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Overview

This following tutorials will lead you step-by-step through the compilation, execution and RTL
generation of your first Impulse C applications on the Xilinx PowerPC platform.

The tutorials that follow assume that you have previously gone through at least one of the tutorials
included in your standard CoDeveloper installation. It is also assumed that you are somewhat familiar
with the Xilinx ISE and Platform Studio (EDK) tools.

Note: These tutorials assume that you are using Xilinx Platform Studio version 10.1 or later.
Depending on the version of Platform Studio you are using, the steps may be somewhat different.

The Tutorials

Tutorial 1: Complex FIR Filter on Virtex-5 Platform (EDK 10.1)
Tutorial 2: Image Filter DMA Using Shared Memory on the Virtex-4 Platform (EDK 10.1)
Tutorial 3: Fractal Image Generation on the Virtex-4 Platform (EDK 10.1)

See Also

Platform Support Package Overview

Tutorial 1: Complex FIR Filter on Virtex-5 Platform (EDK 10.1)

l:l:elerated te:hnnlugles

Overview

This detailed tutorial will demonstrate how to use Impulse C to create, compile and optimize a digital
signal processing (DSP) example for the PowerPC platform. We will also show how to make use of
the Auxiliary Processor Unit (APU) and Fabric Co-processor Bus (FCB) provided in the PowerPC
platform.

The goal of this application will be to compile the algorithm (a Complex FIR Filter function) on
hardware on the FPGA. The PowerPC will be used to run test code (producer and consumer
processes) that will pass text data into the algorithm and accept the results.
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Quick Start Tutorials 4

This example makes use of the Xilinx ML507 Evaluation Platform. The board features a Virtex-5
FXT FPGA with a PowerPC 440 soft processor core. This tutorial also assumes you are using the
Xilinx EDK 10.1i (or later) development tools.

This tutorial will require approximately two hours to complete, including software run times.

Note: this tutorial is based on a sample DSP application developed by Bruce Karsten of Xilinx, Inc. A
more complete description of the algorithm can be found in the Impulse C User Guide, in the Getting
Started Tutorial #2. This tutorial assumes that you have are familiar with the basic steps involved in
using the Xilinx EDK tools. For brevity this tutorial will omit some EDK details that are covered in
introductory EDK and Impulse C tutorials.

Note also that most of the detailed steps in this tutorial only need to be performed once, during the
initial creation of your PowerPC application. Subsequent changes to the application do not require
repeating these steps.

Steps

Loading the Complex FIR Application
Understanding the Complex FIR Application
Compiling the Application for Simulation
Building the Application for the Target Platform
Creating the Platform Using the Xilinx Tools
Configuring the New Platform

Exporting Files from CoDeveloper
Importing the Generated Hardware
Generating the FPGA Bitmap

Importing the Application Software

Running the Application

See Also

Tutorial 2: Image Filter DMA Using Shared Memory on the Virtex-4 Platform (EDK 10.1)
Tutorial 3: Fractal Image Generation using APU on the Virtex-4 Platform (EDK 10.1)

1.1.1 Loading the Complex FIR Filter Application
Complex FIR Filter Tutorial for PowerPC, Step 1

To begin, start the CoDeveloper Application Manager by selecting Application Manager from the
Start -> Programs -> Impulse Accelerated Technologies -> CoDeveloper program group.

Note: this tutorial assumes that you have already read and understand the Complex FIR example and
tutorial presented in the main CoDeveloper help file.

Open the Xilinx PowerPC ComplexFIR sample project by selecting Open Project from the File
menu, or by clicking the Open Project toolbar button. Navigate to the
AExamplesV3\Embedded\ComplexFIR_PowerPC\ directory within your CoDeveloper installation.
(You may wish to copy this example to an alternate directory before beginning.) The project file is
also available online at http://impulsec.com/ReadyToRun/. Opening the project will result in the
display of a window similar to the following:
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e IMTpaiSe Gl evElnper phlicationanaee i mive sl s s RS ceel eraton] B e rahwee)]

Eile Edit WYiew Project Tools Window Help

Pl OB2E 4B ALY L LAY
i [ Fileer_sw.c [[5] Filter_tw.c
7 #include <=stdio.h>
= @ Application FIR_Accelerator g #include “"co.h”
=13 Saurce Files 9 #include "cosim_log.h”
s".'@ ComplexFilter.c ig #include "Filter.h"
h.‘\iﬂ Fflter_hw_c 12 extern woid call accelerator (co sStream output sStream, CO Stream input stream) !
S'g';ﬂ Filker_gwic 13 = = = = £5
=123 HBfI_dBrF”E!S 14 =woid complex fir {(co_stream filter_in, co_stream filter out] |
spr [W] ComplexFiter h 15 int32 coef mew[IF FILT LEN]:
SF[BT Fiterh 16 int32  filt_hist[IF_FILT_LEN]:
[ Praject Files 17 int3z infample;
=1-£3 Document Files 13 int3iZ  outFilter;
@ Readme.htm i J:‘nt i:. g
21 O e ] o T
22 int t_read idx, t_read idx2:
23 intiz t_coef, t hist;
24 intls coef_real, coef imag;
Z5 intle hist real, hist_imag;
26 int3z pl_real, p2_real;
27 int3z pl_imag, pZ_imag:
28 int3Z res_real, rez imag;
29 int3z accum_real, acoum imag:
30 IF _SIM (int samplesread = 0:)
31 IF 5IM (int sampleswritten = 0;)
3a
33 IF_SIM | cosim_logwindow logr )
34 IF SIM | log = cosim logwindow create ("complex £ir™): |
35
36 co_array_configicoef_mem,co_kind,"async™);
37 co_array configifilt_hist,co_kind,"async™);
a8

Files included in the Complex FIR project include:
Source files ComplexFilter.c, Filter_hw.c and Filter_sw.c - These source files represent the

complete application, including the main() function, consumer and producer software processes and a
single hardware process.

See Also

Understanding the Complex FIR Application

1.1.2 Understanding the Complex FIR Filter Application
Complex FIR Filter Tutorial for PowerPC, Step 2

Before compiling the Complex FIR application to hardware, let's first take a moment to understand its
basic operation and the contents of the its primary source files, and in particular Filter_hw.c.

The specific process that we will be compiling to hardware is represented by the following function
(located in Filter_hw.c):

void complex_fir(co_streamfilter_in, co_streamfilter_out)

This function reads two types of data:
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o Filter coefficients used in the Complex FIR convolution algorithm.

e An incoming data stream
The results of the convolution are written by the process to the stream filter_out.

The complex_fir function begins by reading the coefficients from the filter_in stream and storing the
resulting data into a local array (coef_mem). The function then reads and begins processing the data,
one at a time. Results are written to the output stream filter_out.

The repetitive operations described in the complex_fir function are complex convolution algorithm.

The complete test application includes test routines (including main) that run on the PowerPC
processor, generating test data and verifying the results against the legacy C algorithm from which
complex_fir was adapted.

The configuration that ties these modules together appears toward the end of the Filter_hw.c file, and
reads as follows:

void config filt (void *arg) {
int i;

co_stream to filt, fromfilt;
co_process cpu_proc, filter_proc;

to filt = co_streamcreate ("to_filt", I NT_TYPE(32), 4);
fromfilt = co_streamcreate ("fromfilt", INT_TYPE(32), 4);
Ccpu_proc = co_process_create ("cpu_proc", (co_function)

call _accelerator, 2, to_filt, fromfilt);
filter_proc = co_process_create ("filter_proc", (co_function)
complex_fir, 2, to filt, fromfilt);

co_process_config (filter_proc, co_loc, "PEQ");

}

As in the Hello World example (described in the main CoDeveloper help file), this configuration
function describes the connectivity between instances of each previously defined process.

Only one process in this example (filter_proc) will be mapped onto hardware and compiled by the
Impulse C compiler. This process (filter_proc) is flagged as a hardware process through the use of
the co_process_config function, which appears here at the last statement in the configuration
function. Co_process_config instructs the compiler to generate hardware for complex_fir (or more
accurately, the instance of complex_fir that has been declared here as filter_proc).

The ComplexFilter.c generates a set of complex FIR coefficients and also a group of input data being
processed.

The Filter_sw.c will run in the PowerPC embedded processor, controlling the stream flow and printing
results.

See Also

Compiling the Application for Simulation
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Compiling the Application for Simulation

Complex FIR Filter Tutorial for PowerPC, Step 3

Simulation allows you to verify the correct operation and functional behavior of your algorithm before
attempting to generate hardware for the FPGA. When using Impulse C, simulation simply refers to
the process of compiling your C code to the desktop (host) development system using a standard C
compiler, in this case the gcc compiler included with the Impulse CoDeveloper tools.

To compile and simulate the application for the purpose of functional verification:

1. Select Project -> Build Simulation Executable (or click the Build Simulation Executable
button) to build the ComplexFIR.exe executable. The Build console window will display the
compile and link messages as shown below:

======== Buyilding target 'build_exe' in file _Makefile ========

"CAmpulze/CoDevelopera_30/MinGW /binfgec' -g "CA mpulzet CoDeveloperd 204 nclude’ "C: A mpulze/CoD evelopera_30/5tageM asterfinclude’" -DhwW/INZ2

" Ampulze/Coleveloperd_30/MinGWwW Anclude" -0 ComplesFilter.o -c ComplexFilter o

"C: Ampulze/CoDeveloper3_30/MinGYw binfgcc' -g "-IC: N mpulseh CoDeveloper3_304% nchude" "IC: /lmpulse/CoD eveloper3_30/5taget aster/include" -LwIM32

"C: A mpulse/CaDeveloperd_30/MinGWw finclude’ -o Fiter_bw.o -c Filker_tw.c

"C: Ampulze/CoDevelopers_30/MinGwWw bindgzc” -g "-IC: M mpulsehCoDeveloperd 304 nchude" "™IC:/lmpulze/CoDeveloper3 30/StageMasterfinclude" LM 32

A mpulze/Colleveloperd 30/MinGW fnclude" -o Filter_sw.o -c Filker_sw.c

"CAmpulze/CoDeveloperd 30/MinGYW /bingec" -g ComplesFilker.o Filker_hw.o Filker_sw.o "C:ilmpulze’\CoDeveloperd 304Librares/lmpulzeC.ib"' -0 FIR_Accelerator exe

2. You now have a Windows executable representing the ComplexFIR application implemented as
a desktop (console) software application. Run this executable by selecting Project -> Launch
Simulation Executable. A command window will open and the simulation executable will run as
shown below:

@ -[5[x

Begin Filtering a Slot
Complete Filtering a 5lot
COMPLETE APPLICATION
Prezs Enter to continue...

Verify that the simulation produces the output shown. Note that although the messages indicate that
the ComplexFIR algorithm is running on the FPGA, the application (represented by hardware and
software processes) is actually running entirely in software as a compiled, native Windows
executable. The messages you will see have been generated as a result of instrumenting the
application with simple printf statements such as the following:
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#i fdef | MPULSE_C TARGET
/1 Print Acceleration Nunbers
printf ("\r\n--> Acceleration factor: %X\ r\n\n", TimeSA TineHA);
printf ("------ > Visit ww. | npul seC.comto learn nore!");

#if defined( XPAR_ M CROBLAZE_| D)
/1 Disable DCache
m crobl aze_di sabl e_dcache();
m crobl aze_init_dcache_range(0, XPAR_M CROBLAZE 0_DCACHE_BYTE_SI ZE) ;
/1 Disable |ICache
m crobl aze_di sabl e_i cache();
m crobl aze_init _i cache_range(0, XPAR M CROBLAZE 0_CACHE BYTE_SI ZE) ;

#el i f defined(XPAR PPC440 VI RTEX5_| D)
/| Disable DCache
XCache_Di sabl eDCache();
/1 Disable |ICache
XCache_Di sabl el Cache();
#endi f

#el se
printf ("COWPLETE APPLI CATION\r\n");
printf ("Press Enter to continue...\r\n");
c = getc(stdin);

#endi f

Notice in the above C source code that #ifdef statements have been used to allow the software side
of the application to be compiled either for the embedded PowerPC processor, or to the host
development system for simulation purposes.

See Also

Building the Application for the Target Platform

1.1.4 Building the Application for the Target Platform
Complex FIR Filter Tutorial for PowerPC, Step 4

The next step in the tutorial is to create FPGA hardware and related files from the C code found in the

Filter_hw.c source file. This requires that we select a platform target, specify any needed options,
and initiate the hardware compilation process.

Specifying the Platform Support Package

To specify a platform target, select from the menu Project -> Options to open the Generate
Options dialog as shown below:

© 2009 ... Your company
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e o | |
IO, ‘_3

Build ] Simulate  Generate l S_I,Istem] Registration |

Platform Suppart Package:
CoBuilder Optimization Options
v Enable constant propagation

v Scalarize aray variables

[ Belocate loop invariant expressions

Directaries

Additional optirmizer options: Hardware build directory:
| |hw

Software build directory:

CoBuilder Generation Options |sw

v Generate dual clocks
Hardware expart directarn:

[ Achive-low reset
[EDEK.

| Use std_logic types for YHOL interfaces
Software export directany:

[EDK

[+ Do notinclude co_ports in bus interface

Library options:
[ Include Hoating point libram
i

[ Allows double-precision types and operators

k. | Cancel | | Help

Specify Xilinx Virtex-5 APU (VHDL) as the Platform Support Package. Also specify hw and sw for
the hardware and software directories as shown, and specify EDK for both the hardware and software
export directories. Also ensure that the Generate dual clocks option is checked, which will allow the
generated hardware core to run at a different clock speed than the system bus speed on the FPGA.

Click OK to save the options and exit the dialog.
Generate HDL for the Hardware Process

To generate hardware in the form of HDL files, and to generate the associated software interfaces
and library files, select from the menu Project -> Generate HDL. A series of processing steps will run
in the Build console window as shown below:
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| Max Unit Delay: 0
| Block #11:
| Stages: 1
| Maw Unit Delay: 0

| Operatars:

| 10 Adder|z]"S ubtractar(z] (32 bit)
| 4 Multiplierz) (16 bit)

| 1 Comparatar(s) [3 bit]

| & Comparatar(s] [32 bit)

| baw. Unit Delay: 33
| Estimnated DSPs: 4

“Wwriting output .. done

"C:Ampulze/CoDeveloperd_30/bindmpulze_arch "-aC:/mpulze/CoDeveloperd_30/Architecturesfsline_vD_apu.sml’ -de -no_port_bus_connect -swdirsw -fles
"FIR_Acceleratar_comp.vhd FIR_Accelerator_top.vhd ' FIR_Accelerator. xic b /FIR_Accelerator_top.vhd

Impulze C HOL Design Generator

Copyright 2002-2007, Impulse Accelerated Techhologies, [nc.

All rights regerved.

Note: the processing of this example may require a few minutes to complete, depending on the
performance of your system.

When processing has completed you will have a number of resulting files created in the hw and sw
subdirectories of your project directory.

See Also

Exporting Files from CoDeveloper

1.1.5 Exporting Files from CoDeveloper

Complex FIR Filter Tutorial for PowerPC, Step 5

Recall that in Step 4 you specified the directory EDK as the export target for hardware and software.
These export directories specify where the generated hardware and software processes are to be
copied when the Export Software and Export Hardware features of CoDeveloper are invoked.
Within these target directories (in this case EDK), the specific destination (which may be a
subdirectory under EDK) for each file previously generated is determined from the Platform Support
Package architecture library files. It is therefore important that the correct Platform Support
Package (in this case Xilinx Virtex-5 APU) is selected prior to starting the export process.

To export the files from the build directories (in this case hw and sw) to the export directories (in this
case the EDK directory), select Project -> Export Generated Hardware (HDL) and Project ->
Export Generated Software from the menu. The Build console window will display some processing
messages, as shown below:

Export the Hardware Files

© 2009 ... Your company
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" Ampulze/CoD eveloper3_30/bindimpulse_export” -hardware -sredithes "-aC: Ampulze/CoD eveloper3_30/architecturessiline_v5_apu.xml" FIR_accelerator xic "EDK Impulze C
Design Exporter

Copyright 2002-2007, Impulse Accelerated Technologies, Ine.

Al rights reserved.

Loading C:/mpulze/CoDeveloperd 30 Achitecturesiline_w5_apu.xml ..

Loading C:/impulze/Coleveloperd 30 AchitecturesHiling5/PPC AP fopu xml .

Loading FIR_Accelerator xic ..

Export the Software Files

chrad -R +nw 2w

"C:Ampulze/Col eveloper3_30/bindimpulse_export" -software -sredirsw '-aC:Ampulze/CoD eveloperd_ 30 Amchitectures/siling_v5_apu.sml" FIR_sccelerator zic "EDE"
Impulze C Design Exporter

Copyright 2002-2007, Impulse Accelerated Technologies, Inc.

All ightz rezerved Loading C: /mpulze/CoD eveloper3_30/Architectures /ilins_w5_apu.xml ...

Loading C: Ampulze/ CoDeveloper3_30/Achitectures ilinsE/PPCAAPU fopu.sml ..

Loading FIR_Acceleratorxic ...

Note: you must select BOTH Export Software and Export Hardware before going onto the next
step.

You have now exported all necessary files from CoDeveloper to the Xilinx tools environment.
See Also

Creating the Platform Using the Xilinx Tools

Creating a Platform Using Xilinx Tools
Complex FIR Filter Tutorial for PowerPC, Step 6

From the previous step, CoDeveloper creates a number of hardware and software-related output files
that must all be used to create a complete hardware/software application on the target platform (in
this case a Xilinx FPGA with an embedded PowerPC processor). This section will walk you through
the file export/import process for this example, using the Xilinx EDK System Builder, Xilinx
Platform Studio.

Creating a New Xilinx Platform Studio Project

Now we'll move into the Xilinx tool environment. Begin by launching Xilinx Platform Studio from the
Windows Start ->Xilinx ISE Design Suite 10.1 -> EDK -> Xilinx Platform Studio. The Xilinx
Platform Studio dialog appears as shown below:
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@ s e o e

Create new or open existing project

(%) i Baze Syztem Builder wizard [recommended):

e
BSE

I@ () Blank PS5 project
E i) Open a recent project

Browse for More Projects. .

Browse installed EDE examples [projects] here

ok, ” Cancel ” Help

Select the Base System Builder wizard (recommended), and click OK.

Next, in the Create New XPS Project Using BSB Wizard dialog, click Browse and navigate to the
directory you created for your Xilinx EDK project files. For this tutorial we choose the directory name
EDK , which is also the directory name we specified earlier in the Generate Options dialog. Click
Save to create a project file called system.xmp (you can specify a different project name if desired):

g

Mew project

Froject file

Advanced options [optional: F1 for help]
[[] Set Project Peripheral Repositories

Browse ...

Browsze ..

0K

) {

Cancel

M St i Higjaet ...J @1
Savein [ EDK s e @ e E-
; Jcode
|_~,j \Zydrivers
My Recent (Cprores
Documents
Deskiop
e/
My Documents
e
w9
My Computer
e |
My Metwork, File name: |system.xmp j Save
Flaces
Save as type: |F'Iatf0rm Studio Project [*.=mp] j Cancel

Now click OK in the Create New XPS Project Using BSB Wizard dialog. The Base System Builder
- Welcome page will appear as shown below:

© 2009 ... Your company
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r@'ﬂﬂja system Builder - Welcome B‘

Welcome to the Base Systemn Builder!

Thiz taol will lead wou through the steps necessary to create an embedded sustem.

Pleaze beagin by zelecting one of the following options;

(%) | would like ta create a new design

{1 | would like ta load an existing .bsb settings file (zaved fram a previous zession]

Browse..

Moare Info < Back ’ Meut > ] ’ Cancel

Select | would like to create a new design (the default), then click Next to choose your target
board.

Choose your development board from the dropdown boxes. This example will use the following
board (you should choose the reference board you have available for this step):

Board Vendor: Xilinx

© 2009 ... Your company
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Board Name: Virtex 5 ML507 Evaluation Platform
Board Revision: A

|‘@ Has et T BT e e S ran| ‘:ﬁl

Select a target development board:

Select board

(%) | would like ta create a system for the fallawing development baard
Board vendor | Hilins

Board name:

Board revision: | A

Mote: Vizit the wendor website for additional board support materials.

Wendor's Website Contact |nfo

Drownload Third Parky Board Definition Files

3 | would like ta create a system for a custom board

Board description

The MLBOY board iz intended to showecase and demongstrate Virtes-5 technology. The MLEOT
bioard utilizes Xiling Virtex 5 =CEVFTOT-FF11 36 device. The board includes Tri-Mode Ethernet
MACFHY, 256ME DDRZ SDRAM SODIMM mermory, 1ME ZBT SRAM, 32ME of Cormmodity

Flazh, 8kb IIC EEPROM, CPU Debug and CPU Trace connectors, System ACE CF controller
and 2 A5232 zenal ports.

¢ Back ” Mext > ] I Cancel

Click Next to continue with the Base System Builder Wizard. In the next wizard page, make sure
that PowerPC is selected as the processor:

© 2009 ... Your company
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I@ Eligo Soaiap) Bl ay - dalae b Mypgeag iy h"ﬁ

The board vou zelected hiaz the following FRGA device;
Architecture: Device: Fackage: Speed grade:

wirters el fi1136 -1

Select the proceszor you would like to use in this design:
Frocezzors

() MicroBlaze
%) PowerPC

Froceszar dezcriphion

The PowerPCIR] 440 processzar core is a 32-bit implementation of a RISC PowerPC processzor
embedded-ervironment architecture, |t iz intearated into the Vitew-5 F<T devices using the
IP-lmmerzion technology and supported by CoreConnect bus infrastructure and estensive [P
cores for peripheralz and utilities.

¢ Back ‘ ’ Meut » ] I Cancel

Click Next to continue with the Base System Builder Wizard.

Note: the Base System Builder options that follow may be different depending on the development
board you are using.

The next steps will demonstrate how to configure the PowerPC processor and create the necessary
I/O interfaces for our sample application.

© 2009 ... Your company
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See Also

Configuring the New Platform

1.1.7 Configuring the New Platform
Complex FIR Filter Tutorial for PowerPC, Step 7

Now that you have created a basic PowerPC project in the Base System Builder Wizard, you will
need to specify additional information about your platform in order to support the requirements of your
software/hardware application. Continuing with the steps provided in the Base System Builder
Wizard, specify the following information in the Configure processor page, making sure to increase
the local data and instruction memory as shown:

System Wide Setting
Reference Clock Frequency: 125 MHz
Bus Clock Frequency: 125 MHz

Processor Configuration
Debug I/F: FPGA JTAG (default setting)
Cache setup: Enable
Unselect Enable floating point unit (FPU)
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" . . o
l@ Elaiga G dtapg tlday = Cafid = Ho s M R g s a5 ﬂ

PowerPC

System wide zettings

Reference clock Proceszzor clock :

: ; : Bus clack frequency:
requency: frequency:

100.00 tMHz 12500 2 MHz 12500 [ MHz

Feszet polarity: Active LOWw

Froceszar configuration

Debug 14F

CPL debug uzer ping anly
CPU debug and trace ping
) Madebug

PowerPC

Cache zetup
Enable

Faor optimal performance, enable burst
and/or cacheline on memorny

[] Enable floating point unit (FPL)  [7]

’ < Back ] ’ Mext > ] ’ Cancel ]

Click Next to continue with the wizard. You will now be presented with a series of pages specifying
the 1/O peripherals to be included with your processor. (The actual layout of these pages will depend
on your screen resolution.) Select one RS232 device peripheral by setting the following options:

1/0 Device: RS232 Uart_1
Peripheral: XPS UARTLITE
Baudrate: 9600
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Data Bits: 8
Parity: NONE
Use Interrupt: disabled

Unselect the RS232 Uart_2 and LED_8Bit devices.

o fiase S BT T ErEs L o E e L i e e eSS o

The fallowing external memary and [0 devices were found ok vaur board:

Hiling Wirtex B MLBOF Evaluation Platfarm Bevision &

Pleaze zelect the [0 devices which vou would like to use:

|0 dewvices

R5232 art 1

Peripheral | #P5 UARTLITE

B audrate [bitz

per secondz); 9600
[rata hitz: o
Parity: MOME
[] Use interrupt

[] R5232 Uart_2

[] LEDs_SEit

18

[rata Sheet

Data Sheest

<Back ||

M et =

Cancel

| |

Click Next to continue. In the next wizard page, unselect all the IO devices as shown below:
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I@ Hasesysiemiin ] dersstonheuned I nerracesy oy ﬂ
The following external memaon and 10 devices were found on your board:
Hilire Virker B MLBOT Evaluation Platform Revizgion £
Pleaze zelect the 10 devices which vou would like to use:
[0 devices
LED= Puositi
O SRR Data Sheet
Fuszh_Buth St
[] Push_Buitons 36 [rata Sheet
DIP_Switches_SRit
O e [rata Sheet
IIC_EEFROM
MRS [rata Sheet
SRk
O [rata Sheet
¢ Back ] ’ Mext » ] ’ Cancel

Click Next to continue. Again, in the next wizard page, unselect all the IO devices as shown below:
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['@ BHSE S e O T o O e (O e T e s S Ao @1

The follovang external memory and [0 devices were found on your board:
Hilire Virtex 5 MLBOT Evaluation Platform B esvizion &

Pleasze zelect the 10 devices which you would like to use:

|0 devices

FLASH

O [rata Sheest
PCle_Brid

ol i [rata Sheest

M ote

Hard_Ethemet_MALC

e [rata Sheet

< Back l ’ et = ] ’ Cancel

Click Next to continue. In the next wizard page, disable all the IO interfaces except the
DDR2_SDRAM:

I/O Devices: DDR2_SDRAM
Peripheral: MPMC

© 2009 ... Your company




21

Title of this help project

['@ HaseyE T e T Eres o Euyes W e T ares F 0T

The following external memaon and 10 devices were found on your board:

Hiling Wirtex 5 MLBOT Evaluation Platform B evision &

Pleaze zelect the 10 devicesz which vou would like to use:

|0 devices

DDRZ SDRAK
Peripheral: | PPC4406MC DORZ

[] SysACE_CompactFlash

[rata Sheet

<Back ||

M et >

| |

Cancel

Click Next to continue. In the Add Internal Peripherals page, the xps_bram_if_cntlr is being added

with Memory size of 8KB.

Click the Add Peripheral... button, and select the XPS TIMER peripheral from the dropdown list as

shown below:
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g

Add ather peripherals that da nat interact with off-chip components, Use the
“&,dd Peripheral' button to select from the lizt of available peripherals.

[f pou do not wish to add any non-0 penpherals, click the "Mest' button.

Add Penpheral...

Peripherals

wpz_bram if_cntlr_1 =
Peripheral. #PS BRAM IF CHTLR

temon size: | 3 KB

@ sl Mapiil= sl ._.JE:E1

Select the penpheral you want to add:

| ok || Cancel

< Back ” MHext = ] ’ Cancel

Click Next, and the xps_timer_1 appears in the Peripherals list. Choose to the Timer mode as One
timer is present, and do not Use interrupt.
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Add other peripherals that da not inkeract with off-chip companentz. Uze the
"“&dd Peripheral' button to select from the lizt of available peripheralz.

IF pou do not wish to add any non- 0 peripherals, click the "Mest' button.

FPeripherals

wpz_bram_if_cntlh_1
Peripheral. *PS BRAM IF CHTLR

Memomn size: | BKE [

wpe_timer_1
Fenpheral. =P5 TIMER
Counter bit width: 32

Timer mode

) Two timers are present

(%) One timer iz present

[] Use interrupt

Add Penpheral...

FRemove

Drata Sheet

Remove

[ ata Sheet

=)

e [

Click OK to add the above two peripherals.

In the Cache Setup page, choose the cache settings as follows:
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Yaou have enabled the cache feature on the PowerPC processaor,

Cache zetup

Size of instruction and data cache [zan hot be changed on PPC]:

[nztruction Cache [ICache] Size: | 32 KB
[Data Cache [DCache] Size: 2 kR

Select the memary perpheralz vou would like to cache:

[Cache: DCache: Cacheable Memones:
DDRZ_SDRAM
wpz_bram_if_cntlr_1

Mate: PowerPC440 caches are enabled by calling #Cache_EnablelCache and
#Cache_EnableD Cache far instruction and data respectively in your applicationg.

< Back ” MHext » ] I Cancel

On the Software Setup dialog that appears, select the Memory test option, and unselect the
Peripheral selftest option:
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Drevices to uze az standard input, standard output, and boot mermon
STDIM: RS222 Uart_1
STDOUT: R5232 Uart_1

Boot bMemmany: | wps_bram_if_cht_1

S ample application selection

Select the sample C application that you would like to have generated. Each application will
include a linker sonipt.

Memary test

[ustrate system aliveness and perform a bazsic readwrite best b each memaony in your spstem
[] Peripheral selftest

Ferform a simple self-test for each penpheral in your system.

o )] |

Cancel

Click Next to view the Memory Test software settings as shown below:
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Click Next to accept the default Memory Test memory settings.

- fise s e e e N E e e Ol s T e o)

ko your memony devices.

Meman T est

Select the memarny devices which will be used to hold the following program sections:

[natruction; wpa_bram_if_chtlr_1
[rata: wpz_bram_if_chtlr_1

Stack/Heap: | xpsz_bram_if_chtlr_1

Intermupt Yeo: | Mo interupt

WARMNING

[f wou have placed the Instruction ar Data section of thiz program in an external memory, you must

uze a debugger, bootloader, or ACE file to intialize memony before you can run thiz program.

26

< Back ”

M et =

|

Cancel

]|

The simple Memory Test application will illustrate spstem aliveness and perform a basic readAwrite test

You have now configured the platform and processor features. The Base System Builder Wizard
displays a summary of the system you have created:
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Below iz a summary of the system vou have created. Please review the information below. IF it iz
corect, hit <Generate: to enter the information into the %P5 data baze and generate the sustem files.
Otherwize return to the previous page to make corections.

Proceszor: ppodd 0

Processar clock frequency: 125.00 MHz
Buz clock frequency: 125.00 kMHz

On Chip Memary . 3 KB

Tatal Off Chip bemary ; 256 MB

The addrezz maps below have been automatically azzigned. vou can modify them wzing the
editing features of =PS.

FPLE Buz : PLB_Y46 Inst. name: plb_v46 0 Attached Components:

Core Mame Inzstance Mame Base Addr High Addr
#ps_bram_if_cntlr wpz_bram_if_cntl_1 (xFFFFEQOO D+FFFFFFFF
wps_uartlite RS232_art_1 (=34000000 (=3400FFFF
#ps_timer wpz_timer_1 Q83000000 D«83C0OFFFF

PPCA40MC Bus : ppcd440 0 PPC440MC Attached Components:
Core Mame Instance Mame Base Addr High Addr
ppcddOme_ddr2 DDRZ SDRAM Q00000000 [ CIFFEFEE

< Back ” Generate ] I Cancel

Click Generate to generate the system and project files. After this is done, the Base System Builder
will display the Finish page as shown below:
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The Baze Syster Builder haz successfully generated vour
embedded zuzteml

Click the Finizh button to returm o %P5 to compile gour
hardware system and sofbware
application.

04T estingE amples ComplexFIR_PPC4405EDE S spstem. mhbs

[:AT estingE samplesComplexFIR_PPC440MEDE A databeystem, uct

[:AT eztingE mamplestComplexFIR_PPC440MEDE etchfast_untime. opt

[:AT eztingE samplestComple=FIR_PPC440MEDE S etchdovnload. cnd

[ AT estingE sampleshComplexFIR_FPPCA44MMEDE A spstem. mes

[:AT eztingE samplestComplexFIR_PPC440MEDEAT esttpp_MemonterchT estdpp Memory. o

[: AT estingE samplesComplexFIR_PPCAAMEDEAT estbpp_MemonterchT estdpp Memony_LinkS

AT ackinal wamnlach CamelacE IR PECAAMLE TR coebarn v
Save settings file:
D:MTestingE wamplezhComplexFIR_PPC4405E DK vapstem bzh

The zettings file containg all the uzer's selection: and inputs in the wizard zezzion. |t can be
loaded in a future wizard seszion,

Mare Info < Back ” Finizh l I Cancel

Click Finish to close the wizard.

The System Assembly View of the Platform Studio should look like this:
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kP Iatiprm stidine DR estnEisampi esyeompiesil e S A IR Sy T e eny e Syst er s sern i yEVaewa |

File Edit Yiew Project Hardware 3Software Device Configuration Debug  Simolation  wwindow  Help

BT e REN BB IR SRR DIEL P=ARS WB EX B

i 2 @ [ Buslnterfaces | Ports | Addiesses
Il Ridisct Applicafions Il i talg | I arne: Bus Connection IP Type IP Wersion
Platform K | | B P ppeddd O ppcdd vitesS  1.01.a
= | <ot e ib_ E
[ - s O0F2 SORAM ppcddlme_ddi2 2.00.a
M55 File: spstem.mzz f——a H- B ypz bram & cofl wpz_bram_if_cr 10
LCF File; dataspstem, ucf e 1 - <2 xpg bram & ootk T beam bram_block 1.00.5
itMPACT Command File: ete/download, cd — | | B> iagoos o O jtagppc_chtl 200
Implemnentation Options File: eteffast_runtime. opt| 1 F- P oo g rasef proc_sps reset 200.a
Bitgen Options File: etc/bitgen. ut 9 [ 7 wps_timer ]
= Project Options & S AIITD Hart T
Device: w70 1361 “ olock gemarafor & clock_generator 2.01.3

Metlist: TopLevel
Irmplementatian: PS5 ilow)

See Also

Importing the Generated Hardware

1.1.8 Importing the Generated Hardware

Complex FIR Filter Tutorial for PowerPC, Step 8

You will now create the target platform in the Xilinx Platform Studio. This procedure is somewhat
lengthy but will only need to be done once for any new project.

Add the ComplexFIR Hardware IP Core

First, add the module representing the ComplexFIR hardware process to your development system.
Switch to the IP Catalog tab in the Project Information Area. Expand Project Local pcores ->
USER to reveal the generated apu_filt IP core. Right-click the apu_filt and select Add IP as shown
below:
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E@ LhmePiatiormistodios i esting ExamplesiGomplextI PRI

| File Edit 'I.I'IEW Project  Hardware Su:uftware Device Configuration  Debi

Bl d=E max%@m luﬂ@i@”"%@[

| Frr+||:-rt Information dre:

|F'r|:||ect || Applications | IP Catalog |
||

=@ 3| T..HH
D ezcription I[P % erzion
L_J E EDE Ingtall - D:A=ilins\10MED .

- Analog
- Anithmetic T
Bus and Bridge e
Clock, Reszet and [ntermupt
Communication High-5 peed ?—
Communication Low-Speed .
D&, and Tirmer
Debug
FPGA Reconfiguration
General Purpose 10
|0 Modules
|nterprocessar Communication
kemory and Memory Contraller
PCI
Peripheral Cantraller
Processor
] [ tility
EI F'r|:||ect Local poores -- DA T estingE ..

=-USER

|mr 5|

¥
¢

[

Yiew MPD

The apu_filt module will appear in the list of peripherals in the System Assembly View on the right.
Connect the IP Core to PowerPC

In order to connect the apu_filt IP core to the APU of the processor, a Fabric Co-processor Bus is
needed for interfacing purposes. Click on the IP Catalog tab and select the Fabric Co-processor
Bus V2.0 (FCB) IP core from the Bus and Bridge category. Right-click it and select Add IP as
shown:
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FI|E E|:||I: 'I.I'IEW F'ru:u]ect Hardware Su:uftware

Dewce Cnnflguratlun Del:uug 5IIT|LI|E|tII:II'| Wlndnw

o BR MR

pIBEN RSO0 FA!L

Froject Infarmation &rea @
| Project || Applications | IP Catalog Ilé T
20 T‘f & gocd
Descnptlnn IP Werzion -- @iﬁb_ ¥
= E EDK. Install - D:<ilirt 1 0.1SEDK S . -- w DA,
E_I--.ﬂ-.nalng i - g -- e Febd
EI Agithrnetic ; -- B apz !
EI Buz and Bridge — -- @ fagny
-~ PLEVAE to PLEY A6 Bridge 1.01.a E- P prog_
3¢ PLBV45 to DCR Bridge 1.00.a || &P/
- 5'r Pracessor Local Bus [PLB) 4.5 1.03.a *— " : zsig
- +r PLBw4F to F5L Bridge 1.00.a d
- ¢ Local Memon Bus [LMB] 1.0 1.00.a
1:? Fazt Simple:-: Lirk:, [FSL] Eus 211.a
W * Fabnc Lo-processzo Il &
‘f( Device Control Heglster [D EH] Bus e
EI Clock, Reset and Interupt View MPD
g Ezzza:::::z: II:E:SSE::;I:I Wiesw IP Modifications {Change Log)
L-T-.I B T Wiew POF Datasheet

When you have added the FCB IP core, your project should look like this:
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E '[F: G:‘._:!' | Bus Interfaces | Ports ” Addresses |
B B I anne Buz Connection IP Type IP Werzion
I:I i pocddd (1 ppcddl_witexh  1.07.a
- . +~RESETPPC |ppcreset bus [
RN vt leceoe ol 0054
i i----MFEM pocddd 3 AECL
@_ . MFCE No Cornection
~ SDCR [No Cornection g
- MOCR Mo Connection [
= PPCA40mC ppcééﬂ &3 PRCSSMAT
o ~-SPLE1 Mo Cornection 1]
O - SPLED [No Cornection g
s vy R
 — e fmh 20 0 fob w20 1.00.a
E_rl ot s 0 plb 4B 1.03.a
-2 0082 S08AM ppcddlme_ddri2 2002
= g - bran F ot 7 wpz_bram_if_cntk 1.00.a
i -2 upy beam F crdl T brar bram_block, 1.00.a
=8 oo fif O apt_filk 1.00.a
(o)—|| - sFoe2 MNo Connection (4]
|| @< dagooe cnft [ jtagppc_cntlr 2M.c
=2 proc g resef I proc_sys_reset 200.a
?7 [H- < o fimar T wps_timer 1.00.a
o— || 3 DAIIZ L 7 wps uartite 1.00.3
e olock generafor clock_generator 2.01.a

Notice that there are an empty square and an empty circle on the FCB bus. Click the empty square to
connect the ppc440_0's MFCB interface to the fcb_v20_0 bus. Click the empty circle to connect the
apu_filt_0's SFCB2 interface to the fcb_v20_0 bus. They should be connected as shown below:
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E E @J Bus Interfaces | Parts " tddresses |
B B Mame Buz Connection IP Type IP Werzion
(=R ppedd] O ppod40
e - ~RESETPPC |E;_.Emr“e_§e't. ‘;.Hs .|
| | JTAGFFC
- ~MFCM ppc4‘4‘
|| MFCE L[cb w200 ""'_
© - 5DCR |Mao Commection 22,
e o Cornecion &
< FRCA40rC ppcddl] § PRCLLOMC
Q el MNoConnection [
O - SPLEO |Mao Commection 22,
3 . L.MPLB b vt 0
E g foh 20 feb_ w20 1.00.a
h.llpﬂb_ s plb wdB 1.03.a
--@DDHE_SDHAM ppcddlme_ddri2  2.00.a
= o --ﬂms_ﬁ;aﬂg_x[ﬂh‘ﬁ'_? wps bram_if_cntlk 1.00.a
£ --@ms_ﬁrdm_;:i{_am‘ﬁ'_ T_bram bram_block, 1.00.a
Iﬁ--ﬂapt.r_fﬁi‘_{? apu_filt 1.00.a
o—|| - SFCB2 feb_v20.0
— -- o fagope oot O jtagppc_cntlr 20ke
--ﬂproc_gfs_rem_ﬂ proc_sys_reset 200.a
?7 --*--lxps_ fimar 7 wps - timer 1.00.a
|| @A Lar 7 wps uartfite 1.00.a
Lwd clock generafor clock_generator 2.01.a

Two ports have to configured for the FCB. Click on the Ports tab in the System Assembly View and
expand fcb_v20_0 IP core. Set SYS_Rst to sys_bus_reset and set FCB_Clk to sys_clk_s as

shown.

E'; |Eus|nterfaces Portz | Addresses |

Name

-~ Extemal Ports
-~ ppcddd] O
EI B foh v @
LSYS_RST

[H- =@ nfh o 0

e OOAZ SORAM

@ g fram F o T

@ ypg pram i coffe T hram
@ apu Gt 0

@ fagope ofr O

@ oo g rasef O

@ ypg fimar T

w J5232 a1

@ oipek_gamarafor O

i

Configuring the Clock

et Dhirection

|zps bus reset =]

fpga_0_DDRZ_SDRAM_DDR2 WE[]
fpga 0 _RS232 Uart 1 T B
proc_clk_z

ayz_bus_rezet
sk
apz_cll_z930

ayz_pernph_reset

dom_clk_z
fpga_0_RS232_art_1_Rx

sps rst_s
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The ComplexFIR hardware requires a separate clock source. For this purpose, we configure the
clock_generator_0 settings by right-clicking and selecting Configure IP... as shown:

o aou fiF 8

@ fagooc ot 0
oo gpee rezef O
w ypz fomar ¥

i) - -] - ) - - )

_.__.,&:-..-: . :

.

85292 targ 7

View MPD

Wieww IP Modifications {Change Log)

Wiew PDF Datasheet
Browse HDL Sources. ..

Driver: generic_v1_00_a
Delete Instance. ..
Filker Ports. ..

Hide Selection

Here we add a new clock output from CLKOUTS5 named filt_co_clk. The frequency is set to be

62,500,000 Hz, which is half of the 125,000,000 Hz system bus frequency.

B0 Jule alo iy

X

The clock generator module cat generate required output clocks from given input referencedfeedback. clock(s) based on your requirements. It serves as a central
clocking resource to meet all pour spstem wide clocking needs. This tool will help vou configure the clock generator module and instantiate or update it in vour spstem.

Basic | Parts Overview

Step 1; Specify input clock details

Step 2 Specify the output clock requirsments

[HDL Toggls ] [ﬁ D atashest ] [(ﬂ Restore ]

Fleaze highlight a clock port in the list below and configure it on the right side.

Ports

= Input & Feedback

CLKIN
CLKFEIN
=1- Dutputs

CLkOUTO
CLkOUTH
CLkouT2
CLkOUT3
CLkOUTS
CLKOUTE
CLkOUTE
CLkOUT?
CLkOouTE

Connected to

dom_elk_z

proc_clk_s

ays clk_s

ays clk_s30

clk_200mhz_s
DORZ_SDRAM_mi_mcclkdiv?
fil_co_clk

Port: CLEOUTS

Connected to: | £i1t_co_clk

Required frequency [Hz):

Required phase shift:

Grouping information;

Buiffered:

Click OK to save the settings and exit the configure IP dialog.

62,500, 000

TRUE

Select the Ports tab in the System Assembly View and expand apu_filt_0. This should reveal ports
co_clk and apu_clk. The co_clk has to be connected to the filt_co_clk clock that we configured in
the previous steps. The apu_clk should be connected to sys_clk_s, as shown below:
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Buz Interfaces | Ports :.-’-'-.ddresses

M et

)
M ame

|- = Ewternal Portz

[ =@ ppeddd

[ = foh v O

[H- = a1

[ = QA2 SO0

[#- < ypz fram § o ¥

[F- <@ xpz Hram & cfr T Aram
=)@ gpy BF O

oy

filk_co_clk

Dhirection

R ange

co_clk

| B A e

udidebug Mo Connection
[F- = fagooe onfl O

[F- = prog e resel O

[F- = ymg fimar ¥

[ o FE232 Lo 7

[F- = pfock ganarafor

Note: if co_clk is missing from the apu_filt_0 section, then will need to return to step 3 of this tutorial
and specify the Dual Clock option in the CoDeveloper Generate Options page.

Generate the Addresses

Now you will need to set the addresses for each of the peripherals specified for the platform. This can
be done simply by clicking on the Generate Addresses button in the Addresses tab and . The

addresses will be assigned for you automatically:

+I BusIntefaces | Ports | Addresses

Instance Marme Baze Address High Address Size
plb_wdE_ 0 C_BASEADDR U
wps_bram_if_cnti_1 C_BASEADDR iFalin [ BK.
wps_timer_1 C_BASEADDR ME3e00000 OB OfFf G4k,
RS5232 Uart 1 C_BASEADDR WE4000000 OB 00FFEF G4k,
ppcd40_0 C_IDCR_BASEADDR bO000005000 0b0011111111 256
DDRZ_SDRAM  C_MEM_BASEADDR MO000008 [ 25EM
ppcdd0_0 C_SPLBO_RNG_MC_BASEADDR U
ppcd40_0 C_SPLB1_RNG_MC_BASEADDR U

Busz Interface(s)
[ Mot Applicable
|| SFLE

{4l SFLB

[|5PLE

| Mot Connected
|| PPC440MC

|| Moot Connected
[] Mot Connected

i Generate Addresses

Buz Connection
plb_w4E_0
plb_w4E_0
plb_wd46_0

ppcd40_0_PPC440MC

You have now exported all necessary hardware files from CoDeveloper to the Xilinx tools
environment and have configured your new platform. The next step will be to compile the HDL files

and generate downloadable FPGA bitstream.

See Also

Generating the FPGA Bitmap

© 2009 ... Your company



Quick Start Tutorials 36

1.1.9 Generating the FPGA Bitmap
ComplexFIR Filter Tutorial for PowerPC, Step 9

At this point, if you have followed the tutorial steps carefully you have successfully:

Generated hardware and software files from the CoDeveloper environment.

Created a new Xilinx Platform Studio project and created a new PowerPC-based platform.

Imported your CoDeveloper-generated files to the Xilinx Platform Studio environment.

Connected and configured the Impulse C hardware process to the PowerPC processor via the
FCB bus.

You are now ready to generate the bitmap.
From within Xilinx Platform Studio, select the menu Hardware -> Generate Bitstream.

Note: this process may require 10 minutes or more to complete, depending on the speed and memory
size of your development system.

After the generation process is done, the message in the Output Console Window will be like shown
below:

Creating bit map...
Javing bit streamw in "system.bit™.

Eitstream generation is complete.
Done!

"
i

& Output | ‘wWaming | Eror

Now we can move on to add our own software application.

See Also

Importing the Application Software

1.1.10 Importing the Application Software
ComplexFIR Filter Tutorial for PowerPC, Step 10
You will now import the relevant software source files to your new Platform Studio project.
On the Applications tab of the Project Information Area, create a new software project by double-

clicking the Add Software Application Project... item. An Add Software Application Project
dialog will appear. Type in the project name: filter.
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Project |nfarmation Area
Froject | Applications | |P Catalog

| Software Projects
lc_J2dd Software Application Project...
Q'Default: ppcd40_0_bootoop
= @'Pmiect: TestApp_Memory
#- Processor ppodd0_0
Emecutable: D:AT estingE sampleshO
(#- Compiler Options
*- Sources
Headers

X ' F | BusInterfaces | Po
+

c |& -
B | Mame

| || & apcddd 0

a\i

- Add Software supesieon )=

Project Mame | filker

Mate: Project Mame cannot have spaces.
Processar ppl:MEI_I.:I. il
[] Project iz an ELF-only Project

Choosze an ELF file.

Browse. .

The ELF file iz azzumed to be generated outzside =FS

Default ELF name iz <aw project names/executable.elf

k. Cancel

|

Click OK to continue.

A new Project: filter appears in the Software Projects list. Double-click the Sources item under the

Project: filter to add source files.

In the Select Source/Header File to Add to Project dialog, enter the code subdirectory and select
all the three C files are shown below:
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= ¥ Project: filter bf'l-'i“ TD 'f,_f:ﬁglcmn
#- Processzor, ppcdd 0 s Lo s
i Erecutable: D:4TestingE xampleshComplexFIR_PPC440ME DE L i{f_f{lfg
& Compiler Optians . - - : S B
g Solzer Sutfeditladay Fils i i Hygjs e ?1%]]
- Head — = o
FAnEr Lok it ][;} code _:] = ¥ Ef-
tdy R ecent
Diocuments
©
Dezktop

b5,

tu Documents

oL
by Computer

Tl

M}'PTElWDIk File narne: ]"cu_init.c" "ComplesFilter.c" "Filker_gw.c" L] Dpen |
aces
Files of bype: ]E Sources [*.c] LJ Cancel

Click Open to add the source files shown to your project. These files comprise the software
application that will run on the PowerPC CPU.

Next, double-click Headers item under the Project: filter to add header files. A file selection dialog
appears. Select both the header files in the code directory shown below.
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En umiect: filter C' SF_LLE,D o ED.T:JE-,C
#- Proceszor pped40 0 . ) *-Pfcﬁl '1;25, P "=
- Executable: AT estingE sampleshComplexFIR_PPC440MEDE | B
- Compiler Options £ = e i
[ Sources Szlaerdoed)plssdap Filsto e ig M ser L:] aﬂ
“Head - - G —
R Look i | [ code L] * £F EZ-
..- = o
tu Becent
Documents
4
©
[esktop

-

I

My Documents

ky Compuiter

-z

My Metwork  File name: |"ComplesFiter h'" " Fiter h" = ﬂl
Flaces
Files of type: ]I: Headers [* k] LJ ﬂl

Click Open to add the header files to your project.

The on-chip memory is not enough for the project. The instruction and data sessions need to be put
into external DDR2 SDRAM, and also for the heap and stack. To do this, right-click the Project: filter,
and select Generate Linker Script...
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Project Information Area

Project | Applications | [P Catalog

Software Projects
A E.ﬁ.dd Software Application Project...
"mDefault: ppc440 0 bootloop
El mF“miect: Testhpp_Memory
: & Processor ppodd0 0
i Executable: D:AT estingE =amples\ComplexFIR_PRPCA40NEDEAT
El - Compiler Options
- Sources

- Headers

= }a. Project: filter
-- Proceszsor ppodd0_

Set Compiler Opkions. ..
Mark to Inikialize BRAMS

- Executable: [:4Tes _ ; ME D Filk
- Compiler Optians Biuild Project
- Sources Clean Projeck
#- Headers Delete Project...
Make Project Inactive

Generate Linker Script,.,

The Generate Linker Script dialog will appear. Make sure that all the sections in the Sections View
are using DDR2_SDRAM as memory. For the Heap and Stack, enlarge the size to 0x1000 bytes,
and also use DDR2_SDRAM as memory.
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Lo deneratelsnier SErp: L.j :

Sections Yiew: Heap and Stack Yiew:

Section Size [bytes] b ernony Section ernon

wvectors 0x00000000 DORZ_SDRAM_| Heap DDR2_SDRAM_[]
et 0x00000000 DDORZ_SDRAM_| Stack 01000 DDRZ_SDRAM_|
Jodata 000000000 DORZ_SDRAM_|

Jodatal (00000000 DDRZ SDRAM_|

~sdataZ 0«00000000 DORZ_SDRAM_|

shesl (00000000 DDRZ_SDRAM_|2

data 0w00000000 DORZ_SDRAM_| b emories View:

.datal 0x00000000 DDRZ2 SDRAM_| Memory Start Address Length

finup 0«00000000 DORZ_SDRAM_| DORZ_SDRAM_C_I 0x00000000 262144k

zdata 0=00000000 DORZ_SDRAM_|S sps_bram_if_entlr_1 | 0=FFFFEQOQ 3k

shzs 0«00000000 DORZ_SDRAM_|

sz 0=00000000 DDRZ SDRAM_|

[ Add Section ] [Delete Section

ELF file uzed to populate section information:

B oot and Yector Sections: [T estingE xampleshComplexFIR_PPC440ME DEMilker\executable. elf
Section Address b ernory

bootd DWFFFFFFO0 wps_bram_if_cnt_1 Dutput Linker Script. *PC440ME DR fikertfilter_lirker_script, id [:]
boat 0«FFFFFFFC wpz_bram_if_cntl_1

ok ][ Cancel |[ Hep |

Click OK to generate the Linker Script file.

Next, right-click the Project: filter and select Build Project.
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et Ih f:n::[rr'uati-':in ME'EI

| Project | Applications | IP Catalog |
Software Projects
i 'E.-“-‘-.dd Software Application Project...
mDefault: ppcdd0_0_bootoop
El mPluiect: TestApp_Memory
; I}_'I Proceszor ppeddd 0
- Executable: D:AT estingEramplestComplexFIR_PPCA40MEDH
i+ Compiler Options
# Sources
i Headers
=F; 4 Project: filter
# Processor ppod40_0
- Executable: D:5TestingE wal
[+ Compiler Optionz
- Sources
@

Set Compiler Options. ..
Mark, to Initialize BRAMS

Build Prioject
Clean Projeck

Headers Delete Project, ..

Make Project Inackive
Generate Linker Scripk, ..

The following messages shown in the Console Window Output indicate the software project is built.

At Local date and time: Wed Mar 11 09:25:37 Z009

make -f system.make filter program started...
powerpoc-esbi-goe -02 Jeygdrive/d/TestingExawples/ CowplexFIR_PPC440/EDE/code/co_init.c /foygdrive/d/TestingExamples/

—wopu=440  -W1,-T -Wl,/cygdrive/d/TestingExamples/ComplexFIR PPC440/EDE/filter/filter linker secript.ld -g

powerpc-eahi-size filter/executahle.elf
LEXT data hss dec hex filensme
17174 1372 33128 51674 coda filter/executable.elf

Done!

_VUmnMg "_Enm |

Now you will need to change the BRAM initialization application, which is currently the
TestApp_Memory project. Right-click the Default: PowerPC_0_bootloop and select Mark to
Initialize BRAMs. This will let the bootloop reside in the BRAMs.
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.F'n:uiect Applications | |P Catalog |
Saoftware Projects
e )Add Software Application Project...

EI m‘Pmiect: TestApp_Memory
; [+ Pracessar: ppedd0_0 i
i Ewecutable: D:AT estingE wamples\ComplexFIR_FPPCA40MEDE
[#- Compiler Optionz
[+ Sources
. Headers
EI--umiec:t: filter
#- Processor ppodd0_0
- Executable: [:AT estingE rampleshComplexFIR_PPCA405E Dt
(#- Compiler Options
#- Sources

[+ Headers f

Next, you will run the application.

Mark to Tritializs BRAMs |

View Source

See Also

Running the Application

Running the Application
ComplexFIR Filter Tutorial for PowerPC, Step 11

Now let's run the application on the development board.

Connect the serial port of your development machine to that of your development board via a RS232
cable. Make sure the JTAG download cable is connected on the development board. Also ensure that
the board is configured to be programmed. Turn on the power to the board.

Open Tera Term or Windows HyperTerminal application to display the UART output message. Use
the same communication settings you chose when defining the RS232_Uart_1 peripheral in Base
System Builder (9600 baud, 8-N-1). Turn off flow control, if available.
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]

Port: COM1

Baud rate: 1HEI]I] ']
Data: JB bit '1
Parity: m
Stop: 11 bit vi
Flow control: none v]

Transmit delay-

44

0K

0 msecichar ]I] mseciline

Cancel

Help

Now, download the bitstream to the device by selecting Device Configuration -> Download

Bitstream.

When downloading is done, the Console Window Output will be like this:

(5]

<]

fiMPACT:Z2219 - Status register wvalues:

(iMPACT - 0011 1111 1011 1110 0000 1011 1000 o000

fiMPACT: 579 - '5': Completed downloading bit file to device.

iMPACT - '5': Checking done pin....done.

(e |
YWwiaming Errar

Select from menu Debug -> Launch XMD...

The XMD Debug Options dialog will appear for the first time opening XMD.
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@ AL e oS

Proceszzor, ppcddd O Architecture; PowerPC

Cotnection Type

i Simulatar i®) Hardware
On-Chip Hardware debugging over JTAG cable

. .-’L'-.u:ivanced Dﬁtinns

JTAG Cable

Type: | Auta E

Auto-Discover JTAG Chain Definition

ze | Moo | Device Name |0 Code

Add device Delete device

Click OK to accept the default settings.

Stub Wirtual platform
Frequency:
IR Length A
v
ok || || Hep

A Cygwin bash shell will come up. It runs a script, connecting to the PowerPC processor and the

debugger inside the FPGA, as shown below:
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Now, we can download the filter project ELF file to the target board and run the application with the

following XMD command:

dow filter/executable.elf

con

REE

oy
ity

=

=&

=

1 &

=

L &=

=
= 5

o o
o T

= &=

=

=
=
=
=

oy

=
=
&=
&=

=

=
=
=
=

=

= -1 = Sl
: A Cw e o & o g 5
& =N O o B 5 55 o &
EETOOCEE *TEES T5 S
S i1 S
EEED S Il
] 5 o ll Y ) 5 )
= = oo 5 = 5
= Ll = =
= co = oo i = =
o BO O O (S &8 =
o £ w0 = = =
= = oo
=& & = o
& & o & &
& & S = &
== = = &
= == =
= = BEE o 05 & S
= iy = =
= = =

Watch Tera Term window again. You should see the messages generated by the software process
indicating that the test data has been successfully filtered. The execution with hardware acceleration

is 4 times faster than software only running on PowerPC microprocessor.
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™ Tara Term - COMI VT =E3]

File Edit Setup Conkral Window Help {
T . v S / ___/ C-toFPGA Tools
AR NS NS PN P for Hilinx FPGA

P A S S S S S S S S A S A SN A5 A Platforms

i PRy /;/J._/\_._/_/_/\_/ N

;Cumplex FIR Filter Acceleration demonstration on Xilinx MLS587 Evaluation

|Board,. featuring the Xilinx Uirtex—-5 FRT FPGA, PowerPC448 with APU,. and

Impulse C—to—FPGA tools.

{l===================Running the Software-Only Version================

i——>» Begin filtering two =lots

| IeE-SE-3ef e -aE el o ~aE-JaE e~ Jaf~aF-Jo e Jof e o 3o e Jaf e af- o ~aF-Jof e Jof-af o e Jef i —eF - -Tef- e

f{——>» Done filtering two slots, execution time : 340 milliseconds

{E==================Running the Accelerated Uersion==================

|F—» Begin filtering two =lots

| FIeE-SaE-Sef e —eE el e ~aE e e o ~aF- e e Jof oo - —Jef e -Jaf e —af- e —aF-Jef e Jefaf o e Jof i —eF e -IeE -

/> Done filtering two slots, execution time : 82 milliseconds

{F-» Acceleration factor: 4%

e > Uigit www.ImpulseC.com to learn more? ]

Congratulations! You have successfully completed this tutorial and run the generated hardware on the

development board.

See Also

Tutorial 2: Image Filter DMA Using Shared Memory on the Virtex-4 Platform (EDK 10.1)
1.2 Tutorial 2: Image Filter DMA Using Shared Memory on the Virtex-4

Platform (EDK 10.1)

_"l_
impu

accelerated te:hnnlugles

Overview

This tutorial will demonstrate how to create, simulate and build an application targeting the Xilinx
Virtex-4 FX platform, including the use of data streams and the shared memory interface. It includes
all steps necessary to create a new platform using the Xilinx EDK 10.1 tools.

This tutorial will require approximately one hour to complete, including software run times. To
complete the application, you will need access to a Xilinx ML403 development board (or equivalent
board equipped with a Xilinx Virtex-4 FX device).

General Steps

This tutorial will take you through the entire process of creating a hardware-accelerated system in the
Virtex-4 FX FPGA using the Impulse and Xilinx tools. This is an advanced tutorial with many detailed
steps, but can be summarized as the following general steps:
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Describe and simulate the application using C language and the Impulse CoDeveloper tools.
Automatically generate hardware, in the form of VHDL source files, for the hardware
accelerator portion of the application.

Export the generated files to an EDK project directory.

Build a new EDK project describing the PowerPC and all required peripherals.

Attach the hardware accelerator generated in step 2 to the PowerPC via the PLB interface.
Add all needed software files representing the application to be run on the PowerPC.

Run synthesis and place-and-route to generate a downloadable bitmap.

Download the application to the ML403 board using a JTAG programming cable.

N =

© N~ W

Detailed Steps

Loading the Sample Application

Understanding the ImageFilterDMA Application
Compiling the Application for Simulation
Building the Application for Hardware
Exporting the Hardware and Software Files
Creating the ML403 Test Platform

Adding the ImageFilterDMA Hardware

Adding the Software Application Files

Building and Downloading the Application

See Also

Tutorial 2: Image Filter DMA Using Shared Memory on the Virtex-4 Platform (EDK 10.1)
Tutorial 3: Fractal Image Generation on the Virtex-4 Platform (EDK 10.1)

1.2.1 Loading the Sample Application
Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 1

To begin, start the CoDeveloper Application Manager by selecting Application Manager from the Start
-> Programs -> Impulse Accelerated Technologies -> CoDeveloper program group.

Open the Xilinx Virtex-4 FX Mandelbrot sample project by selecting Open Project from the File menu,
or by clicking the Open Project toolbar button. Navigate to the .\Examples\Xilinx\Virtex4\Mandelbrot\
directory within your CoDeveloper installation. (You may wish to copy this example to an alternate
directory before beginning.) Opening the project will result in the display of a window similar to the
following:
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s impiiSeol evelopER Pl Calyovara s el mversal Syt U e sst e R B ammEshwec]|

File Edit Wiew Project Tools Window Help

Aed 0831 E & @ A% @ g BB BRR RS O
o Dimg_sw.c Dimg_hw.c
: :
13 #include <stdio.hx
= @ Application ImageFilterD ks 14 #include "co.h”
=15 Source Files 15 #include "cozim log.h”
s=£v@ img_sw.c 16 #include "img.h"
@ testcpu.c i 3 ; : 3
= 15 extern woid call fpgalco mewmory imgmem, oo signal start, co signal end):
] _testfpga.c 19 = = = =
h'ﬁ\'@ img_hw.c 20 woid to stream(co signal go, Co memory imgmem, co Stream cutput stream)
=1-23 Header Files 2l = - - - - -
S imgh 2z intlé i, 3:
5-‘\-@ test h 23 uint3z offset, data, d0, dl:
(2] Project Files z4 uint3zZ row[ING WIDTH / 2];
L {_-j Document Files gg IF_5IM(cosim_logwindow log;)
? é Heédme.htm 27 IF 3IM{log = cosim logwindow create("to stream™) ;)
(2 Other Files 28 - - - -
29 co_signal wait(go, &data):
30
31 Cco_sStrean openioutput strean, 0O_WRONLY, INT _TYFE(3Z)):
32 offset = 07
33
34 = for (i =0; i< IMG_HEIGHT: i+ ) {
35 co_memory_readblockiimgmem, offset, row, IMG_WIDTH * zizeofiintla)):
36 = for [ 3 = 0: < (IMG WIDTH / 2): i+ | {
37 #pra_g'ma _ED FIPELINE

Files included in the Mandelbrot project include:

Source file img_hw.c - This source file includes the Image Filter DMA process, and also includes the
application's configuration function.

Source file img_sw.c - This source file includes the test application that runs on the target PowerPC
processor. The test application includes a main() function, and a call_fpga function to access the
external DDR SDRAM. As written, this test application can be compiled either on the PowerPC
processor or as a desktop simulation executable.

Source file img.h - This header file defines the size of the test image.

Source file test.h - This header file include a test image.

See Also

Understanding the ImageFilterDMA Application

1.2.2 Understanding the Image Filter DMA Application
Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 2

This tutorial example demonstrates a number of important concepts of Impulse C programming for
Xilinx Virtex-4 FPGA platforms. The most important of these concepts is the use of shared memory.
In platforms based on the PowerPC processor, it is often most efficient to move large blocks of data
between software and hardware elements of the system using direct memory access (DMA)
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techniques, rather than making use of streams. Which method you use (memories or streams) will
depend on the nature of the application, so you may wish to try both methods and compare relative
performance.

In this example we will create a simple image filter, which operates on incoming image data (pixel
values) to generate a converted image. The specific image processing algorithm that we have chosen
for this example is an image convolution algorithm, which is a critical step in many image processing
algorithms and is representative of other such image processing filters.

The specific convolution performed in this test case is an edge-detection function, in which a 3x3
pixel "window" is assembled and processed for each pixel in the source image. The algorithm is
represented by two pipelined hardware processes that decompose the image data into three rows of
image data and process those rows to calculate a resulting value from a 3x3 pixel window. Two
additional hardware processes are used to read and write image data from shared memory and
present the data to the image processing algorithm as a stream.

Memory memory
Sntart End
signal signal

Pixel Column 3X3 Pixel
reader generator convolution writer

These four processes and the corresponding stream, memory and signal declarations are described
using Impulse C and interconnected using the configuration function shown below:

void config_ing(void *arg)
{
int error;
co_signal startsig, donesig;
co_nenory shrnem
co_streamistream row0, rowl, row2, ostream
co_process reader, witer;
co_process cpu_proc, prep_proc, filter_proc;

startsig = co_signal _create("start");

donesig = co_signal _create("done");

shrmem = co_nenory_create("i mage", "heap0", MG WDTH * | MG HEl GHT *
si zeof (uint16));

istream = co_streamcreate("istreant, |INT_TYPE(32), |MG HElIGHT/?2);
rowd = co_streamcreate("row0", |INT_TYPE(32), 4);

r owl co_streamcreate("rowl", INT_TYPE(32), 4);

r ow2 co_streamcreate("row2", INT_TYPE(32), 4);

ostream = co_streamcreate("ostreant, |NT_TYPE(32), |MG HElIGHT/?2);

cpu_proc = co_process_create("cpu_proc", (co_function)call_fpga, 3, shrnem
startsig, donesiqg);

reader = co_process_create("reader", (co_function)to_stream 3, startsig,
shrmem istream;

prep_proc = co_process_create("prep_proc", (co_function)prep_run, 4, istream
rowd, rowl, row?2);

filter_proc = co_process_create("filter", (co_function)filter_run, 4, row0,
rowl, row2, ostrean);

witer = co_process_create("witer", (co_function)fromstream 3, ostream
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1.2.3

shrmem donesig);

co_process_config(reader, co_loc, "PE0");
co_process_config(prep_proc, co_loc, "PEQ");
co_process_config(filter_proc, co_loc, "PEO");
co_process_config(witer, co_loc, "PE0");

IF_SIMerror = cosimlogw ndow_ init();)

}

Note that a fifth process (call_fpga) is included that represents the controlling software application that
will run on the embedded PowerPC processor.

See Also

Compiling the Application for Simulation

Compiling the Application for Simulation
Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 3

The software test bench provided with this example (in img_sw.c) has been written in such a way
that it can be compiled either to an FPGA as hardware (using fixed point math operations) or be
compiled for desktop simulation, using either fixed or floating point math operations. This makes it
possible to compile and simulate the application for the purpose of functional verification.

Select Project -> Build Simulation Executable (or click the Build Simulation Executable button) to
build the Mand.exe executable. The CoDeveloper transcript window will display the compile and link
messages as shown below:

======== Building target 'build_exe' in file _M akefile ========

"C: Ampulze/CoD eveloper3/Minaw binfacc’ -g "IC: mpulse\CoD eveloper3i nolude” "IC: A mpulze/CoDeveloper3/Stageb azter/include’" -Diw/IM 32
"IC:Almpulze/CoD eveloper3MinGi Anclude” -oimg_sw.o -c img_sw.c

"C:Ampulse/CoDeveloperd/MinEw /bindacc’ -g "I mpulse\CoD eveloper3h nolude” "IC: A mpulse/CoDeveloperd/StageM aster/include’ -DWwIN 32
"I Ampulze/CoD eveloper3MinGh Anclude” -oimg_hw.o o img_khw.c''C:Ampulze/CoD eveloper3MinG'w /hindace' -q img_sw.o img_hw.o
"C:A\mpulsehCoDeveloper3sLibranes/lmpulseC ik -o ImageFiteiDbib, exe

You now have a Windows executable representing the application implemented as a desktop
(console) software application. You can run this executable by selecting Project -> Launch Simulation
Executable. A command window will open and the simulation executable will run as shown below:
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"D:sTestingExamplessImageFilterDMASNImageFilterDHA . exe™

Edge Detect Demo Running hardware—accelerated filtering...
Image in:

Running software—only filtering...

Image in:

- sD0, .
000000 .
-.00, . .00000000.
.000000 . ,000000,, .
00000000 . FIFIETRY N - P
~000000, rrrsrrrrrsnn
Sere | | 1 SRR AR AR
7 e
C] -rrrsr-000000,
R srrrrra00000, .
srrrrs-000000, e DD s
mrrrrr 00000, D

P N Y N

Running. ..
Done
Image out:
#o
-0oGoo .

o.8& 00, .
,-0
o,

-]
[ R=]

- P

- .000, 0000000000000 _

(=1 =R =]

0000, . 0000000000000 .

Dr IS S s 3@
sy DOQ
- -
2 o

[CR=lalelslslelsbelelslels]s]s)-]

o
- 000000000000000000 .

2oCooooooooooooR

0 000000000000000000 .
Press Enter key to continue...

The left-hand side is the output from software only filtering, and the right-hand side is from the
hardware accelerated filtering.

See Also

Building the Application for Hardware
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Building the Application for Hardware

Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 4

Specifying the Platform Support Package

To specify a platform target, open the Generate Options dialog as shown below:

. Cm. . 7
LI ONE: | £

Build ] Simulate  Generate l S_I,Istem] Fegistration |

Platform Support Package:

CoBuilder Optimization O ptions

[ Enable constant propagation

[ Scalarize aray variables

[ Relocate loop invarant expressions

Directaries

Additional optimizer options: Hardware build directary:
| |hw

Software buld directony:

CoBuilder Generation Options |sw

[ Generate dual clocks
Hardware export directon:

[EDE.

[ Active-low reset

[ Use std_logic twpes for YHOL interfaces
Software export directon:

[EDK

W Do notinclude co_ports in bus interface

Library options:

[ Include floating paint librar
I

[ Allow double-precision wpes and operators

0k, | Cancel | Apply | Help |

Specify Xilinx Virtex-4 PLB v4.6 as shown. Also specify "hw" and "sw" for the hardware and software
directories as shown, and specify "EDK" for the hardware and software export directories. ("EDK" is
the directory in which you will be creating a Xilinx Platform Studio project.)

Click OK to save the options and exit the dialog.
Generate HDL for the Hardware Process

To generate hardware in the form of HDL files, and to generate the associated software interfaces
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and library files, select Generate HDL from the Project menu, or click the Generate HDL button as
shown:

Generate HDL

A series of processing steps will run in a command window as shown below:

Impulze C RTL Component Gerneratar

Copyright 2002-2007, Impulze Accelerated Technalogies, Ine.

All rights reserved.

Generating to_stream ...

Generating prep_run ...

Generating filker_un ...

Generating from_stream

-Software activated--

chrod -B -+ beyrnkdin s

"C Al mpulzed CoDeveloper3/bindmpulze_lib *-aC: Ampulze/Coleveloper3darchitecturessiline,_wd_plbd sl -bedirkie -files Vimg_zw. ' img.sic swfco_initc
Impulze C Software Interface Generator

Copyright 2002-2007, Impulze Accelerated Technologies, Inc.

All rights reserved.

Laading C:/Ampulze/Caleveloperd drchitectures miling_wd_plbd sml .

Loading C:/lmpulze/Coleveloper3/drchitectures<ilins/FPPCAPLE fopu. sml ..

Loading C:/lmpulze/CoDeveloperdidrchitecturesVHD L/ Genenc/Genanic/ systerm. =ml ...
Loading img. iz ...

for i inimg_gw.c; do cp $i sw; done

for i inimg.h test h; do cp $isw; done

chmod -B +iw g

| Build | Sg Find in Files | =] System

Note: the processing of this example may require a minute or more to complete, depending on the
performance of your system.

When processing has completed you will have a number of resulting files created in the hw and sw

subdirectories of your project directory. These files are ready to be exported into a Xilinx Platform
Studio project directory.

See Also

Exporting the Hardware and Software Files

1.2.5 Exporting the Hardware and Software Files

Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 5
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Recall that in the previous step you specified the directory "EDK" as the export target for hardware
and software. These export directories specify where the generated hardware and software processes
are to be copied when the Export Software and Export Hardware features of CoDeveloper are
invoked. Within these target directories (in this case "EDK"), the specific destination for each file
previously generated is determined from the Platform Support Package architecture library files. It is
therefore important that the correct Platform Support Package (in this case Xilinx Virtex-4 APU) is
selected prior to starting the export process.

To export the files from the build directories (in this case "hw" and "sw") to the export directories (in
this case the "EDK" directory), select Project -> Export Generated Hardware (HDL) and Project ->

Export Generated Software, or select the Export Generated Hardware and Export Generated
Software buttons from the toolbar.

Export the Hardware Files

[l Pl e Lt = [l |

g wEr BRI %SO

|E:<|:n:nrl: Generated Hardware {HDL}|

Export the Software Files

[l = Filisy | = Tlodes sy

®paEr &R %S 0L

|Ex|:u:|rt generaked software interfaces|

Note: you must select BOTH Export Software and Export Hardware before going onto the next step.

You have now exported all necessary files from CoDeveloper for use in the Xilinx tools environment.
By opening a Windows Explorer window, you can see how the hardware and software files have been
copied into subdirectories of your EDK directory. In particular, notice that CoDeveloper has created a
"pcores/plb_img_arch_v1_00_a" directory containing the generated HDL and other related files. This
generated directory structure will allow you to import the generated core directly into the Platform
Studio tools.

See Also

Creating the ML403 Test Platform
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1.2.6 Creating the ML403 Test Platform
Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 6
At this point you have:

¢ Created hardware for the Mandelbrot accelerator.
o Exported the generated hardware to the EDK subdirectory as a pcore.
o Exported the PowerPC software application files to the EDK subirectory.

In this tutorial section, you will be making use of the Platform Studio tools, including the Base System
Builder Wizard, to define and build a new PowerPC-based platform targeting the Xilinx ML403
development board. You will first create a test platform allowing you to download and verify your
PowerPC and its standard peripherals. After successfully creating and testing the basic platform, you
will add the necessary hardware and software files to build, download and test the Mandelbrot sample
application.

Note: If you are using a different Virtex-4 FPGA development board, you will need to obtain an
associated .XBD file from your board vendor, as described in the introduction to this tutorial.

Using Base System Builder to Create the Platform

To begin, start the Xilinx Platform Studio tools and select the Base System Builder Wizard as shown
below:

T L. Ca . W |
‘@ G M STy Q

Create new or open eristing project

@ {Bage Spstemn Builder wizard [recommended):

\
BSBE

(3 Blank XPS praject

E (3 Open arecent project

Browse for Maore Projects...

Browse installed EDF. examples [projects] here

Click the OK button to proceed. When asked for a project name and location, specify the EDK
subdirectory of your project, and accept the default project name (system.xmp) as shown below:
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Initializing FPGA on-chip memo
embedded software
Mew project
Praoject file
]

Advanced options [optional: F1 for help)
[[] Set Project Peripheral Repositaries

| }

Browse ..
[ ok ] [ Cancel
| [Platform Studia]

f

Press the OK button to continue.

Platform Studio Project: ax)
Sawein: ]i’j EDK _'_i & i
3 'ifflcode
5.3‘ | drivers
My Recent [E)peares
Docurments
Deskiop
s
2
My Documents
My Camputer
My Netwark File name: ]system.xmp _'_] Save 1
Flaces
Save as lupe: ]Plalfnrm Studin Project [* «mp) :_i Cancel

You will now be presented with the Base System Builder Wizard. Select the "I would like to create a
new design" option, then click Next to continue:

T R
SIS

Systernb I ders el corme:

Welcome to the Base System Builder!

Fleaze begin by zelecting one of the following options:

(%) | would like ta create a new design

T hiz tool will lead wou through the steps necessary to create an embedded sustem.

) | would like ta load an existing .bsb settings file (zaved fram a previous zession)

Browse. .

Next, select your target board using the "Board vendor" and "Board name" drop-down lists. To use the
Xilinx ML403 board with attached LCD display, choose the "Virtex 4 ML403"" board as shown:
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- Hase Syatm Byl - Oalae ey u;id]

Select a target development baoard:

Select board

(%) | would like to create a system for the follawing development board
Board vendor: | ®iling

Board name: Virtes 4 ML403 Evaluatio
Board revigion: | 1

M aote: Wizt the wendar website for additional board suppart materialz.

Wendor's Website Contact |nfo

Download Third Party Board Definbion Files

3 | would like to create a system for a custom board

Click the Next button to proceed to the next Wizard page.

On the Select Processor page, be sure PowerPC is selected as the target processor, then click Next:

o L 4 - & v |
o fiase S BT L B e B SO TS S 0T d

The board you zelected haz the following FRGEA device:
Architecture: Device: Fackage: Speed grade:

uodwfnl2 flEES 10

Select the processzor you would like to use in thiz design:

Processors

() MicroBlaze
(%) PowerlPC

On the Configure PowerPC page, specify the following options:

Processor clock frequency: 100 MHz
Bus clock frequency: 50 MHz

Debug I/0: JTAG

Cache setup: Enable

On-chip memory (OCM): NONE
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@L'_d system Binlder = Confignre PowerPE P rocesssor:
PowerP¢
Syztemn wide zethingz
Feference clock, Procezsor clock Eils tloclk ;
frequency: frequency: s s Sl
100.00 | MH:z 100.00 £ MHz
Enzure that pour board iz configured for the specifed frequency.
Rezet polarity: Active LOW
Procezzor configuration
Debug |/F
(&) FPGAJTAG
CPU debug user ping only
CPU debug and trace pins
() Modebug
On-chip mermom [OCK]
| [Use BRAM)]
Data:
PowerPC|— " ©
Irstruction:
| NOMNE [+
Cache zetup
Enable
For optimal performance, enable burst
anddor cacheling an memary
[] Enable flaating point unit (FFL]  [7]
< Back l ’ st > ] ’ Cancel

Click Next to continue. You will now be presented with a series of pages for configuring various 1/0
interfaces. Select the RS232_Uart and LEDs_4Bit peripherals as shown, but do not select the

LEDs_Positions and the Push_Button_Position peripheral:
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el 3 Ty I o Fr ‘ LT T - '.-_"‘
- Hase Sygiopd Huplddy - Cop gy s U i pfeag fluf d

The fallawing external memary and [0 devices were found on vour board:

Hilire Wirkew 4 MLAOZ with TFT Revizion 1

Pleaze zelect the [0 devices which vou would like to use:

|0 devices

R5232_Uart

Peripheral: | =5 UARTLITE
Baudrate [bitz

per secondz]: 9800
[ ata bikg: !

P arity: MOME
[ Usze interrupt

LED: 4Bit

Peripheral: | =PS GPIO

[] Use intermupt

[ ] LEDz Positions

[] Push_Buttons_Position

Click Next.

D ata Sheet |

Data Sheet

[ata Shest

< Back ” Meut » ] ’ Cancel

On the next Wizard page, select only the DDR_SDRAM peripheral:

|
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oy T — T e g S ||
I@ Has e e I BT o e W e TR e s S o s dll

The fallowing external memary and 10 devices were found on vour board:
Hilire Wirtex 4 bML403 Evaluation Platform Revigion 1

Pleaze zelect the [0 devices which vou would like to uze;

|0 devices
IIC_EEPROM
FHIE D ata Shest
SysACE_C tFlash
[ sy SR [rata Shest
C I1SE
[ Copress_ [rata Sheet

w| DDR_SDRAM
/

Fernpheral: | MPMC |

Ethernet_kaC
O il [rata Sheest

M ote

. ¢ Back ” Mext > ] I Cancel

Click Next.

On the page that follows, do not select any of the peripherals:
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[ e e e e Vil
= 2Base systemibuiidercGonhiguneduidnterfacesilid ol 3| 'ha1

The following external memony and |0 devices were found on pour board:
Hilitw Virtex 4 MLAO3 Evaluation Platform Fevizion 1

Pleaze zelect the [0 devices which vou would like to use;

|0 devices

(] Tritdade_MAC_GHII

[rata Sheest
SRAK

[l Data Sheet
FLASH

O [ata Shest

Click Next.
On the Add Internal Peripherals page, change the memory size of the plb_bram_if cntlr_1 to 16 KB
as shown:

. Hase ST L BRI B T e S e e e Sl ROy 531

Add ather peripherals that da nat inkeract with off-chip components. Use the
“t,dd Peripheral’ button to zelect from the lizt of available peripherals.

[f wou do not wish o add any non-0 penpherals, click the "Hest" button.

Add Peripheral...

Peripheralz

wps bramif_ oot 1

A
Peripheral. =F5 ERAM IF CHTLR

Mernary size: S
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Click Add Peripheral button to open the Add Peripheral dialogue. Choose XPS TIMER from the
peripheral list as shown below:

B L EErphEral Jﬂ]

Select the perpheral you want to add:

LD TIRAE

] ] ’ Cancel

Click OK.The xps_timer_1 is added to the peripheral list. Configure the timer as the following options:
Counter bit width: 32
Timer mode: One timer is present
Use interrupt: no

o Hase ST L ERES ] o B T e S BT e ra SRl E RO ha
Add other peripherals that do not inkeract with off-chip components. Use the
“&,dd Peripheral’ button to select from the lizt of available peripherals.

If pwou do not wish to add any non-l0 penpherals, click the "Mest" button.

Add Penpheral...

Perpherals

wpz_bram_if_cntle_1

R
Peripheral %P5 BRAM IF CNTLR S

: Data Sheet
Memon size: | 16 KB [

wps_timer_1 -

Peripheral =P5 TIMER EMMOVE

Counter bit width; Data Sheet
Timer mode

{3 Two timers are present

%) One timer iz present

[] Use interrupt

Click Next to continue.

On the Cache Setup page, enable both cache selections as shown:
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I. r =, . r + = [ L |
[@ Elibia Gpdtap) Bl = Saie = oy h_a

You have enabled the cache feature an the PowerPC processar,
Cache zetup

Size of instruction and data cache [zan not be changed on PPC]:

Inztmuction Cache [ICache] Size: | 16 KB
D ata Cache [DCache] Size: 16 KB

Select the memany perpheralzs vou would like to cache:

ICache: DCache: Cacheable Memones:
DDR_SDRAM
wpz_bram_if_cntlr_1

Click Next.

The Wizard will now ask if you want to create memory and peripheral test applications. Select the
"Peripheral selftest" application, but do not select the "Memory test" application:

T e vl
o afase S T L BRSO AT e e L d

Drevices to uze az standard input, standard output, and boot mermony
STDIM: RS232 Uart
STDOUT: R5232 Uart

Boot Memany: | wps_bran_if_cntr_1

Sample application zelection

Select the sample C application that you would like to have generated. Each application wil
inchude a linker scnpt.

[] Memory test

[lustrate system aliveneszs and perform a basic readwrite best b eack memaony in your spstem
Peripheral selftest

Ferform a simple sel-test for each peripheral in your spstem.

Below are other software applications found for your board, |1 order to select an application,
pleaze enzure your sustem satisfy the requirementz. See "Maore Details"',

M L403 Cyprezs USE Application baore Details. .

Click Next.

You will now be prompted for memory locations for Instruction, Data and Stack/Heap for the
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PeripheralTest application. Select xps_bram_if _cntlr_1 for the Instruction field, the Data and
Stack/Heap fields as shown below:

| T -~ % * P = o ¥ 00 i - . + o
I‘@ HaEsESrE e I s e e ph e N st i cation| hﬁ

The Peripheral Selftest application includes a simple zelf test for each periperhal in pour system [if such
a selftest function exiztz in the driver the peripheral].

PeripheralT est

Select the memaony devices which will be used to hold the following program sections:

| natruction: wps_brarn_if_cnt_1
Drata: wps_brarn_if_cntr_1
Stack/Heap:

[nterupt Yeo: | Mo interupt

Click Next.

The Wizard will now display a summary of your platform selections:

o afgse Satznp B s = S a g Oy i uj

Below iz a summary of the system vou have created. Please review the information below. IF it iz
corect, hit <Generate: to enter the information into the %P5 data baze and generate the sustem files.
Otherwize return to the previous page to make corections.

Proceszor: ppod05_0

Proceszar clock frequency: 100,00 MHz

Buz clock frequency: 50,00 MHz

On Chip Memon : 16 KB

Tatal Off Chip Memaony . B4 kB
-DDR_SDRAM = 64 MB

The addresz maps below have been automatically aszigned. vou can modify them wzing the
editing features af =PS.

PLB Busz : PLBE_¥46 Inst. name: plb Attached Components:

Core Mame Instance Mame Base Addr High Addr
wpz_bram_if_chtlr wps_bram_if_cntr_1 I=FFFFCO00 0=FFFFFFFF
wps_uartlite RS232_Uart (=34000000 (=3400FFFF
¥p3_gpio LED=_4Bit 31 400000 08140FFFF
wps_timer wps_timer_1 (=83C00000 (=33C0FFFF

Click the Generate button to generate the platform with the specified configurations. After the
platform has been generated, the Wizard will display a final page, and will give you the option of

saving the platform settings to a .BSB file. This file can be used when creating new platforms with
similar settings.
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: T T 7 ||
o afgse Shatgnl B = = Flioil d

The Baze System Builder has successfully generated vour
embedded zpzteml

Click the Finizh button to return bo PS5 to compile pour
hardware sygtem and software
application.

AT estingE wampleshlmageFilterlDMAME DE \systern. mhs
[:AT estingE mamplestmageFilkerD bMANE DE dataheysterm, ucf
[:AT eztingE mamplestmageFilterD bMANE DE betcfast_runbime. opt
[:AT eztingE mamplestmageFilterDbMAME DE etcdownload. crd
[:AT eztingE mampleztmageFilterDbAME DE epstem mes
[:AT eztingE amplestmageFilterDMANE DEAT estbpp PenpheraliarchT estdpp Penpheral.c
[:AT eztingE mamplestmageFilterDMANE DEAT estbpp Penpheralsrchegpio_tapp_example.c
[: AT eztingE mamplestmageFilterDMANEDEAT estéipp Penipheral'archgpio_header.h
[:AT estingE mamplestmageFilkerDMANE DEAT estbpp Penpheral\erchetrrct_selftest_example.c |

Save settings file:
AT estingE sampleshmageFikerDtANE DK vaystem bzb

The zettingz file containg all the uzer's selections and inputs in the wizard session. |t can be
lnaded in a future wizard zeszsion.

< Back ” Finizh ] I Cancel

Click Finish to exit the Wizard.

The Platform Studio interface will now appear similar to the following:
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@ i A alrormstid o st e ExamplEst mae e Len AT E R SysT erieemie f]};f':"uu':;,duuu J’J-'uflj

File Edit Yiew Project Hardware Software Dewice Configuration Debug  Simulation Mindow Help
fé'@@ﬁﬂ‘ ﬂa@-x%@m;luﬂgma MAL DPHL  P=ARNGiMBIEXIRR:Z

= _] S PPP ﬁ_ ‘BuzInterfacest | Ports Addresses
Froject .ﬂppllcatlons IF' Eatalog | 3 ?;! 53 =

Platform i B —
Il = Pm|ecl Files

- MHS File: spstem mhs
S5 File: spstem.mes

Bus Connection IP Tvpe IP ersion

ppd08 virtexd

- |JCF File: data/zystem.uct 990
-+ iMPACT Command File: etc/download. crd E -0 ; i
- Implementation Options File: ete/fast_mntime | e bram hlock

- Bitgen Optionz File: ete/bitgen. ut
=1 Pm|ecl Optionsg

{tgppc_chitlr
proc_sys reset

- Device: wedvfy] 2fBE5-10 o e
- Metlist: TopLevel aah—
-~ Implementation: %PS [<flow] OD—'IO— i
-~ HDL: WHDL @ ciock_generafor O clock_generator 2.01.a

“- Sim Model: BEHAVIORAL

Building and Running the Peripheral Test

Before creating and building the ImageFilterDMA sample application, it is a good idea to do a quick
test of the platform, using the Peripheral Selftest test application created by Base System Builder. To
build the test application, you must first generate the PowerPC libraries, peripheral drivers, and other
files needed for the software portion of the application. To do this, select the Generate Libraries and
BSPs command from the Software menu as shown below:

o WilimePlatformistudio - D:/iestingbxamples/imase HiterDMWAIEDYS

File Edit Wiew F‘ru:u]ect Hardware

Sl = Device Configuration  Debug  Sir

lET_l E Eﬁ uﬂ YRR gﬁ Launch Platform Studio SDK ;

E Software Platform Settings. ..

| I- — . . 1 [
Project | ﬁppllcatlnns IP Catalog Assign Default Drivers

| Software Projects Ll Generate Librar

ﬂ.-‘i'-.dd Software Application Project..| ]ﬂ
_ ﬁﬂDefault: ppcd05 0 bootloop | B
= m‘Pmiect: TestApp_Peripheral

- Proceszsor ppcd05_00

Ewecutable: D:AT estingE mamples'

- Compiler Options Libs

- Sources é;

- Headers

Add Software Application Project. .,
Build &ll User Applications

et Program Size

Tel Generate Linker Script...

Clean Libraries
& Clean Programs
gu Clean Softviare

I =]

When the libraries have been built, Platform Studio will display a message similar to the following:
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Libraries generated in D:%\TestingExamples) ImageFilterDMANEDEY ppod0s 04 1ikh
directory

Funning execs generate for 03'es, Drivers and Libraries

LikhGen Done.
Done !

]
= Output |Warning || Emror

Next, select the Generate Bitstream command from the Hardware menu as shown below. This
command starts the synthesis and place-and-route process, resulting in a downloadable .BIT file. This
will take a few minutes, depending on the speed of your computer.

o XilimePlatformiStudin.- D/l estingbxamples/imagekil

File Edit Yiew Project [REi0E = Sofbware Device Configurati

Generate Metlisk

Generake Bibstraam

Create or Import Peripheral. ..

L=
Project | Applications il i

e )tdd Software Applicat Check and View Core Licenses. ..
MDefault: ppcd0s 0 ho
=Ty %Pluiect: TestApp_|

. Processzor ppod0s 0

- Ewecutable: D:AT extin @ Clean Hardware

—_— R T L

Clean Metlist

Software Projects @ Configure Coprocessar, .,
@ Clean Bits

After the bitstream generation has completed, make sure your JTAG cable is plugged in properly and
the ML403 board is powered up. Select Download Bitstream from the Device Configuration menu as
shown below:

EEM Update Bitstream

“@E@EEMW%%@ME@:

r Project Information.Area

| Praoject | Applications | IP Catalag |

Software Projects
e J4dd Software Application Project.
m‘ Default: ppcd0f 0_bootloop

= m Project: TestApp_Penpheral

When the FPGA has been successfully programmed, you will see a "Programming Complete"
message in the Platform Studio transcript, and you will see a small row of LEDs located light up in
sequence on the lower right corner of board.
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You have now verified the complete design flow and all needed hardware connections, from Platform
Studio and Base System Builder to the ML403 board. In the next tutorial section, you will replace this
test application with a new application representing the Image Filter DMA.

See Also

Adding the ImageFilterDMA Hardware

1.2.7 Adding the ImageFilterDMA Hardware
Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 7

In the previous step you used Xilinx Platform Studio and the Base System Builder to create a test
application, ready to download and run on the ML403 board. This test was important because it
established that all required peripherals, memories, etc. had been properly assembled, forming a
base platform on which the Mandelbrot example can be implemented.

In the steps that remain, we will modify the base platform to:

Add the ImageFilterDMA accelerator

Make bus and port connections of the components

Add the ImageFilterDMA software application files

Build the platform, including synthesizing the new cores

Download and run the ImageFilterDMA application on the target board

Adding the ImageFilterDMA Core

To add the ImageFilterDMA accelerator core as a peripheral, select the IP Catalog tab and look for
the category titled "Project Local pcores”. Under USER directory you will find the core that was
created (copied to) the EDK/pcores directory of your project. Add the plb_img_arch core by clicking
the right mouse button as shown below:
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File Edit Wiew Project Hardware Software De-vice Configu
P e RN R MBEI
SEm B mCh?

I Froject Information drea

| Project || Applications | IP Catalog
-

D'escription IP Yerzion
= £ EDK Install - D:%<ilinet 1018 EDK S
EI--.&naIu:ug
Iil--.ﬁ.rithmetic
III Buz and Bndge
III Clock, Reset and Interupt
III Communication High-Speed
III Communication Low-Speed
III Dby and Timer
III Debug
III FFPGA Reconfiguration
III General Purpoze 10
III Interproceszor Communication
I_-_;I bemamny and Memory Controller
EI PCI
I_-_;I Perpheral Controller
I_-_;I Proceszor
- Utilty
1= Project Local pocores -- D0AT estingE ramples. .
=-USER

View MPD

This will add the core to the project as a peripheral.
Adding IP Cores

Next, add a Processor Local Bus (PLB) 4.6 as shown below:

70
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Project Information &rea PPP
|,_.PrDIECt || #pplication: | |P Catalog Iﬁ Iﬁ Ié
2® (il
Description IP %Wersion
= F EDE Inztall - D: =il 1 01 SEDE ity
- Analag
--.-’-‘-.rithmetin:: ﬂ?"
= Buz and Bridge 3 -0
< PLBV4E to PLBVAE Bridge 1.01. >
-+ PLEV4E to DCR Bridge 1.00.a e
8 & Processor Local Bus [PLE] 4.5 1034 z
5 PLBv46 to F5L Bridge
=7 Local Memory Buz [LMB] 1.0 Vi MPD
3¢ Instruction-Side On-Chip Memary [ Yigw IP Madifications (Change Log)
-+ Fast Simplex Link [FSL) Bus view POF Datashest
~='r Fabric Co-processar Bus [FCE) s T

A XPS Central DMA Controller ( MPLB device) is needed on the PLB to keep the EDK from
optimizing out some arbitrating mechanism. Add the IP core as shown below:

Praject Information Area

| ] A 2
|_.Pr:li:d || Applications | IF Catalog Ié |é |é |é
e T
Dezcription IF %ersion T L]_.“.
(= E EDE Install - D:<ilinst 10T SEDE S,
- Analog
E- Agithmetic
@ Bus and Bridge 9900
#- Clock, Reset and Intermupt 3 D—t}—t)—#
I_-T;,I Communication High-Speed i
I_-T;,I - Commurnication Low-Speed
= DM and Timer
%P5 Timer/Counter 1.00.a o-0-a-0
' ¥PS Watchdog Timer 1.00.b it ol
# #P5 Central DA Controller 2005 :
: - ~r Fized Interval Timer
W-Debug View MPD
g Epeijrj :Z?;g?:rﬁDW Wigw IP Modifications {Change Log)
EI Interproceszor Communication view FDF Datasheet

Configure the DDR_SDRAM Controller

The MPLB of plb_img_arch_0 needs to connect to the DDR_SDRAM through a separate SPLB port.
To do this, open the Configure IP Dialogue of the DDR_SDRAM:
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7'__ | BuslInterfaces | Pots | Addiesses
E B = Mame Bus Connection P Type IP %erzion
[l - | 3 fik | 201
; e % R | i
] > 02,
900 022
- Ll | < pib_bram i cnfl 1 bram View MPD 005
i Bt 't a}ﬁagq.oc_ﬂ Wi IP Modifications (Change Log) A5
[ ) g [#- =3 oy g arcft O e BOE Bt adai 00.a
e - [F- = proc sis resef O =W il 2 00.a
O-0-0-a <2 xpz cantal ama Browse HOL Sources. .. 3 0.k
i LD 484 Driver: mpmc_v2_00_a 3
O-O-0—o [ = 7 1]
O-0-0— (- 5732 Liay Delete Instance. .,
i)
o ciock_gensrator O Filker Bus Interfaces... 3 .01
Hide Selection

Change the Port Type Configuration of Port 2 from INACTIVE to PLBV46 as shown below. This will
add another PLBV46 port to the DDR_SDRAM.

[ .
¥ DRSNS P AR

[ Base Configuration | Memary Interface | Part Configuration | Advanced HBL Toagle ? C

Port Type Configuration

MPMC Module Interface

PORT1 PORT2 PORT3 PORT4 PORTS

PLBY46 || PLBY46 || | INACTIVE || | INAcTIVE || |mwRcTIve [ |iwacrrve [ | mwRctve [ | xwmcrive [

INACTIVE

Comnmon Addresses XL

Bage Addr smm- 000000000 SDbda Register Baze Address

NPI
; ) PPC440MC-KA i )
‘: The pinout of MPMC must be comp ypp. [Memory Interface Generator). please see MPMC data sheet for more information.

Connect Bus Interfaces

Now, the Bus Interfaces view of the system should look like this:

© 2009 ... Your company



Title of this help project

E E E @_;J Bus Interfaces | Ports ” Addresses
EEBEB Mame Bus Connection IP Type IP %ersion
C—i—il il H- <@ nocdth O ppcd5_witexd  201.a
& it plb w4k 1.03.a
E-@ i 15 0 plb_s46 1.03.a
@ P poeds O gnbT plb w46 1.03.a
- @ pocd? 0 b7 plb_+w46 1.03.a
=0 008 S04 MPMGc
SPLBZ Mo Connection
~5PLE1 pped5 0 dplb]
. L.5PLBO [ppc405_0_iplb1
& - @ ypz fram & ot 7 sps_bram_if_cntle 1.00.a
i F-<@ply pram F ootk T Bram bram_block 1.00.a
- fagnpe £ jtagppe_chth 2M.b
=@ plh img arch O plb_img_arch 1.00.a
: ~~MPLE Mo Connection
- - 5PLB Mo Connection
B nioc gps resef B proc_sys reset 2.00.a
o yps canfal dma O wpz_central_dma  2.00b
: -~ 5PLB Mo Connection
- MPLE Mo Connection
tlj—?i -ﬂifﬂs_éﬂﬁ‘ %pz_gpio 1.00.a
"?_1‘7-}_1‘?_?7 -ﬂm;‘_fm_?' wpz_timer 1.00.a
O-0O-0@—| | @-<9+55232 Var wpz_Uartlite 1.00.a
e clack_ganerafor clock_generator 2.01.a

Connect the MPLB of the plb_img_arch_0, and the MPLB of the xps_central_dma_0 to the newly
added PLB (plb_v46_0), also connect the SPLB2 of the DDR_SDRAM to the same plb_v46_0.

Connect the SPLB of the plb_img_arch_0 to the shared PLB (plb) as shown below (as indicated in red
circles):
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E EPEJ Bus Interfaces | Parts || Addresses |
B M ame Bus Cannection IP Type IP %ersion
C—e—il el - —— E- S pocd O ppod05 wviterd 2013
I_T.-J o Jalls plb wdf 1.03:a
EI--#,@EI_ v 7 plb_+wdf 1.03.a
I_-EI @ oo O gl T plb wdf 1.03:a

¥

@ Pups bram i ol T
I_-EI w ol fram oo T bram
¥ < fagooe

E.I s i gy arefr £

: ;----MF‘LB

: L. CPLE

I_-EI B nrac g resed
- <Bapz_central dma
: -~ SPLE

: L MPLE
EI--#LEE'S_ E
I_-?.I--hl'ms_ fimer T

EI B 5052 ai

e olock genarafor

plb_w46 0

plb_w46
I Fl Mc

[+

ppcd05 0 dplbl

[¥]

ppcd05 0 iplb?

[+]

wpe_brann if_crtl

bram_block,
jtagppc_chtl
plb_img_arch

plb_wdE 0

plb

<L)

proc_sys reset
wpz_central_dma

Mo Connection

plb_wdb

[<[<]

Connecting the Peripheral Clock and Reset Signals

To do this, switch to the Ports Tab in the System Assembly View Window.

Connect the PLB_Clk signal of the plb_v46_0 peripheral to sys_clk_s:

“pE_gpio
wpa_timer
wpz_Liartlite
clock_generator

1.03:4a

1.00a
1.00.a
20.b
1.00.4

2.00.a
2.00b

1.00a
1.00.2
1.00:4
201.a
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=

Bus Interfaces Parts | Addreszes

Mame

-] -] ] ] ] ] ] ] ] ] ]

#Esternal Ports

= nnod 0

= nfh

o nth 5 (]
Buz_Error_Det
SY'S_Hst

> ppcdlh ) dpib?
> opedl @ ph?

o O0R S03448

o o bramy & ool ¥
ol pram & ol T beamr
> fagope O

= ol img arcr O

< oo s resef

< oz canial adma O
o Ee 40

< oz fimar T

> (5232 Llaif

< ciackgenarafor &

M et

Mo Cannection
Mo Connection

' Mo Connection

fpaa_0_DDR_SDRAM_DDR_RAS_ |
fpaa_0_DDR_SDRAM_DDR_WE_t

fpoa_0_RS232 Uart_Tx
proc_clk_s
sz buz_rezet

g penph_reset
dom_clk_z
fpoa_0_RS5232 Uart R
s rsh_s

And connect the SYS_Rst signal of plb_v46_0 to sys_bus_reset:

+

Bus Interfaces Puorts

M ame

*

*

o 8 8 R |

~#Euternal Ports

- poedia

<

i 18 0
Buz_Errar_Det

PLE_Clk
< pnedta O dndb?
< ppedta O plhT
e O0A SO0
oz fram & cnfr T
o heam & onfy T Aram
o fagooe 0
o gmg arch O
< oo e rezel O
- ymg canfral dma O
[ EDe 400
oz fimar T
o 35732 Laf
- minek ganarafor 7

Generate Addresses

Addresses

M et

Mo Connection
Mo Connectian

fpoa_0_DDR_SDRAM_DDR_RAS_L)
fpga_0_DDR_SDRAM_DDR_WE_r

fpga 0_RS232_art_ T

proc_clk_s

ayz_clk_s
zys_penph_reset
dom_clk_s

fpga 0 _RS232 Uart_R=
s rstos

Dhirection

Dhirection
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Next step is to generate addresses for the memory related modules in EDK. Switch to the Addresses
Tab of the System Assembly View Window.

Change the size of the xps_central_dma_0 from U (undefined) to 64 as shown below:

_‘_I Bus Interfaces | Parts | Addresses e Generate Addresses

Inztance Mame Baze Address High Address Size Buz Interface(z) Buz Cannection
plb_img_arch_0 C_BASEADDR rebs007 (OxcbBOfHE Bk, ||SPLE plb
ple C_BASEADDR u Mot Applicable

plb_w46_0 C_BASEADDR o] [ Mat Applicable

ppcd0s_ 0 dplbl C_BASEADDR U Mat Applicable

ppcd0f8 0 iplbl C_BasSEADDR ] |[Hot Applicable
wpz_bram_if_cntr 1 C_BASEADDR e (I=FEFEFEE 1Bk, &ISPLB plb
LEDs 4Bit C_BASEADDR ETL00000 0=E1 40K plb
wps_timer_1 C_BASEADDR B Ic00000 0= 3cOrfF plb
R5232_Uart C_BASEADDR nEL000000 Q=B 400Kk plb
ppcd0s 0 C_IDCR_BASEADDR GbT 00000 Obo111111111 256 ==IMNat Connected
DDR_SDRAM C_MPMC_BASEADDR PI00000 [Ptk 151K2 SPLBO:SPLE1:SPLE2

Click the Generate Addresses button on the upper right corner to let EDK assign addresses for the
modules as shown below:

_'_ Bus Interfaces | Ports | Addresses
Instance M arme Baze Address High Address Size Bugz Interface(s] Buz Connection
plb C_BASEADDR U 4 Mot Applicable

plb_w46_0 C_BASEADDR u | Mot &pplicable

ppcd05_ 0 dplbl C_BASEADDR u ||Mat &pplicable

ppcddb_0_iplbd C_BASEADDR u | Mot &pplicable

#pz_bram_if_cnth_ 1 C_BASEADDR i 0s [i=FEFFEFEF 16k 4|SFLB plb
wpz_cenbral_dma_0  C_BASEADDR T O Q000003F B4 | Mot Connected

LED = 4Bit C_BASEADDR WETSO000 [=B1 400fEFE B4k, SPLB plb

#ps_timer_T1 C_BASEADDR E3e00000 (B8 3cOftft B4k, || SFLE ple

R5232_Uart C_BASEADDR ELO0N00 (=B 400fEFE Edk, 4|SFLB plb

ppcd0s O C_IDCR_BASEADDR ChaT 0030008 Oboi 11111111 256 | Mot Connected

DDR_SDRAM C_MPMC_BASEADDR PN (D= O3KFEEFE Edhd SPLBO:SPLE1:5FLE2

Generate Bitstream

Now, build the hardware by choosing the Hardware -> Generate Bitstream menu. The synthesis,
place-and-route and bitstream generation process will take a few minutes to complete depending on
your PC.
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B i Moy S dly - L fTesihig e sunul= s iz H=Fil

File Edit Yiew Project 5 Software Device Configurati

3 B0 B -2 ¢4 Y B8 Generate Metlist |

e

Project | Applications | | 3; Create or Import Peripheral. .,
Software Projects E Configure Coprocessar, ., |

[£_JAdd Saftware Applicat Check and View Care Licenses. ..
m[ﬁlefault: ppcd5 0 be % Bl i |
= ¥ Project: TestApp_| B, Clan st |
[#- Proceszzor ppcd05_0 R |
Executable: 0:AT estir Q Clean Hardware '

— L T L s T

The process is done. A file "system.bit" is created.

Creating bit map...

Javing hit stream in "system.bit™.
Eitstream generation is complete.
Done !

Output | “Waming | Emror

The hardware side of the application, including the ImageFilterDMA accelerator and the PLB
interface, is now ready for use. In the next tutorial section you will set up the software side of the
application.

See Also

Adding the Software Application Files

1.2.8 Adding the Software Application Files
Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 8

The hardware configuration, including all required peripheral settings and connections, is now
complete. The next step is to add the Mandelbrot sample application.

Create Image Filter DMA Software Application

Select the Applications tab of the project, double-click the Add Software Application Project to show a
dialogue. Type in the Project Name as "ImageFilterDMA" and click OK as shown below:
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File Edit 'I.I'IEW Project  Hardware SDFtware Device Cu:unﬁguratu:un Debug Slmulatu:un Window Help

ol A IDD@:EIB R ® D&E& P B

Project Infarmation Area PPPP {_: Bus Interfaces
|

Project | Applications | IP Catalag | Ié E ié E ks

Software Projects ] L}—H—ﬂ—u-ﬂ L::-—h-— - < aocd ()

e 1Add Software Application Project. ..

E
i # SOTIWHANES .al' I" ]
-mDefault: ppcd 05 0 bootoop @ UJ 'm Yare Appic 'I'”J“ ’J”J

5)

- Q"F‘miect: TestApp_Periphesal Praject Name |ImageFiterDMa
#-Proceszor pped0a 0

i Executable; DoAT estingE xamplesim) Note: Project Name cannot have spaces.

E Compiler Ophons Processar F'F'C‘mE_D
- Sources o : ,
i [] Project iz an ELF-anly Project

Choose an ELF file.

The ELF file iz azzumed to be generated outzide =P

[refault ELF name iz < 2w project names /executable.elf

Browsze...

Cancel

Adding the Image Filter DMA Application Source Files

To add source C files to the project, open the Add Existing Files Dialogue from the Sources category

by using right mouse button as shown below:

Project Infomation Area

Project | Applications | P Catalog |

Software Projects
b E.-‘l'-.du:l Software Application Project...
: mDefault ppedds 0 bootloop
EI |?Pm|ec:t TestApp_Peripheral
[#- Proceszsar; ppcd05_0
. Executable: AT estingE wamplezhmageFikerDMANEDEAT estipp_Periph
[#- Compiler Optionz
EI Sournces
‘Headersz
I:I $PID|ECI ImageFilterDMA

- Frocezsor ppod0s_0
- Executable: D:AT estingE =amplessmageFilterD MasE DKM mageFilterDis,

- Cormpiler Optiong

Add Mew File, ..
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Select all files from the code subdirectory of your project as shown below:

selectSource/lieadern BlefoidditoProject

Loak in: ]E:' code j & ﬁ Ex-

ky Recent
Documents

&)

Desktop
by Documents
by Computer

—

by Metwork File name: |"|:|:u_init.l:" Vimng_sw.c" _._7_1 Hct
Flaces
Files of type: 1|: Sources [*.c) _Ij Cancel

Next, add header files to your project similar to above as shown below:

Software Projects
= le_JAdd 5aftware Application Project...
m[ﬁlefault: pped0s 0 bootoop
| & m'l:"miect: TestApp_Peripheral
: Processor ppocdds 0
- Ewecutable: DoAT estingE amplestmageFiterDMMAMNEDEANT eztdpp_Periphers
Compiler Optionz
Sources
Headers

= Proceszor ppedd5_0 [ s
: - Generated Header: ppcd05_0/incid Mark to Initialize BRAMs

Set Compiler Options. ..

- Executable: Di\T estingE xamplestimags Build Project .
Compiler Options ' Clean Project
= Sources Delete Project...

i DA estingE wamplestImageFilkerDby
: ‘. [1AT estingE #amples\mageFilterD b
= Headers

i codetimg.h

‘o codehtest h

Make Project Inactive
Generate Linker Script
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Setting Compiler Options

Now you will need to set compiler options for the project. To set the compiler options, right-click on
the project title and select Generate Linker Script from the menu as shown below:

Froject | Applications P Eataiug

Software Projects
lc_JAdd Software Application Praoject...
ﬁ[ﬁlefault: ppcd5 0 bootloop
] @'Pmiect: TestApp_Peripheral
#- Proceszzon ppodd5_0
Erecutable: DoAT estingE Ramplezi mageFiterDMANEDEMNT eztdpp_Periphers
#- Compiler Qptions
#- Sources
#- Headers
= Proceszzor ppedd5_0
Generated Header: ppcd05_0/incil Mark to Initislize BRAMs

Set Compiler Options. ..

Executable; DA T estingE samplestmage Build Project B
#- Compiler Options Clean Project
= Sources Delete Project...

04T estingE mamplezhmageFikerDik:

04T estingE mamplezhmageFikerDik:
=I-Headers

codesimag.h

codehtest b

Make Project Inactive

A Generate Linker Script dialogue appears. Change the Heap Size and Stack Size to 0x2000000 and
0x1000000, respectively:
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v Genprate linker; ST il-ig
Sections Wiew: Heap and Stack “iew:
Section Size [bytes) kemary Section Size [bytes] kemarny
swectors OxD0000000 DDH_SDH;‘-‘«M_EE: Heap (02000000 DDF!_SDFIAM_EE_
et Ox00000000 DDR_SDRAM_C/ | Stack 01 000000 DDR_SDRAM_C|
.rodata O=D0000000 DDH_SDH!—‘«M_EE_
_rodatal Ox00000000 DDR_SDRAM_C|
.sdata? O=D0000000 DDH_SDH;‘-‘«M_EE_
sbss2 OxD0000000 DOR_SDRAM_Ci |
data 0400000000 DDR_SDRM_CL Mermaries Yiew:
.datal (00000000 DDR_SDRAM_CE| Memory Start Address Length
fisup O=D0000000 DDR_SDRAM_C| DDR_SDRAM_C_M 0=00000000 EEA3EK.
.zdata OxD0000000 DOR_SDRAM_Ci | wpg_bram_if_cntl_1 0=FFFFCO00 1EK.
sbss Ox00000000 DDR_SDRAM_C|
baz OxD0000000 DDR_SDRAM_C|
Add Section ] [Delete Section
ELF file uzed to populate section infarmation:
Boaot ahd Yector Sections: ztingE xamplestimageFilterDMALVE DK M mageFilterDtahexecutable. elf
Section Address dernory
boat] OxFFFFFFEC wpe_brar_if_cntlr_1 Output Linker Script: elDMaMmageFilteDMa_linker_script. Id D
boat («FFFFFFFC wps_brann_if_cntlr_1
oK I [ Cancel I [ Help ]
Click OK to close the Generate Linker Script dialog.
The software application is now ready to compile for the PowerPC processor.
See Also
Building and Downloading the Application
1.2.9 Building and Downloading the Application

Image Filter DMA Accelerator Tutorial for Virtex-4 FX, Step 9
The Mandelbrot application is now ready to build, download and execute on the target ML403 board.

First, compile the software application to create a PowerPC executable. Do this by selecting Build
Project from the Project: mand entry as shown below:

© 2009 ... Your company



Quick Start Tutorials 82

Froject | Applications | |P Catalag

Software Projects
[ &dd S oftware Application Project. ..
E’E'J‘Default: ppcd05_ 0 bootloop
= @Pmiect: Testhpp_Penpheral
#- Proceszzor pped0b_00
Executable: AT estingE wamplestmageFiterD MAMEDEAT esttpp_Penphera
[#- Compiler Ophions
#- Sources
[+ Headers
= ﬁﬂ *roject: Imagekilte
#- Proceszor pped0s_0
Executable: AT estingE xamples

#- Compiler Options fE
#- Sources Clean Project

Set Cornpiler Opkions, .. i

M..ark ko ?n?tlallze BRAMS DhALes

#- Headers Delete Project. ..

Make Project Inackive
Generate Linker Scripk, ..

The size of the generated executable is shown below. It will be included in the FPGA bitstream.

make -f system.make ImageFilverDMi program started...
powerpe-eabi-goo -02 Joygdrive/d/TestingExamples/ ImageFilterDMA/EDE/code/co init.c /oygdrive/d/T
-Wl,-T -Wl,/cygdrive/d/TestingExarmples/ ImageFilterDMA/EDE/ ImageFilcer DML/ ImageFileerDMA lin

powerpc—eabhi-size ImageFilterDMifexecutable.clf

text data hss dec hex filensame
16370 6624 50331800 50355354 3005ccz ImageFilterDMASexecutable.elf
Done !

Output | Waming || Eror

Next, mark the ppc405_bootloop to initialize BRAMSs by using the right mouse button. This will put a
loop in the starting address of the on-chip memory.
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Froject ..ﬁ.pplicatiuns IF Catalog

Software Projects
¢ &dd Software Application Project...
m = : i)
=] m‘F"miect: Testhpp_Peripheral
i Processor ppo405_0
Erecutable: D:AT estingE samples' mageFiterD MAMNE D EMT esttpp_Peniphera
#- Compiler Qptions
#- Sources
#-Headers
= umiect: ImageFilterDMA
#- Proceszzon ppcdd5_0
Erecutable: DoAT estingE #amplest mageFiterD MAMNE DM mageFilterDibd s ey
#- Compiler Qptions
#-Sources
#-Headers

=

View Source

Now, it is time to download the bitstream to the ML403 board. Make sure the JTAG cable is properly
connected and that the ML403 board is powered on. Also make sure the crossover RS-232 serial
cable is connected properly between the ML403 and your PC.

Open the TeraTerm application to receive the UART output. The serial port is set to be 9600-8-N-1,
no flow control, as shown below:

T = ds J2rlh pa e a2y Lﬁ1

Port:

Baud rate:
Data:

Parity:

Stop:

Flow control:

Transmit delay

0 msecfchar 1] msecfline

Click OK to accept the settings.

Select Download Bitstream as shown below:
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G lime Pl atform St Dl ) est npExamplestimaper terMAYED)

[E] File Edit Wiew Project Hardware Software [ Debig
| E Eﬁ oD M ¥ Update Bitstream |
€ = T O W B, ko1 Dowrload St

E Program Flash Memary

Project | Application: | P Catalog

Software Projects
[ JAdd Saftware Application Project...

Next, launch Xilinx Microprocessor Debugger (XMD) from the menu as shown below:

Imag e e NS Srst Tr s ] B s LE T
Configuration | Simulation Window  Help

; = E Debug Configuration. .. n
‘,ﬁ ¥MD Debug Optians. .

F Launch Software Debugger..,
JLGEREE "MHame

If this is the first time you have launched XMD for this EDK project, a couple of dialogue windows will
pop up. Just click OK, then the XMD terminal will appear.

= EEE

(=

=
rali =g Rra

= =
= &
& &

=
=
& b
=)

B (5 5
=

e H B 0 .I" P [
[ H i E
) [ A
& iray
e
[ [ b i o E
[ H i i 1
DR 0 1 11510
B 5 4 o1olo
0 0 i
DB 0 i P 1 1

Download the ImageFilterDMA ELF file to the DDR_SDRAM, and then start running the program
using the following commands:

dow ImageFilterDMA/executable.elf
con
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#MD:x dow ImageFilterDMArexecutable.elf
System REeSet .... LUUNE
Dovnloading Program — ImageFilterDMAexecutable_elf

zection,
section.
section.
section,
section.
section,
zection,
section,
section.
section,
section.
section.,
section,
section,
zection,
section.
section.
section,
section.
section,
zection,
section,
section.

.text: Bx

BRAE-Ax 3d33
ipdit: Bx 3d34-8x 3ds7?
fini: Bx 3d58-8x 3477
hootB: Bxffffffec—Bxfffffffh
hoot: Bxfffffffc-Buffffffff
.rodata: Bx00083d78-8:x00004235
.sdata2: OxB0EB4238-BxA0064237

.shss2: Bx A4238—Ax

4237

.data: Bx 4238-0x
.got: BxA hhc—B8xA
.gotl: Bx Shhc—Bx
.gotZ: Bx Shbhc—Bx
.ctors: Bx A5 hd 8 —Bx
.dtors: BxAE005bed—BxH
Fisxup: AxAAAAShe’d—AxB
.eh_frame: BxBO0HAShed—
.Jor: BxBABAAE5 LI B-Bx806
.gcc_except_table: Bx
.asdata: BxBE085bLE4-8x

bhh

bh

bbb
hd?
Shdf
AA5he?
@a5he?
BE0AS he f

3
hf 4-BxBABAShE 3
cl?

.ghss: BxAAEASc18-0:x@

cdf

.hzs: BxBAAA5c50-0:xA0005ca’
.stack: BAxAAAAScaB-—AxA18A5caf
.heap: Bx81885chB-0xA30805caf

PC with Program Start Address B« ffffffc

Inforrocessor started. Type “stop" to stop processor

RUNNING> XMD:

After downloading has completed, the application will start running, resulting in an output image in the
TeraTerm window similar to the following:
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{Running hardware—accelerated filtering...
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1.3

The execution times of software only filtering and hardware accelerated filtering are measured and
compared, and the acceleration factor is 103.

Congratulations! You have completed this advanced tutorial.
See Also

Quick Start Tutorials

Tutorial 3: Fractal Image Generation using APU on the Virtex-4

Platform (EDK 10.1)
J
impulse

ceelerated te:hnnlugles

Overview

This tutorial will demonstrate how to create, simulate and build an application targeting the Xilinx
Virtex-4 FX platform, including the use of data streams and the Auxiliary Peripheral Unit (APU)
interface. It includes all steps necessary to create a new platform using the Xilinx EDK 10.1 tools.

This example is described in Chapter 13 of Practical FPGA Programming in C.
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This tutorial will require approximately one hour to complete, including software run times. To
complete the application, you will need access to a Xilinx ML403 development board (or equivalent
board equipped with a Xilinx Virtex-4 FX device), and a VGA monitor as shown above.

You should also download and read the following Xilinx Application Note APP901:

Accelerating Software Applications Using the APU Controller and C-to-HDL Tools.

General Steps

This tutorial will take you through the entire process of creating a hardware-accelerated system in the
Virtex-4 FX FPGA using the Impulse and Xilinx tools. This is an advanced tutorial with many detailed
steps, but can be summarized as the following general steps:

1.
2.

hw

©Now»

Describe and simulate the application using C language and the Impulse CoDeveloper tools.
Automatically generate hardware, in the form of VHDL source files, for the hardware
accelerator portion of the application.

Export the generated files to an EDK project directory.

Build a new EDK project describing the PowerPC and all required peripherals, including the
TFT display peripheral.

Attach the hardware accelerator generated in step 2 to the PowerPC via the APU interface.
Add all needed software files representing the application to be run on the PowerPC.

Run synthesis and place-and-route to generate a downloable bitmap.

Download the application to the ML403 board using a JTAG programming cable.
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131

Detailed Steps

Loading the Sample Application
Understanding the Mandelbrot Application
Compiling the Application for Simulation
Building the Application for Hardware
Exporting the Hardware and Software Files
Copying the TFT display core files
Creating the ML403 Test Platform

Adding the Mandelbrot Hardware

Adding the Software Application Files
Building and Downloading the Application

See Also

Tutorial 1: Complex FIR Filter on Virtex-5 Platform (EDK 10.1)
Tutorial 2: Image Filter DMA Using Shared Memory on the Virtex-4 Platform (EDK 10.1)

Loading the Sample Application
Mandelbrot Extended Tutorial for Virtex-4 FX, Step 1

To begin, start the CoDeveloper Application Manager by selecting Application Manager from the Start
-> Programs -> Impulse Accelerated Technologies -> CoDeveloper program group.

Open the Xilinx Virtex-4 FX Mandelbrot sample project by selecting Open Project from the File menu,
or by clicking the Open Project toolbar button. Navigate to the .\Examples\Xilinx\Virtex4\Mandelbrot\
directory within your CoDeveloper installation. (You may wish to copy this example to an alternate
directory before beginning.) Opening the project will result in the display of a window similar to the
following:

S mphiseEopEvElDpETRpplicah D anaeeT Ve rsal i o N Man delby ot | = e eS| at

File Edit Wew Project Tools Help
A aBE@ine /Y BYe aEe G002 )
A= ::.E.ReaEime..l-ﬂtm
1
E .Application M andelbrat_1 .J
=13 Source Files
T sw@ bootloadbasicaraphics.c

-SW @ stop_watch.c accelerated technologies
B -sw@ initializeDisplay.c
: ‘i [8] mand_accel_hw.o Mandelbrot Sample Project for Xilinx Virtex-4 APU platform
S @ mand_accel_sw.c
: sy [6] mand_sw_orly.c Summary
s @ mair. ¢
osw (€] wift_main.c MMandelbrot fractal image generator example, single-process version for the Xilinx Virtex-4 APU platform.
W @ gpio_led_led.c
[=Z3 Header Files Notfe: a pre-builf, ready-to-load bitmap appropriate for the Xilinx ML403 development board (with the Virtex-4 FX12
[ [h] mandh FPGA) has been provided in the file Mand_Download.bit. This demonstration application requires an LCD display

5w W] bootoad_basicaraphics.h ||| connected fo the ML403 board.
~sw [h] initializeDisplay.h

~-gw [h] stap_watchh Description
W @ mand_sw_only.h
~sw [W] mand_accel_swh This program generates a Mandelbrot set, as described in Chapter 13 of Practical FPGA Programming in G. A
sw [h] wift_mair b sample image is shown below:
~sw W] gpio_led_ledh
“oste W] bmp.h [ ot
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Files included in the Mandelbrot project include:

Source file mand_accel_hw.c - This source files includes the Mandelbrot fractal image generator
process, and also includes the application's configuration function.

Source file mand_accel_sw.c - This source file includes the test application that runs on the target
PowerPC processor. The test application includes a main() function, and a consumer/producer
function. As written, this test application can be compiled either on the PowerPC processor or as a
desktop simulation executable.

Source file mand.h - This source files includes global definitions, including the image size and
precision. This file also includes macros used for fixed-point math operations.

Other .C and .H source files - The remainder of the application source files are used for displaying

the results of the application (the generated fractal image) on an LCD display, and for creating a timer
used to compare performance.

See Also

Understanding the Mandelbrot Application

1.3.2 Understanding the Mandelbrot Application
Mandelbrot Extended Tutorial for Virtex-4 FX, Step 2

Fractal texturing is a technique used in image rendering to create imagery with an organic
appearance. The Mandelbrot image generation algorithm is one example of fractal texturing. This
sample application is a fractal image generator that calculates and displays an image such as the one
shown below:

&
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1.3.3

To generate this image, the algorithm examines all points in a subregion of a complex plane that has
both real and imaginary parts between -2 and +2. The maximum number of iterations to determine if
a given point converges is defined by MAX_ITERATIONS, which is defined in source file mand.h.
You can increase this value for more precision in the generated output.

The generator is implemented as a single Impulse C process. The process accepts configuration data
defining the image subregion on a single input stream, and generates the resulting image as a stream
of pixels on the output stream. The provided software test bench is compatible with the PPC405
processor in the Virtex-4 FX, and communicates with the hardware process via the APU (Auxiliary
Peripheral Unit) interface.

The Virtex-4 APU Controller

The APU controller provides a flexible and high-bandwidth data transfer mechanism between the
FPGA fabric (via the Fabric Control Modules, or FCMs) and the embedded PowerPC processor on
Virtex-4 FX FPGAs. The APU interface is connected directly to the instruction pipeline and to one or
more FCMs. The advantage of this approach is that the typical latency associated with arbitration on
a peripheral bus (such as PLB or OPB) is absent.

The Virtex-4 APU controller performs two main functions:

e The APU provides a synchronization mechanism between the PowerPC processor and the FCM,
which may be running at a lower clock rate.

e The APU decodes instructions or allows the FCM to decode instructions. Execution, however, is
always carried out by the FCM.

When the instruction is due for decoding, it is presented to both the PowerPC processor and APU
controller. If the instruction is not recognized as a CPU instruction, the PowerPC processor looks for a
response from the APU controller to signal a valid instruction. If valid, the required operands are
fetched and passed to the APU for processing. Instructions directed towards the FCM can be either
predefined in the Instruction Set Architecture (ISA), such as floating-point instructions, or can be user-
defined instructions. The CoDeveloper toolset creates hardware cores designed to interface with the
APU interface for easy integration into FPGA systems using XPS. In this example, CoDeveloper uses
the load/store instructions (predefined by the ISA) to transfer data between the PowerPC data
memory system and the FCM.

See Also

Compiling the Application for Simulation

Compiling the Application for Simulation

Mandelbrot Extended Tutorial for Virtex-4 FX, Step 3

The software test bench provided with this example (in mand_sw.c) has been written in such a way
that it can be compiled either to an FPGA as hardware (using fixed point math operations) or be
compiled for desktop simulation, using either fixed or floating point math operations. This makes it
possible to compile and simulate the application for the purpose of functional verification.

Select Project -> Build Simulation Executable (or click the Build Simulation Executable button) to
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build the Mand.exe executable. The CoDeveloper transcript window will display the compile and link
messages as shown below:

======== Building target 'build_exe' in file _Makefile ========
"C:Ampulze/CoDeveloper3/MinGw /bindgec' -g "-IC:\mpulsehCol eveloper3inciude "-1C: A mpulze/CoDeveloper3/Staged asterfinclude”

DM 32 T A mpulze/CoDeveloperdMinGw Anclude” -0 main.o -c main.c
"C:Ampulze/CoDeveloper3/Minkw /bindagcc” -g "IC: \mpulzeCoD eveloper b nclude' "C: A mpulze/CoDeveloperd/StageMaster/include”

DN 32 T A mpulze/CoDeveloper3dMinEw Anclude” -0 mand_sw_only.o -c mand_sw_only.c
"C:Ampulse/CoDeveloperd/Minzw /binsgcc’ -g "IC: \mpulse'CoD eveloper i nclude'" "C: A mpulse/CoDeveloperd/StageMaster/include”

DI 32 T mpulze/CoDeveloper3MinGw Ainclude” -0 mand_accel sw.o -c mand_accel_sw.c
"C:Ampulse/Col eveloperdMinEw /bindgec” -g "IC:\mpulsel CoD eveloper i nclude' "-IC: A mpulse/CoD eveloper3/S tageh aster finclude”

DI 32 " mpulzes/CoDeveloperdMinGw Ainclude” -0 mand_accel_hw.o -c mand_accel_hw.c
"C: Ampulze/Coleveloper3Minkw binface' -g main.o mand_sw_only. o mand_accel_sw.o mand_accel_hw.a
"C:MmpulsehCoDeveloperdsLibranes/lmpulseC.lib" -0 Mand. exe

You now have a Windows executable representing the application implemented as a desktop
(console) software application. You can run this executable by selecting Project -> Launch Simulation
Executable. A command window will open and the simulation executable will run as shown below:

- caw -[5]x

"D:s\TestingExamples*Mande lbrot_Uirtexd4FRi“Mand.exe""
Entered Maind()

SW—only Uerszion

Prezz any key to continue...

When complete, two BMP format files will be created in the project directory that represent the
generated hardware and software images, which have been sized for eventual display on the output

LCD:

© 2009 ... Your company



93

Title of this help project

1.3.4

See Also

Building the Application for Hardware

Building the Application for Hardware
Mandelbrot Extended Tutorial for Virtex-4 FX, Step 4

Specifying the Platform Support Package

To specify a platform target, open the Generate Options dialog as shown below:
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IO,

Build ] Simulate  Generate l S_I,Istem] Hegistratiun]

Platform Suppart Package:
il Virtes-4 APU (VHDL] |

CoBuilder Optimization Options

v Enable constant propagation

v Scalarize aray variables

v Belocate loop invariant expressions

Directaries

Additional optirmizer options: Hardware build directory:
| |hw

Software build directory:

CoBuilder Generation Options |sw

v Generate dual clocks
Hardware expart directary:

[ Active-low reset
13

[ Use std_logic twpes for WHDL interfaces
Software export directan:

[EDK

W [onotinclude co_ports in bus interface

Library options:
[ Include floating point libramy
I

[ Allow double-precision bpes and operators

ak. | Cancel | Apply | Help |

Specify Xilinx Virtex-4 APU as shown. Also specify "hw" and "sw" for the hardware and software
directories as shown, and specify "EDK" for the hardware and software export directories. ("EDK" is
the directory in which you will be creating a Xilinx Platform Studio project.)

Also ensure that the Generate Dual Clocks option is selected as shown. (The Generate Dual Clocks
option is important because you will be clocking the PowerPC processor at a different rate than the

generated FPGA logic.)
Click OK to save the options and exit the dialog.
Generate HDL for the Hardware Process

To generate hardware in the form of HDL files, and to generate the associated software interfaces
and library files, select Generate HDL from the Project menu, or click the Generate HDL button as

shown:
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1.35

Generate HDL

A series of processing steps will run in a command window as shown below:

Impulze CRTL Component Generatar

Coppright 2002-2007, Impulze Accelerated Technologies, Inc.

Al rights reserved.

Generating mand_accel_hw ...

--Software activated--

chmod -B -+ b

mkdir sw

"C:Ampulse/CoDevelopers/bindimpulse_ib" '"-aC: Ampulze/Col eveloper3/achitecturesRiling_v4_apusml'" -hwdithwy -files
"bootload_basicgraphics.c stop_watch.c IntializeDisplay.c mand_accel_sw.c mand_sw_only.c main.c stft_main.c gpio_lcd_led.c gpio_led_led b
b andelbrot. sic sw/co_init.c

Impulze C Software Interface Generator

Copgright 2002-2007, Impulse Accelerated Technologies, Inc.

Al rights reserved.

Loading C:/Impulze/CoDeveloper3farchitectures/xiling_vd_apuxml ..

Loading C:/Impulze/CoDeveloper3farchitecturesHiling/FPCAAPU fopu.sml ...

Loading C: Almpulze/CoDeveloper3farchitectures AVHDL /G enenic /G eneric/systamn, xml ..

Laading Mandelbrot.xic ...

far iin bootload_basicgraphics o stop_watch o Initializelizplay.c mand_accelsw.c mand_sw_only.c mainoe «tft_main.c gpio_led_led.c
gpio_led_led h; do cp $i sw; done

for i in mand.h bootload_basicaraphics. b InitiahizeDisplay b stop_watch b mand_sw_only. h mand_accel_sw.h =tft_main.h gpio_lcd_led.h brop.h; do
cp $i zw; done

chmod -B +m sw

Iﬁl Build | S Find in Files | ] Swstem

Note: the processing of this example may require a minute or more to complete, depending on the
performance of your system.

When processing has completed you will have a number of resulting files created in the hw and sw

subdirectories of your project directory. These files are ready to be exported into a Xilinx Platform
Studio project directory.

See Also

Exporting the Hardware and Software Files

Exporting the Hardware and Software Files

Mandelbrot Extended Tutorial for Virtex-4 FX, Step 5

Recall that in the previous step you specified the directory "EDK" as the export target for hardware
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and software. These export directories specify where the generated hardware and software processes
are to be copied when the Export Software and Export Hardware features of CoDeveloper are
invoked. Within these target directories (in this case "EDK"), the specific destination for each file
previously generated is determined from the Platform Support Package architecture library files. It is
therefore important that the correct Platform Support Package (in this case Xilinx Virtex-4 APU) is
selected prior to starting the export process.

To export the files from the build directories (in this case "hw" and "sw") to the export directories (in
this case the "EDK" directory), select Project -> Export Generated Hardware (HDL) and Project ->
Export Generated Software, or select the Export Generated Hardware and Export Generated
Software buttons from the toolbar.

Export the Hardware Files

n Manager Universal Edition = [Mandelbrot 1] = |Readme.htm]

FI.
|||
=
L'\
L‘1

o B Ee B S®
&] Start Page | €] Readme.htm 2
IJ
imbulse

Export the Software Files

IE:{ port Generated Hardware (HDL) |_

Hication Manager Umiversal Edition - [Mandelbrot 1l - [Readme.htm]

B o e mmﬁ@. /&
£ start Page | €] Readme.htm

|Expcrrt generated software interfaces|

I 7 S

mmmni nco

Note: you must select BOTH Export Software and Export Hardware before going onto the next step.

You have now exported all necessary files from CoDeveloper for use in the Xilinx tools environment.
By opening a Windows Explorer window, you can see how the hardware and software files have been
copied into subdirectories of your EDK directory. In particular, notice that CoDeveloper has created a
"pcores/apu_mand_v1_00_a" directory containing the generated HDL and other related files. This
generated directory structure will allow you to import the generated core directly into the Platform
Studio tools.

See Also

Copying the TFT Display Core Files
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Copying the TFT Display Core Files
Mandelbrot Extended Tutorial for Virtex-4 FX, Step 6

As described in the previous step, the CoDeveloper tools are capable of generating all required files
for "pcore” components usable within the Xilinx Platform Studio tools. These pcore components
represent processor peripherals and other components that can be assembled, using the Platform
Studio tools, to create a complete system.

In this example, we will also make use of another pcore for driving the TFT display. This pcore has
been provided by Xilinx, but is not part of the standard Platform Studio (EDK) installation. For your
convenience, the required TFT pcore has been included as a ZIP file with the Mandelbrot sample
project.

To add the TFT pcore to our EDK project directory, unzip the supplied file (located in the
../Mandelbrot/EDK directory), resulting in the following directory structure in your EDK project
subdirectory:

& ncores

File Edit ‘Wiew Favorites Tools  Help

@Back T ‘ir J‘,--'Searl:h || Folders EI'

Address [ D\ TestingExamplesiMandelbrob_Yirtex4FX\EDK \prores

Falders = Mame

= [T Mandelbrat_VirtexaFy [ 'Chapu_mand_v1_00_a
2 3 EoK _limpulse
o iplbwde e cnkle w1 00 a
[ blkdiagrarn
I==1 bootloops
[ code
| data
[ 5 drivers
I ete
® | hdl
F (5 implementation
= mand
ER®Y pcores
# [T apu_mand_w1 00 _a
# I impulse
# 10T plbvds tFE_cntlr w1 00 a

Note: The included ZIP file may include other directories, including a pre-built Mandelbrot accelerator
pcore. These additional files can be ignored. In particular, you should take care not to overwrite the
pcores/apu_mand_v1_00_a directory created in the previous step.

See Also

Creating the ML403 Test Platform
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1.3.7 Creating the ML403 Test Platform
Mandelbrot Extended Tutorial for Virtex-4 FX, Step 7

At this point you have:

Created hardware for the Mandelbrot accelerator.

Exported the generated hardware to the EDK subdirectory as a pcore.
Exported the PowerPC software application files to the EDK subirectory.
Created/copied an additional pcore representing the TFT display interface.

In this tutorial section, you will be making use of the Platform Studio tools, including the Base System
Builder Wizard, to define and build a new PowerPC-based platform targeting the Xilinx ML403
development board. You will first create a test platform allowing you to download and verify your
PowerPC and its standard peripherals. After successfully creating and testing the basic platform, you
will add the necessary hardware and software files to build, download and test the Mandelbrot sample
application.

Note: If you are using a different Virtex-4 FPGA development board, you will need to obtain an
associated .XBD file from your board vendor, as described in the introduction to this tutorial.

Using Base System Builder to Create the Platform

To begin, start the Xilinx Platform Studio tools and select the Base System Builder Wizard as shown
below:

T L. Ca . W |
‘@ G M STy Q

Create new or open eristing project

W' (%)iBase Spstem Builder wizard [recommended):
BSB

(3 Blank XPS praject

E (3 Open arecent project

Browse for Maore Projects...

Browse installed EDF. examples [projects] here

Click the OK button to proceed. When asked for a project name and location, specify the EDK
subdirectory of your project, and accept the default project name (system.xmp) as shown below:
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Initializing FPGA on-chip memo
embedded software
Mew project
Praoject file
]

Advanced options [optional: F1 for help)
[[] Set Project Peripheral Repositaries

| }

Browse ..
[ ok ] [ Cancel
| [Platform Studia]

f

Press the OK button to continue.

Platform Studio Project: ax)
Sawein: ]i’j EDK _'_i & i
3 'ifflcode
5.3‘ | drivers
My Recent [E)peares
Docurments
Deskiop
s
2
My Documents
My Camputer
My Netwark File name: ]system.xmp _'_] Save 1
Flaces
Save as lupe: ]Plalfnrm Studin Project [* «mp) :_i Cancel

You will now be presented with the Base System Builder Wizard. Select the "I would like to create a
new design" option, then click Next to continue:

T R
SIS

Systernb I ders el corme:

Welcome to the Base System Builder!

Fleaze begin by zelecting one of the following options:

(%) | would like ta create a new design

T hiz tool will lead wou through the steps necessary to create an embedded sustem.

) | would like ta load an existing .bsb settings file (zaved fram a previous zession)

Browse. .

Next, select your target board using the "Board vendor" and "Board name" drop-down lists. To use the
Xilinx ML403 board with attached LCD display, choose the "Virtex 4 ML403"" board as shown:
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- Hase Syatm Byl - Oalae ey u;id]

Select a target development baoard:

Select board

(%) | would like to create a system for the follawing development board
Board vendor: | ®iling

Board name: Virtes 4 ML403 Evaluatio
Board revigion: | 1

M aote: Wizt the wendar website for additional board suppart materialz.

Wendor's Website Contact |nfo

Download Third Party Board Definbion Files

3 | would like to create a system for a custom board

Click the Next button to proceed to the next Wizard page.

On the Select Processor page, be sure PowerPC is selected as the target processor, then click Next:

o L 4 - & v |
o fiase S BT L B e B SO TS S 0T d

The board you zelected haz the following FRGEA device:

Architecture: Device: Fackage: Speed grade:
wirkemd ueduful 2 =2 10
[]:Use stepping:

Select the processzor you would like to use in thiz design:

Processors

() MicroBlaze
(%) PowerlPC

On the Configure PowerPC page, specify the following options:

Processor clock frequency: 200 MHz

Debug I/0: JTAG

Cache setup: Enable

On-chip memory: 16 KB each for data and instruction
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ik ; T ; -
@ Elga Sgiapp il o = S fidiny = Huy e B S P o550y

Syztem wide zettingz

Reference clock Processzar clock,

Buz clock frequency:

@ﬂ

frequency: frequency:
100.00 MHz | 200.00 £ MHz | 100.00 ] MHz
E naure that vour board iz configured far the specifed frequency.
Reset polarity:; Active LOW
Proceszsor configuration
Drebug |AF
(%) FPGA JTAG
CFU debug uzer ping anly
CPU debug and trace pins
) Mo debug
On-chip memony [OCM]
| [Usze BRARM)
Data:
PowerPC — [*¢ @
Instruction:
Cache zetup
Enable
For optimal performance, enable burst
anddor cacheline on memony
[] Enable floating point unit (FFLU)  [7]
< Back ] ’ Mext = ] ’ Cancel

Click Next to continue. You will now be presented with a series of pages for configuring various 1/0
interfaces. Select the RS232_Uart and LEDs_4Bit peripherals as shown, but do not select the

LEDs_Positions and the Push_Button_Position peripheral:
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The fallawing external memary and [0 devices were found on vour board:

Hilire Wirkew 4 MLAOZ with TFT Revizion 1

Pleaze zelect the [0 devices which vou would like to use:

|0 devices

R5232_Uart

Peripheral: | =5 UARTLITE
Baudrate [bitz

per secondz]: 9800
[ ata bikg: !

P arity: MOME
[ Usze interrupt

LED: 4Bit

Peripheral: | =PS GPIO

[] Use intermupt

[ ] LEDz Positions

[] Push_Buttons_Position

Click Next.

D ata Sheet |

Data Sheet

[ata Shest

< Back ] ’ Meut » Cancel

|

On the next Wizard page, select only the DDR_SDRAM peripheral:

|
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oy T — T e g S ||
I@ Has e e I BT o e W e TR e s S o s dll

The fallowing external memary and 10 devices were found on vour board:
Hilire Wirtex 4 bML403 Evaluation Platform Revigion 1

Pleaze zelect the [0 devices which vou would like to uze;

|0 devices
IIC_EEPROM
FHIE D ata Shest
SysACE_C tFlash
[ sy SR [rata Shest
C I1SE
[ Copress_ [rata Sheet

w| DDR_SDRAM
/

Fernpheral: | MPMC |

Ethernet_kaC
O il [rata Sheest

M ote

. ¢ Back ” Mext > ] I Cancel

Click Next.

On the page that follows, do not select any of the peripherals:
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- e g no e S g |
o afase S e T BT o E e W e T eSS s '531
The following external memony and |0 devices were found on pour board:

Hiling Wirtes 4 MLA03 Evaluation Platfarm Revizion 1

Pleaze zelect the [0 devices which vou would like to use;

|0 devices

Tritdode_kMaAC_GHMII
T e - [rata Sheest

SRAM
[l Data Sheet

FLASH
O [ata Shest

Click Next.

On the Add Internal Peripherals page, remove the plb_bram_if cntlr_1 as shown:

o fiase S BT T BRI T e et S B e T SR RO '531
Add ather peripherals that da nat interact with off-chip components, Use the
“&,dd Peripheral' button to select from the lizt of available peripherals.

[f pou do not wish to add any non-0 penpherals, click the "Mest' button.

Add Penpheral...

Peripherals

wpz_bram_if_cntlr_1

R
Perpheral: <PS BERAM IF CNTLR

Data Sheet
temon size: | 3 KB
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Click Next.

On the Cache Setup page, enable both cache selections as shown:

I@ Bl Sodtapy Bl = e o Sariy Eﬁ

Y'au have enabled the cache feature an the PowerPC processar,
Cache zetup

Size of instruction and data cache [zan not be changed on PPC];

Inztruction Cache [ICache] Size; | 16 KB
D ata Cache [DCache] Size: 16 KB

Select the memary peripherals vou would like to cache:

ICache: DCache: Cacheable Memaories:

DDR_SDR&M

Click Next.

The Wizard will now ask if you want to create memory and peripheral test applications. Select the
"Peripheral selftest" application, but do not select the "Memory test" application:

- Hase S e I G ey O TS e L d

Devices to uze az standard input, standard output; and boot mernony
STDIM: RS232 Uart
STDOUT: R5232 Uart

Boot Memary: | ppocd05_0_iocm_cntlr

Sample application zelechion

Select the sample C application that vou would like to have generated. Each application will
inchude a linker scrpt.

[] Memary test

[luztrate system alivenessz and perform a basic readAwnite test to each memony in pour syztem
Peripheral zelftest

Perfarm a simple zelf-test for each peripheral in your spstem.

Click Next.
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You will now be prompted for memory locations for Instruction, Data and Stack/Heap for the
PeripheralTest application. Select ppc405_0_iocm_cntlr for the Instruction field, and
ppc405_0_docm_cntlr for the Data and Stack/Heap fields as shown below:

i@ ek Gstagl sl = Copifidiys Mgzl Taae el k!ﬁ1

The Peripheral Selftest application includes a simple zelf test for each periperhal in pour sestem [if such
a zelftest funchon exiztz in the driver the penpheral)].

PeripheralT est

Select the memony devices which will be used to hold the following program sections:

| netruction: ppcd05_0_iocm_cntl
Data: ppcd05 0 docm_cntlr
Stack/Heap: 0

[nterupt Yeo: | Mo interupt

Click Next.

The Wizard will now display a summary of your platform selections:
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I'@ HasESyE e T e TSy e et e
|

Below iz a summary of the system pou have created. Pleaze review the information below. IF it iz
comect, hit <Generater to enter the information inta the %P5 data base and generate the sustem files.

Othenwize return to the previous page b make caorections.

Proceszaor ppod05_0
Proceszor clock frequency: 200,00 MHz
Bus clock frequency: 100,00 MHz
On Chip bMemom . 32 KB
Tatal Off Chip Memarny : 54 MB
-MPMC = B4 MB

The addresz mapz below have been automatically agzigned. ou can modify them using the

editing features of =F5.

PLB Bus : PLB_¥46 Inzt. name: plb  Attached Components:

Core Hame Inztance Mame Baze Addr
wps_Lartfite RS5232_Uart O=34000000
¥pz_gpio LED=_4Bit 021400000
¥pE_gpio LCD_YBit_GFIO (81420000

Proceszor OCM:
Core Hame Inzstance Hame Baze Addr
izbram_if_cntlr ppcd405 0 iocr_chtr | 0=FFFFCO00

Proceszor OCM:
Core Hame Instance Hame B aze Addr
dzbrarm_if_cntlr ppcd405 0 docm_chtl  QRC2003000

High Addr
0G4 00FFFF
051 40FFFF
0w 42FFFF

High Addr
04FFFFFFFF

High Addr
0%C200BFFF

X

Click the Generate button to generate the platform with the specified configurations. After the
platform has been generated, the Wizard will display a final page, and will give you the option of
saving the platform settings to a .BSB file. This file can be used when creating new platforms with

similar settings.
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AE e E L e I ETEs ks d

2

The Baze System Builder has successfully generated vour
embedded zpzteml

Click the Finizh button to return o #PS to compile pour
hardware system and software
application,

i [:AT estingE ramplesiM andelbrot_irtexd F=AEDE A system_ML403 mhs
D:AT estingE samples' M andelbrot_VirtexdF=AEDE A databepstem MLAO3. ucf
D:AT estingE samples' M andelbrot_VirtexdF=AEDE Aetc b ast_runtime. opt
[:AT estingE samples' M andelbrot_YirtexdFAE DEAetehdowinload. crnd
[:AT estingE samplestt andelbrot_VirtexdF=AEDE A eystem_ML403 mes
D:AT estingE samples' M andelbrot_VirtexdF=AEDEAT estdpp_PenpheralherchTestdpp_Penpheral.c
[:AT estingE samplesiM andelbrot_VirtexdF=AEDEAT estdpp_Penpheralharcsgpio_tapp_esample.c. |
[:AT estingE samples' M andelbrot_VirtexdFAEDEAT estdpp_Penpheralharcigpio_header.h =
D:AT estingE samplest M andelbrot_VirtexdF=AEDEAT estdpp_Penpheralherch T estdpp_Penpheral_LL

Save settings file:
[:AT estingE samplezi M andelbrot_VirtexdF=AEDE vevstem_ML403.bzb

The zettingz file containg all the uzer's selections and inputs in the wizard gession. |t can be
loaded in a future wizard seszion,

Click Finish to exit the Wizard.

The Platform Studio interface will now appear similar to the following:
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B (i M Eifors Stdly - LI FT= gl Esiman el oSV TiExa i

:@@Eﬁ:'ﬁ@'%%@lm BB ER R

k|

S EIRIEyETemEMIEI S S Sy Lemi JJﬂJ“IJI-rJJ"’fJJ

File Edit “iew Project Hardware Software Device Configuration Debug  Simulation Wlndow Help

: EREN
©OmIT

HIEXIREMIE

0 0
F'ro|ec:t Appllcatlons IF Catalog Eq E1
Flatfarm ' [P — k

= Project Files
MHS File: spstem MLA03 mhs

T—aﬂ e

M55 File: system ML403 mss
UCF File: data/systern_L403.uck
itMPACT Cornmand File: etc/dowrlog

Implementation Options File: etc/fasl

Bitgen Optionz File: etc/bitgen.ut "3
= Project Options

Device: xcdvix 2(f668-10

Metlist: TopLewel

Implementation: =PS [=fow]

T !

HDL: ¥HDL

Sirm Madel: BEHAWIORAL
=-Reference Files

Log Files

Synthesis Report Files

C-0-0-
GO0
[ =

Building and Running the Peripheral Test

“E& E'”Gé"@ﬁ

Bus Interfaces | Ports | Addresses
Name Bus Connection IP Tupe IP Werzsion
“ pocdds (] docar dzocm_v10 2006
“ pocdda O oo igocm_v10 2.00.b
>
[+« opcdBy 8 docm el dsbram_if_cntlr 3006
[ v"p,océﬁ}b' {J' focm el isbrar_if_cntlr 2006
[ = oo brdm brarn_block 1.00.a
(- < ocar bram brarn_block 1.00.5
-« fagopn O jtagppc_chtlr 20.a
H- <P oroc spe resef O proc_sys_reset 2.00.5
E-seLELy
“& clock_generafor & clock_generator  2.01.a

Before creating and building the Mandelbrot sample application, it is a good idea to do a quick test of
the platform, using the Peripheral Selftest test application created by Base System Builder. To build
the test application, you must first generate the PowerPC libraries, peripheral drivers, and other files
needed for the software portion of the application. To do this, select the Generate Libraries and BSPs
command from the Software menu as shown below:

e G i PRt ormstudine L= s s e ’“JJJ}:":.‘.L AU OISV EXa

.ﬁ.pplicatinns _ T Catalog

Project

Software Projects
[c_JAdd Software Application Project..
?ﬁDefault' ppc405 0 bootloop
I-'E""l‘Plv|.1|||3-::t TestApp_Peripheral
[#- Proceszsar pped05_0

Ewecutable: D:AT estingE wamplesh

Compiler Options

Sources

Headers

=

=

| &

Llet Senerake

lc] Add Software Application Project...
é Build All User applications

&

=
o

L

: Dewce Configuration Debug  Sir

Saoftware Platform Settings. ..

Assign Defaulk Drivers

et Program Size

Generate Linker Script. ..

Clean Libraries
Clean Programs

Clean Software

—T T T T T T T

When the libraries have been built, Platform Studio will display a message similar to the following:
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Libraries generated in
D:Y TestingExamp lesh Mandelbrot Virtex4FEV\EDE,\ ppcd405 04 ik directory

Bunning execs generate for 03'es, Driwvers and Libraries

LibGen Done.
Done !

@!

Output |'W'arning ” Errar |

Next, select the Generate Bitstream command from the Hardware menu. This command starts the
synthesis and place-and-route process, resulting in a downloadable .BIT file.

Gaenerake Metlist

Generate Bitstream

roject Information Area

| Project | Applications 2‘%’? Create or Impart Peripheral. ..
arl

Software Projects Configure Coprocessar, .,

E.ﬁ.dd Software .-i‘-.pp.lil:at Check and Wiew Core Licenses. ..
E----m‘Default: ppcdd5_0_bo %
=1~ %1 Project: TestApp_I
m ! ; P @ lean Bits
#-Processor. ppc405_0 ﬁ

i Executable: D:4T estiv lean Hardware

Clean Metlist

After the bitstream generation has completed, make sure your JTAG cable is plugged in properly and
the ML403 board is powered up. Select Download Bitstream from the Device Configuration menu as
shown below:

File Edit Wiew Project Hardware Software
ARl R RMNER
B

EFR AN
IHIT

IIpdake Bitstream

roject [nformation &rea
| Project | Applications | IP Catalog | F‘rngram Flash Mernory
Software Projects L=
e E.-’-‘-.dd Software Application Project...

m Default: ppcd05 0 bootloop
=R % Project: TestApp Peripheral

When the FPGA has been successfully programmed, you will see a "Programming Complete"
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1.3.8

message in the Platform Studio transcript, and you will see a small row of LEDs located light up in
sequence on the lower right corner of board.

You have now verified the complete design flow and all needed hardware connections, from Platform
Studio and Base System Builder to the ML403 board. In the next tutorial section, you will replace this
test application with a new application representing the Mandelbrot fractal image generator.

See Also

Adding the Mandelbrot Hardware

Adding the Mandelbrot Hardware
Mandelbrot Extended Tutorial for Virtex-4 FX, Step 8

In the previous step you used Xilinx Platform Studio and the Base System Builder to create a test
application, ready to download and run on the ML403 board. This test was important because it
established that all required peripherals, memories, etc. had been properly assembled, forming a
base platform on which the Mandelbrot example can be implemented.

In the steps that remain, we will modify the base platform to:

Configure clock generator component

Configure the TFT display

Add the Mandelbrot APU accelerator

Add the Mandelbrot software application files

Build the platform, including synthesizing the new cores
Download and run the Mandelbrot application on the target board

Configuring the Clock Generator

Our fractal image generator application requires three distinct clock sources, one for the PowerPC
processor, one for the fabric control bus (FCB), and one for the hardware accelerator, which in this
example runs at 40MHz. The TFT Controller needs a 25 MHz clock.

To configure the Clock Generator, right-click the clock_generator_0 to open the Configure IP option
as shown below:
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E‘E‘J Bug Interfaces | Partz || Addreszes

B

.|_"|'|_'||_? L]I'El"rflﬂn."l I'.-I

Configure IF ...,

M ame Buz Connection IF Type [P % ersion
II,I B nocd a1 ppcdlo wvitesd 2.01.a
o ppedl [ docm dzocm_w10 200k
@ pocdih 1 woem izocm_v10 200k
= Yl plb_w4B 1.02a
B oocd0 @3 dgpihy plb_wdB 1.02a
o @ o d 0 plb_wdB 1.02a
II,I @ nocd 0 [ docay_ oot dzbram_if_cntlr 300k
E,I @ oocdi 1 oo ol izbrarn_if_cntlr 300k
E,I o 000 S04 ¥y le: 4.0.a
E,I S geaciy frair bram_block, 1.00.a
E,I S ooy branr brar_block, 1.00.a
E,I e fagnon jtagppc_chtl 201.a
E,I e o sy sesef O proc_syz_reset 200.a
Iﬁ-ﬂiﬂﬂ_?ﬂﬁ‘_ﬂ;ﬂfﬂ Pz gpio 1.00.a
E,I L N ¥pE_gpio 1.00.a
E,I @ 55237 Lad wpz Lartlite 1.00.a

Yiew MPD

112

Wigw IP Maodifications (Change Log)

Browse HDL Sources. ..

Driver: generic_v1_00_a 3

Delete Instance. ..

Filter Bus Interfaces... 3

Hide Selection

Add a new clock output in CLKOUTS3, type in the name "pcore_co_clk", and frequency as "40000000"
Hz as shown:
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D Generatoy Lg

The clock generator module can generate required output clocks from given input reference/feedback clock(z) baged on your requirements. |t serves ag a central clocking
resource to meet all your system wide clocking needs. This tool will help you configure the clock generator module and instantiate or update in wour system.

[Basic | Parts Dverview [HDL Toggle ] [Iﬁ D atashest I [@ Restore ]

Step 1: Specify input clock details

Step 2 Specify the output clock requirements

Fleaze highlight & clock port in the list below and configure itz requirements on the right side.

Clock requirement: CLEOUT3

Parts Connected to

(= Input & Feedback Cornected to: [
CLKIN dem_clk_s =
CLKFEIN

= Outputs Fiequired frequency (Hz): 40, 000, 00D
CLEOUTD  proc_clk_s
CLEOUTT  aps clk_s
CLKOUTZ  DDR_SDRAM_mpme_clk_30_s Required phase shift o
CLEOUT3  poore_co_clk
ELKOUT4 Grouping information: NONE
CLKOUTS
CLKOUTE
CLEOUTT Buffered: TEUE
CLKouTS

Add another clock output in CLKOUTA4, type in the name "tft_25mhz_clk", and frequency as
"25000000" Hz as shown:

o CIbe G 57 ||
ARG A ENENALOr i

The clock generator module can generate required output clocks from given input reference/feedback clock[z] bazed on your requirements. It serves as a central clocking
rezounce bo meet all your system wide clocking needs. This tool will help pou configure the clock generator module and instantiate or update in your system,

Base | Puofs Dverviow [HOL Toggle | 3= Datashieet | [E3 Restore |

Step 1: Specify input clock detailz

Step 2 Specify the output clock requirements

Please highlight a clock port in the list below and configure its requirements on the right side.

Clock requirement: CLEOUT4

Ports Connected to

= Input & Feedback. Connected to:
CLKIM dom_clk_=
CLKFEIN

=1 Dutputz

Required frequency [Hz): 25,000,000
CLEOUTD  proc_clk_sz

CLEOUTT ey clk 2
CLKOUTZ2  DDR_SDRAM_mpmc_clk_90_s Required phase shift: 0
CLEOUT3  poore_co_clk
CLKOUT4  tht_25mhz_clk

Grouping information: NONE
CLKOUTS
CLEOUTE
CLEQUT? Buffered: TRUE
CLkOUTE

Adding PLBV46_TFT_CNTLR Constraints

The PLBv46 TFT Controller is currently not included in the standard Xilinx IP Cores, so the
PLBV46_TFT_CNTLR constaints need to be added manually to the .UCF file associated with the
project (system.ucf). To edit this file, open the Project tab, and find the .UCF file listed under Project
Files as shown below. Double-click on the system.ucf file entry.
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Project Infarmation Area
Project | Applications || IP Catalog
Platform

= F"m|ec:t Files

- MHS File: sypztern.mhz

S5 File: system.mas

B LICF File: datadsyste

i MPACT Command File: etc/download. cmd

i Implementation Optionz File: etc/fast_untime.opt
... Bibgen Options File: etc/bitgen.ut

=~ Project Options

Using the editing window that appears, add the following lines shown below to the end of the .UCF
file:

#### Modul e pl bv46_tft_cntlr constraints

NET plbv46_tft_cntlr_O_TFT_LCD B_pin<l> LOCC = C5; # VGA B3

NET plbv46_tft _cntlr_O_TFT_LCD B _pi n<2> LOC = C7; # VGA B4
NET plbv46_tft cntlr_O_TFT_LCD B _pi n<3> LOC = B7; # VGA B5
NET plbv46_tft _cntlr_O_TFT_LCD B _pi n<4> LOC = &8B; # VGA B6
NET plbv46_tft _cntlr_O_TFT_LCD B _pi n<5> LOC = F8; # VGA B7
NET pl bv46 tft _cntlr O _TFT_LCD B pin<*> SLEW = FAST | DRI VE = 8;
NET plbv46_tft_cntlr_O_TFT_LCD G pin<l> LOC = E4; # VGA (3

NET plbv46_tft_cntlr_O_TFT_LCD G pi n<2> LOC = D3; # VGA (A
NET plbv46_tft_cntlr_O_TFT_LCD_G pi n<3> LOC = H7; # VGA G5
NET plbv46_tft _cntlr_ O _TFT_LCD G >_pi n<4> LOC = H8; # VGA &b
NET plbv46_tft _cntlr_0_TFT_LCD G pi n<5> LOC = Cl; # VGA G/
NET pl bv46 tft _cntlr O _TFT_LCD G pin<*> SLEW = FAST | DRIVE = 8;

NET pl bv46_tft_cntlr_O_TFT_LCD R pin<l> LOC = C2; #VGA R3

NET plbv46_tft_cntlr_O_TFT_LCD_R pi n<2> LOC = G7; #VGA R4
NET plbv46_tft _cntlr_ 0 _TFT_LCD R _pi n<3> LOC = F7; #VGA_R5
NET plbv46_tft _cntlr_O_TFT_LCD R pi n<4> LOC = E5; #VGA_R6
NET plbv46_tft _cntlr_O_TFT_LCD R pi n<5> LOC = E6; #VGA R7

NET pl bv46 tft _cntlr O _TFT_LCD R pin<*> SLEW = FAST | DRIVE = 8;

NET pl bv46_tft_cntlr_O TFT_LCD CLK pin LOC = AFS;

NET plbv46 tft _cntlr_O _TFT_LCD CLK pin | OSTANDARD = LVDClI 33 | SLEW = FAST |
DRI VE = 8;

NET plbv46_tft_cntlr_O_TFT_LCD VSYNC pin LOC = A8;

NET pl bv46 tft _cntlr_O_TFT_LCD VSYNC pin SLEW = FAST | DRI VE = 8;
NET plbv46_tft_cntlr_O_TFT_LCD HSYNC pin LOC = CI0;
NET pl bv46 tft_cntlr_O_TFT_LCD HSYNC pin SLEW = FAST | DRI VE = 8;

The modified .UCF file should look as shown below:
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177 MNet fpga 0 DDR SDRAN DDR_DQ<31> IOSTANDARD = SSTL2 II;

178 Het fpgs O DDE_SDRAM DDR Clk pin LOC=A10;

179 Met fpgs O_DDR_SDRAW DDR_Clk_pin TOSTANDARD = DIFF_SSTLZ TI;
180 Met fpgs 0 _DDR_SDRAN DDR_Clk n pin LOC=B10;

181 Met fpgs 0_DDR_SDRAN DDR_Clk_n pin TOSTANDARD = DIFF_SSTLZ TI;
152

183  ###4 Module plbv46 tft cntlr constraints

185 NET plbw4é tft cntlr 0 TFT LCD B pin<ils LOC = C5; # Woi B3
186 NET plbw4é tft cntlr 0 TFT LCD B pin<Z» LOC = C7; # VGL B4
187 NET plbw4e tft cntlr 0 TFT LCD B pin<3> LOC = B7; # VGL BS
188 NET plbv4s tft cntlr O TFT LCD B pin<d4> LOC = G8; # VGL BE
189 NET plbw4s tft cntlr O TFT LCD B pin<S» LOC = F8; # VGL B7
190 NET plbwds tft cntlr 0 TFT LCD B pin<®> SLEW = FAST | DRIVE = &;

191

192 NET plbw4é tft_cntlr 0 TFT LCD G pin<is LOC = E4; # Woi G3

193 NET plbw4e tft cntlr 0 TFT LCD G pin<Z» LOC = D3; # VGL G4

194 NET plbv4s tft cntlr O TFT LCD G pin<3> LOC = H7; # VGL GS

195 NET plbw4s tft cntlr O TFT LCD G pin<d4> LOC = H8; # VGL GE

196 NET plbw4é tft entlr 0 TFT LCD G pin<S» LOC = Cl; # VGE G7

197 NET plbw4é tft cntlr 0 TFT LCD G pin<®> SLEW = FAST | DRIVE = &;

198

199 NET plbw4s tft cntlr 0 TFT LCD R pin<ly LOC = C2; #VGL R3

200 NET plbwé6 tft ecntlr O TFT LCD R pin<Z> LOC = G7; #VGL R4

201 NET plbwé6 tft cntlr O TFT LCD R pin<3> LOC = F7; #VGL RS

202 MNET plbw4é tft entlr O TFT LCD R pin<d» LOC = E5; #VGE HE

203 MNET plbw4é _cft entlr O TFT LCD R pin<S»  LOC = E6; #VGE R7

204 NET plbw4é _cft entlr O TFT LCD R pin<*» SLEW = FAST | DRIVE = &;

z05

206 NET plbw46 tft entlr O TFT LCD CLK pin LOC = AFS;

207 NET plbwde tft cntlr O TFT LCD CLK pin IOSTANDARD = LV¥DCI 33 | SLEW = FAST | DRIVE = &;
208

209 MNET plbw4é tft entlr O TFT LCD _VSYNC_pin LOC = AS;

210 WNET plbw4é _cft entlr O TFT LCD_VSYNC pin SLEW = FAST | DRIVE = 8;

211

212 NET plbw4é tft entlr O TFT LCD HSYNC pin LOC = C10;

213 NET plbwde tft cntlr O TFT LCD HSYNC pin SLEW = FAST | DRIVE

=5

Save the .UCF file using the File Save menu command, then close the editing window.

Adding the Mandelbrot Accelerator Core

To add the Mandelbrot fractal image generator core as a peripheral, select the IP Catalog tab and
look for the category titled "Project Local pcores”. Under USER directory you will find the two cores

that were created (copied to) the EDK/pcores directory of your project. Add the apu_mand core by
clicking the right mouse button as shown below:
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P kl_.?- I_| i" [
F@'ﬁ XilimePiatformistudpe D estin JE. fm,:r es/Mandelbrol

File Edit Wiew Project Hardware Software Dewice Configurakion

PR LweBRNRNBER

] Project Infarmation Area

| Project || Applications | IP Catalag

Dezcrption IP Werzio
EI E EDK Install - D:ilinsy 10 TSEDEM vty

Analog

Arithmetic

- Buz and Bridge

#- Clock, Reset and Interrupt

- Communication High-5 peed
Communication Low-Speed

DA and Timer

-Debug

-FPGA Reconfiguration

#- General Purpoze |0

R

00806008

#- Interprocessar Cammunication
-- kemaory and Memary Contraller
-- PCI
-- Peripheral Cantraller
-- Processor
@ Utility
EI Project Local poares -- D:AT estingE mamplestandelbrat_i. .
=-USER
< PLBYW4E_TFT_CMTLR 1.00.a

B+ apu_mand
&dd IP
View MPD

This will add the core to the project as a peripheral.

Adding Fabric Co-processor Bus

To connect the peripheral to the PowerPC via the APU interface, you will also need to add a Fabric
Co_processor Bus (FCB) to the system. To add this core, select the Bus category and find the "Fabric
Co_processor Bus" item. Add the FCB to your systemby clicking the right mouse button as shown
below:
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File Edit Miew Project Hardware Software Dewvice Configuration Debug  Simuolation Window  He

TN YRR RO R MR D EHD

Froject Information Ares POPOP
|_IF'r|:|iE|:t " Applications | IP Catalag |é ﬁ Ié. E‘ |é
15® Lol i W e

Dezcription IP “erzio

= & EDK Install - D:4xilined 10 15EDK S,

Analog
Auithrmetic
= Buz and Bridge
Pk <7 PLEV4E ta PLEV4E Bridge 1.01.a o
-+ PLBV4E to DCR Bridge 1.00.a 4
< =r Processor Local Bus [PLB) 4.6 1.02.a b - <
%' PLEwdE to FSL Bridge 1.00.5
-+ Local Memary Bus [LMB] 1.0 1.00.a e &
=+ Instruction-Side On-Chip Memary [OCM] Buz 1.0 2.00b
~=r Fazt Simplex Link [FSL) Buz 211.a ..,I;} ‘T‘:' *
& * Fabic Co-process = = —
S FCB to FoL Bridge =
-+ Data-5ide On-Chip Memory [OCK] Bus 1.0 Wigw MPD
. +lr Device Control Register [DCR) Buz 2.9 Wigw IP Maodifications (Change Log)
-- Clock, Reset and Interrupt Wiew PDF Datasheet
(- Communication High-Speed
(- Communication Low-5 peed
- Dbty and Timer

After you have added the FCB, it will appear in the Platform Studio connections window as shown
below. Use the mouse pointer to select and connect the MFCB port of the ppc405_0 to the FCB, by
clicking on the square connection point, and then connect the apu_mand_0 peripheral (SFCB
connection) to the FCB as shown below (and indicated by the the red circle):
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POPOP F @ Bus Interfaces | Parts || Addresses |
LCLGL c =
EMEMB B Mame Bus Connection IP Type IPYerzion
T I:I -..I',o,ﬂc¢‘{3'5 a ppcdl5 viterd  207.3
L - HESETPPC 2 LA ]
= = ITAGPPC ltagppc 0.0 [
- EMACDCR ,ﬂpcdﬂf EJ' EMACDCA
o MFC AocdE 8 AR
( % . MFCE Ep:'ﬁ CT |
i . -150CM ppcd08 0 jocm [
d - - DSOCM ppcd05_0_docm
e R . IPLBT IppcdlE_0_plb1
|_'|——*——|_." i wDPFLET lpped05 0 dplbl
':'“”_ﬁ . IPLED I~ |
01— . -DPLEO olb
~MDCR No Connection (]
w@ foh 170 0 feb_wi0 1.00.5
“ pned 0 { gocm dzocm_w10 2006
“ pneda ooy izocm_w10 2006
o plb_wdb 1.02a
@ oocdds 0 dolhl plb_w45 1.02.a
i @ oo d5 () b plb_wdb 1.02.3
s II-.I w pnoda ) gacm ol dzbram_if_chtlr 2006
@ F- < pocda 4 joco ootk izbrann_if_chtlr 2006
O - 008 5040 TR 4013
D-L}——?— ¥ < gracmy_brany brarn_block, 1.00.5
o= | S zocm bram brarn_block, 1.00.5
S8 a0y mams apu_mand 0.3
( %‘ . SFCE febvio 0 &
II-.I “ fagooe O jtagppc_chtl 20.a
F- < proc_ s resef O proc_syz_reset 2005
a,l_‘,- ‘T} T-' E-eLOD TR GO “pg_gpio 1.00.2
a,l_‘,- ‘T} T-' - LEDy 0 “ps_gpio 1.00.a
0 O e - F50532 Llait wpe_uartlite 1.00a
e plpk gaarafor O clock_generator 2.01.3

The apu_mand peripheral is now connected via the APU to the PowerPC.

Adding the PLBV46 TFT Controller Core

Next, add the PLBV46_TFT_CNTLR by clicking the right mouse button as shown below:
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- % ] (PR TR I oot 1 S | ST o [y LRSS Il | | e O Ay
E@ GlhmePlatformistodios i estingExamples/iMandelbo

File Edit “iew Project Hardware Sofbware Device Configuratior

PR DS RRNRENBER

=

Fraoject Information drea

| Project || Applications | P Catalog

o)

g
Dezcription IP %ersic
El E EDK Install - D:ilingh 10 TSEDE et

- Analog

- Arithmetic

- Buz and Bridge

-Clock, Reset and Interupt

- Communication High-5peed

- Communication Low-5peed

Dbty and Timer

-Debug

-FPGA Reconfiguration

-General Purpoze [0

-Interproceszor Communication

-Memaony and Memaory Controller

-PCl

- Peripheral Controller

-Processzor

: -Utility

Ij F'r|:||ect Local poores -- AT estingE wampleshbd andelbrot Wi

= USER

D

fdd 1P

Yiews MPD

: <1 apu_mand

The PLBV46_TFT_CNTLR controls the Thin Film Transistor LCD Display, which gives us the
graphical output of the computation results. The PLBV46_TFT_CNTLR has a SDCR bus interface, a
MPLB and an SPLB bus interface. We need to add a DCR bus and an additional PLB bus to connect
the PLBV46_TFT_CNTLR properly. Choose Device Control Register (DCR) Bus from the Bus and
Bridge Category, and add it by right-clicking as shown below:
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File Edit Wiew Project Hardware Software Device Configurakion Debug  Simulation Windo

IR i L RN IRBEORN A RIDAH

I Project Information Are: POPOP
|JF'ru:-ieu:t || Application: | IP Catalog |é E‘ |é ﬁ |él
k) il
Dezcription IP Werzio
= & EDK Install - D:<ilingt10.TSEDK S
#-Analog
- Arithmetic =
= Buz and Bridge
<1 PLBY4E to PLBY4E Bridge 1.01.a
- «'r PLBW4 to DCR Bridge 1.00.a v
-1 Processor Local Bus [PLE] 4.6 1.02.a b
-7 PLBv4E ta F5L Bridge 1.00.4 i
-+ Local Memory Buz [LMB] 1.0 1.00.a
‘;';r Inztruction-Side On-Chip Memmary [OCK] Buz 1.0 2000
~ = Fast Simplex Link [FSL) Bus 211.a
- Fabric Co-processor Bus [FCB) 1.00.a
~ = FCB to FSL Bridge 1.00.a
1'; D ata-Side On-Chip Memary (OCK] Bus 1.0 2000 L L 2

R + Device Control Register [DCR) Bus 2.9
III Clock, Reset and Interupt

III Communication High-Speed

III Communication Low-Speed

III Dby and Timer

e 8

Views MPD

Wigw IP Maodifications (Change Log)

Wiew PDF Datasheet

III Debug

Add a Processor Local Bus (PLB) as shown below:
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File Edit “iew Project Hardware Software Device Configuration Debug  Simulation

I Project Infarmatior Are;

‘IR el RN IR IBER AR 0]

POP
|JF'r|:|iect || Applications | IF Catalog |E E‘ |é
el il -
Dezcription P Yerszio
= & EDK Install - D:4<linst10.15EDK St
#-Analog
#- Arithmetic
(=)~ Bug and Bridge —
<1 PLEV4E ta PLEV4E Bridge 1.01.a
-+~ PLEY46 to DCR Bridge 1.00.a
& * Procesz of Local Buz [FLE] 4.6 e L

= PLBw4E to FSL Bridge

-+ Local Memary Bus [LMB] 1.0
}'( Instruction-Side On-Chip Memar [0
< ='r Fast Simplex Link [FSL) Bus

View MPD
‘Wiews IP Modifications {Change Log)
‘Wiew POF Datasheet

- Fabric Ca-processar Bus [FCB)
-7 FCB ta F5L Bridge

71 Device Control Register [DCR) Bus 2.9
#- Clock, Reset and Interupt

‘;': [rata-Side On-Chip Memaory (OCk] Buz 1.0

1.00.a

100

200k

100.a =0
e

A PLBV46 to DCR Bridge is needed to connect the DCR and the PLB together. Add the bridge as

shown below:
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File Edit Wiew Project Hardware Software Devwice Configuration Debug  Simulation

PR el RN RIBEONBERABDEIOE

I Project Infarmatiar dre:

oo | LeL
|JF'r|:-|ect || Applications | IP Catalog EME I
n® il
Description [P Y erzinl
= £ EDK Install - ;i 10.15EDK S

[#- Analog

Iil--.ﬁ.rithmetic

EI Bus and Bridge pe—

<1 PLBY4E to PLBY 46 Bridge 1.01.a

PR [

g + FLEV4E to DCR Bridge

: . e = %
~ 51 Processor Local Bus [PLE] 4.6 Hj

't PLEw4E to FSL Bridge Wiew MPD 3
- +'r Local Memory Bus [LMB) 1.0 Yiew IP Modifications (Change Log)

3¢ Instruction-Side On-Chip Memory ([ View PDF Datashest

- ='r Fast Simplex Link [FSL) Bus 211.a

- Fabric Co-processar Bus [FCB) 1.00.a | ‘ ‘ ‘

Now, connect the bus interfaces. Connect the MDCR bus of the plbv46_dcr_bridge_0 and the SDCR
bus of the plbv46_tft_cntlr_0 by mouse clicking the connection points as shown below (indicated in
the red oval):
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POoPOPP F D @-:'J Bus Interfaces | Parts || Addresses
LGCGLGLL c C =
EMEMEE B B Name Buz Connechion IP Type IP Wersion
1| | @ P oo O PGS Mleul .. s
— | oy P9 0 der_ w29 1.00.a
Lo foh V10 0 feh w10 1.00.5
e pocdts 0 docm dzocm_v10 2006
s ppcdtF 3 joomr izocm_v10 200b
& ol it 1.02.a
B ol s v
B opedlds O dob? k. 1.02.a
- s opcdi G phT plb_w46 1.024a
e -- o ppcd 0 docm ol dsbrarn_if_cntlr 2006
& -- s ppedt® 0 joom o isbrarn_if_cntlr 3006
o-0 [\ I\ @< O0A_SOAAM et 4M.a
L}-L‘-"——H’—— - <3 dgoenr bram bram_block 1.00.a
Q,—&——L:-—— -- & ocm bram bram_block. 1.00.a
=<3 apy_mang apu_rmand 1.00.5
o——||  -SFCB feb 100 &
#- <& fagope jtagppe_chtlr 201.a
EJ @ oihedS o Aroiga O plbwdE der bridge 1.000a
/[T voce R |
W . SPLB No Connection (2]
% @ plbedS 8 ol O plbwdB tit entlr 1.00.a
L-5SDCR [dor_v23_0 [+]
g—0—0-Q ~SPLE NoConnection [
O——L-0 - MPLB Mo Connection [
I I | L -- @ aran gee rasef proc_sys reset 200.a
O—O0—0 - SBLCE 7B G HpE_gpio 1.00.2
'.IJ—'.E)—'.IL‘- t ..».}LED;-_é,S'j‘ MpE_ gpio 1.00.5
o e @ P ASZID Lar #ps_uartite 1.00.a
ol clock_geneafor clock_generator 2.07.a

The MPLB of plbv46_tft_cntlr_0 needs to connect to the DDR_SDRAM through a separate SPLB port.
To do this, open the Configure IP Dialogue of the DDR_SDRAM:
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- e

oPOP F D | Buslnterfaces | Ports | Addresses
CLCI C C _ I s il | _— I
‘"MEME B R | Mame Buz Connection IP Type IP Wersion
el O || &P 405 vitend 201
e o 2R O deor_w2d 1.00.a
1 ; s fch w10 0 feb w10 1.00.a
s pned @ docmy dzocr_w10 200k
s pocdf 0 ocm igocm_vw10 200k
ol plb_ w46 1,022
S ; [ = gocdT 0 docmr cnir dzbrann_if_chtlr 300.b
— : i - [# Qppcéﬂf_i]‘_rbm_m’_l_ﬁ' ixl:_ur._arn_if_c:ntlr_ _3.DD.b
00 F r — - M -
[ i [#)- = grocny bram : 1.00.a
i ———| | B P iocm bam Wi MPD 1.00.a
| - a0y mand [ Wiews IP Modifications {Change Log) 1.00.5
. [ i _S i ‘Wigw PDF Datashest
: [ = fagaoe 7 201.a
2 T e BErowse HDL Sources. .. FyETE
(SRR 5 der bodige e 1.00.z2
ﬂ il Ditiver: mpmc_ve_00_a 3
QO J -0 fF
| St Delete Instance. ..
L Filker Bus Interfaces. .. 3
0—0—0-0 SPLE
0 O—0-0 "MPLE Hide: Selection
! - S prog_ 3y rasef 0 proc_sys reset 2003

Change the Port Type Configuration of Port 2 from INACTIVE to PLBV46 as shown below. This will
add another PLBV46 port to the DDR_SDRAM.

¥ DRSNS P AR

| Base Configuration Memory Interfface | Part Corfiguration | Advanced HBL Toagle Eg [

Port Type Configuration

MPMC Module Interface

PORT1 PORT2 PORT3 PORT4 PORTS PORT®6 PORT?

PLEV46 || | PLBY¥46 | |xwmcrrve [ | owactrve [ |mwacrive [ (iwacrove [ mwcrive [ | xwecrive [
Comnmon Addresses

Bage Addr 000000000 SDbda Register Baze Address
. ) PPCA40MC-HA i )

) The pinout of MPMC must be comp ypp. [Memory Interface Generator). please see MPMC data sheet for more information.

Then, connect the MPLB of the plbv46_tft_cntlr_0 to the newly added PLB, also conect the SPLB2 of
the DDR_SDRAM to the same PLB. Connect the SPLB of the plbv46_tft cntlr_0 and the SPLB of the
plbv46_dcr_bridge_0 to the shared PLB as shown below (as indicated in red circles):
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POPOPP F D G; Bus Interfaces | Ports || Addrezses
LCLCLL C C e
EMEMEBEBE B R Mame Buz Connection IP Type IP Yersion
Ll - e — 0 — - B poedt d ppcd0S_vitexd  2.01.a
e | | oS iy 173 deor_ w23 1.00a
RSl W O feb w10 1.00.a
s pocdii ] docm dzocrm_v10 2000
s pncdt @ iocm igocn_w10 200hb
& olh plb w45 1.02a
ol 8 D plb_wdE 1.02.a
- ancdn J doibd plb_wd6 102a
g onedS @3 T plb_wdE 1.02.a
o E] B pocdia 1 docm ol dsbram_if_cntlr 2000
o E] @ppcéﬂﬁ £ oo amir ishram_if_chtlr 300b
~} A SLAN MPnc
9—9@ T erlE2 pl_v46_0 ¥
0+ O SPLE1 ppcdls 0 dpbl Bl
—0O0—0-0 . i.5PLBO ppcdls 0 pkl
[}—l}——?-—— [~ drocm hram brarn_block 1.00.a
*—‘——L:-—— E]-ﬂr'mcm_brm brarn_black, 1.00a
E] B g mamg 0 apu_mand 1.00a
o— || sres lbvioo @
[#- < dragope jtagppec_chtl 201.a
E] --Jp&lw}'&' dor Hedige plbvwdE_dor_bndge 1.00.a3
D | MDCR der_v2a 0 |
O0—O0—0Oi@ . i.5PLB ol ]
E] --Jp&llf!fﬁ' £ cnfie 8 plbwdE_tit_cnte  1.00.a
o—|| i i-sDCR der_v23 0 |
o—o—ofe) SPLE olb V]
u—uﬁ . MPLB plb_v46_0 V)
I i - i el @ orac g rasef proc_syz_reset 200.a
? a,l_‘, “..“' ?‘. @-JECD_FHA‘_GFIG ¥pE_apio 1.00.a
1|_‘)—4,|_,.. ‘I_‘.‘. T‘. E] LDy d5 “pE_gpio 1.00a
O O O - 55532 Harf wpz_uartlite 1.00a
Ll clock genecafor O clock_generatar 2.01.a

Connecting the Peripheral Clock and Reset Signals
To do this, switch to the Ports Tab in the System Assembly View Window.

To connect the DCR clock of the PLBv46 DCR Bridge, make a new connection to the PLB_dcrClk as
shown below:
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i< Bus Interfaces [ Ports

(!
Mame Mt Direction
IF:;" «<#Extermal Portz

IF:;" @ nocdi {1

'_t @ oy 23 {7

'_t @ foh 3

IF:;" <@ pocdil O docm

IF:;" @ pocdil 0 jocm

o> ol

'_t ot g 3

@ B opcd0s 0 chib?

@ S ppcd0s 0 plb?

IF:;" @ pocdia {1 docmy o

IF:;" @ pocdia {1 jocor o

'_t @ 08 S04

IF:;'i B grocm_Hram

IF:;'i B Oy beam

- <® a0y mand 0

< fagooc ()

!é; B pbidE der bridga O

<PLE. u:Iu:rFEst ‘Mo Connection Lo

i 4 ! No Conrection o
'_t' -Jp;ﬁwr}'é' fﬁ‘ cnif I Mo I:::unnectlnn

F- 2 proc gy reref [ 'Mew Connec

@ LLDy 4B Make E:-:ternal

-4

Connect this clock to the SYS_dcrClk port of the plbv46_tft_cntlr. To view the port, change the port
filter to show default connections.

| e Filters [bpplied) ||, Add Esternal Por J_l

Clazz Freque Al

Defaulk Connections
Connecked

I

Unconnecked

<

Clocks
Resets
Interrupts
Other

AR R SR

LY

Inputs

‘ ]

Qutpuks
[| v InCuts

A long list of ports will show up. Find the SYS_dcrClk port under the plbv46_tft_cntlr and connect it to
the plbv46_dcr_bridge_0_PLB_dcrCIk port as shown below:

© 2009 ... Your company



127 Title of this help project

- DCR_ABus Default Connection i~
-~ DCR_DBusOut Default Connection i~
i---DEH Ak |Default Connection 0

Default Connection

i--TFT LCD_B CUCOT —OOT TR Ty
TFT LCD G fpga_0_DDR_SDR&M_DDR_RAS_ ™
" TFT LCD R fpga_0_DDR_SDRAM_DDR_WE_t
TET LCD DPS fpga_0_R5232_Uart_T
 TFT_LCD_CLE poare_co_ck _ _

" TET LCD DE plbvd6_der_bridge_0_PLE_derClk

TET LED WSYMC plbwed_tit_crth_0_TFT_LCD_CLK.

" TET LED HSYMC plbeed_tit_crth_0_TFT_LCD_HSh

L CYE WOk plbeed_tit_crth_0_TFT_LCD_VSvh

After this step is done, change back the port filter setting to avoid showing default ports.

Next, connect the following 6 ports of the plbv46_tft_cntlr to outside of the FPGA by select the Make
External for each port as shown below:

TFT_LCD_B
TFT_LCD_G
TFT_LCD_R
TFT_LCD_CLK
TFT_LCD_HSYNC
TFT_LCD_VSYNC

l__,_l ﬂp:ﬁluﬂ'ﬁ' i onf 0

LMD emmor Nu:ulfcunnectlnn )
58, dorCk lbvds,do_bidge_0_PLE_dorCi_|
S TFT_LCD B Mo Connection

TFT_LCD_G Mo Connection [5:0]
TFT_LCD_R MHew Connection [5:0]
- TFT_LCD_DPS

The resulting port connection should be like this:

D JP&M&‘ J‘fj‘ Gm‘ﬁ’ {] B S Ty T E Ty p—
e WD _error N I:l:unnectu:un
S5 _derClk

.. TFT_LCD_G

. TFT_LCD R

. TFT_LCD_DFS

S e Rl

. TFT_LCD_DE
TFT_LCD_WSYNC
TFT_LCD_HSYNC

[5:0]
[5:0]

Connect the SYS_tftClk port to the tft_25mhz_clk from the Clock Generator as shown below:
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D -J,.:IJEIMS el 0
~ WD _errar

575 _deiCk
TFT_LCD_B

- TFT_LCD_G
TFT_LCD_R

~ TFT_LCD_DPS

- TFT_LCD_CLK

~ TFT_LCD_DE

- TFT_LCD_WSYNC
- TFT_LED_HSYNC

'H",Dfﬂﬂ e f&m‘ £
[ Efly S8

w A5232 Liaif

“# oipek_gamarafor (7

:Nn:n Connection _IEFEI
gpII:nvdE dn::r I:nrldge EI F'LE u:In::rEIk _L._'..I
\plbvaE_ tft n::ntlr IZI TFT LED E _l;;_ﬂl]
Epll:w-'-iE- tft n::ntlr IZI TFT LED G _.EI
\plbvdE_ tft n::ntlr IZI TFT LED FI _l_;;_;LEI
:Nn:n I:n:nnnec:tln:nn Bl

‘plbvdE_tt_crti 0_TFT_LCO_CLK [0
Nn:n I:n:nnnec:tln:nn o

‘plbvd6_th_cnt_0_TFT_LED_VSYNC (L]0
plbvAE_tit_crtir_0_TFT_LCD_HSYNC [0

Mo Connection _

iFﬂ .,:EFI'I.FI"'

pleredB_tft_cnth_0_TFT_LCD_HSYMC
plbwdB_tt_cntl_0_TFT_LCD_WSYNC
proc_clk_s

zys_bus_reset

apz_clk_s

zyz_penph reset

et e
fpga_0_RS232_Uart_R=
s rsh_s

The next step is to connect the two apu_mand_O clock signals. To do this, change the apu_clk entry
to sys_clk_s as shown below:

L_J

--..l.—;!.clu marng_ £
~oo_clk

Db e e
P pbvS et O

@ nion g resef O
wa Oy S0

w Q5232 Liarf

“® nipck_gemarafor 7

;ND Connection I~
Ma Connection Eﬂ
plbed6_tt_crtl_0 TFT_LCD_HSYNC [
plbvd6_tft cntl_ 0 TFT_LCD WSYNC
proc_clk_s

zyz_bus reset

zyz_periph_reset
tt_25mhz_clk
dom_clk_s
fpga_0_RS232_Uart_Rx
s rst_s

Now change the co_clk entry to pcore_co_clk as shown below:
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E--Jqpu_mand;ﬂ

apu_clk
- ffagone [

- oS dor bridge O
e nfhieds B onfle 8

- oo s rezef 0
e [ E SE

e B5033 Llar

- clock gemerafor

R S R <

No Connection

fpga_0 DOR_SDRAK_DDR_RAS_n
fpga_0 DOR_SDRAK_DDR_WE _n

fpga 0_RS232 Uart T
-I:; COfe. | |‘_'-_r_';'_: lZ:"gZ:
plbvvd6_dor_bridge 0 PLE_dorClk
plbvdB tt_cntle 0 TFT_LED_CLE
plbwdB tt_cntl_ 0 TFT_LCD_HSYMC
plbwdB tt_cntle 0 TFT_LCD_WSYMC

proc_clk_s

A

Connect the FCB_CLK signal of the fcb_v10_0 peripheral to sys_clk_s:

Mame
#-<#Extenal Ports
o e
& oy 129 0
o et 100

- 5Y5_RST
SR CLK
<2 ppeda { docm
<2 ppcda 4 iocm
....,,p o
& ol 1450
<2 opcda  aplb?
<2 ppcd 4 T
<2 opeda { docm il
<2 opcda 4 oo ool
--ﬂﬂﬂﬂ_fﬂﬂ-ﬂﬂf
<2 depam_bram

Met Direction
\No Connection [~
Mo Correction &

plbvedB_tft_cnth_0_TFT_LCD_HSYMC
plbwdB_tt_cntl_0_TFT_LCD_WSYNC
proc_clk_s

ays_bus_reset

zys_penph_reset
tt_25mhiz_clk
dom_clk_s
fpga_0_RS232_Uart_R:=
sz rsh_s

And connect the SYS_RST signal of fcb_v10_0 to sys_bus_reset:

M ame
#-<#Extenal Ports
o e
----.P dor k29 0
E--uﬂfaﬁ v

. FCE_CLK
<2 ppeda 4 docm
<2 ppcda 4 iocm
....,,p o

& ol 1450

<2 opcda  aplb?

<2 ppcd 4 T
<2 opeda { docm il
<2 opcda 4 oo ool
--ﬂﬂﬂﬂ_.ﬁ'ﬂﬂ-ﬂﬂf

M et Direction

Mo Connection _

plenedB_tft_cnth_0_TFT_LCD_HSYMC
plbvedE_tft_cntlr_0_TFT_LCD_WSYMC
proc_clk_s

avs bus reset

ayz_clk_s
ays_penph_reset
tt_25mhz_clk
dom_clk_s
fpga_0_RS232_Uart_R=

sz rsh_s @
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Connect the PLB_Clk signal of the plb_v46_0 peripheral to sys_clk_s:

]
= Ml

ame
“#Extermal Portz
@ nocd {1
@ oy 129 [
B foh il D
@ pocdil O docm
“ nnedil ) foom
@ nth
@ nh G 3
" Buz_Emar_Det
L SYS_Rist
FLE Clk
“# npcdlh [ anib?
“ ppcdlh O by
@ npedid { dacm ol
@ npedid { poem o
@ O0A SR
@ oM fednr
@ oo bram
@ gpy mamg 0
w ffagnpe
@ nihdd dor beidge O

AT - - T -

O 0 O O O O O O O 7 RO

I Busz Interfaces | Potz | Addesses |

Met Direction
\Na Connection o
Mo Connestion [~

Cspe ol . T7_
Mo Connectian A

Mew Connectian
kake Esternal

net_wvce
net_gnd
DDR_SDRAM_mpme_clk_90_ =
Dem_all_locked

fpga_0 DDR_SDRAM_DDR_CAS_n
fpga_0 DDR_SDRAM_DDR_CE

And connect the SYS_Rst signal of plb_v46_0 to sys_bus_reset:

Mame

-~ Euternal Ports
e poedila 1

e oy 179 0

e foh T O

e poeda 0 doom
S nneda 0 pom
e nfh

e pfh g O

- Buz_Erar_Det
T st

-~ PLB_Clk.
w# ppcdlh 3 and?

w ppcdlh by

e poedi?h 8 goem ol
e pned?h 0 ioeme ol
e OOF S0RAM

S Feocm_hram

e A Aram

e 3o may £

- fagnnn 1

T

D08 E B E

Met Direction
Mo Connection [vis
oo &L |
plberd6_tt_crtl_ 0 TFT_LCO_HSYNC [
plbwdB_tt_cntl O TFT_LCD WSYNC
proc_clk_s

Sys_bus_
ayz_clk_s
zys_penph_reset
tt_25mhz_clk

dom_clk_s

fpga 0 _RS232_Uart_R=
s rshos

The port view of your project should now appear similar to the following:
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*

Busz Interfaces Parts Addreszes

Mame M et Direc

+- < E utemal Ports

-~ ppodlh O

=) oy 1223 {7

= ol T
SvS_RST sy: bus reset 1
FCE_CLE ay: clk_s Il

+-wde ppedi 1 docm

#-w2 opedh 0 socm

T nfh

=l nth 1fS [
Buz_Error_Det Mo Connection 10
S5 Rt sy: bus reset 1
FLE_Clk syz clk_s Il

- ppcdllh O dpb?

- ppcdllh 4 pb?

H- o ppedil ) docay et

H- < ppedia 1 iocor oo

w08 SO

F- @ grocm bram

F- o oy fraimr

= ~# 3py mang [
co_clk poore_co_clk 1
apu_clk spz clk_s Il

+- < fagnne [

=)t ol ooy bridige
FLE_dciFist Mo Connection 10
FLE_dcrClk, plbwd6_der_bridge_0_PLE_derClk 10

=l nlhedS fF ol O
D _emor Mo Connection 10
SY'S_derClk plbwdE _der_bridge_0_PLE_derClk. 1
TFT_LCD_B plowdE_tit_cnth 0O TFT_LCD B 10
TFT_LCD_G plbwdE_tht cntlr 0 TFT_LCD_G 10
TFT_LCD_R plowdE_th_cntlr 0 TFT_LCD_R 10
TFT_LCD_DPS Mo Connection 10
TFT_LCD_CLE plowdE_tit_cnth 0O TFT_LCD_CLE 10
TFT_LCD_DE Mo Connection 10
TFT_LCD_WSYMEC plowdB_t_cnt 0 TFT_LCD WSYMC [0
TET_LCD_HSYMC plowdB t_cnt O TFT_LCD_HSYMC [0
SY'S_HRCIk tt_25mhz_clk il

T proc zpr rezef

Hwdm L Ey S0

H- i H5232 Llarf

T clock generafor

Modifying the C_APU_CONTROL Parameter

The C_APU_CONTROL parameter is used to enable the APU interface, which in this example is used
to transmit data between the PowerPC processor and the hardware accelerator. This parameter can
be viewed and edited in the Configure IP Dialogue as shown below.
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POPOPP [ 1.: Bus Interfaces | Ports | Addiesses
ECLGLL = : _
EMEMBBEB M ame Buz Connection IP Type IP %ersion
S & 5 & ik Rrall:R e pocdd o 405 _vitexd
o R iy 29 L o T 1.00.a
P foh v1d O [ Configure Coprocessor, ., 10 1.00.a
g nnedid 1 docm - _ w10 200k
P ppedOf O joem|  VIEWMPD w10 200k
o e View IP Modifications {Change Log)  L4G5 1025
Lengmnl e 0 View PDF Datasheet AR 1.02a
i poed @ dplhy Browse HOL Sources. .. 46 1024
R elelol L | ) AE 1025
@ < noeddT 0 doca Driver: cpu_ppcd0S_w1_10_a 3 arm it ot 300k
> i P ppcdli ) iocm 23 standalone_wZ2_00_a P dmif_cntr M0 kE
o O | & 00 F0AAM o —— 4015
[#- <& ggocm_bram _ |_block, 1.00.a
[E- <3 Focn bram Filker Bus Interfaces. .. » 0_block 1.00.5
F- <@ gpy_mang ) ) “Lmand 1.00.a
e | @ fagooc O Hide Selbtion ape_chtlr 201.a

Switch to the APU Tab and change the APU Controller Configuration Register Initial Value to
0b0000000000000001 as shown below:

5@ ppeA0SE0ER e Db virier Sy 7 801G Eﬂ'

f PowerPC f'-Eus Settings [ APU I Buszes | [HDL Toaale ] [E Datasheet ] [@ Restore ]

APU Feature

APU Controller Configuration Register Initial 'V alue yli_hﬁ_tiu'p 00000000003

UDI Corfiguration Register 1 Initial ¥ alue ;Lunllun_qnnll:
.UDI Configuration Register 2 Initial " alue ;Lnnllun_qnnll_
UDI Corfiguration Register 3 Initial Value ;Lnnlllln_llmnll_
UDI Corfiguration Register 4 Initial Value ;Lnnlllln_llmnll_

Modifying the TFT Base Address Parameter

The C_DEFAULT_TFT_BASE_ADDR parameter is used to set the starting address of the TFT image
memory. This is very important to have the TFT LCD display properly, and you will need to set the
corresponding value in the software code. This parameter can be viewed and edited in the Configure
IP Dialogue as shown below.
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Mame

- < ool

B

g fofy 0 0

o nedi f oo
e opedia 8 oo
&8 ofh

oot =g {J

e oncdiy {1 dnih?
e oty 0 pib?

EI--*DDH_SHMM
- drocm_bram
- I frocm_Diam
- apy_mand
- fagope
I;T;I--*p;fllf‘ffﬁ'_dﬂf fraiga &3
[ E
& proc_zyg_iesef O

@ B LED: 451

&P 5232 Lart

P clock_generafor &

Bus Connection

#- @ pocda O docm e
B opcd0 QO jocm_ cnfi

IP Type
ppn:dlflﬁ_virte:-:el
der_w29
feb w10
dzocm_w10
im0
plb_wdE
plb_wdE
plb_wdE
plb_ 4G
dzbram_if_cntlr
izbram_if_cntlr
mpme
bram_block,
bram_block
apLy_mand
jtaoppc_chtl
plbredE_der_bridge
nlbved Bt it

Configure IP ... C_ays ezt
View MPD S

| uartlite
Browse HDL Sources., .,

ck_generator

Driver: generic_v1_00_a »

Delete Instance. ..

IP %ersion
201.a
1.00.a
1.00.a
200.b
200.b
1.02a
1.02a
1.02a
1.02 3
3.00.b
3.00.b
401.a
1.00.a
1.00.a
1.00.a
201.a
1.00.a
1.00.a
2008
1.00.a
1.00.a
201.a

Change the C_DEFAULT_TFT_BASE_ADDR value to 0b00001000000 (11 bits altogether) as shown
below:

)

all Buses |

HOL Toggle [ﬁ Datashest ] g ? Festore
—

C_DCR_BASEADDR

C_DCR_HIGHADDR

C_DEFAULT_TFT_BASE_ADDR

C_DPS_IMNIT

C_OM_IMNIT

C_BASEADDR

C_HIGHADDR

C_SFLB_&wIDTH

Clink OK to save the change.

HOL Param Mame :
& DERALET TEF BALE AR08

value : b7 T IOA000

PR
8
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Generate Addresses

Next step is to generate addresses for the memory related modules in EDK. Switch to the Addresses
Tab of the System Assembly View Window.

First, change the size of the DDR_SDRAM from 64MB to 256MB. The actual size of the
DDR_SDRAM is 64MB. The purpose of mapping it to upper address space is to use the uncached
memory space for the TFT image memory.

+ Busz Interfaces Party | Addresses

Instance MHame Baze Addiess High Address Size Bus Interface(s) Buz Connection
ppcd05 0 docm_cnth C_BASEADDR MNabed8t0s (abcObift 1EK. '_ ||DSOCK ppcd05_0_docm
ppcd05_0 jocm_chtr C_BASEADDR it (4 FEEFEFE TEK | Is0ck ppcd0s_0 iocm
plbw4E_der_bridge_0 C_BASEADDR u Ed\sPLE plb
plbwedE_ti_crtlr_0 C_BASEADDR u SPLE plb
LEDs_4Bit C_BASEADDR g7 S00300 C=a1 A0FEEE B4 | SPLE plb
RSZ32 Uart C_BaSEADDR eEg000700 0= 400FkEF E4F. 5| SPLE plb
plbwdE_tft_cntl_0 C_DCR_BaSEADDR 6L Ob00D0000007 2 E\socr dor_w29 0
ppcd0h 0 C_IDCR_BASEADDR oGrI00003 0B0111111111 256 Mot Connected

THT

2h

4k

ah

1EM

32M

Bt

128M

Next, click the Generate Addresses button on the upper right corner to let EDK assign addresses for
the modules as shown below:

: Buz Interfaces | Parte | Addresses i Generate Addreszes
Instance Mame Baze Address High Address Size Busz Interface(z) Bw
ppcd05_0_docm_cnth C_BASEADDR Mrabe2a7 (aBc0bftf 16K . DS0CM ppcATE_U_docm
ppcd08_ 0 iocm_cntk C_BASEADDR e [i=FfEefe 1EK. |[1S0CH ppcd08_ 0 iocm
plbeedB_der_bridge_0 C_BASEADDR L Ealdiing (48200 4F. [ 5FLE plb

plbwedB Ht_crtlr 0 C_BASEADDR eS80 O3B0 B4k, _|SPLE plb

LEDs 4Bt C_BASEADDR BTS00 OmE1 406 B4k, J/SFLE plb

R5232_Uart C_BASEADDR rBL000000 QB4 00 B4k, | SPLE plb

plbwedB Ht_crte 0 C_DCR_BASEADDR et e ObO0000000 2 [ sDCR der w23 0

ppcd0s 0 C_IDCR_BASEADDR et e Ob0111111111 2FR [ Mat Connected

An error message might show up when generating the addresses:
ERROR:MDT - C_IDCR_BASEADDROof ppc405_0 has no high address in MHS
If this happens, add the following line to the ppc405_virtex4 paremeters, in the system.mhs file:
PARAMETER C_IDCR_HIGHADDR =0b0111111111
Before buiding the hardware, check the system.mhs file to make sure that ppc405_virtex4 comes
before all other instances. If not, move it to the top. The instance order might affect the hardware

synthesis for some reason.

Now, build the hardware by choosing the Hardware -> Generate Bitstream menu. The synthesis,
place-and-route and bitstream generation process will take a few minutes to complete depending on
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your PC.

e

- Tkl atformiStidiosi: WEsnEEanmes I el ot SV e S
File Edit Wiew Project [sEli

Software Device Configuration Debug  Simulation

B i Bn B 12 @GS Generate Metlist | Big %
[ e ] Ei* te i
_ rfomation drea L == 10 0
| ; — = : C C
?JF'r?l.ec:t Applications A7 Create or Import Peripheral... MEM
i %] Configure Coprocessor,., il Wl L e
D escription Check and Wiew Core Licenses..,
= & EDE Install - D:\xiline
85 Claan Metlist
[#- Analog
- Arithretic @ Clean Bits
% Bus and Bridge {3 Clean Hardware

During the building process, an error message might pop up due to a known issue with the EDK
software:

FATAL_ERROR: GuiUtilities:Gg_Application.c:590:1.20

If this happens, just close the EDK window, and then re-open it and restart the building

process. Clearing the output window frequently may help. Please refer to
Xilinx Answers Database for a possible solution.

The process is done. A file "system.bit" is created.

Creating bit map...

Javing bit streamwm in "system.bit™.
Eitstream generation is complete.
Done!

[ = Output W arning Error

The hardware side of the application, including the APU interface and Mandelbrot fractal image
generator core, is now ready for use. In the next tutorial section you will set up the software side of
the application.

See Also

Adding the Software Application Files

1.3.9 Adding the Software Application Files
Mandelbrot Extended Tutorial for Virtex-4 FX, Step 9

The hardware configuration, including all required peripheral settings and connections, is now
complete. The next step is to add the Mandelbrot sample application.
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Create Mandelbrot Software Application

Select the Applications tab of the project, double-click the Add Software Application Project to show a
dialogue. Type in the Project Name as "mand" and click OK as shown below:

i

File Edit “iew Project Hardware Software Device Configuration Debug  Simulation Window  Help

PBY e XREN BBOR MES D3 HL BeAN;

Froject Information Area

Project | Applications T Catalog
Software Projects
[c_JAdd Software Application Project...

ﬁ[ﬁlefault: ppcd05_0_bootloop

N dSoftware Ayt i et

Project Hame mand
Mate: Project Mame cannot have spaces.

Proceszsor ppcd05_0

@l

= umiect: TestApp_Pernipheral
- Processor: ppcd0s_0
Ewecutable: D:AT estingE »amplesii ande
(#- Compiler Options

[] Praject iz an ELF-only Project
Chooze an ELF file.

- Sources Browse. .
- Headers The ELF file iz azsumed to be generated outside <FPS
Default ELF name iz <zw project names/executable elf
4 | [ Cancel

Adding the Mandelbrot Application Source Files

To add source C files to the project, open the Add Existing Files Dialogue from the Sources category
by using right mouse button as shown below:

Fraoject :.-’-'-.pplicatinns T Catalog

Software Projects
[c_JAdd Software Application Project...
Q'Default: ppcdl5_ 0 bootloop
= umiect: Testhpp_Pernipheral
F- Proceszor ppcd05_0
Executable; DT estingE xamplesh andelbrot_Wirkex:
F- Compiler Options
+- Sources
- Headers
= umiect: mand
[#- Proceszor ppod05_0
Ewecutable: D:AT estingE #amples 'k andelbrot_irtes:
# !_Zu:unj.piler DPtiDns

Headers ke il
Add Mew File. . |
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Select all files from the code subdirectory of your project as shown below:

by Recent
Documents

®EFE_rain.c

Places

Py M etk File name: |"I:unutlnad_l:uasicgraphics.l:" "co_init.c"' "gpio_| j

Filez af type: |I: Sources [.c)

=l

| Open I
Cancel |
A

Next, add header files to your project similar to above as shown below:
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ky Becent
Documents

by Metwork,
Flaces

File name; |"bmp.h" "bootload_basicgraphics.h" "gpio_led j

Filez af type: |I: Headerz [*.h] ;I

| Open I
Cancel |
p

Setting Compiler Options

Now you will need to set a few compiler options for the project. To set the compiler options, double-
click on the Compiler Options category in the Software Projects window:

Project Information drea

Project | Applications | |P Catalog |

Software Projects
e )Add Software Application Project...
) m‘Default: ppcd05 0 bootloop
- umiect: TestApp_Peripheral
# Proceszor ppcd0a_ 0
Executable: DA estingE xamplesh andelbrot_Virtex:
lI-.I Cornpiler Options
lI-.I Sources
: #- Headers
E"Q‘,‘Pmiect: mand
EI Frocezsor ppcdls_0
Ewecutable: DoAT estingE mamples' andelbrat_irtese
e28 Compiler Options
# Sources
" Headers
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In the Environment tab, select Use Default Linker Script, set the Program Start Address as
0x02000000 to avoid overlap with the TFT image memory location. Then enter Stack Size and Heap
Size values of 0x4000 and 0x8000, respectively:

@ tar Dotions ||
SOMPILe T oy

Compiler Tools: powerpc-eabi-goc

Envitorment | Debug and Optimization | Paths and Options

Application Mode

Executable smdStub [smdstub_peripheral : not azsigned)
COutput ELF file
wamplesiM andelbrot_itexdF-AEDE_4\mand'executable. elf
Linker Script

[] Use Custom Linker Script

Browse ..
Use Default Linker Script
Frogram Start Address O02000000
Stack Size |0=4000
Heap Size |0x8000
k. ] [ Cancel ] [ Help

Click OK to close the Compiler Options dialog.
The software application is now ready to compile for the PowerPC processor.
See Also

Building and Downloading the Application

1.3.10 Building and Downloading the Application
Mandelbrot Extended Tutorial for Virtex-4 FX, Step 10
The Mandelbrot application is now ready to build, download and execute on the target ML403 board.

First, compile the software application to create a PowerPC executable. Do this by selecting Build
Project from the Project: mand entry as shown below:
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Software Projects =
lc_JAdd Software Application Project...
m[ﬁlefault: ppcd5 0 bootloop
= umiect: TestApp_Peripheral
£ Proceszzon ppodd5_0
Erecutable: 0:WT estingE #amples' M andelbrot_irte:
£+ Compiler Options
+- Sources
+- Headers

o m . = Set Compiler Options...
#- Proceszzor ppodd5_0 o
Executable: D:ATestingE=al M.?r\k_ t_D_I_n'F"?hz'.a Bk
i+ Compiler Dptions i Project
[+ Sources Zlean Project
Headerz Delete Project...

Make Project Inactive
Gaenerake Linker Scripk, ..

The size of the generated executable is shown below. It will be included in the FPGA bitstream.

LikGen Done.

powerpo-esbi-goo -02 foygdrive/d/TestingExamples/Mandelbrot Vir
fMandelbrot Virtex4FE/EDE 4/code/mand sw only.c Sfocygdrive/dsTes
-W1,-defsym -Wl, START ADDR=0x02000000 -Wl,-defsym -W1, STACK

powerpo-eabi-3ize mand/executable.elf

Lext data h=s dec hex filename
58687 4528 49376 112591 1bh7cf mand/executable.elf
Done!

Next, mark the ppc405_bootloop to initialize BRAMs by using the right mouse button. This will put a
loop in the starting address of the on-chip memory.

Froject | Applications P Catalog

Software Projects >——il
Ic_J4dd Software Application Project...
= Q‘Pmiect: TestApp_Peripheral ;l:l'i.l:EWFEID:LI.rI.ZIIE':
(#- Proceszsor, ppod5_0 o
Ewrecutable: D:AT estingE =amples'handelbrat_Virte:
(#- Compiler Options
[#- Sources
[#-Headers
= ﬁll’miect: mand
¥ Proceszor ppod05_0
Ewxecutable: AT estingE wamples'h andelbrot_irte:|
¥ Compiler Options
#-Sources

L

Headers
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Now, it is time to download the bitstream to the ML403 board. Make sure the JTAG cable is properly
connected and that the ML403 board is powered on. Also make sure the VGA display is connected
and powered on.

Select Download Bitstream as shown below:

- TPl atformiStidiosl: S IR T ES AN T B D S T E X
File Edit “iew Project Hardware Software e Configuration [l =T
el o g B W MR- Xy B Update Bitstream K
; & Download b =

Project | Applications | IP Catalog El Program Flash Memary l

v TR

Next, launch Xilinx Microprocessor Debugger (XMD) from the menu as shown below:

e E Dy oS T e RS A S L e

2 Configuration |E=: Simulakion Window  Help

5 =1 E Debug Configuration. .. n
C ‘ﬁ #MD Debuqg Opkians. .. ;
q =S
N

. j‘ﬁ Launch Software Debugger.., |
L= | = o B T s
| TTTT e

If this is the first time you have launched XMD for this EDK project, a couple of dialogue windows will
pop up. Just click OK, then the XMD terminal will appear.

w - [0 x|
ID Code IR Length Part Mame Z|
Ra@Al1 @873 & System_ACE E

£5859873 RCF32P
21e58873 AC4UFs12
596880873 »xc?5144x1

............................. Bx20011478
............................. AxBBARBERGE
o of Read Addr-Data Watchpoints....1
Mo of Write Addr-Data Watchpoints...l
............................... BxffffcBBB — AxELFFfffff
lzer Defined Address Map to access Special PowerPC Features using HMD:
I-Cache (Datad)........ Bx7000006808 —

Yppc™ target. id = @
tarting GDB server for "ppc' target C(did A) at TCP port no 1234
HMD: e

Download the Mandelbrot ELF file to the DDR_SDRAM, and then start running the program as
follows:
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== = =
= = ol Rl = =
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&= a8 o sy S oo
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== = =
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EEE & i) = =
= oE =
=

=

After downloading has completed, the application will start running, resulting in a display similar to the

following:

Congratulations! You have completed this advanced tutorial.

© 2009 ... Your company



143

Title of this help project

See Also
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