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Overview

This detailed tutorial will demonstrate how to use Impulse C to create, compile and optimize a digital
signal processing (DSP) example for the MicroBlaze platform. We will also show how to make use of
the Fast Simplex Link (FSL) bus provided in the MicroBlaze platform.

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

This example makes use of the Xilinx Virtex-4 ML401 Evaluation Platform. The board features is a
Virtex-4 FPGA with a MicroBlaze soft processor. 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. 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 MicroBlaze 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
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Loading the Complex FIR Application

Complex FIR Filter Tutorial for MicroBlaze, Step 1

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

group.

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

Open the Xilinx MicroBlaze ComplexFIR sample project by selecting Open Project from the File
menu, or by clicking the Open Project toolbar button. Navigate to the
A\Examples\Embedded\ComplexFIR_Xilinx\ 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:

= lipulis SalEya oy Suuiiesiion (s Upe e P Edieidn - [FI Seasspeior]| - [Filizr i d|

Ele Edit ‘jews Project Tools Window Help

FAzd oy & B

A gt gisEe @R %S DL

I D Filker_hw.c
1 Ry S S S S S SR T R B SRR G S S i
= EApplication FIR_Accelerator & /¢ Complex FIE Filter example for Hiline MicroBlaze FSL
=123 Source Files 3 i
5.‘,@ ComplexFilter.c ;1 /# Created by Bruce Karsten of Xilinx (bruce.karstenBxilinx.com)
] n
. sy [6] Fiter_sw.c 7 #include <stdio.h>
= {3 Header Files ] #include "co.h”
sy [h] ComplesFiter.h a #include "cosim log.h'
ER[n] Fiterh 10 #include "Filter.h”
[Z1 Project Files 11
=143 Document Files 1z extern void call_accelerator [Co_SCream output sStream, co_sStream input stream);
Readme.htm 1 ; : - 1 :
:] Other Flles 14 ='vo:|.d_complex_f11: (co_strean filter_in, co_stream filter out] |
15 int32  coef_mew[IF FILT LEN]:
16 int32Z  filt_hist[IF FILT LEN]:
17 int3z inJample;
15 int32 outFilter;
13 int iz
20 int write idx;
21 int read id<;
22 int t_read idx, t read idx2:
23 int3Z t_coef, t© hist;
24 intla coef_real, coef_imag:
25 intlea hist real, hist imag:
26 int3z pl_real, pZ real;
27 int3z pl_imag, pa_imag;
28 int3Z res_real, res_imag;
29 int3a accum_real, accum_imag;
30 IF_5IM (int samplesread = 0;)
31 IF _3IM (int sampleswritten = 0:)

Files included in the Complex FIR Filter 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.

Header files ComplexFilter.h and Filter.h - function prototypes and definitions.

See Also
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Understanding the Complex FIR Application

1.2 Understanding the Complex FIR Application

Complex FIR Filter Tutorial for MicroBlaze, Step 2

Before compiling the Complex FIR Filter 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):

voi d conplex _fir(co_streamfilter_in, co_streamfilter_out)
This function reads two types of data:

¢ Filter coefficients used in the Complex FIR Filter convolution algorithm.

¢ Anincoming 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 MicroBlaze
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);
Cpu_proc = co_process_create ("cpu_proc", (co_function)

call accelerator, 2, to filt, fromfilt);
filter_proc = co_process _create ("filter_proc", (co_function)
conpl ex_fir, 2, to filt, fromfilt);

co_process_config (filter_proc, co_loc, "PEQ");

}
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1.3

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 Filter coefficients and also a group of input
data being processed.

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

See Also

Compiling the Application for Simulation

Compiling the Application for Simulation

Complex FIR Filter Tutorial for MicroBlaze, 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 Software Simulation Executable (or click the Build Software

Simulation Executable button) to build the FIR_Accelerator.exe executable. A command
window will open, displaying the compile and link messages as shown below:

==== Building target 'build_exe' in file _Makefile ========

AmpulzetCoDeveloper2_208MinGWwhbinhgec” -g " IC \mpulzehCoDeveloper2_ 204 nclude' -DhwIM 32 "IC: \mpulzeh CoDeveloper2_200MinGwWhinclude" -0 ME_DEM_Filter_sw.o -c ME_DEM_Filter_sw.c
"C:Mmpulze\CoD eveloper?_20MMinGWHbinhgcs' -g SmpulzehCoDeveloper2_200noluds' DN 32 "IC: N mpulzeh CoDeveloper2_20MMinGWhinclude" -0 MEB_IDEM_Filter_hw.o -c ME_iDEM_Filter_kw.c
"C:AlmpulzetColeveloper2_208MinGywbinkges" -g " IC:\ mpulsehColeveloper2_20Mnclude’’ -DWIN32 "IC: M mpulsehCoDeveloper?_20%WMinGwWiinclude” -o ComplexFiter.o -c ComplesFilter. o
"C:AlmpulsetColeveloper2_208MinGywbinkgec" -g MB_IDEM_Filter_sw.a ME_iDEN_Fiker_hw.o ComplexFiter.o "C:\mpulse\Col eveloper2_204LibrariestimpulseC.lib" -o FIR_Accelerator exe

#¥Buid | S Find in Files | 1 System

2. You now have a Windows executable representing the Complex FIR Filter 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:
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"CisMeillorksMicroblaze? . B0~ ComplexFIR“FIR_fAccelerator.exe"
Begin Filtering a Slot
ﬂumPletg Filﬁering a Slot

COMPLETE APPLICATION

Pres=z Enter to continue...

| 4

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:

#i f defi ned(M CROBLAZE)
xil_printf ("COWPLETE APPLI CATION\r\n");
return O;

#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 MicroBlaze processor, or to the host
development system for simulation purposes.

See Also

Building the Application for the Target Platform

1.4  Building the Application for the Target Platform

Complex FIR Filter Tutorial for MicroBlaze, 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, open the Generate tab of the Options dialog as shown below:
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| oS Lg]

Build ] Simulate  Generate l S_I,Istem] Hegistratinn]

form Support Package:
|><ilin:-: MicraBlaze FSL WHDL)

uilder O ptirmization Opti

v Enable constant propagation

v Scalarize array variables

[ Relocate loop invariant expressions

Directaries

Additional optimizer options; Hardware build directon:
| b

Software build directary:

CoBuider Generation Options |sw
[v Generate dual clocks

Hardware export directony:

|EDK.

[ Active-low reset

[ Usze std_logic wpes for YHOL interfaces
Software export direchany:

[]3

v Do notinclude co_ports in bus interface

Library optionz:

[ Incude foating point brary
[=

| Allow double-precision pes and operators

k. | Cancel Apply Help

Specify Xilinx MicroBlaze FSL (VHDL). Also specify hw and sw for the hardware and software
directories as shown, and specify EDK for the hardware and software export directories. Also ensure
that the Generate dual clocks option is checked.

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 select the Generate HDL toolbar button
as shown below:
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1

I

b o EEe WY %S O

REAccelerator] - [MBGDEN Filter hw.c]

Gaenerate HOL

hwc

SEELLLERILS AP RRR P AR RE AP ARdi i iiiriy
Complex FIR Filter example for Xilimx MicroBElaze

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

Impulze C ATL Component Generator

Copyright 2002-2007. Impulze Accelerated Technologies, Inc.

Al rights rezerved.

Generating complex_fir ...

--Software activated--

chmod -R +ne b

mkdir sw

"C:AlmpulseCoDeveloper2_20%insimpulse_lib.exe” '"-aC:\mpulseCoDeveloper?_20%Architecturessiling_mb_Fslsml" -hwdithw -fles "MB_IDEM_Filter_sw.c ComplexFilter. ¢
FIR_Accelerator vic sw/co_init.c

Impulze C Software Interface Generatar

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

Al rights reserved.

Loading C:\mpulzetCoDeveloper?_20%architecturesisiling_mb_fsl=ml ...

Loading C:/mpulze/CoDeveloper?_20/Architecturesiling MicroBlaze/FSLAcpusml ...

Laading C:/mpulze/CoDeveloper2_20/ArchitecturesXiling MicroBlaze/FSL standalone. xml ...

Laoading FIR_Accelerator.sic ..

for tin ME_iDEM_Filter_sw.c ComplexFilter.c; da cp $i sw; done =
for iin ComplexFilter.h MB_IDEN_Filter.h; do cp $i sw; done Il
chmod -R +re aw I

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

1.5 Exporting Files from CoDeveloper

Complex FIR Filter Tutorial for MicroBlaze, 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 MicroBlaze FSL) is selected prior to starting the export process.
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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

= Jm,u'.-- Colle .n'-' oper i ,Jrﬂjf gHonvEns ger '_Jm Versa |:
Hd BB E & 5 K

File Edit WYiew | Project | Tools  Window Help
fﬁ Clean Project

i3 Build Software Simulation Executable
= @ Application P = Launch Software Simulation Executable
-3 Source i B Gererate HOL
s £| [ . . :
h'f"' @ y BuildjLaunch Hardware Simulation Executable
sy @ h| '@ Export Generaked Hardware (HOL)
—1{_3 Header | B Export Generated Software

sl g o
5'{"@ h & Cptions
[ Project Files " 11
Export the Software Files
r_w JJ]J]JJI_,:' 'L'_J_J—' ﬂ—-|uru It r.lr.ll]" 'rJ'.Ju ManaeEriimyersdl i
Asd@ 1BYE Y E K,

File Edit Yiew | Project | Tools  Window Help
(# Clean Project

4 Build Software Simulation Executable
= Application f # Launch Software Simulation Executable
—1-44 Source fi 4 @emerate HOL

sy 6] O

L Build/Launch Hardware Simulation Executable
w[e] M
sy @ b '@ Expart Generated Hardware (HDL)
=63 HEEE!ETF ) Export Generated SDFtware
:E% I'Ev“"/ Qpkions
(27 Project Files “ 11

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
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1.6 Creating a Platform Using Xilinx Tools
Complex FIR Filter Tutorial for MicroBlaze, Step 6
As you learned in the previous Hello World tutorial, 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 MicroBlaze processor). This

section will walk you through the file export/import process for this example, using the EDK System
Builder (Platform Studio) project.

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) and creating a
new project. The Xilinx Platform Studio dialog appears as shown below:

@ RalnRa oSt BS]

Create new of open existing project

f'\' O {Baze System Builder wizard [recommended]
B

@ {3 Blank %P5 project
E {3 Open a recent project

Browse for Maore Projects. ..

Browsze inztalled EDF, examples [projects] here

| ok ][ canesl |[  Hep

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
Open to create a project file called system.xmp (you can specify a different project name if desired):
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= -
Flitfog Srdio Hygj2er

Save in; ]._“,r EDE

E

ty Fecent
Dacuments

(t

Dezktop

\S

by Documents

&

iy Computer
by Metwiark. File narme:
Flaces
Save as lype:

=

& of B

Evstem g

:J Save |

]F'Iatfu:urm Studio Project [*.=mp)

:_-] Cancel

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

Board Name: Virtex-4 ML401 Evaluation Platform

Board Revision: 1
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o fiase S TR A BT e BT SO e 'Eﬁ

Select a target development board:

Select board

(%) | would like to create a system for the following development board
Board vendor, | *iling

Board name:

Board revigion: | 1

M ate: Wizt the vendar website for additional board suppart materials.

Wendor's Website Contact |nfo

Download Third Party Board Definition Files

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

Board dezcription

The ML40 board iz intended to showcase and demonztrate Vitew-4 technology, ezpecially the
new features being added to the FPGA. The MLA0T board utilizes #iling Wirtes 4
HCAVLEER-10FFEES device. |t iz a demonstration platform to shovecaze the enormous power
and flexibility of Yitex-4 FPGAz including new and improved clock technology, DSP blocks,
Smart Bak blocks, advanced 1/0s, embedded MACs, embedded processors, and more.

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

Select the processzor you would like to uze in thiz design;

Proceszors
%) MicroBlaze
FPowerFC

Mot supported by this device

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 MicroBlaze processor and create the necessary
I/O interfaces for our sample application.

See Also

Configuring the New Platform
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1.7 Configuring the New Platform

Complex FIR Filter Tutorial for MicroBlaze, Step 7

Now that you have created a basic MicroBlaze 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: 100 MHz
Processor-Bus Clock Frequency: 100 MHz

Processor Configuration
On-chip H/W debug module (default setting)
Local memory - Data and Instruction : 8 KB
Cache setup: Enable
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o Hase S e e s O e CrOTH = e O e SR O] Q’i
Micro3laze
Syztem wide zettings
Reference clock frequency: Froceszor-Bus clock frequency:

100.00 MHz 10000 [ MHz

E nzure that pour board iz configured for the specifed fregquency.

Reszet palarity: Active LOMW

Froceszor configuration

Debug |/F
(&) 0n-chip HAY debug module:

(3 #MD with 544 debug stub

{1 Mo debug
| Local memony
Drata and Instruction:
MicieSiaze [Uze BERAM]
BKB

Cache zetup

Enable

[ ] Enable flaating paint unit [FEL]

Click Next to continue with the wizard. You will now be presented with a series of pages specifying the
I/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:

I/0O Device: RS232_Uart
Peripheral: XPS UARTLITE
Baudrate: 9600
Data Bits: 8
Parity: NONE
Use Interrupt: disabled
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[t Hase Soaignl pu b= = Sl O [ifia e (] a i) Lﬂ1

The following exsternal memaony and 10 devices were found on wour board:
Hilire Virtes 4 MLA0T Evaluation Platform Revizion 1

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

|0 devices

W] RS232 Uart

Fenpheral: | #PS UARTLITE

Baudrate [bits

per seconds]; 9600

[rata bitz: a

Parity: MOME

[] Use interupt
LED= 4BEit

O e [rata Sheet
LED'z_Puosziti

O AR [rata Sheet
Puzh_Butt Paziti

[] Push_Buttans_Pasition E—

¢ Back ] ’ Mest » ] l Cancel

Click Next to continue. Disable all the 1/O interfaces except the DDR2_SDRAM:

I/0O Device: DDR_SDRAM
Peripheral: MPMC
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s Syatsul aild= = Su g [OF ia e s 4 af o)

The following esternal memorny and [0 devices were found on your board;
Filin Wirtes 4 MLAOT Evaluation Platfarm B evizion 1

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

|0 devices

[] DIP_Switches_SHit

[] IC_EEFROM

[] SysACE_CompactFlash

DDR_SDRAM

Fenpheral: | MPRC

[] Ethemet_tAL

[rata Sheet

[rata Sheet

Drata Sheet

| D ata Sheet

[rata Sheet
[ ote

15

T

| | Cancel

Disable all the 1/O interfaces on this page:
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| (e 3 ~ Fe i r F - W, [
@ Eleiga g tap B L= = @i = [0 iy fiela 5 b gl d1

The following external memorny and [0 devices were found on vour board:
Hilire Virtes 4 MLA0T Evaluation Platform Revigion 1

Pleaze zelect the |10 devices which you would like to uze:

|0 devices
Soft_TERMALC
mELS Drata Sheet
SHAM
O [rata Shest
FLASH
O [rata Sheet

Click Next. In the Add Internal Peripherals page, click the Add Peripheral and select the
XPS_TIMER peripheral as shown below:
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%

Add other peripheralz that do not interact with off-chip componentz. Use the
"Add Penpheral'’ button to select from the list of available penpherals.

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

Add Peripheral...
Peripheralz i S|
- R HETI e __jh31

Select the perpheral you want to add:

[Lepe =] |

] ] I Cancel

Choose to use only one timer, and no interrupt.

- ffse Syaitmng piudles el g s Ha i s s g 231

Add other peripherals that do not interact with off-chip componentz. Use the
“&dd Peripheral button to zelect from the lizt of available peripherals.

[f pou do not wish to add any non-10 penpherals, chck the "Hest' button.

Add Penpheral...

Feripherals

wpz_timer_1

=
Peripheral: %P5 TIMER
Counter bit width: 32 v

Timer mode

(1 Two timers are present

(%) One timer is present

[] Usze interrupt

Choose the cache settings as follows:

© 2003-2009 Impulse Accelerated Technologies




18

Impulse ComplexFIR Filter Tutorial for Xilinx ML401 MicroBlaze

Ty . ~ % e P |
o s S e B e e l.mi

You have enabled the cache feature on the MicroBlaze processar.
Cache zetup

Fleaze select a cache zize for instruction and data. The cache iz implemented using block Rak
[BRAM] ar distributed Ak resources on the FPGA.

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

Select the memary perpheralz vou would like to cache:

|Cache: DCache: Cacheable Memones:
DDR_SDRAM

On the Software Setup dialog that appears, select both the Memory test option and the Peripheral
selftest option :

I@ IS ER S LTI ] G BT O AT E S e 1 d1

Devices to uze as standard input, standard output, and boot memony
STDIM: RS232 Uart
STDOUT: RS232 Uart

B oot Memony: | ilmb_cntlr

Sample application zelection

Select the zample C application that pou would ke to have generated. Each application will
inchide a linker zcript,

kdemory test

lluztrate system alivenessz and perform a bagic readAwrite test bo each memon in pour spstem
Peripheral zelftest

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

Click Next to reveal the MemoryTest software settings as shown below. All the program sections are
on the onchip memory.
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I@ S ER S EETT S ] G B T NS T D S TR el g ) d

The zimple Memory Test application will llustrate system alivenesz and perform a basic readAwrite test
ko wour memary desvices.

b emon T est

Select the memory devices which will be used to hold the following program sections:
Instruction: ilmb_cntlr

Drata: dirnb_cntlr

StacksHeap: | dimb_cntlr

Click Next to view the Peripheral Test software settings. Make sure the Instruction, Data and
Stack/Heap sections are mapped to the external DDR_SDRAM as shown below:

l’@ HRSES eI ITLd BT e e ph e N e s L Eation| ‘:31

The Peripheral Selftest application includes a simple zelf test for each periperhal in vour sustem [if zuch
a zelftest function existz in the driver the peripheral).

PeripheralT ezt

Select the memany devices which will be uzed to hold the following program sections:

[nztruction: DOR_SDRARM
Data: DODR_SDRAR
Stack/Heap: | DDR_SDRAM

Click Next to continue.

You have now configured the platform and processor features. The Base System Builder wizard

displays a summary of the system you have created:

© 2003-2009 Impulse Accelerated Technologies




Impulse ComplexFIR Filter Tutorial for Xilinx ML401 MicroBlaze

i w2 HHse S IEMEHINTH eSS YS e e ai e d

Below iz a summary of the spstem pou have created. Pleaze review the information below, If it iz
cormect, hit <Generate: to enter the infarmation into the %P5 data base and generate the spstem files.
Othensize return to the previous page bo make cormections.

Froceszor: microblaze_0

System clock frequency: 100.00 MHz

On Chip Memary . 8 KB

Total Off Chip Memomy : 64 MEB
-DDR_SDRAM = B4 KB

The addreszs maps belaw have been autamatically azzigned. ou can modify them uzing the
editing features of =F5.

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

Core Hame Instance Hame Baze Addr High Addr

wps_Lartfite RS5232_Uart (=34000000 I=2400FFFF
mprmc DDR_SDRAM Cx2C000000 [=2FFFFFFF
wps_timer wps_timer_1 Ox33C00000 I=B3COFFFF
rndm debug_module (24400000 0=8440FFFF

LME Bus : LMB_¥10 Inst. name: ilmb Attached Components:
Core Hame Instance Hame Basze Addr High Addr
Imb_brarm_if_cntlr ilmb_cntlr Q00000000 0=00001FFF

LMB Busz : LMB_¥10 Inst. name: dimb Attached Components:
Core Hame Instance Hame Base Addr High Addr
Imb_Brarn_if_chtr dirnb_chtle (=00000000 D=00001FFF

Click Generate to generate the system and project files, then Finish to close the wizard.

The System Assembly View of the Platform Studio should look like this:

B e Vg Sl - DEestnekxamples/ComplexiiHamt = DI IRy temmmpes] Sys i erassemblrVaewii

File Edit Wiew Project Hardware Software Dewice Configuration Debug Simulation ‘Window Help

PR e REN R BOR BAR D EHL PARe R KX BRIE X

Bus Interfaces | Ports | Addiesses

Frr— g M = =
Tojec Applications IP Catalog B B Mame Bus Conmection IF Type IP ersion

Platfarm

= Project Files
MHS File: system.mhs

M55 File: system.mas ezl

UCF File: datadspstem.ucf +

iMPACT Command File: etc/download. crd el 1 | if

Implementation Options File; etc/fast_untime, opt e 000 SRAAM PG 4035

Bitgen Options File: etc/bitgen.ut o imb bram bram_block 1.00.a
= Project Options 9 e .

Device: xodvlx25fEES-10 @ -

Metlizt: TopLewel 9 ¥ r

Implementation: =PS [flow] @ clock_ genarafor clock_generator  2.01.a

HOL: YHDL P oo g el proc_sys_reset 2005

Sim Model: BEHAVIORAL
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See Also

Importing the Generated Hardware

1.8 Importing the Generated Hardware

Complex FIR Filter Tutorial for MicroBlaze, 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.

Adding the ComplexFIR Hardware IP Core

Next, add the module representing the ComplexFIR Filter hardware process to your development
system. Select the Project Local pcores -> USER in the IP Catalog tab on the left. Right-click

fsl_filt and select Add IP as shown.

SR T ] L T .
L i limePlatformistuds

D’fﬁ?ﬁr amp les/i W:J'ﬁ_

File Edit Wiew Project Hardware Software Device Cn:nnFlguratln:nn

@Elﬁﬁ fﬂ@'%%@ﬂﬁ @Dﬂ@iﬂ@

F[LILE'I_:?.

F'ru:qeu:t .ﬁ.ppllcatmns IF Catalog

_|{_-_|-"-

Descnptlnn

- Analog

-Debug

D £ EDE Install -

D NxilineS 101N

- Buz and Bridge

- Clock, Reset and Inkerrupt

- Commurication High-Speed
Communication Low-5peed
-Dta and Timer

. 1= "v"ers.i.-:un

General Purpose [0

- Interproceszsor Communication

kemaorny and Memary Controller

- Penipheral Controller

- Processor

- LItliky

I"I Project Local poaores -- D:AT esting. .
=-USER

&+ el filt

| GGG B

im=sre

42;-;1 ro|
|

_ﬁﬂ
Thae

Il

Add TP

View MPD

The fsl_filt module will appear in the list of peripherals in the System Assembly View on the right.
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Adding FSL Busses

Next you will need to set some parameters related to this hardware process, setting up the
communication with the FSL bus. In the IP Catalog tab, select the Fast Simplex Link (FSL) Bus IP
core. Right-click it and select Add IP as shown:

Pro Jl=tels Infarmatian A

| Project || &pplications | IP Catalog

DESC[IDHDH IP *ersian IF Type
E" E EDE Install - D:Yiliness 10 1SED E Mty
' IEI Analog
[F- Arithmetic
I:I Bus and Bridge
5- ' PLBY4E to PLEW4E Bridge 1.01.a plbvdf_plbwdEbrid
+r PLEY4E to DCR Bridge 1.00.a plbvd6_deor_bridoe
<1 Processzor Local Bus [PLE] 4.6 1.03.a plb_wdB
= PLB+4E to FSL Bridge 1.00.a plb2fs| bridge
: ' Local Memory Bus [LME] 1.0 1.00.a [mb_»10
+r Ingtuction-Side On-Chip Memory (OCK) .. 2000 jE0cn_ v'l ]

e+ Fast Simples Link [FSL] Bus 211
e Fabric Coprocessor Bus (FCB]
-+ FCE to FSL Bridge View MPD

3¢ Data-Side On-Chip Memory [0 Wiews IP Modifications (Zhange Log)

<y Dewvice Contral Register D I:Fh View PDF Datashest
. Clock, Reset and Interrupt =

This will need to be done two times, because we will need two Fast Simplex Links to connect the
MicroBlaze processor and fsl_filt core together. When you have added two of the FSL cores, your
project should look like this:

P LFF L ?§W| Ports | Addiesses |
L MS S Mm |&
E BLL B | | Mame Bus Connection IP Type IP “ersion
i o | - < mizrobiaze rnicroblaze 7.10.d
|| a0 ol w200 21.a
s T fsl_v20 21.a
|| =l Imb_w10 1.00.a
[| i Imb_w10 1.00.a
5 E- e iyl plb_wdE 1.03.a
o o—|| B @ ami oot imb_bram_if_cnth 210,
F—$ O—|| @ D imi ot Imb_bwam_if_cntl 2.10.a
v . || @ DDA _SDAAM mpmE 403.a
- - || @ imt_bram bram_block 1.00.
-0 l L fzl_filt 1.00.a
<9 - || @ debug madie mdm 1,00,
? | E- < xpz fimer ¥ wps_timer 1.00.a
o I B A5232 Lar wps_Uartlite 1.00.a
s glock_ generafor [ clock_generator  2.01.a
g oo g fesef proc_sys_reset 200.a
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Making FSL Connections

The microblaze_0 module needs to be configured in order to link to two FSL links. Right-click on
microblaze 0 and select Configure IP as shown;

P LFF L E-i‘-‘: Buz Interfaces | Parts " Addreszes
L MSS M -
B ELL B Mame Bus Connection IF Type IP Y erzion
il v " IR T miciobiaze O i
o fel 120 0 Configure 1P .\ _
> v T Configure Coprocessar, . 1.2
P E— <@ imb 00.a
- i Wigw MPD 00.a
EI @ mh o Yiew IP Modifications (Change Log) (022
o o || B P anb_enif Yigw PDF Datashest 10.
|E 9 O—| | @ P aimd_cnf Browse HOL Sources. .. U.a
o - <> 00A SORAM 03.a
& - - dmf_Hram Driver: cpu_vw1_11 b P00
00— | @</ 4t 0 05: standalone_v2_00_a b 00 a
a-a EI < defiug moatss S 00 d
%} El"'-"m#_fﬁmf_ 5 elete Instance. .. 0.5
- 7527 Larl Filker Bus Interfaces. .. v [00a
oo ok genarafor § ; _ M.a
L. proe e sasat Hide Selection 00 a

Go to the Bus Interfaces tab and change Number of FSL Links to 2 as shown:
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@ microbiazeslEmmEroh et

10.a @”1

kLI [Debug |Hterrupt and Hesét F"\-"FE | Buses e

MocBiEe

[HDL Togagle ] [;'E D atasheet ] [q;;fﬂl Restore ]

Select Proceszsor Local Bus [PLE] interface

Mumber of FSL Links

Click OK. Now we just need to connect the microblaze_0 to the fsl_filt_0 with the two new FSL links.
The following connections should be made:

microblaze_0 MFSLO connects to fsl_v20_0, and then to fsl_filt_0 SFSLO.
microblaze 0 SFSL1 connects to fsl_v20 1, and then to fsl_filt_ 0 MFSL1.

Expand the microblaze_0 and the fsl_filt_0 modules. Make connections by clicking the boxes as
indicated in the two red circles shown below:
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P LFF L G;W| Ports || Addresses |
L MSS M =
B B LL B M ame Buz Connection IP Type IP Werzion
= < mricrofiane microblaze ¥.a0d
ChWwWFSLT micrabiaze 8 DA
CDRFSLL [NoComeston 1
ChwWFSLO micrabiaze 8 DA
- DRFSLO No Connection [
- MFSL1 No Connection [
SFSL fal w201 @
MFSLO fal w20 0 5]
-~ SFSLO No Connection (4]
E----TH.-’-‘-.I:E micrabiaze § FA4..
. - DEBUG mcisbazz 0 cbgicd
o inel i
duc !
ol - |PLE [mb_plb [+]|
i . DPLE [mb_plb [+
o O— - ILMB limb [~
LI w—|| o [dimb [+
g ol 20 [ fzl w20 211.a
g il 0 Y fzl w20 211.a
o | | e i s Imb_+10 1.00.a
- g i Imb_+10 1.00.a
E- e mi ol plb 4B 1.03.a
u,l_,..“ *— ---Jaﬁ’mﬁ_am‘ﬁ' Imb_bram_if_cntlr 2102
F—‘ O— || @< idmd o Imb_bram_if_cntlr 2105
o e F- = 007 S08AM MR 403.a
iv g brarm_block
L—.| = ’ Fal_filk 1004
U : ; [f2] w20 1 [+
0 . -3FsL0 P20 4
<9 : (- <P g modkis mdm 1.00.d
? ---J'ms_ﬁ:i’r.r&r_?' wps_tinner 1.00.a
= - 523 Lad wpz_uartlite 1.00.a
E---#a-ba-"r_gﬂ-’mrafﬂr_ﬂ clock_generator 2.01.a
e pron spe resef proc_sys_reset 200.a

Connecting Clock and Reset Ports

Next, you need to configure the clock and reset signals for each FSL IP Core. Click on the Ports filter
in the System Assembly View and expand fsl_v20 0 and fsl_v20_1 modules. For each FSL bus, set
FSL_CIlk to sys_clk_s and set SYS_Rst to sys_bus_reset as shown:
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=

Bus Interfaces

Ports | Addrezses

M ame et Direction

+- ~#Euternal Ports

F e micropiara

=) o 120 O
FSL_Caontral_IRG Mo Connection ]
FSL_Haz Data Mo Connection ]
FSL_Full Mo Connection ]
FSL_S5_Clk Mo Connection I
FSL_k_Clk Mo Connection |
S'5_Fst zys_buz_rezet I
FSL_Clk e clk_= |

(=) 12 T
FSL_Caontral_IRG Mo Connection ]
FSL_Haz Data Mo Connection ]
FSL_Full Mo Connection ]
FSL_S5_Clk Mo Connection I
FSL_k_Clk Mo Connection |
S'5_Fst zys_buz_rezet |
FSL_Clk Mo Connection il

+- w2 g fpga_0_DDR_SDRAKM_DODR_RAS_|

F- w2 fimh fpga_0_DDR_SDRAM_DDR_WE_t

+- @ miy i fpga 0 RS232 Uart T

+d dimfr el mb_reset

) i oo syz bus reset

T 008 50040 e clk 2

) fml)_fran syz_periph_reset

e ol A O dem_clk_s

+wd dabug modide fpga_ 0 RS232 Uart B

+~d# xpzfimer 7 vz st g

Fwd Q5752 Llarf

F- o clock gamerafor

F = prag ses rasef 7

Configuring the Clock

The ComplexFIR hardware requires a different clock source. For this purpose, we configure the
clock_generator_0 by selecting the Configure IP as shown below:
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o

@ dafing madida
oz fimar T
B H5232 Llai
il e

B O : ;f.em‘_-ﬂ -

o

el B el B I R R

Wies MPD

Wi IP Maodifications (Change Log)
YWiew PDF Datasheeat

Browse HOL Sources. ..

Driver: generic_v1_00_a r
Delete Instance. ..
Filker Ports. .. 2

Hide Selection

The Clock Generator dialog appears. We add a new clock output CLKOUT3 named pcore_co_clk.
The frequency is set to be 50,000,000 Hz, which is half of the 100,000,000 Hz system bus frequency.
Make sure the Buffered value is TRUE.

- GibelcGenerator, Lj

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

Basic | Ports Dverview [HDL Toggle ] [ﬁ [ atashest ] [<?J Restore ]

Step 1: Specify input clock details

Step 2 Specify the output clock requirernents

Fleaze highlight a clock port in the list below and configure it on the right side.
Port: CLEOUT3
Pots Connected ta

G Input & Feedbiack Connected to: | poore co_clk

CLEIM derm_clk_z
CLKFBIN
= Dutputs Required frequency [Hz): 50,000,000
CLEOUTD sy clk_s
CLKOUTYT  DDR_SDRAM_mpmc_clk_90_s
clk_200mhz_s Riequired phaze shift: ]
are_co_clk
Grouping infarmation: NONE
CLKOUTS
CLKOUTE
CLKOUT? Buffered: TRVE
CLKOUTSE

Click OK to exit the Clock Generator dialog.

Select the Ports filter in the System Assembly View and expand fsl_filt_0. This should reveal ports
co_clk and FSL_Rst. The co_clk has to be connected to the pcore_co_clk clock that we configured
in the previous steps. The FSL_Rst should be tied to sys_bus_reset.
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[ = O0F SOR3AA
[ = frhy_fwamr
= At A O
u:-:u_u:l_k _ poore_co_clk
FSL_Rst Mo Connection
¥ <P oibug_modi fpga_0_DDR_SORAM_DDR_WE_t|
-~ xpz iy T fpga 0 RS5232 Uart T
] JHS}F}_U&J’J‘ mb_[eget
F- = clbck_germeralor 0 poore_co_clk
F- @ proc e resal O
avs clk_=
zvs_penph_reset
dom_clk_z
fpoga_0_RS232_Uart_ R
ys rsl_s
Note: if co_clk is missing from the fsl_filt_0 section, then will need to return to step 4 of this tutorial
and specify the Dual Clock option in the CoDeveloper Generate Options page.
Specify 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 selecting the Addresses tab and clicking on the Generate Addresses button. The
addresses will be assigned for you automatically:
+I BusIntefaces | Portz | Addresses
| Instance Mame Base Addiess High Address Size Bus Interface(s) Buz Connection Lock
| dimb._cri C_BASEADDR BO000000 0400007 ff B, [/sLme dimb [
irnb_cnitl C_BASEADDR O0AI0000 x00001 it BK. [ 5LMB b O
debug_moduls  C_BASEADDR OeB4400000 O34 405 B4K J/sPLB mh_plh O
mb_plb C_BASEADDR 1] Mot &pplicable |
wpz_limer_1 C_BASEADDR B IO DB 3cOFrFE B4 | :?SF’LB mb_plb (|
RS232_Uart C_BASEADDR OeB4000000 D840 E4K [spLe mbs_plb ]
DDR_SDR&M  C_MPMC_BASEADDR OeBe 000000 Dwafitff B4 JxoLoxELTSPLE2 O
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 generate FPGA
bitstream.
See Also
Generating the FPGA Bitmap
1.9 Generating the FPGA Bitmap

Complex FIR Filter Tutorial for MicroBlaze, Step 9

© 2003-2009 Impulse Accelerated Technologies



Tutorial 2: Complex FIR on EDK 10.1i 29

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

e Generated hardware and software files from the CoDeveloper environment.
e Created a new Xilinx Platform Studio project and created a new MicroBlaze-based platform.
e Imported your CoDeveloper-generated files to the Xilinx Platform Studio environment.

e Connected and configured the Impulse C hardware process to the MicroBlaze processor via the
FSL bus.

You are now ready to generate the bitmap.
First, from within Platform Studio select the menu item Hardware -> Generate Bitstream:

i

f@ AT O S TRV ST i B S o)

File Edit Wiew Project S| Software Device Configurati
3 B B e BiE Generate Metlist
o _‘;'.-.-z e e | e T T S

s i e

Froject || Application | R Create or Import Peripheral...
L= [¥] Configure Coprocessor..,
Description heck and View Core Licenses. ..
= E EDE Install - D:\xiline ]
B % Clean Metlist

= Bus and Bridge [ clean Bits
+r PLEVAE to PL Q lean Hardware
7 Processor Local Bus TPEETEE 10273 T

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

After the bitstream is generated, the Output Console Window displays the following message:

Running ﬁRC.

DRC detected O errors and 0 warnings. FPlease see the previously displayed
indiwvidual error or warhing messages for more details.

Creating bhit map...

Saving bit stream in "system.bit'.

Bitstream generation is complete.

Done!

& Dutput W arning Errar

Now we can move on to add software application.

See Also

Importing the Application Software
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1.10 Importing the Application Software

Complex FIR Filter Tutorial for MicroBlaze, Step 10
You will now import the relevant software source files to your new Xilinx Platform Studio project.

On the Applications tab of the Project Information Area, create a new software project by double-
clicking Add Software Application Project...

Type in the project name: ComplexFIR.

Click OK to exit.

o S d Software suneseiun Mgzt 31

Project Mame |ComplexFIR
Mote: Project Mame cannot have spaces.

Proceszor microblaze_(0
[] Project iz an ELF-only Project
Chooze an ELF file,

Browse. ..

The ELF file iz azzumed to be generated outzide #F5

[Default ELF name 1z <2w project names /executable. el

] ] ’ Cancel

A new project ComplexFIR is added to the project list. Right-click Sources under Project:
ComplexFIR and select Add Existing Files. A file selection dialog appears. Enter the code directory,
and select all the C files are shown below:
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= umiect: ComplexFIR
F Proceszon microblaze 0

Executable: D:MTestingEx)

- Compiler Dptions
Sources
Headers

5

sloet Suuyezdflaaday Fils fo S d o Mygjzat

Look in; J 7 code

S

My Recent
Documents

(&

Desktop

tac

ty Documents

9

S« mckE

|"co_init.u:" "ComplesFilter.c” "Filker_sw.c" :_]

Open |

iy Computer
by M etwark File name:
Places
Files of type: 1E 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 MicroBlaze CPU.

Next, right-click Headers and select Add Existing Files. A file selection dialog appears. Enter the
code directory and select all three header files shown below. Click Open to add the files shown to your

project.

=¥ Project: ComplexFIR
[#- Procezsar: microblaze 0

#- Compiler Ophiong
[+ Sources
Headers

SourEe et e e o R o oy E Gl

an

-~ Ewecutable: D:AT estingEx|

Look in; J'.:} code

iy Recent
Documents

(i

Deszkiop

w7

My Documents

-

by Compker

<

iﬂ CarmplexFilter.h
|b] Filter b
] Fsl_if b

<]« &k -

by Metwork,

File name: J|
Places

Filez of type: |I: Headers [*h)

LJ Open |
LI Cancel
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After you are done with adding files to the ComplexFIR project, right-click Project: ComplexFIR and
select Build Project.

'-P'rcuie':t _| Apphcations |“|F' Catalog ¥

Software Projects

E E.-’-‘-.dd Software Application Project...

: %Default: microblaze_0_bootoop

] m[ﬁlefault: microblaze_0_xmdstub

= ﬁF‘miect: Testhpp_Memory

%}'Pmiect: TestApp_Peripheral
Project: ComplexFIR

(= Proceszsor microblaze_0

. .Generated Header: microblaze |

Executable: D:A\TestingE xamplestCe

&+ Compiler Options [

= Sources

© L Dn/TestingE amples/ComplexFll

- 14T estingE xamples/ComplesFl|

" [:4T estingE xamples/ComplesFl| _

e T e

N T v R e Y o - Y 3 TR w Y

-

S

Set Compiler Options. ..
Mark bo Initialize GRAMS

Clean Project

Delete Project...

Make Project Inactive

Generake Linker Script, ..

You will now see the following messages in the Console Window Output:

At Local date and time: Wed May 14 11:03:05 2008
xbash -g -c¢ "ed foygdrive/d/ TestingExemples/ComplexFIR/EDE/: /usr/bin/make -f Spartandi.make ComplexFIR program; exit:" started...
mb-gec 02 Seygdrive/d/ TestingExamples/ Comp lexF IR/EDE/ code/co_init.c foygdrive/d/Test ingExamp les/ ComplexF IR/ EDE/ code/ ComplexFilter. ¢ Joygdrive/d/ Test

—mxl-soft—ml

—m l-paCCern-compare

—mepu=yT.10.a -a

mb-=ize ComplexFIR/executable.elf

data
1340

cext
23264
Done!

bss
25804

hex filename
c54c ComplexFIR/executable.elf

dec
0508

-I./microblaze_0/include/ -Icode/ -L./microblaze_0/1ib/ %

From this, we can see that the size of the generated ELF file is over 50KB, which is larger than the
BRAM size of 8KB. Therefore, we need to put this application on the external DDR2_SDRAM for

execution.

To do this, first we select Generate Linker Script option from the Project: ComplexFIR menu:
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Project | épplication: | [P Catalog

Software Projects

[c_J&dd Software Application Project...

mDefault: microblaze_0_bootloop
ﬁ[ﬁlefault: microblaze_0_smdstub
+ ﬁ‘"Pluiect: Testhpp_Memory
Ex mPluiect: TestApp_Peripheral

" ERARE :
= Proceszor micrablaze_(0

enerated Header: microblaze,

Ewecutable: D:AT estingE Ramples'(

[#- Compiler Optionz
= Sources

[ /T estingE xamples/Caomplesxk
[ /T estingE xamples/Complesxk
[ /T estingE wamples/Caomplexk

[#- Headers

1 !
z !
3 !
4 !
5 !

(=]
7 f
g8 f
=] !
a1
Set Compiler Opkions, .. !
Mark to Initialize BRAMs |
Build Project £
Clean Project E
Delete Project... ;
E
Make Project Inackive E
e :
T 1=
A Kl

The Generate Linker Script interface appears. Configure all the section memory in the Sections

View field as DDR_SDRAM as shown.

In the Heap and Stack View, change heap and stack size to 0x4000 bytes, and change the heap

and stack memory to DDR_SDRAM as shown.

o dGeneratalsnker ST

Sections View:

Section Size [bytes) kd ernory

et (00003450 DDR_SDRAM_|
JTodata (00000374, DOR_SDRAM_
.zbzsl (Ox00000000 DDR_SDRAM_|
data (=x00000530 DOR_SDRAM_
bz (Ox00000000 DDR_SDRAM_|
bz O=0000615C DDR_SDRAM |

Add Section ] [Delete Section

Boot and Wector Sections:

Section Address b emnary

wveckors reset D=00000000 ilmb_cntl_dimb_cnt]
vechors. sw_exceptin Dx00000003 iimb_cnth_dlmb_cntl
wvectors interrupt 000000070 iImb_cntl_dimb_cnt|
wectors bw_exceph Dx00000020 iimb_cntl_dimb_cntl

Click OK to generate the linker script.

a

Heap and Stack View:

Section Size [bytes] ternony
Heap w4000 DDR_SDRAM_|
Stack 000 DDR_SDRAM_

Memaries Yiew:

Memaory Start Address Length
ilrmb_cntlr_dimb_cntl) Qx00000000 3K
DODR_SDRAM_C_M 0x3C000000 BE5536E.

ELF filz used to populate section infarmation:

wampleshComplexFIR_ML401TAEDEAComplesFIR\axecutablz elf

Output Linker Script: =2xFIR/ComplexFIR_linker_zcript.1d B

0k ][ Concel |[ Hep |
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Now you will need to rebuild the project to reflect the changes in section mapping.

Project Infarmation &rea

| Praject | Applications | IF Catalag |

Software Projects
]:|.-’-'-.|:I|:I Software Application Project...
= I-'?n“l:?lefault microblaze_0_bootloop
-- MDefault. microblaze_0_xmdstub
-- m Project: TestApp_Memory
I:T:,I ? Project: TestApp_Peripheral

=8 1 Project: ComplexFIR
D F'ru:u:essu:ur microblaze_(0

Set Compiler Options. ..

- Generated Header: microblaze_ Mrk to Initislize BRAMs
-Erecutable: D:ATestingE samples\Co Build Project
-- Compiler Optiong Clean Project
= Sources Delete Project...

e T e

W o0 -1 ok o

.

E

-~ 4T estingE wamples /ComplexF]
-~ 4T estingE wamples /ComplexF]

Make Project Inactive
" D:/TestingE xamples/ComplesF] Generake Linker Script, .

Now you will need to change the BRAM initialization application. Right-click the Default:
microblaze 0 _bootloop project and select Mark to Initialize BRAMSs. This will let the bootloop reside

in the BRAMSs.
| Project _..-’-'-.pplicaticuns IP Catalog | _ ‘-"iq-;n'_l-e—ql.

Software Projects %) < External Ports

s |add Software Application Project... -- @ microblara O

I:& Distault: microblaze 0| bootioop 1w fef 1) 1

mDefault. ricroblaze_0_smdstub i ar‘l-:.-n:-Inll:haImz: —

#- ¥ Project: TestApp_Memor e OLIEE

;"%"Pm:ect' TESIA::::_PEIiph:IaI wm

* ERAH & - <@ mh_pfh

&- mFmiect: ComplexFIR - b etk
I:_I Froceszor microblaze_0 __ B iimh_cafl
Executable: D:AT estingE xampleshComplexFIR_k __ > D0F SORAM
I:_I Compiler Options __ B fmi_bram
::;"SEILITCES EI > fal fit O
[+ Headers D e

After this, you should redo the Update Bitstream to initialize the BRAMS.

F%‘ Du:-wnlu:uad Bitskream
i El Program Flash Memary

Download the bitstream to the device by selecting Device Configuration -> Download Bitstream.
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Next, you will run the application from XMD.

See Also

Running the Application

1.11 Running the Application
Complex FIR Filter Tutorial for MicroBlaze, Step 11

Setting up Terminal Window and Connecting Cables

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

Pz iy S8l vt =iy d]

Port:

Baud rate: m
Data: m Cancel
Parity: |m
Stop: m Help
Flow control: m

Transmit delay

0 msecfchar 0 msecfline

Connect the serial port of your development machine to the RS232 interface on your development
board. Make sure the download (JTAG) cables are connected on the development board. Also ensure
that the board is configured to be programmed. Turn on the power to the board.

Running Application from XMD
Now let's run the application on the development board.
Select menu Debug -> Launch XMD...

An XMD Debug Options dialogue will come up for the first time opening XMD. Just click OK to
continue.
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A Cygwin bash shell will come up. It runs a script, connecting to the MicroBlaze processor and the
debugger inside the FPGA. We can learn the base address of the DDR_SDRAM is 0x8c000000.

o IDe . -|a) x|

Optimization
Interconnect

Mo of Head Addr~Data Watchpoints...@

o of VWrite Adde-Data Watchpoints..@
Instruction Cache Support

Instruction Cache Basze Address dAx8cBBBEN
Instruction Cache High Address J.BAxBEEFEEEL
Data Cache Support............... . -ON

Data Cache Base Address Bx 8 cOlBBiag

Data Cache High Address
Exceptions Support

ard Divider Support
Hard Multiplier Support
Barrel Shifter Support

Connected to ‘mh" target. did
Starting GDB zerver for “mh" target (id = B> at TCP port no 1234
MDD

Now we can download the ComplexFIR project ELF file to the target board using XMD command dow
as shown below.

dow ComplexFIR/executable.elf
con

= -[o] x|

AMD: dow CumulexFIR/executahle.elf

ystem Hezet

section. .vectors.reset: BxB0B0008
section, .vectors.sw_exception: Bx
section, .vectors.interrupt: Bx008
section, .vectors. hw_exception: Bx
section, .text: Bx8cAABBAR-BxEcBAZ
section, .init:

section, .fini: Bx8cAA3id44—Bx8cB@3
section. .rodata: BxB8cBB3IdoB-Bx8c
section, .data: Bx8cBBA45dc-Bx8cBH
section, .ctors: BxBcBB4bBc-—Bx8c
section, .dtors: BxBcBB4bl4-Bx8c

section, .eh_frame: BxBcBB4blc—BxBc
section, .jocr: BxBcBB4hZBA-Bx8cBB4h23
section, .shss: BxBcAB4b24—-AxBcAA4h2?
section. .hss: Bx8cBB4h28-Bx8cBBacBl
section, .heap: BxBcBABacB4-BAxBcBABecB?
section, .stack: BxBcBBec88-Bx8cB12c87
etting PC with Program Start Address BxB00006006

®MDx con
Info:Processor stavrted. Type "stop' to stop processor

RUNMING> HMD:

Now 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 44 times faster than software only running on MicroBlaze microprocessor.
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e railerm = COMIRTE LJ 1! EEI

File Edit Setup Control Swindow Help

A S R S R R R (o7 A y AR C—toFPGA Tools

LSS N NS N PV for Xilinx FPGA
P N R O AN RN RNV S SO O N P o A R T SRS N Platforms
PR e e T A S R NS

o

Complex FIR Filter Acceleration demonztration, featuring the Xilinx
MicroBlaze,. Uirtex—4 FPGA and Impulsze C-to—-FPGA tools.

===================Running the Software-Only Uersion================
——2>» Begin filtering two s=lots
303303 JnE e nE e e~ JeE-Jef-JaE -3ef-JoE - J0F-Juf - e —3nf-JuE 3 —Juf—eE—ef-JeE-Jef~JeE-Jef-JaE-JoF-Jof-Jef-Jef-JaE- e -Jef-JeE—ef-ef-ef-eE-Jef-JeE-JoE-Jef-E-BE

——2>» Done filtering two slots, execution time : 2333 milliseconds

===================Running the Accelerated Uersion==================
——2» Begin filtering two slots

E=Saf- e - —aE-Jof o Jaf ~aF-Jof el Jaf~aF o e Jaf e oo —aF T —aF-Jef e -Jaf oS- JefaF-To e Jef-eE e -Jaf - ef- -
——2 Done filtering two slots,. execution time : 52 milliseconds

——2» Acceleration factor: 44X

—————— > Uigit www.InmpulzeC.com to learn more?

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

See Also

Tutorial 2: Complex FIR on EDK 10.1i
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