C—toFPGA Tools
A T NS NS ’ ~ for Kilinx FPGA
[V S SR SR S S S S S S S S S SR Platforms
Lo sy /;/_/. PN

Complex FIR Filter Acceleration demonstration, featuring the X¥ilinx
PowerPC, Uirtex—5 FPGA and Impulse C—to—FPGA tools.

===================Running the Software-Only Uersion================
—2* Begin filtering two slots
o= aE e~ JeE-JoE-JoE-Jof-Jof oo - oo -eE-nf oo~ JoE-JoE-Jof-Jof- eI~ -eE-Jof-Jef-Jef-Jof-Jof-Jof - -3~ -ef-eE-ToE-JoE-Jof-Jef- - BE

——2» Done filterding two slots. execution time : B.737221 seconds

fle======c=c—c—c—————Running the Accelerated Uepsipn===============c=-
—2» Begin filtering two slots

—2» Done filtering two slots,. execution time : B.153238 seconds

——2» Acceleration factor: 4.82%

—————— > Dizit wyw._ ImpulzeC.com to learn more?

EPunt:/tmp) |

This is the end of the tutorial.
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