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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.

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.:
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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. Describe and simulate the application using C language and the Impulse CoDeveloper tools.

2. 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.

o
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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
Creating the ML403 Test Platform

Adding the Mandelbrot Hardware

Adding the Software Application Files
Building and Downloading the Application

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
AExamples\Embedded\Mandelbrot_Virtex4FX\ 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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e pisestoEvElspErpplicationianaserlmversalddiiioneyitandel briot Sl B Readme it dh
File Edit “ew Project Tools Help
Fed 288Wd +m@d" - g Ee  WRRIY SO

g | &] Readme.htm

= @ Application Mandelbrot_1 I} J
-3 Source Files
= B bootload basicgraphics.c

W B stop_watch.c accelerated technologies
=W E intializeDisplay. c

=

hy 6] mand_acoel_hw.c Mandelbrot Sample Project for Xilinx Virtex-4 APU platform

W B mand_accel_sw.c

sy B mand_sw_only.c Summary

s [&] mainc

sw (6] wift_mainc Mandelbrot fractal image generator example, single-process version for the Xilinx Virtex-4 APU platform.

W B gpio_led_led.c
=23 Header Files Note: a pre-built, ready-fo-load bitmap appropriate for the Xiliny ML403 development board (with the Virtex-4 FX12
- s [h] mandh FPGA) has been provided in the file Mand_Download.bit. This demonstration application requires an LCD display

sw [h] boatioad basicgraphics.h | | connected to the ML403 board.
sw [h] initializeDizplay.h

sw [h] stop_watchh Description

W @ mand_sw_onlh

sw [h] mand_accel_swh This program generates a Mandelbrot set, as described in Chapter 13 of Practical FPGA Programming in C. A
sw [h] wtft_mainh sample image is shown below

sw [h] gpio_led_led h

st [h] brph | oS

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

1.2 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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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 PLB 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
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1.3

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
build the Mand.exe executable. The CoDeveloper transcript window will display the compile and link
messages as shown below:

======== Building target ‘build_exe' i file _Makefile ========

"C:Ampulse/CoD eveloper3/Minkw /bin/gec’” -g "IC: M mpulsesCoDeveloperdinclude” "IC: Ampulse/CoD eveloperd/Staget aster/inchude”
DI 32 " A mpulzedCoDeveloper3MinGw Anclude” -0 main.o -c main.c

"C:Ampulse/Caol eveloper3/Min@w /binsgee” -g "IC: \mpulse\CoDeveloperinclude - IC: Ampulse/CoD eveloperd/Staget asterfinchude™
DWW 32 " A mpulse/CoDeveloperdMinGw Anclude” -0 mand_sw_only.o -c mand_sw_only.c

"C:Ampulze/Cal eveloper3/dink'w /bindacc” -g "IC: \mpulzeCoDeveloperdinclude” "IC: Ampulze/CoD eveloper3s/Stagetd asterfinclude”
DN 32 "C: A mpulse/CoDeveloper3MinGw Anclude” -0 mand_accel_sw.o -c mand_accel_sw.c

"C:Ampulze/CoD eveloper3/Minw /bin/gec” -g "IC: \mpulsesCoDeveloperdinclude” "IC: Ampulse/CoD eveloperd/Stagetd aster/inchude”
DI 32 " mpulze/CoDeveloper3MinGw Anclude” -0 mand_accel hw.o -c mand_accel hw.c

"C:Ampulse/CoD eveloperddinEw /bin/gec’’ -g main.o mand_sw_only.o mand_accel_sw.o mand_accel_hw.o

"C:MmpulsehCaoD eveloperdsLibranes/mpulzeC.lib" -0 Mand.exe

Build | S Find in Files |1 System

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:

& -|o| x|

"D:s\TestingExamples*Mande lbrot_Uirtexd4Fi“Mand.exe""

Entered Main(> =]

Sﬂ—unly Uerzion

Exited MainC>
Prezz any key to continue...
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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 (640 x 480):

See Also

Building the Application for Hardware

1.4  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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o -1
Lhuinu)s .‘j
Build ] Simulate Generate lSystem] Hegistratiun]

Platform Support Package:
|ilir Wirtes-4 APU (VHDL) |

CoBuilder Optinization Options

Iv Enable constant propagation

Iv Scalarize aray varables

Iv Relocate loop invariant expressions

Directaries

&dditional optimizer options: Hardware build directary:
| |hw

Software build directon:

CoBulder Generation O ptions |$w

v Generate dual clocks
Hardware export directan:

[ Active-low reset
[EDK.

[ Use std_logic types for VHOL interfaces
Software export directaony:

[EDE

v Do natinclude co_ports in bus inteface

Library options:
[ Include floating point ibrar
Jin

[ Allow double-precision types and operators

k. | 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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Generate HDL

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

Impulze CRTL Component Generator

Coppright 2002-2007, Impulze Accelerated Technologies, Inc.

Al rights rezerved.

Generating mand_accel_hw ...

--Software activated--

chmod -B +na bua

ik dir sw

"C:Ampulze/CoDeveloperadbindmpulze_ il "-aC: Ampulze/Col eveloperdlarchitecturessiling_vdapusml’ -beaditbe files
"bootlnad_basicgraphics. o stop_watch.c Inhalizelizplay.c mand_accel_sw.c mand_zw_only.c main.c «tf_mainc gpio_lecd led ¢ gpio_led_ led b
M andelbrot. #ic sw/co_init.c

Impulze C Software Interface Generator

Copyright 2002-2007, Impulze Accelerated T echnologies, Inc.

Al rights reserved.

Loading C:/Impulze/CoD eveloperditrchitecturesxilins_v4_apu.sml ...

Loading C:/mpulze/CoD eveloper3dchitecturesHilins/ PPCAAPU Ao pu sl ...

Laading C: /Impulze/CoD eveloperditchitecturesAVHDL/ G eneric/G eneric/spstem. sml ..

Laoading Mandelbrot.=ic: ...

for iin bootload_basicgraphicz.c stop_watch. ¢ InitializeDizplay. ¢ mand_accel_sw.c mand_sw_only.c main.c xtfi_main.c gpio_lcd_led.c
gpio_led led.h; do cp $i aw; done

for i in mand.h boatload_basicaraphics.h InitializeDizplay.h stop_watch.b mand_sw_only.h mand_accel_zw.h =tt_main.hb gpio_lcd led.h bmp.h; do
cp $i zw; done

chmod -B +nw gw

|ﬂ| Build | S Find in Files | 5] 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

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 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.
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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

=T
0
Iu
EI.
LL
E
-
L‘|
Lo

n Manaser. Umversal Edition - [Mandel 1] - JReadme.htm]

B L E e EW‘ % 7 @

£ Start Page €] Readme.htm

IExpcrrt Generated Hardware (HDL) |_

” _’-'—
imbulse

Export the Software Files

Hication Manager Universal Edition = [Mandelbrot. 1] - [Readme.htm]

L E e % s D

£] 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

Creating the ML403 Test Platform
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1.6 Creating the ML403 Test Platform

Mandelbrot Extended Tutorial for Virtex-4 FX, Step 7
At this point you have:

e Created hardware for the Mandelbrot accelerator.
e 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 B STy ‘.;31

Create new or open eristing project

O] {Bage Spstem Builder wizard [recommended)i

\
BSB

(3 Blank ¥PS praject

E (3 Open arecent project

Browse for Mare 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:

© 2003-2009 Impulse Accelerated Technologies, Inc.



Tutorial: Fractal Image Generation using APU on the Virtex-4 FX Platform (EDK 10.1) 11
S Initializing FPGA on-chip memo P'",-';'«;:? Ctudio Proiect S5l
‘“ embedded software Blatform. Studin Project IJ m
_ Savein: [ EDK s« By E
= Chcode
Mew project @ \Sdrivers
Project file MyRecent [ =5pcares
Documents
1G] || '
Advanced optionz [optionak F1 far help) Desktop
[] Set Project Peripheral Repositories o
[ Browse ... |,)
My Documents
L ok J [ Cancel ,_g-
My Computer
| [Platform Studio] by Metwark Filz name: syshem. wmp = Save
Places 1 '“‘] I—J
Save as type: ]Platform Studio Project [*.xmp) lj Cancel

Press the OK button to continue.

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

(# | would like to create a new design

Welcome to the Base Systemn Builder!

Fleaze beqgin by zelecting one of the following options:

Thiz tool will lead vou through the steps necessa to create an embedded spstem.

3 | would ke to load an existing . bsb settings file (zaved from a previous seszion)

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 with TFT as shown:

© 2003-2009 Impulse Accelerated Technologies, Inc.



12 Tutorial Mandelbrot PowerPC ML403 EDK10.1

s aBHse Syaignl Hipledsy = Salae nEr ] ".ﬁ=

Select atarget development board:

Select board

(%) | would like to create a system for the following dewelopment board
Board wendor, | ®iline

Board name:

Board revigion: | 1

Mate: Wizt the wendar website for additional board suppart materials.

Wendor's Website Contact |nfo

Download Third Party Board Definition Files

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

Board dezcription

The ML403 board iz intended to showcase and demonstrate Vites-4 technology, especially the
new features being added ta the FPGA. The MLA03 board utilizes #iline Wirtes 4

HCAWF1 2-FFEES device. |t iz a demonstration platform to showease the enormous power and
flemibility of Wirttex-4 FPGAS: including new and improved clock technology, DSP blocks, Smart
Rk blocks, advanced |/0s, embedded MaCs, embedded processzors, and more. This version
af the =B file haz TFT contraller support

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

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

v Hgse S eI T B e S OSSO Lﬁ

The board you zelected has the following FPGA dewvice:
Architecture; Device: FPackage: Speed grade:

wirtend wodwfnl2 freEe 0

Select the processzor vou would like to use in thiz design;

Proceszors
{1 MicroBlaze
(%) PowerPC
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On the Configure PowerPC Processor page, specify the following options:

Processor clock frequency: 200 MHz

Debug I/O: JTAG

Cache setup: Enable

On-chip memory: 16 KB each for data and instruction

"o s sysiem bl dersGonfigure Powenl G rocesssor

13

PowerPC

Syztem wide sethings

Reference clock Processar clock ;

; i Buz clock frequency:
frequency: frequency;
100.00 | MHz ] MHz 100000 ] MHz

E nzwre that vour board iz configured far the specifed frequency.

FReset palarity: Active LOW

Proceszor configuration
Debug |/F
(%) FPGAJTAG
CPU debug uzer ping anly

CPLU debug and trace pinz

() Mo debug
Or-chip mermany [OCH]
| [Usze BRAM)]
D ata:
PowerPC —  [t¢ @
[rstruction:
| 16 kB [+
Cache zetup
Enable

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

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

o )] |

Cancel
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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:

- Hase Syoisn pupld=y - Capfldira O = feie =g

[Aofi3) ]|

The following external memaory and [0 devices were found on vour board:

wiling Mirkes 4 MLA03 with TFT Revizion 1

Pleaze zelect the |0 devices which you would like to uze:

|0 devices

R5232_Uart

Peripheral: | #PS LARTLITE

B audrate [bitz

per seconds]; 3600
D ata bits: a

P arity: MOME

[] Use intermupt

LEDs_4Bit

Peripheral: | #P5 GFIO

[] Usze interrupt

[] LED_Positions

[ Push_Buttans_Pasition

D ata Sheet |

Data Sheet

Drata Sheet

|| MNew> | [ Cancel

Click Next.
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On the next wizard page, select only the DDR_SDRAM peripheral:

l@ phiga Susta U=y - Capiflgiy = |08 ey frle s 8 g feg

The following external memory and 10 devices were found on your board:
Hiling Yirtex 4 MLA03 Evaluation Platform Revizion 1

Fleaze select the 10 devices which vou would like to use;

|0 devices

[] IC_EEFROM

[ SysACE_CompactFlash

[] Cupresz LISE

DDR_SDRAM

Peripheral: | MPMC

[] Ethemet_ALC

Data Sheet

[rata Sheet

[rata Skeet

[rata Shest
Mote

15

g

| | Ccancel

e[t

Click Next.

On the page that follows, do not select any of the peripherals:
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ke Sygtdpl e ld= - Sapflaig s [0 s fieas U af ) "31
The following external memony and 10 devices were found on your board:

Filing Yirtex 4 ML403 Evaluation Platform Fevizion 1

Fleaze select the 10 devices which pou would ke to uze:

10 devices

Tritdode_MALC_GhII
Pl - [rata Sheet

F 1 shen Drata Sheet

FLASH
O [rata Sheet

Click Next.

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

= Hase S LTI LT RS o B T et e el SR A ROl '531
Add ather penipherals that do not interact with off-chip components. Use the
“&dd Peripheral' button to zelect from the lizt of available peripherals.

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

Add Peripheral...

Peripherals

wps_bram_ if_cht_1
Remove

Perpheral: PS5 ERAM IF CMTLR

Data Sheet
Memom zize: | S KB
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Click Add Peripherals... to add an XPS TIMER to the design.

&

Add other peripherals that do not interact with off-chip components. Use the
"tdd Peripheral' button to select fraom the list of available penpherals.

[f wour do not wizh bo add any non-l 0 penpherals, click the "Mest" butkan,

Periphieralz

Select the perpheral you want to add:

#P5S BRaM IF CHTLR

o R EETH e Jaﬂ

#P5 BRAM IF CHNTLR

#PS TIMEBASE WDT

8

17

Add Peripheral...

Set up the xps_timer_1 as shown below:

o Hiase i TR T E e i B e et B T e et SRl R o

Add other peripherals that do not interact with off-chip components. Use the
"tdd Penipheral’ button to select from the list of available peripherals.

[f you do not wizh to add any non-l0 penpheralz, click the “Mest" buttan,

FPeripheralz

wps_timer_1
Ferpheral. =F5 TIMER
Counter bit width: 32

Timer mode

(3 Two timers are prezent

(%) One timer is prezent

[] Use interupt

Click Next.

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

3

Add Pernipheral...
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|@ B St Bl - e i Doy d

Y'ou have enabled the cache feature an the PowerPC proceszor,
Cache setup

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

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

Select the memory peripherals pou would like to cache:

|Cache: DCache; Cacheable kMemories:

DDR_SDRAM

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:

@ PR g Builder - Software Sett g ||
Cdase SYSTET DUIROET - SONWare Sy e Ll e

Devices to uze az standard input, standard output; and boak rmemony

STOIM: R5232_Uart
STOOUT: R5232_Uart

Boot Memary: | ppcd05_ 0 iocr_chtlr

Sample application selection

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

[] tMemaory test

[lustrate syztem alivenszs and perform a bagsic read/write test to each memaony in your system
Feripheral zelftest

Ferform a zimple zelf-tezt for each peripheral in your spstem.

Click Next.

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:
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s pase systembunder - Conligure Peripheral lest Application, (%]

The Peripheral Selftest applization includes a simple self test for each periperhal in vour sustem [if such
a zelftest function exists in the driver the peripheral].

PeripheralT st

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

[nztruction; [Hﬂﬂﬁ_ﬂ_iucm_cntlr @
Drata: | ppcd05 0 docr_chtlr @
Stack/Heap: I_n:In:u::rn_n::r'utIr

[ntermipt Ve I_N_u:u_ interrupt |

Click Next.

The wizard will now display a summary of your platform selections:
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|
Eleiga G ygray B le=s = dray ) €y aaira u:j

Below iz a summary of the system pou have created. Pleasze review the information belaw. |F it iz
corect, hit <Generate: to enter the infarmation into the %P5 data base and generate the spstem files.
Othenmize return to the previous page to make corections.

Proceszsor: ppod0b_0
Proceszar clock frequency: 200,00 MHz
Bus clock. frequency: 100,00 MHz
On Chip Memary : 32 kB
Total OFf Chip Memomny : B4 MEB
-MPMC = B4 MB

The addresz maps below have been automatically aszigned. You can modify them uzing the
editing features of =F5.

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

Core Hame Instance Hame Base Addr High Addr

wps_Lartfite R5232_Uart (=34000000 0=3400F FFF
¥ps_gpio LEDs_4Bit C81400000 08140FFFF
wps_timer wpe_timer_1 (x33C00000 0=33C0OFFFF

Proceszor OCM:
Core Hame Instance Hame Basze Addr High Addr
izbrarm_if_cntlr ppcdd5 0 iocr_chtr | O<FFFFCOO0 0=FFFFFFFF

Proceszor OCM:
Core Hame Instance Hame Basze Addr High Addr
dzbrarm_if_chtlr ppodd5 0 docm_cntlr | OxCZ2003000 0=C200BFFF

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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ot

T s ) Fii S ||
S eSS ETI R T BT T d

1=

The Baze Syztem Builder has succeszsfully generated vour
embedded zpzteml

Click the Finizh buttan to return bo =PS o compile paur
hardware system and software
application.

{0:AT estingE wamplesi M andelbrat_irtexdFAEDE \apetemn_ML403 mhs
AT estingE samplezt b andelbrot_irterdF=\E DEAdatasyatem MLA03 uct
AT estingE samplezt b andelbrot_irterdF=hE DE etchfazt_runtime. opt
AT estingE samplest andelbrot_irtexdF=\E DE et download. crd
AT estingE samplezt b andelbrot_WirterdF=hE DE aystemn MLA03E maz
AT estingE amplest b andelbrot_irtexdF=A\EDEAT estépp_PenpheralhzchTestdpp_Peripheral.c
AT estingE amplezt b andelbrot_irterdF=hE DEAT estdbpp_Perpheralzrchwgpio_tapp_examplect |
AT estingE amplezt b andelbrot_irterdF=\EDEAT eztépp_Penpheralhzrchopio_header.h =
AT estingE samplest b andelbrot_irterdF=hEDEAT estdpp_PenpheralhzarchTestépp_Peripheral_LL

Save zettings file;

AT estingE amplezik andelbrot_irtexdF=\EDE\eystemn_ML403 bzb

The settingz file containg all the uzer's selections and inputs in the wizard zezzion. |t can be
loaded in a future wizard session.

Click Finish to exit the wizard.

The Platform Studio interface will now appear similar to the following:
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I pIESIMan LBV JEDRICyE e pie] 5y sEemblyVaewiy|
File Edit Yiew Project Hardware SoFtware Device ConFlguratlon Debug Slmu\atlon Window Help
@@Eﬁ W g RGN @nﬂ@ QB %: DP?E& P ARG ME EX BRF XX RaD
| nformati . POPOP J Bus Interfaces | Ports | Addresses |
™ Froect TR Bl LS @ I -

s M EMEME Mame Bus Connection IP Type IP Version
Platiormn T T — Y s ppcd05_vitesd 200
= Pm|ecl Files Len pneds {} docm dsocm_w10 200k

- MHS File: systern.mhs Lowd poedi?E 3 focm izocm_w10 2.00b
M55 File: system mas - <P 1.03a
- IJCF File: data/zystem ucf 1.03.a
- iMPACT Command File: ete/download. crd : I 1.03.a
- Implemertation Options File: ete/fast_runtime. opl -),o,oc4{}5 {} docm felyi'd dsbrar_if_ctl 3.00.b
“ Bitgen Options File: ete/bitgen.ut - F P pped i [ iocm_ et isbramn_if_cntlr 300k
= Pm|ecl Oplions > !\ ‘P -3 008 5054 mpme 403a
- Device: scdvhd 2ifBES-10 L[| | F- =P drocm bramr bram_block 1.00.a
- Metlist: TopLevel ‘—‘—[)— - < oo _bram bramn_block. 1.00.a
- Implemertation: %P5 [<flow) —| | B> dagope ftagppc_cntr 20l.c
~HDL: WHDL --)proc I¥E resen‘ & proc_sys_reset 2.00.a
“- 5im Model: BEHAVIORAL O—O0—@- i i 1.00.a
= Reference Files Q—b—’ 1.00.a
- Log Files O—O0—@ : 3_uartlite 1.00.3
“ Sunthesis Report Files e wd fack ge:wa{or 7 clock, generatnr 201.a

Building and Running the Peripheral Test

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 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

Earnplesiian delhoralinterd s

Dewce CDnFlguratlnn Del:uug 5|rr

Launch Platform Studio SOk ?

EA software Platform Settings...

F'nﬁi_ect &pplications | |P Catalog #issign Defaulk Drivers

Software Projects L%l Senerate Libraries and BSPs
e Jadd Software Application Project.. | Iﬂ Add Software Application Project.., T
mDefault ppcdts (B, hoollagp Build All User applications L
= I?ﬂ"lz"lu:npieu::t TesthApp Penpheral | S P B
# Processor, ppod05_0 : ; ; I
- Ewecutable: D:AT estingE samplesh E .Generate Linker Script... "
- Compiler Options LS Clean Libraries |
F- Sources s
El Hiardars = Zlean Programs y-
2 Clean Software

When the libraries have been built, Platform Studio will display a message similar to the following:

© 2003-2009 Impulse Accelerated Technologies, Inc.



Tutorial: Fractal Image Generation using APU on the Virtex-4 FX Platform (EDK 10.1) 23

Libraries generated in
I:% TestingExamples' Mande lbrot Virtex4FXWEDE,\ ppc405 0% 1ibYy directory

Punning execs generate for 03'es, Drivers and Libraries

LikbGen 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.

BID Generate Metlisk
Generate Bitstream
| Project | Applications Zﬁb Create or Impart Peripheral, ..
Software Projects @ Configure Coprocessor., .
E.ﬁ.dd Software Applicat Check and View Caore Licenses. ..
é....m‘Def?ult: ppcdds 0 be 22 Cloan Hetlst
El-m'l:'rmect: Testhpp_| | )
#- Processor. ppc405_0 @ GiemERits
- Executable: 00T estir ﬁ Clean Hardware

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:

B8 Update Bitstream

PR i aRMAEE

| Project Information drea L’E‘ ownload g
| Froject | Applications | IP Catalog | Bl Program Flash Memary
Software Projects L=
: E.ﬂ.dd Software Application Project... -

m' Default ppcd0S_0_bootloop
=8 m Project: TestApp_Penpheral

When the FPGA has been successfully programmed, you will see a Programming Complete
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1.7

message in the Platform Studio transcript, and you will see a small row of LEDs located at the lower
right corner of the board 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 Co-processor Bus (FCB), and one for the hardware accelerator, which
in this example runs at 40 MHz. 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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{_'_}'J Buz Interfaces | Portz

|| Addrezzes

25

M ame

I_-T-_I @ npcdida

bl noed( 0 docim

@ nnedils @ oocm

@ o

P oocdia O dpiby

L a@ opcdt 0 b

I_-T-_I @ npedi { docm ol
I_-T-_I @ npedi () oem o
I_-T-_I @ O0A S0AAR
I;T;I-#ﬂ&am_brdm
I_-T-_I-@r'marrr_ﬁrdm
I;T;I-#,d‘dgopc_i?

I_-T-_I e prog ger rezel O
I_-T-_I-#'{CD_ A A

I_-T-_I o [0y S5

I_-T-_I s H5230 Lant

“olock generafor

Buz Connechion

IP Type

ppcd0S wvirtesd
dzocrm_v10
izocrm_w10
plb_w4E
plb_v46
plb_w4E
dzbram_if_cntlr
izbrar_if_cntl
P
bram_block
bram_hlock
jtagppc_chtlr
proc_sys reset
¥pE_gpio
¥pE_gpio
wps_uartlite

Configure IF .,

View MPD
Wigw IP Maodifications (Change Log)

Browse HDL Sources., ..

Driver: generic_v1_00_a

Delete Instance...

Filker Bus Interfaces. ..

Hide Selection

IP %erzion
20.a
200.b
200.b
1.02 &
1.02a
1.0Z &
300k
300k
40.a
1.00.a
1.00.a
201.a
200.a
1.00.a
1.00.a
1.00.a

Add a new clock output in CLKOUTS3, type in the name pcore_co_clk, and frequency as 40,000,000

Hz as shown:
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B el g

The clock generator module can generate required output clocks from given input referencerfeedback clock(s] bazed on your requirements. |t zerves az a central clocking
resource to meet all your system wide clocking needs. This tool will help pou configure the clock generator module and instantiate or update in your system.

[Basic | Ports Overview HOL Toggle ] [ﬁ Datasheet ] [<3 Restare ]

Step 1: Specify input clock detail:

Step 2 Specify the output clack requirements

Fleaze highlight a clock port in the list below and configure itz requirements on the right side.
Clock requirement; CLKOUT3

Ports Connected to

= Input & Feedback . Connected ta: |
CLEIMN dem_clk_s =
CLEFEIM

= Outputs Fenuired frequency [Hz): 40,000, 000
CLEOUTO  proc_clhk_s
CLROUTT  sps cle_s
CLKOUTZ  DDR_SDRAM_mpme_ck_90 s Required phase shift a
CLKDOUT3I  pcore_co_clk
CLEOUTS Grouping information: NONE
CLEOUTS
CLEOUTE
CLEOUTT Buffered: TRVE
CLEOUTS

Add another clock output in CLKOUTA4, type in the name tft_25mhz_clk, and frequency as 25,000,000
Hz as shown:

B %7 ||
ARG e NETALOT i

The clock generator module can generate required output clocks from given input reference/feedback clock[s] based on pour requirements. It serves as a central clocking
rezource to meet all your system wide clocking needs. This tool will help vou configure the clock generator module and instantiate or update in your system.

T B ——— [HOL Toagl | EDatasheetJ [£2 Restore |

Step 1: Specify input clock detailz

Step 2 Specify the output clock requirements

Flease highlight a clock port in the list below and configure its requirementz on the right gide.
Clock requirement: CLEOUTS

Parts I:onne_cted to
=1 Input & Feedback. Connected to | 5
CLEIM dem_clk_s :
CLKFBIM
=1 Dutputs Required frequency [Hz): 25,000, 000

CLEQUTO  proc_clk_s
CLEOUTT  zys clk_=

CLKOUTZ  DDR_SDR&M_mpme_clk_90 s Required phase shift: o
CLKOUT3  poore_co_clk
CLKOUT4  th_25mhz_clk

Grouping information: NONE
CLKOUTS
CLKOUTE
CLKOUT? Buffered: TEUE
CLKOUTE

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 right-
clicking and selecting Add IP as shown below:
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g@‘ Slimeliatformstudip=isE eshngkxamples/Mande byl

File Edit ‘iew Project Hardware SDFtware Device Cunflguratlun

R DY RREMNIROBER

I| F'r- jeck |r|F| rmatian Area
|| Project || Applications | IP Catalog |
i@ _
D'ezcription IF erzion
EI II EDE Irngtall - D:veilinet 101 WE D E SRt
- fnalog
- Anthmetic

[#-Buz and Bridge

[+ Clock, Reset and Intermupt

[+ Communication High-5 peed

(#- Communication Low-5peed

& DA and Tirner

#-Debug

[#- FPGA Reconfiguration

- General Purpoze [0

10 Modules

- Interproceszsar Commurnication

- Memorny and bMemorny Contraller

PCI

- Penpheral Controller

- Proceszsor

! - Ltiliby

EI Project Local poores -- D:AT estingE samplesihd andelbr...
=-USER

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 and Bridge category and
find the Fabric Co-processor Bus item. Add the FCB to your system by by right-clicking and selecting
Add IP as shown below:
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File Edit Wiew Project Hardware Software Device Configuration Debug  Simulation Wwindow  He

P e RN RBRR BRSO EHL

Project [nformation Are POPOP
| Project || Applications | IP Catalog |§ E1 Ié E; |é
=® i - e
Dezcription IP Yerziol
= £ EDE Install - D:5ilins 101 5EDE S,

Analog

Arithmetic
EI Buz and Bndge

-+ PLEW4E to PLEV4E Bridge 1.01.a o
= PLEW4E to DCR Bridge 1.00.a L
-~y Processor Local Bus (PLE) 4.6 1.02.a @ ¢ i
-+ PLBw45 to FSL Bridge 1.00.a
-+ Local Memory Bus [LME] 1.0 1.00.a ek
= Instruction-Side On-Chip Memom (OCK) Buz 1.0 2.00.b
-~y Fazt Simplex Link [FSL) Bus 211.a ".:" ‘.J_'*
8 # Fabric Co-processor Bus [FEB) - "'_'-' : = = —
S FLB ta FoL Bridge
=y Data-Side On-Chip Memary (OC] Bus 1.0 Wigw MPD
i sl Device Control Register [DCR) Bus 2.9 Wigw IP Modifications (Change Log)
-- Clack,. Reset and Interrupt Vigw PDF Datashest

-- Communication High-5peed
-- Communication Low-Speed
- Db 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 G" Bus Inteffaces | Ports | Addresses |
LCLCL c e - '
BEMEME B M arme: Bus Connection IP Type IF Yersion
3 pocds [ ppcdlS witerd  Z070.a
Lo- - RESETPPC ppc_reset bus ()
- JmaeeRe [Regpoe. 0.0
¢ EMACDCR Aot 8 EMACDCR
i - MFCH Aot 8 AFCA
(| e [Ex—
" - IsOCM 1ppodlS 0 jecm
ult - DSOCM PP B~
PR ) . IPLBT I~
-0 . -DPLET o
u-——u——:: i i~IPLBO =
a0+ i i~DPLBD [plb’ =
- MDCR No Connection
f— | SR feh V1RO feb w10 1.00.a
coskpocd O docm dzocm_w10 200k
s pocdd O iocnr izacm w10 200k
@ nih plb_ w46 1.02.a
s nocd O gnibh? plb_wd4G 1.02a
i@ nocds [ b T plb_wd4G 1.02a
s F @ pocdld 0 docor coff dsbram_if_cntlr 300k
3 F <@ pocdd 0 joeny el ishrarn_if_cntl 300k
& o0 E-<@ 000G S00AM TR 4.01.a
[2—[om . < drocm brant bram_black 1.00.a
‘—‘——L‘r <2 oo bran bram_block 1.00.a
S8 o mand 0 apu_mand 1.00.5
( A; s EX—]
F~® fagope 0 jtagppe_cntl 201.a
F- =@ proc_aye resef 0 proc_ sy reset 2.00.a
1I_') ".:' - - LO0 R GO %ps gpio 1.00.a
0 0 ﬂ E-PLED 40 %P3 apio 1.00.a
O O & - H5532 Lart wps Lartlite 1.00.a
g oiock generafor clock_generator 2.01.a

The apu_mand_0 peripheral is now connected to the PowerPC APU via the FCB.

Adding the XPS_TFT IP Core

The XPS_TFT IP Core controls the Thin Film Transistor (TFT) LCD Display, which gives us the
graphical output of the computation results.

The XPS_TFT IP Core is located under the IO Modules category of the IP Catalog. Add it by by right-
clicking and selecting Add IP as shown below:
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File Edit Wiew Project Hardware Software Device Configuration Debug

P el RN B IBER EJEI

I Froject Informaticn drea
| Project || Applications | IP Catalog
m®
Dezcription IF "erzion IF Tyupe
= & EDK Install - D:\¥lirst 1 01 SEDK St
#-Analog
- Arithrnetic

E] Buz and Bndge

E] Clock, Reset and Interupt

E] Communication High-Speed

E] Communication Low-Speed

E] Dby and Timer

E] Debug

E] FPGA Reconfiguration

E] General Purpoze 10

=- IEI h-'lu:n:lules
- PS5 TFT 1.00.5 aos

-Interprucessur Communication Add IP

.

& d b Contrall

" Pglmu:ury and Mermory Controlle —

__ Peripheral Contraller Yiew IP Modifications {Change Log)
& Processor Wigw POF Datashest

- Litility
#- Project Local pocores - D:AT estingE amplesM...

Next, edit the settings of the newly added xps_tft_0 module by right-clicking and selecting Configure
P ..
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Mame

E:,I--'-!ppc.'ffﬂf_ a7
Loadfoh 10 0

s noedd [ docm
E---@ppcffﬂf_ﬂ_rﬁm
E..gpﬂj

E:.I--ﬂ,cuﬁ_ e

- pocd(a{ a7
& oocd0a { plbT
E:.I--'-!ppcz;‘ﬂf_{?_dﬂm_wh‘ﬁ'
E--@ppcfi‘ﬂf_i]‘_rbm_mﬁ'
EI s 007 S04
E--@ﬂ&am_ﬁfdm
E--#ﬂam_brdm
EI--'J'apt.r_ mamg 7
lil--h!,d‘dgﬂpc_{?

EI w0 g resef O
E--ﬂﬂfﬂ's_ S8
EJ ot :.ijI.'-':r_f-‘j‘_ &
E.I--'-Fms_ firrar T
EI @ 15232 Liarf

s olock generator O

Buz Connection

Configure IP .,

IP Type
ppcd05 wirtexd
fch w10
dzocrm_w10
izocmm_vw10
plb_w4E
plb_w4E
plb_w4E
plb_w4E
dzbram_if_cntlr
izbrarn_if_cntlr
THRIC
bram_block
bram_block
apLy_mand
jtagppc_chtlr
proc_syz reset
WpE_gpio
sz it

Wiew MPD
Wigww IP Modifications (Change Log)
YWiew PDF Datasheet

Browese HOL Sources, ..

Driver: bt w1 _00_a 2
Delete Instance. ..
Filker Bus Interfaces. .. »

Hide Selection

IF Werzion
20.a
1.00.a
200b
200b
1.03.a
1.03.a
1.03a
1.03.a
300b
300b
403.a
1.00.a
1.00.a
1.00.a
2lile
200.a
1.00.a
1.00.a
1.00.a
1.00.a
201.a

In order to expose the VGA interface, unselect the Select TFT Interface option.
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o s T st v O D

[ User | Spstemn | Buses
All
Select Contraller Register &ccess Interface
Select TFT Interface

12C Slave dddress of External Chrontel DV Transmitter

Base Address of PLE Attached Wideo Memory

Modifying the TFT Base Address Parameter

EE-_
[HDL Toggle ] E Dratazheet ] [(ﬂ Restore ]
O
0biiiodiin
Ox£0000000
QK. | ’ Cancel l ’ Help

The Base Address of PLB Attached Video Memory parameter sets the starting address of the TFT
image memory. This address is the key point to have the TFT LCD display properly, and you will need
to set the corresponding value in the software code. (See xtft_main.c, line 174.)

Change the Base Address of PLB Attached Video Memory to 0x08000000 as shown below:
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o xpsatiialExpsaritvan00 i ﬁ‘
User | System | Buses [HDL Toggle ] [ﬁ D atasheet ] I@ Restare I
&l
Select Controller Register Access Interface
Select TFT Intefface L)

|2C Slave Address of External Chrontel DY Transmitter 0b1110110

Base Address of FLB Attached Video Memary

[ 0k, ][ Cancel ][ Help

Clink OK to save the change.

The XPS_TFT has a Master PLB and a Slave PLB bus interface. We need to add an additional PLB
bus to connect the XPS_TFT to the DDR_SDRAM. Add a Processor Local Bus (PLB) as shown
below:
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File Edit View Project Hardware Software Dewice Configuration Debug  Simuolakion

AR i o RN RBER A SN

i Praject Infarmation Area POPFP
|_.PrDIECt " fpplication: | IP Catalog |é E‘ |é
E® Ll
Dreszcription [P "erzio
= £ EDEK Install - D:%ilinst1 0.15E DK Yt
#-Analog
- Arithrnetic
EI Bus and Bridge =
I 1?: PLEW4E to PLEVAE Bridge 1.01.a
+'r PLEY4E to DCR Bridge 1.00.4
g + Froceszor Lozal Buz [FLE] 4.6 SERRE . e
¢ PLBv45 s FSL Bridge
3¢ Local Memory Bus [LME] 1.0 Yig MPD
';'r [nztruction-Side On-Chip Memaony [0 Wiew IP Maodifications (Change Log)
5 Fast Simplex Link [FSL] Bus Wiew PDF Datasheet
-+ Fabric Co-processar Bus [FCB) 1.00a
-3¢ FCB to FSL Bridge 1.00.5
';'r Data-Side On-Chip Memary [OCK] Buz 1.0 2000
+'r Device Control Register [DCR) Buz 2.9 1.00.a g9
III Clack, Reszet and [nterrupt lT-I_IT-I_

The MPLB of xps_tft_0 needs to be connected to the DDR_SDRAM through a separate SPLB port.
To do this, open the Configure IP dialog of the DDR_SDRAM:
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0 0 F ;‘ [ Bus Interfaces | Ports Adu:iresses
C C c o = = — -
M M B M ame Buz Connection IF Type IP Wersion
R M~ —~S_— R podl5_vitend 201
f— < foh T feb w10 1.00.a
w@ pooda 8 docar dzocm_w10 200b
w opodtd 0 socar feocm_wl10 200b
et = (-~ g 1 L k] plb_+4b 1.03.a
T [H- @ pocd @ docm anfr dzbrarn_if_chtlr 300k
& 0 — = i i 3.00.b
[ [ } = " 1.00.a
b —— : Yiew MPD l'gg:
PSR \.l'?ew 1P Modifications (Change Log) ! I e
| @ proc g sasei 0 ‘iew POF Datasheet at 200
o L_) a - LS A0 Browse HOL Saurces, .. M5
— o d + Pz D Driver: mpmc_ve_00_a 4 1":'!:"‘3
L‘} L_‘) a [+ - | xog fimar 7 I a
o ] @ E-s F52532 Laif Delete Instance, ., I.00a
<& clock ganarafor O I 20m.
= o Filter Bus Interfaces. .. b = .
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.

[ s SR e AU

| Base Configuration temory Interface | Port Configuration | Advanced HBL Toogle Eg r

Port Type Canfiguration

MPMC Module Interface

PORT1 PORT2 PORT3 PORT4 PORTS PORT®6 PORT7

PLEV46 | | |PLE¥46 | |zwmcrrve [ | vacrove [ mwcrove [ twacrive [ owacrive [ oeecrive [
Cammon Addresses

Base Addr 0x00000000 SDMa Register Baze Addiess
\ i PPC440MC-NR i i
L \ The pinout of MPMC must be comf YEEC [Memory Interface Generator). please see MPMC data sheet for more information.

Then, connect the MPLB of the xps_tft_0 to the newly added PLB, also conect the SPLB2 of the
DDR_SDRAM to the same PLB. Connect the SPLB of the xps_tft_0 to the shared PLB as shown
below (as indicated in red circles):
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POPOPP F
LECLELL c
EMEMEBE B B
il
&
L

00 —{9)0
O—9—T0

[ @J Bus Interfaces | Ports

|. Addreszes

M arme

B & pocd05 0

Loagmfoh (T 0

~a oo 8 docmr

@ npedi (1 incm

o nfh

@l a4

o o [ dpipl

P oocdils O pibT

e a8 docm cnfl
@ npcd 1 mom ol

B T o B i E—

Al

@ ffagone (7
e pron gys rezel O
[ Cly L8
ooy fE 0
i SPLE
Lo MPLE
& oy fimer T
L. SPLE
@ 05537 Harf
- ciock generafor

fl

ol

Busz Connection

IP Type
ppod5 . wirtexd
feb w10
dzocm_w10
izocm_w10

plb 4B
plb_w46

plb w46
plb_wdE
dsbram_if_cntl
isbrann_if_chtlr
mpmic

brarn_block
bram_block
apu_mand
jtagppc_chtl
proc_sys reset
¥ps_gpio
wps_ti

wps_timer

B

wps_Lartlite

clock_generator

Connecting the Peripheral Clock and Reset Signals

To do this, switch to the Ports tab in the System Assembly View window.

|P Y erzion
2M.a
1.00.a
200k
200k
1.02a
103a
1.02a
1.02.a
300k
200k
4034

1.00.a
1.00.a
1.00.a
2M.c
2004
1.00.a

1.00.a

i
=
o

1.00.a

201.a

First, connect the following 6 ports of the xps_tft_0 to outside of the FPGA by select the Make
External for each port as shown below:

TFT_VGA_B
TFT_VGA_G
TFT_VGA_R
TFT_VGA_CLK
TFT_VSYNC
TFT_HSYNC
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(=) < ypz O
TFT_WGaA_B
TFT_VGA_G
TFT_VGA_R
TFT_IC_SDA_T
TFT_IIC_SDaA 0
TFT_IIC_SDaA_|
TFT_IC_SCL.T
TFT_IC_SCL O
TFT_IIC_SCL_|
TFT_WGA_CLE
TFT_DPS
TFT_DE
TFT_WSYHC
TFT_HSYMC
SYE_TFT_Clk
kD _error

H-w ypz fimar ¥

wps_tt_O_TFT_WGeA_B
wps_tt_O_TFT_WG&_G
wps i O_TFT_WG&_R
Mo Connection

Mo Connection

Mo Connection

Mo Connection

Mo Connection

Mo Connection
wpz_tt_O_TFT_WGé, CLE,
Mo Connection

Mo Connection
wps_tt_O_TFT_WSYMC
Mo Connechion

Mo Connection

{55 == | o e e - | o S e o o | o o

Mew Connection

37

[5:0]
[5:0]
[5:0]

Connect the SYS_TFT_CIk port to the tft_25mhz_clk from the Clock Generator as shown below:

=) = ypg HF O
TFT_WGA_B
TFT_YGA_G
TFT_YGA_R
TFT_IC_SDaA_T
TFT_IC_SD&_0
TFT_IC_SDaA_|
TFT_IC_SCLT
TFT_IC_SCL_0O
TFT_IC_SCL_I
TFT_%GA_CLE
TFT_DPS
TFT_DE
TFT_WSwHNC
TFT_HSYMNC

wpz_tft_ 0 TFT_WGA B
wpz_tft O TFT_WGEA G
wpz_tft O TFT_WGEA R
Mo Connection

Mo Connection

Mo Connection

Mo Connection

Mo Connection

Mo Connection
wpz_tft 0 TFT WA CLE
Mo Connection

Mo Connection
wpz_tft_ 0 TFT _WSYWMC
wpz_tft O TFT_HSYMC
Mo Connection

(i ol e s ol e It v Y e el e v 8 e I v il e

HD._eerr .
1w ypz fimer T
H- e BEZ3D Larf

zyz_bus reset
sz clk_s
zyz_periph_reset

1w clack_genarafor O

[Platform Studia] | Swestemn Assembly View | Block Dis

1l with net as port name
defined, using xps tft O TFT VGL &

wpz_tit 0 TFT_HSYMC
wpz tit_ O TFT_WGA_CLK
wps_t_ 0 TFT_WSYMNC
dom_clk_s

fpga_0 RS232 Uart_ R
s rshos

T

(5:0]
(5:0]
(5:0]

The next step is to connect the two apu_mand_0 clock signals. To do this, change the apu_clk entry

to sys_clk_s as shown below:
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EI @ apy mamt
Lopo_clk

g ar_clk
- fFagnne (7
w nihedd dor boidige 0
- piedl fE ot 3
@ oo g rasef O
wa fEfly S0
i 5232 [iarf
@ nipck_gemearafor (7

Mo Connection i~
Mo Connection [+ |
pleee A6t _cntle_0O_TFT_LCD_HSYMC @
pleve A6t et _0_TFT_LCD _MSYME %
proc_clk_z
s bus reset

sz _periph_reset
tt_28mhz_clk
derm_clk_z
fpga_0_RS5232 Uart_ R
S e

Now change the co_clk entry to pcore_co_clk as shown below:

E--qu.r_ marng_ £

: oo t||=
“apu_clk

- ffagnne

v ol dor bridige O

e nfiedE B onfle O

e oo g resef O

e [ E0e JB

e B5732 Llar

- clock gemerafor

MNa Cannection @u

fpga 0 DOR_SDRAKM_DDR_RAS_n |
fpga 0 DDR_SDRAKM_DDR_WE _n
fpga_0_RS232_art_T=
:1:; core. |‘_'-.r_';'_: clk

plbwdE _der_bridge_0 PLE_dorClk
plbwedB Ht_cntle 0 TFT_LCD_CLE
plbeedB Ht_cntl_ 0 TFT_LCD_HSYMC
plbeedB Ht_cntle O TFT_LCD_WSYMC
proc_clk_s

B

Connect the FCB_CLK signal of the fcb_v10_0 peripheral to sys_clk_s:

=]

Mame
#-<#Extenal Ports
o e
----.P dor k29 0

e foh 13
L 8YS_RST
TR LK
e poedta 0 doom
e aoedta 1 o
< pih
ey 1 0
s oacdika & daod?
- pacdita & plbh?
e oo 8 gocm ol
e oot 0 ioemr oot
e O0A S0RAM
- Feaem_bram

M et 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 0to sys bus_reset:
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Mame

#-<#External Ports

-- o poodila (1

-- @ gy 23 0

- ieh 10 O

Bovs RoT

- FCB_CLE

e nppdt J docm

e nppdt G oo

- nfh

@l g8 0

2 poedlh J dpbh?

P ppcdlh 3 ol

e npedt 8 docmr ot

@ ppedt Qoo e

g OOA S04

. Mo Connection

MHet Directian

plbrv46_tit_cnti_0_TFT_LCD_HSYNC L]
plbrv46_tit_cntl_0_TFT_LCD_¥SYHC
=

g _clk_z

zz_periph_rezet

tt_2Bmhz_clk,

dem_clk_z E
fpoa_0_RS232_Uart_Fx

EA T b @

Connect the PLB_CIk signal of the plb_v46_0 peripheral to sys_clk_s:

B [[Bus Inieices | Pots | Addesess |

M armne
- <@ E xternal Ports

[+~ pocda O
EJ @ oy vE3 {3
-~ b k0 0
@ npedid () dacm
wd nnedil oo
i nih
@ nlh g 3
‘. Buz_Emar_Det
L 5YS_Rst
R FLE Clk
“# nocdida 0 apib?
“@ nocdia 0 oY
s nnedi { docm cmfr
@ npedi { ocm ol
@ O0A S0AAM
[« drocm_bram
[ frocm_bram
P i mand
- = fFagope

3w ol dir bodize O

ST -

AT A A A e

I et Dhirection

No Connection
No Connection
s clk_s

Mo Connection
MHew Connection
b ake Euxternal

net_woo
hiet_and
DOR_SDRAM_mprac_clk_90_z
Demn_all_lacked

fpga 0_DDR_SDRAM_DDR_CAS n
fpga_0_DDR_SDRAM_DDR_CE

And connect the SYS_Rst signal of plb_v46 _0to sys_bus_reset:
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MHame Met
=@ External Ports
e pondta 3
e X
cw foh w0 0
e ponda 0 doem
e nond9 0 s
e nth
i ply w8 0
o Bus_Emror_Det
I | -1:_-

Mo Connection

Direction

o Cannestion o

PLB_Ck

plb46_t_cnth_0_TFT_LCD_HSYMC @

g nned 3 apb T plbdB_tft_cnth_0_TFT_LCD _%SYHC
- pocd} O b proc_clk_z

e pond 3 goem cdi N

-~ ppcda @ i et ayz_clk_z

e OO0 SOG40 s perniph_reset

e RO Hram tht_28mhz_clk

e AT AT dem_clk_z

-~ g mand O fpga 0 RS232_Uart_RFx

e fagnon g rst_g

The Ports view of your project should now appear similar to the following:

© 2003-2009 Impulse Accelerated Technologies, Inc.



Tutorial: Fractal Image Generation using APU on the Virtex-4 FX Platform (EDK 10.1) 41

+ Buslnterfaces | Pots | Addresses

Mame Het Direction
+- = Ewternal Portsz
F-wa g O
=) foh TR 0
SY5_RST syz_buz_reset |
FCE_CLEK syz_clk_s [+

F-wa podta 0 docm
+- o ool 4 wocm

-2 nih

=) ol 1 O
Bus_Erar_[Det Mo Connection 0
SY'S_Rst zyz_buz_reset [+
FLE_Clk syz_clk_s |l

+- o aoed G gy

F- o pocdt G o T

Hwd noedid O docmr ol

F-wa pocda 3 wocm ol

Hwa 0T SO0

F- o Frocm Hram

ENR Tl T

=)~ goiy mand [
co_clk pcore_cao_clk =]
apu_clk syz_clk_s |l

+- @ fagone 7

F-wd® oo o razel

Flo L O S0

o T
TFT_WGEA_R mpa_tft_0_TFT_WGA_B 10
TFT_WGEA_G wpz_tik_O_TFT_WGEA_G 10
TFT_WGA_R mpe_tft_O_TFT_WGA_R 10
TFET_IC_SDA_T Mo Connection 10
TFT_IIC_SDA_0O Mo Connection 10
TET_IC_SDaA_| Mo Connection Al
TFT_IIC_SCL_T Mo Connection 10
TFT_IIC_SCL_0O Mo Connection 10
TFT_IIC_SCL_| Mo Connection il
TFT_WiGEA_CLE wpz_tik_ O_TFT_WGA_CLE 10
TFT_DPS Mo Connectian 10
TFT_DE Na Connection 10
TFT_WSYwHC mps_tft_0_TFT_WSYMC 10
TFT_HSYMC wpz_tik_ 0 _TFT_HSYMC 10
SYS_TFT_Clk Mo Connection il
kD _errar Mo Connection 10

F- o yoz fimear T
Hwam A5232 (arf
+- @ clack genarafor O

Modifying the C_APU_CONTROL Parameter

The C_APU_CONTROL parameter is used to enable the APU interface, which in this example is used
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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.

0
c
M
-

$iEoo

(=il il -l (o

e

R R o R I o S R e A e

Bus Interfaces

M ame

..}'f fe! ]
< ich TR 0

o npedid (1 docm
w2 anpdtM [ ioem
J i

-

< nncdid [ doc
@ ppedd O ioeny
P drocmr fran
w® O AT

@ Aoy marng

o fagooe

. Ports Addreszes

Buz Connection

Configure Coprocessar.. .

View MPD

Wiew IP Modifications (Change Log)

View PDF Datasheet
Browse HOL Sources. .,

IP Type IP Yerzion
W10 1.00.a
w10 2.00.b
m_v10 2.00.b
? s
i‘

Driver: cpu_ppc40S w1 10 a3 [ 3 -am if_cht E.Dtl.h
05 skandalone_w2_00_a 3 il‘n i entlr 200k

Delete Instance. ..
Filter Bus Interfaces...

Hide Selection

\c ]
1_block 1.00.
b Ablock 1.00.a
Lmand 1.00.a
Epc:_cntlr 2M.a

Switch to the APU tab and change the APU Controller Configuration Register Initial Value to
0b0000000000000001 as shown below:

& e R G LN T 25 i

2001 e

PowerPC Bus Settings | APy

APU Feature

Buses

APU Controller Configuration Regizter Initial Value

UDI Configuration Register 1 Initial ¥V alue

UDI Configuration Register 2 Initial ¥Value

UDI Configuration Register 3 Initial ¥Value

UDI Configuration Register 4 Initial Value

Adding XPS_TFT Constraints

x|

[HDL Togale ] [E D atashest ] [@ Restare ]

L00110000011

L00110000011

L00111000011

Lo0111000011

Since the XPS_TFT module is not added in the BSB, its constaints, such as port locations and types,

need to be added manually to the UCF file associated with the project (system.ucf). To edit this file, in
the Project tab, find the UCF file listed under Project Files as shown below. Double-click on the UCF
File: data/system.ucf entry to open the file.
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J Project Infarmation Area

| Project | applications || IP Catalog

Flatform

EI F‘m|et:t Files
o MHS File: spstem.mhz
b MSS FI|E s_l,lstem mas

b |M F'.-’-'-.ET Enmmand FI|E etz/download. crnd

- Implementation Optionz File: etc/fast_untime. opt
“. Bitgen Dptions File: etc/bitgen. ut

| EI Project Options

Using the editing window that appears, add the following lines shown below to the end of the UCF file:
#### Modul e xps_tft constraints

NET xps_tft_O_TFT_VGA B pin<l> LOC = C5; # VGA B3

NET xps_tft_O_TFT_VGA B pi n<2> LOC = C7; # VGA B4
NET xps_tft_O_TFT_VGA B pi n<3> LOC = B7; # VGA B5
NET xps_tft_O_TFT_VGA B pi n<4> LOC = G8; # VGA B6
NET xps_tft_O_TFT_VGA B pi n<5> LOC = F8; # VGA B7
NET xps_tft_O_TFT_VGA B _pin<*> SLEW= FAST | DRI VE = 8;
NET xps_tft_O_TFT_VGA G pin<l> LOC = E4; # VGA G3

NET xps_tft_O_TFT_VGA G pi n<2> LOC = D3; # VGA &4
NET xps_tft_O_TFT_VGA G pi n<3> LOC = H7; # VGA Gb
NET xps_tft_O_TFT_VGA G pi n<4> LOC = H8; # VGA &b
NET xps_tft_O_TFT_VGA G pi n<5> LOC = Cl; # VGA G7
NET xps_tft_O_TFT_VGA G pi n<*> SLEW = FAST | DRI VE = 8;
NET xps_tft_0_TFT_VGA R pin<l> LOC = C2; #VGA R3

NET xps_tft_O_TFT_VGA R pi n<2> LOC = G7; #VGA R4
NET xps_tft_O_TFT_VGA R pi n<3> LOC = F7; #VGA R5
NET xps_tft_O_TFT_VGA R pi n<4> LOC = E5; #VGA R6
NET xps_tft_O_TFT_VGA R pi n<5> LOC = E6; #VGA RY
NET xps_tft_O_TFT_VGA R pi n<*> SLEW = FAST | DRI VE = 8;

NET xps_tft O TFT_VGA CLK pin LOC = AFS;
NET xps_tft_O TFT_VGA CLK pin | OSTANDARD = LVDCl 33 | SLEW= FAST | DRIVE = 8;

NET xps_tft_O TFT_VSYNC pin LOC = AS8;

NET xps_tft_O_TFT_VSYNC pin SLEW= FAST | DRI VE = §;
NET xps_tft_O TFT_HSYNC pin LOC = C10;
NET xps_tft_O_TFT_HSYNC pin SLEW= FAST | DRI VE = §;

The modified UCF file should look as shown below:
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180 Net
151 HNet
152

154

155 MNET
136 NET
137 MNET
188 MNET
159 MNET
120 NET
191

192 NET
193 NET
124 NET
195 MNET
196 NET
197 HNET
195

199 NET
200 NET
201 NET
Z02 NET
Z03 NET
204 NET
205

206 NET
207 NET
208

202  NET
210 NET
211

21z NET
213 NET
214

fpgs_0_DDE_SDRAM DDR_Clk n pin LOC=B10;
fpga O DDR_SDRAM DDR Clk n pin IOSTANDARD = DIFF SSTLZ II;

133 #4848 Module xps tft constraints

xps_tft O TFT V6L B pin<l» LOC = C5; # VGL B3
xps_tft O TFT VGA B pin<z> LOC = C7; # VGA B4
xps_tft O _TFT V6L B pin<3> LOC = B7; # VGL ES
xps_tft O TFT VGL B pin<4> LOC = GB; # VGL BE
xps_tft O TFT V6L B pin<5> LOC = F8; # VGL B7
xps_tft 0 TFT VGA B pin<®> SLEW = FAST | DRIVE = 8

xps_tft O _TFT VGA G_pin<ly LOC = E4; # VGL G3
xps_tft O TFT VGA G pin<2» LOC = D3; # VGL G4
xps_tft 0 _TFT VGA G_pin<3> LOC = H7; # VGL GS
xps_tft_0_TFT VGAL G_pin<d> LOC = H8; # VGL G&
xps_tft_O_TFT VGA G_pin<Sr LOC = Cl; # VGL G7
xps_tft O TFT VGA G pin<*> SLEW = FAST | DRIVE = 8:

xps_tft 0 _TFT V6L R pin<i> LOC = C2Z; #VGL B3
xps_tft O _TFT VGL R pin<zZ> LOC = G7; #VGL R4
xps_tft O TFT VGL R pin<3> LOC = F7; #VGL RS
xps_tft 0 _TFT VGA B pin<4> LOC = ES; #VGL R6
xps_tft O _TFT V6L R pin<S> LOC = E6; #VGL R7T
xps_tft O _TFT VGL R _pin<®> SLEW = FAST | DREIVE = 8;

xps_tft 0 TFT VGA CLE pin LOC = AFS;

xps_tft 0 _TFT V6L CLE pin IOSTANDARD = LVDCI_33 | SLEW = FAST | DRIVE = 8;
xps_tft 0 TFT VSYNC pin LOC = AS:

xps_tft 0 _TFT VSYNC_pin SLEV = FAST | DRIVE = &;

xps_tft O _TFT _HSYNC pin LOC = C10;

xps_tfr 0 TFT HSYNC pin SLEW = FAST | DRIVE = &;

[Platform Studio] System Aszzembly YWiew Block Diagram zystem. uck

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

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 memaory.

Next, click the Generate Addresses button on the upper right corner to let EDK assign addresses for
the modules as shown below:
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: Bus Interfaces | Ports | Addiesses e Generate Addresses
Instance Mame Bage Address High &ddress Size Bus Interface(z] Bus Connection
ppcdl5_0 docm_cnth C_BASEADDR Dz 2008000 O 200bFF 1Bk, DSOCM ppcdl5_0 docm
ppcd08 0 jocm_cnth C_BASEADDR Oxitire 000 umFreFeefe 16K |o[1SOCM pped05_0 jocm
plb C_BASEADDR U [2 Mot &pplicable

plb_wdE_0 C_BASEADDR 1] [ Mot Applicable

ppc405_0_dplbl C_BASEADDR u [0 Nt Applicable

ppcd05 0 iplbl C_BaSEADDR | [Not Applicable

LEDs_4Bit C_BASEADDR 400000 0«51 40fHEF [&|sPLB plb

wps_timer_1 C_B&ASEADDR 3000 (02 3 OFfeE ||SPLE plb

R5232 Uart C_BASEADDR BSEI00 Ow2400EE [/ SPLB plb

ppcdds_0 C_IDCR_BASEADDR D a0000003 0111111111 at Cohhected

o Ab FADGR DO0000000 OxOFEFFEFF B

wps Ht_0 C_SPLE_BASEADDR [0 Mot 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
your PC.

- il Rt ormiStidioei: WESTNEERam plEsSWanH E oSV e N

File Edit Miew Project Software Device Configuration Debug  Simulation

i

3 B0 B 2y @ )88 Generate Metlist ;o i % [
| ; — i : C C
?‘F'T?I.ECt Applications 4y Create or Import Peripheral. ., M M
|5 %] Configure Coprocessor,., -
D escription Zheck and Yiew Core Licenses. ..
= & EDE Install -- D:\xilir
85 Claan Metlist
[#- Analog
- Arithrnetic @ Clean Bits
#-Bus and Bridge £} Clean Hardware

During the building process, an error message might pop up due to a known issue with the EDK
software:

FATAL_ERROR: GuiUtilities:Gq_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.

After the process is done, a file called system.bit is created.
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1.8

éreating bit Wap. . .

Saving bit stream in "system.bit®.
Bitstream generation is complete.
Done !

z

e

et | S TN —

{f5 Output | ‘waming | Emor

(=]

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

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.

Create Mandelbrot Software Application

Select the Applications tab of the project, double-click the Add Software Application Project to
show a dialogue. Type in mand as the Project Name as shown below:

R
File Edit Wiew Project Hardware Software Device Configuration Debug  Simulation Window  Help
PR e RN RBEOR BRSNS IDAELR P S W«

Project Information Area 1 ; e ; T T ; a
- A Sottware ApplicationiEroyee: @1

AL AT

Project | Applications | P Catalog

: Software Projects Project Mame |mand
[c_JAdd Software Application Project... Mote: Project Mame cannot have spaces.
m[ﬁlefault: pped05_0_bootloop Eritesean —

= umiect: TestApp_Penpheral
(#- Proceszor: ppcd05_0

Executable: D:AT estingE ramplesiM ande Choosze an ELF file.

(#- Compiler Options

[] Project iz an ELF-only Project

- Sources Browsze. ..
- Headsrs The ELF file iz aszumed to be generated outzside =PS
Default ELF name is < sw project names: /executable,elf
] I [ Cancel
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Click OK to continue.

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 right-clicking as shown below:

Fraoject ..ﬁ.pplicatinns T Catalog

Software Projects
lc_Add S oftware Application Project. ..
ﬁ[ﬁlefault: ppcd05 0 bootloop
=] umiect: Testhpp_Peripheral
#- Proceszon ppodd5_0
Ewrecutable: DoAT estingE Ramplesi andelbrot_irtes:
£ Compiler Options
#- Sources
[#-Headers
= ﬁl’miect: mand
4 Proceszzor ppodd5_0
Ewecutable: DoAT estingE #amplesi i andelbrot_irtes:
| !:::unjpiler Dptiu:uns
Headers
Add Mew File...

Select all files from the code subdirectory of your project as shown below:
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by Recent
Documents

&

Dezktop

2kFE_mnain.c

¥

ky Documents

®

by Computer

¢ i

My Metwork. File: rame: I"I:u:u:utlu:uad_l:uasiu:graphiu:s.u:" "co_init.c'" Mgpio_| j Open I
Places
Files of type: II: Sources [".c] ;I Cancel |

Next, add header files to your project similar to above as shown below:
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Eﬁ bootload_basicgraphics.h
My Recent Lﬁ gpio_lcd led,.h
Documents U iritializeisplay. b

@ mand.h
Lﬁ mand_accel_sw.h

Desktop Lﬁ mand_sw_onk.h
skop_watch. b

L_E wkfE_main: b

My Nebaark: File name; I"I:ump.h" "bootload_bazicgraphicz. h'' "gpio_lcd j Open I
Flaces
Files of type: II: Headers [*.h) ;I Caniel |
A

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 under the Project: mand:

Froject Information Area

Froject | Applications | 1P Catalag |

Software Projects
.-’-'-.u:ld Software Application Project...
3 M'Default: ppcd05 0 bootloop
=3 MPmiect: Testhpp_Penpheral
#- Processor. ppc405_0
Executable; AT estingE xamplesiMandelbrot_irtes:
L-T.I Compiler Options
I;T.I--Suurl:es
_ # Headers
E--umiect: mand
EI Proceszar ppod05_0
Ewecutable: DoAT estingE #amplez' M andelbrot_irtex:
=R Compiler [ ptions
EI 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:

@ lor Dntione o ||
_ oM PETEW plonE,
Compiler Toaolz: powerpc-eabi-goc

Envitorment | Debug and Optimization Faths and Options

Application kMode

Executable smdStub [wmdstub_peripheral | not assigned)
COutput ELF file
wampleshb andelbrat_itexdF<A\EDK_4smandhexecutable. elf
Linker Script

[] Use Custom Linker Script

Browze ..
Usze Default Linker Script
Frogram Start Address (02000000
Stack Size |0=4000
Heap Size  0x2000
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

1.9 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
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Project from the Project: mand entry as shown below:

Software Projectz =
[c_JAdd Software Application Project...
mDefault: ppodd5_0_bootloop
= Q‘Fmiect: Testhpp_Penpheral
%~ Proceszor ppod0f_0
Executable: AT estingE xamplesihMandelbrot_irte:
% Compiler Ophions
+- Sources
+-Headers

& Processor, ppcdl5 0 Set Cu:umpll.e.r I?ptluns...
Executable: D:AT estingE =1 M?r}q_t_u-l.n|F|.?l|zn_a BR Ak
- Compiler Options iild Project:
[#- Saurces Clean Project
Headers Delete Project...

Make Project Inackive
Genetate Linker Script, ..

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

LikGen Done.

powerpo-eabi-goo -02 feygdrive/d/TestingExamples/Mandelbrot Vir
/Mandelbrot Virtex4FE/EDK 4/code/mand sw only.c feygdrive/d/Tes
-Wl,-defsym -Wl, ITART ADDR=0x02000000 -Wl,-defsym -W1l, STACKE

powverpoc-eabi-size mand/executable.elf

Lext data hss dec hex filensme
55687 4528 49376 112591 lh7cf mand/executable.eltf
Done !

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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Praoject |.-'l'-.pp|i|:ati|:|ns IP Catalag |

L
B
Software Projects ——il
it E.-’-‘-.dd Software Application Project...
5 fault ppcd0s 0 bootloop
= MFmiect: TestApp_Peripheral
: - Proceszor, pped05_0
- Emecutable: D:AT eztingE samplesth andelbrot_irtes
- Compiler Options
IE.I Sources
: - Headers
EI-MFmiect: mand
- Proceszor, pped05 0
Executable: DA T estingE wampleshi andelbrot_irte:
-Compiler Dptionz
- Sources
‘- Headers

Mark: bo Inikia
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 VGA display is connected
and powered on.

Select Download Bitstream as shown below:

ER | pdate Bitstream

% Croaunl

E Program Flash Memary

s Configurakion Simulation  indow  Help

5 [x] ﬂ Debug Canfiguratian. ..
i ﬁ #MD Debug Options, ..

_..H ﬁ Launch Software Debugager. .,

(= - - -
| T T o2

If this is the first time you have launched XMD for this EDK project, the XMD Debug Options dialogue
will pop up. Just click OK to accept the default settings, then the XMD terminal will appear.
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, and then start running the program as

Download the Mandelbrot ELF file to the DDR_SDRAM

follows:
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After downloading has completed, the application will start running, resulting in a display similar to the

following:
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Congratulations! You have completed this advanced tutorial.
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