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1 Quick Start Tutorials
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Overview

Impulse C can be used to generate hardware modules that are directly connected to an embedded
processor (such as the Xilinx MicroBlaze) or to other hardware elements that may have been described
using other design tools or techniques. As you have seen in earlier tutorials (found in the CoDeveloper
primary Help information), the Impulse C programming model emphasizes the use of data streams,
signals, and shared memories for process-to-process communication. These interfaces can be used to
connect Impulse C processes to a wide variety of hardware devices and processors.

For embedded processors such as MicroBlaze, there are multiple possible ways to provide
communication between a software application running on the processor, and a hardware accelerator
running in the FPGA fabric. These include (among others):

* Using the PLB (Processor Local Bus) to create an Impulse C peripheral on a shared bus
® Using the FSL (Fast Simplex Link) to create a high-speed data stream

® Using shared memory

The following tutorials focus on data streaming applications, using both PLB and FSL. Shared memory
examples are provided in your CoDeveloper product installation.

Using the Xilinx MicroBlaze Processor

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

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

Note: These Tutorials uses Xilinx Design Suite version 13.4 or later.

Tutorial 1: Hello World on the MicroBlaze platform

Using the "Generic" Xilinx FPGA Platforms

If you are not using an embedded MicroBlaze processor or the Xilinx Platform Studio (EDK) tools, then
you will use CoDeveloper to generate logic (in the form of HDL output files) that is connected to other
hardware modules or to external device pins, typically through the use of named ports. (See Tutorial 4
in the CoDeveloper primary Help file for more information about co_port types.)

The following section describes how HDL files generated by CoDeveloper can be easily imported into a
Xilinx ISE project for synthesis. (These steps are similar for other synthesis and simulation tools,
including the Synplicity Synplify Pro tools, Mentor's Modelsim, and others.)
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Exporting Files to Xilinx ISE

See Also
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1.1  Tutorial 1: Hello World on the MicroBlaze platform

N
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Overview

This tutorial will demonstrate how to generate hardware and related software interfaces in the form of

RTL (Register Transfer Logic) HDL descriptions appropriate for use with the Xilinx Platform Studio™
(Embedded Development Kit) software. This tutorial assumes Platform Studio version 13.4; other
versions of the Xilinx software may require changes to some of the steps presented.

The sample project will implement a trivial "Hello World" application. This sample project includes a
software process (running on the MicroBlaze processor) and a hardware process (running in the
FPGA) that communicate via a single stream over the PLB bus.

Note: The FSL bus may also be used for increased I/O performance, but if FSL is used, some steps
will differ from those described in this tutorial. Tutorial 2 describes the use of FSL.

The purpose of this tutorial is to take you through the entire process of generating hardware and
software interfaces and importing the relevant files to the Xilinx environment. The tutorial will also
describe how to create the platform and downloadable FPGA bitmap using the Xilinx tools.

This tutorial will require approximately 90 minutes to complete (including software run times).
Steps

Loading the Hello World Application

Compiling the Application for Simulation

Building the Application for the Target Platform

Hello World Source Code

Exporting Files from CoDeveloper

Importing the Generated Hardware to the Xilinx Tools
Importing the Application Software to the Xilinx Tools

Note
This tutorial assumes you have purchased or are evaluating the CoDeveloper Platform Support Package

for Xilinx Microblaze, and that you have installed and have valid licenses for the Xilinx ISE and Platform
Studio (EDK) products.

See Also

Hello World Source Code
1.1.1 Loading the Hello World Application

Hello World Tutorial for MicroBlaze, Step 1

To begin, start the CoDeveloper Application Manager by selecting Application Manager from the Start -
> Programs -> Impulse Accelerated Technologies -> CoDeveloper program group.
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Tutorial 1: Hello World on the MicroBlaze platform 6

Note: this tutorial assumes that you have already read and understand the basic "Hello World"
tutorial presented in the CoDeveloper User's Guide.

The first step is to copy the Impulse HelloWorld example to a working directory. Locate the Helloworld
example in the Impulse tree, typically on your C:\ disk drive:

N HelloWorld_VirtexIIPro 1N _lalxl
i @” search HeloWorld_VirtexIIPro \[,]_“

‘GQ¢| ~ Embed... ~ HelloWorld_VirtexIIPro

Organize ~ Include in library ~ Share with = Burn  Mew folder g‘i ~ [ E@
| HP_P2050_Default_Install 4.0 =]
| hDICARCHITECT ReadmeFies
Impulse i | File folder
. CoDeveloper3 Micatibzg
: ~  HelloWorld.c Ml Flaneion
J Architectures c CSdrie
bin 537 bytes CoDeveloper
| Documents Project File
eclinse HelloWorld.icProj
p == Impulse C Project Fie
Bxamples
) - i [1-65K8 Hardware Process
DsP HalloWorld h & Configuration
| Embedded Sl
. ComplexFIR_MicroBlaze 1.76 KB
| ComplexFIR_NIOS Software Process
= for Target CPU
ComplexFIR_Xilinx geslloo‘llf\rfcogld_sw.c -
. Helloworld_NIOS 785 bytes
. HelloWorld_VirtexIIPro
| ReadmeFiles ) Readme.htm
j ] HTML Document
. ImageFitter_MicroBlaze “¥ 131

ImageFitter_MicroBlaze_uClinux ;I

| 6 items

Copy these files to a working directory so that if a mistake is made the original files are not altered, in
this case a working directory is made in the C:\sandboxX\HelloWord folder. Be certain to copy all of the
files.

Launch the Impulse CoDeveloper software by double-clicking the HelloWorld.icProj file or from the Start
menu with:

Start -> Impulse Accelerated Technologies -> CoDeveloper X.xx -> CoDeveloper Application Manager.
You should have a display very similar to this one:
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Tutorial 1: Hello World on the MicroBlaze platform 7

Impulse CoDeveloper Application Manager Universal Edition - [HelloWorld]
: Fle Edit View Project Took Help

E423 Source Files
5[] HeloWorld_swe
(€] HelloWorld_hw.c
- esy[e] HelloWorld.c
; Header Files
({1 Project Files
B Document Files
; Readme htm
(3 Cther Files

|i#8i Buid [ZA Find in Fles| ] System)
e i< .

The HelloWorld project is now loaded and it is time to compile it for simulation.

See Also

Compiling the Application for Simulation

1.1.2 Compiling the Application for Simulation
Hello World Tutorial for MicroBlaze, Step 2

Before compiling the Helloworld application to the target MicroBlaze platform, let's first take a moment
to understand its basic operation and the contents of its primary source files.

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

voi d say_hell o(co_stream hell o_out, co_paraneter arg)

This hardware process simply outputs data to an output stream (hello_out), based on the value of the
compile-time parameter arg.

This hardware process is accompanied in the HellowWorld_hw.c file by a configuration function
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Tutorial 1: Hello World on the MicroBlaze platform 8

(config_hello) that specifies the connection between the hello_out output stream and the
corresponding input stream for the software process hear_hello.

The process hear_hello (which is declared as an extern function at the start of HelloWorld_hw.c) is
defined in the source file HelloWorld_sw.c. This process will, when compiled, be loaded onto the
MicroBlaze processor and will communicate with the FPGA hardware via an automatically-generated
hardware/software interface. In this case the software process simply reads data from the stream
associated with the hardware process. (In a more typical Impulse C application there are multiple input/
output streams associated with a given hardware process.)

The remaining source file, HeloWorld.c, includes a main function for the application. This main function
makes reference to the lower-level configuration file through the Impulse C standard function
co_initialize(), which has been declared as an extern function and may be found in Helloworld_hw.c.

Note: the organization of source files shown in this example is not required, but is recommended in
order to simplify the compilation process. It is a good idea to keep the main() function of your
application in one file (as shown), and to place hardware and software processes in different files.
Doing so will avoid potential problems with cross-compiler incompatibilities between hardware and
software processes as well as simplifying the compilation and linking of complete applications for
desktop simulation.

Simulating the Hello World Application
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 HelloWorld.exe executable. A command window will open, displaying
the compile and link messages as shown below:

_—
B ox

—====== Building target build_exe"in file _Makefile L!

"C./impulse/CoDeveloper3/MinG W /bin/goc” - " se\CoDevsloper3\includs” "IC-/Impulse/CoDeveloper3/Stage Master/includs” -DWIN32 "-IC-/Impulse/CoDeveloper3/MinGW/include" -0 HelloWorld o -c HelloWorld o

"C./Impulse/CoDeveloper3/MinG W /bin/gee” -g "-IC \mpulse\CoDeveloper3iinclude™ "-IC-/Impulse/CoDeveloper3/ StageMaster/include” -DWIN32 "IC-/Impulse/CoDeveloper2/MinGW-include" - HelloWerld_hw.o -c HelloWorld_hw.c

"C./Impulse/CoDeveloper3/MinG W bin/gec " - "-IC \mpuise'\CoDeveloper3include” "-IC-/Impulse/CoDeveloper3/StageMaster/include” DWIN32 "IC:/Impulse/CoDeveloper3/MinGW/include” - HelloWorld_sw.o < HelloWorid_sw.c

"C./Impulse/CoDeveloper3/MinGW.bin/gec" g HelloWorld o HelloWorld_hw.o HelloWorid_sw.o LC./lmpulse./CoDeveloper3/StageMaster/lib "C:\mpulse’\CoDeveloper3\Libraries.ImpulseClib" o HeloWorld.exe

—======= Build of target build_exe’ complete ========

[Done |Jlovr]J[num]

2. You now have a Windows executable representing the HelloWorld 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:

"'C:nsandboxN\MBHelloWor1dsHellolWorld.exe"
i i hello...

CPU listening for
harduare s
hardua
havrdware szays

says

us
hardware says
harduare s
harduware H
says:
Press any key to continue...
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Tutorial 1: Hello World on the MicroBlaze platform 9

Verify that the simulation produces the following output:

CPU listening for hello...
FPGA har dwar e says
FPGA har dwar e says
FPGA har dwar e says
FPGA har dwar e says
FPGA har dwar e says
FPGA har dwar e says
FPGA har dwar e says
FPGA har dwar e says
FPGA har dwar e says
FPGA har dwar e says

Co~NOOUTA~,WNEO

Note that, although the application display messages indicating that the FPGA hardware has generated
the indicated values, in fact the values are being generated by a hardware process which, for simulation
purposes, has been compiled as a software process on your host development system (Windows). The
next steps will show how to take this same Impulse C application and compile to actual hardware.

See Also

Building the Application for the Target Platform
HelloWorld Source Code

1.1.3 Hello World Source Code
HelloWorld_sw.c

NNy

/1 Copyright(c) 2003-2010 I npul se Accel erated Technol ogi es, Inc
/1 Al Rights Reserved.

11

/1 Hellowrld_ sw c: Process to be executed on the target CPU

11

#i ncl ude "co. h"
#i ncl ude "cosiml og. h"
#i ncl ude <stdi o. h>

#i f def | MPULSE_C_TARGET
#define printf xil_printf

#endi f
voi d hear _hell o(co_stream hello_in) /1 NOTE: The only interface objects you
can use for arguments
{ [l are |npul seC objects, such as
co_streans. However, software

int i; /1 only functions can conmunicate with
gl obal obj ects.

int hi = 0;

I F_SI M cosi m| ogw ndow | og = cosi m | ogwi ndow create("hear_hello0");)

co_streamopen(hello_in, O RDONLY, |NT_TYPE(32));
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printf("CPU listening for hello...\n\r");

for (i =0; i <10; i++ ) {
co_streamread(hello_in, &hi, sizeof(int));
printf("FPGA hardware says: %d\n\r", hi);

co_streamcl ose(hello_in);

HelloWorld_hw.c

U T T

/I Copyright(c) 2003-2010 Impulse Accelerated Technologies, Inc.
/I All Rights Reserved.

I

/I HelloWorld_hw.c: Hardware processes and configuration code.
I

#ifdef WIN32
#include <windows.h>
#endif

#include <stdio.h>
#include "co.h"

#define MONITOR

#ifdef MONITOR
#include "cosim_log.h"
#endif

/I Software process
extern void hear_hello(co_stream hello_in); /I Software processes that communicate with the
hardware must be

I forward declared as extern.

void say_hello(co_stream hello_out, co_parameter arg)

{
#ifdef MONITOR

IF_SIM(cosim_logwindow log_say _hello;)
#endif

co_int32 count = 0;

co_int32 iterations = (co_int32) arg;

#ifdef MONITOR

IF_SIM(log_say_hello = cosim_logwindow_create("say_hello");)
#endif

co_stream_open(hello_out, O WRONLY, INT_TYPE(32));

for ( count = 0; count < iterations; count++ ) {
co_stream_write(hello_out, &count, sizeof(co_int32));

}

co_stream_close(hello_out);
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Tutorial 1: Hello World on the MicroBlaze platform 11

}

void config_hello(void * arg)

{

co_process say_hello_proc, hear_hello_proc;
co_stream hello_stream = co_stream_create("hello_stream"”, INT_TYPE(32), 8);

#ifdef MONITOR
IF_SIM(cosim_logwindow_init();)
#endif

say_hello_proc = co_process_create("say_hello", (co_function)say_hello,
2, /I Number of arguments declared in the function interface.

hello_stream, // Each argument must be listed individually and in the correct
order: 10); /I This is how to pass a COMPILE-TIME value to a function.
hear_hello_proc = co_process_create("hear_hello", (co_function)hear_hello,
rlwéello_stream);

co_process_config(say_hello_proc, co_loc, "PEQ"); // The "PEQ" must be defined in the Platform
Support Package.
co_architecture co_initialize(int arg)

/I The "xilinx_mb_opb" must be defined in the Platform Support Package.
return co_architecture_create("hello", "xilinx_mb_opb", config_hello, (void *) arg);

}

See Also

Building the Application for the Target Platform

1.1.4 Building the Application for the Target Platform
Hello World Tutorial for MicroBlaze, Step 3

Specifying the Platform Support Package

The next step, prior to compiling and generating the HDL and related output files, is to select a platform
target. Which target you select has a number of implications, including:

* The output file format (e.g. VHDL, Verilog or other intermediate language)
* The primitive components that will be referenced in the output (e.g. memory cores or buffer types)
* The types of optimizations performed during compilation

* The software library components that will be generated

To specify a platform target, open the Generate Options dialog as shown below using Project -> Options
-> Generate.
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=
Buld | Sulste Generate | System | Regstration |
Platform Support Package:
[ MicroBlaze PLE (VHDL) B
[~ Hardware Optimization and Generation -
[ Enable constant propagation [¥ Generate dual clocks
[ Scalarize amay varisbles [ Generate activedow reset
™ Relocate loop invariant expressions I~ Use std_logic types for VHOL interfaces
[¥ Do not include co_ports in bus intedace
Additional optimizer options: Additional Bbrary options:
[ [
1~ Floating Poirt Options

™ Include floating poirt lbrary

™ ine
I~ En:
I | Alloy
3 Handware export directory:
H [EDK
= Er
Software eoport directory:
I L=t |EDm-snm-'Hganwny
| — |
ok | G | sk | Hee |

Specify Xilinx MicroBlaze PLB (VHDL) as shown. Also specify "hw" and "sw" for the hardware and
software directories as shown, and specify "EDK" for the hardware export and EDK/SDK/Hellow orld
for the software export directories. Click OK to save the options and exit the dialog.

Note: The Xilinx MicroBlaze Platform Support Package includes three options for the on-chip bus:
FSL, PLB and OPB. Which bus you choose is a system-level decision; in general the FSL bus will
provide higher hardware/software data throughput but will be less able to handle external peripherals.
Consult your Xilinx MicroBlaze documentation for additional details. Note that OPB is not used in the
latest Xilinx products.

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 on the Generate HDL button. A series
of processing steps will run in a command window at the bottom of the main window.

ExportHardware

Generate Hardware ExportSoftware
T BB,

Clean Project

Toolbar Build Buttons

When processing is complete you will have a number of resulting files created in the hw and sw sub-
directories of your project directory. Take a moment to review these generated files. They include:

Hardware directory ("hw")

* Generated VHDL source files (HelloWorld_comp.vhd and HelloWorld_top.vhd) representing the
hardware process and the generated hardware stream interface.
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* A lib subdirectory containing required VHDL library elements.

* A pcore subdirectory containing generated files required by the Xilinx EDK tools.

Software directory ("sw")

* C source files extracted from the project that are required for compilation to the embedded
processor (in this case Helloworld_sw.c and HelloWorld.c).

* A generated C file (co_init.c) representing the hardware initialization function. This file will also be
compiled to the embedded processor.

* A driver subdirectory containing additional software libraries to be compiled as part of the
embedded software application. These libraries implement the software side of the hardware/
software interface.

If you are an experienced Xilinx EDK user you may copy these files manually to your EDK project area
and, if needed, modify them to suit your needs. In the next step, however, we will show how to use the

hardware and software export features of CoDeveloper to move these files into your Xilinx EDK project
automatically.

See Also

Exporting Files from CoDeveloper

1.1.5 Exporting Files from CoDeveloper
Hello World Tutorial for MicroBlaze, Step 4

From the CoDeveloper Application Manager. Recall that in Step 3 you specified the directory "EDK" as
the export target for hardware and EDK/SDK/HellowWorld for software:
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1.1.6

Options LI
Buid | Smulste Gumlswgnlﬁggdmw jon |

Platform Support Package:

[iirex MicraBtaze PLB (VHDL) =l
 Hardware Optimization and Generation
[~ Enable constant propagation [¥ Generate dual clocks
[ Scalarize amay varisbles [ Generate activedow reset
™ Relocate loop invariant expressions. I~ Use std_logic types for VHOL interfaces
[V Do not include co_ports in bus intedace
Addtional optimizer options: Addtional ibrary options

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 OPB) 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.

(=1

B /ey BaEe @B2 )%l N
e ] Start Page 4 F 5 X
| =

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 a Platform Using Xilinx System Builder

Creating a Platform Using Xilinx System Builder
Hello World Tutorial for MicroBlaze, Step 5

As you saw in the previous step, CoDeveloper creates a number of hardware and software-related
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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). You can, if you wish,
copy these files manually and integrate them into your existing Xilinx projects. Usually, you will use the
export features of CoDeveloper (prior step) to integrate the files into the Xilinx tools semi-automatically.
This section will walk you through the process, using a new EDK System Builder (Platform Studio)
project as an example.

Note: you must have the Xilinx ISE and EDK software (version 13.4 or later) installed in order to
proceed with this and subsequent steps. This tutorial demonstrates the steps need for EDK version
13.4. Other versions may require minor changes.

When exporting the project the directories shown below were created in the Impulse project directory.
The organization of this directory tree is what the Xilinx tools expect to find and the Impulse generated
files are already in the correct locations.

N

SO urce

|mpulse

pcores data
HelloWorl d S m<

Directory structure for EDK/SDK projects

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 DesignSuite 13.4-EDK->Xilinx Platform Studio and creating a new project by
slecting the4 Create New Project Using Base System Builder option.
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7 Xilinx Platform Studio (EDK_0.87xd) - no project opened
Fle Edit View Project Hardware Device Configuration Debug Simulztion Window Help

=lalx|

In@alpsgosletlawlp@ls =

Getting Started

o
G

9

Create New Project Using Base Svstern Builder

Use the Base System Builder wizard to create an XPS
project

Create New Blank Project

Create 3 new XPS project without using the Base System
Builder

Open Project

Open a previously created project

) Open Recent Project
Open 2 recently used project

XILINX PLATFORM STUDIO

Documentation

See What's New

Release notes and information about new IDS features in this release

View Product Information and Documentation

Inforrmation about EDK, project flows, and documentation

o/ view All EDK Documentation

All documentation relsted to EDK

Explore XPS Tutorials

Information about creating an example design using the embedded
design flow

After clicking the BSB option the Create New XPS Project Using BSB Wizard will appear.
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—New Project

Project File |C:\sandbox\Hello\-".’orld\EDK\svstern.xmp Browse ... |

—Select an Interconnect Type

" AXI System

AXI is an interface standard recently adopted by Xilinx as the standard interface used for all
current and future versions of Xiinx IP and tool flows. Details on AXI can be found in the
AXI Reference Guide on xilinx.com.

¥ PLB System

PLB is the legacy bus standard used by Xiinx that supports current FPGA families, including
Spartan6 and Virtex6. PLB IP wil not support newer FPGA families, so is not recommend for
new designs that may migrate to future FPGA families. Detais on PLB can be found in the
PLBv46 Interface Simplifications document on xilinx. com.

— Select Existing .bsb Settings File(saved from previous session)

| Browse ... |

—Set Project Peripheral Repository Search Path

|C:\5andbux\HeIIU\ﬂ.’UrId Browse ... |

Browse to the directory where you want the project file stored, this will be the EDK directory you chose
above. Then choose if you will be using the newer AXI interface standard or the legacy PLB standard
supported up to and including Xilinx Spartan and Virtex 6 families. In this example we will be using the
legacy PLB flow. If you have an earlier .bsb (settings file) from a previous design to reuse then select it
using the "SelectExisting" control. For the "Set Project Perhiperal ..." control, havigate to your project
directory that CONTAINS the EDK directory created above.

NOTE: The Peripheral Repository Search Path must be the directory that is TWO levels above the
pcores directory. In our example above, the full path to pcores is:

C:\sandboxX\HelloW orld\EDK\pcores
Therefore, we selected C:\sandbox\HellowWorld for the repository search path.

Then click "OK" and in the next wizard page select "l would like to create a new design" and click
|lNethI.

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 6 ML605 Evaluation Platform
Board Revision: D
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o s i

Welcome Board System Processor Peripheral Cache Summary ||

Board Selection -
Select a target development board.

—Board

i I would lke to create a system for the following development board

Board Vendor |Xi|inx

Board Name |wrtex 6 ML60S Evaluation Platform

Lef Lef Ll

Board Revision |D

¢ 1 would like to create a system for a custom board

r—Board Information

Architecture Device Package Speed Grade
[virtexs =] [xceviaant =] [Frit5e i

™ Use Stepping |

Ll Lo Ll

Reset Polarity [Active High

Related Information
Vendor's Website

Vendor's Contact Information |

Third Party Board Definition Files Download Website N

The ML605 board is intended to showcase and demonstrate Virtex-6 technology. The MLG0S board utilizes Xilinx Virtex 6 XC6VLX240T-
FF1156 device. The board includes Gigabit Tri-Mode Ethernet MAC/PHY, 512MB DDR3 SDRAM SODIMM memory, 32MB BPI Linear Flash,
128MB of Platform Flash, 1KB IIC EEPROM, USB peripheral, CPU Debug connectors, System ACE CF controller and RS5232 serial port. ¢
Additional user desired features can be added through daughter cards attached to the on-board high speed FMC VITA-57 high pin B
count (HPC) expansion connector or the on-board FMC VITA-57 low pin count (LPC) connector. Due to Answer Record 39420

(http:// www.xdlinx.comfsupportfanswers/39430.htm), PCI Express was removed as an option from ML605 board in IDS 13.1 release.

r

Morelnfol < Back | Mext = | Cancel |

Click Next to continue with the System Builder Wizard. In the next wizard page, make sure that you
select a single processor system.
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2ix
Welcome Board ¥ Processor Peripheral Cache Summary
System Configuration

Configure your system.

% Single-Processor System

Select this option to create a design with a single processor
This Wizard will let you configure the processor, the peripheral
set and some major configuration parameters for the

" DuakProcessor System

Selact this option to create a design with two processors.
This Wizard will let you select the types of processors,
perpherzls unigue to each processor end peripherzls shared

peripherals. by the processars.

Processor 1

Processor 1

ed Peripherals

box  Mutex

Processor 1 Peripherals

RS232 GFIO

pherals

Processor 2 DOR

EMAGC

More Info < Back. | Next > I Cancel

Click Next to continue with the System Builder Wizard.

With this Wizard page you select the Processor Type, Clock Frequency and Local Memory allocation.
If you will be doing floating point operations in software then you may also enable the Floating Point
Unit.
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' Processor Configuration
- Configure the processor(s).

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

The wizard will present a peripheral selection page similar to this one:
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Welcome Board System Processor Peripheral Cache Summary

Peripheral Configuration

To add a peripheral, drag it from the "Available Peripherals” to the processor peripheral list. To change a core parameter, click on the
peripheral.

Available Peripherals

Peripheral Names Processor 1 (MicroBlaze) Peripherals Select All
- 10 Devices
© - Hard_Ethemet_MAC tore Emeter
= Internal Peripherals DDR3_SDRAM
Imb_bram_if_cntir Core S
¥ps_bram_if_cntlr DIP_Switches_8Bit
- Xps_timebase_wdt Core: xps_gpio
- xps_timer Ethemet_MAC
= Core: xps_ethernetlite
FLASH
Core: xps_mch_emc
TIC_DVI
Core: xps_jic
IIC_EEPROM
Core: xps_iic
IIC_FMC_LPC
Add > | Core: xps_iic
IIC_SFP
< Remove | Core: xps_iic
LEDs_8Bit I

Core: xps_gpio
LEDs_Positions
Core: xps_gpio
Push_Buttons_5Bit
Core: xps_gpio
RS232_Uart_1
Core: xps_uartlite, Baud Rate: 9600, D.. k
SysACE_CompactFlash
Core: xps_sysace
dimb_cntlr L
Core: Imb_bram_if_cntlr i
iimb_cntir |
Core: Imb_bram_if_cntlr

More Info | < Back | Next > I Cancel

Instruction and Data Cache

The configuration of instruction and data cache is optional and configurable. We are not using cache
in this example so you may skip the Wizard page. If you choose to use either or both caches the
simply select the appropriate check box and choose the available displayed memory options, these
come from the configuration of your evaluation board or your custom design.

Base System Summary Page
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1.1.7

| Welcome Board System Processar Peripheral Cache Summary
|
Summary
Below is the summary of the system you are creating.
System Summary
Core Name Instance Name Base Address High Address |
| | & Processor 1 microblaze_0
mpmc DDR2_SDRAM 0x88000000 (xBFFFFFFF
i Xps_gpio DIP_Switches_8Bit 0x81440000 0x8144FFFF
-¥ps_ethernetiite Ethernet_MAC 0x81000000 0x8100FFFF
- ¥ps_gpio LEDs_8Bit 081420000 (0%8142FFFF
-Xps_gpio Push_Buttons 0x81400000 0x8140FFFF
- ¥ps_uartlice R5232_Uart_1 0x84000000 0x8400FFFF
-xps_spi SPI_FLASH 0x83400000 1%8340FFFF
i+ Imb_bram_if_cntlr dimb_cntir 000000000 0x00001FFF
- Imb_bram_if_cntlr imb_cntlr 0x00000000 0x00001FFF
File Location
E- Overall

- C:\sandbox\HeloWorld\EDK\system.xmp

- C:\sandbox\Helloworld\EDK\system.mhs
s\sandbox\HeloWorld\EDK\data\system.ucf

- C:\sandbox\HelloWorld\EDK\etc\fast_runtime.opt
\sandbox\Heloworld\EDK\etc\download.crnd
s\sandbox\Heloworld\EDK\ etc\bitgen.ut

¥ Save Base System Builder (.bsb) Settings File

| C:\sandbox\Helloworld\EDK\systermn.bsb

More Info |

< Back | Finish I Cancel

Click the "Finish" button to save the base system and exit the Wizard.

The next steps will demonstrate how to configure the MicroBlaze processor and create the necessary 1/

O interfaces for our sample application.

See Also

Importing the Generated Hardware to the Xilinx Tools

Importing the Generated Hardware to the Xilinx Tools

Hello World Tutorial for MicroBlaze, Step 7

After the Base System Builder Wizard finishes you will be taken to the Xilinx Platform Studio System

Assembly View.
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- ' et du \system.xmp - 0] x|
s File Edit View Project Hard vare Device Cunngum ion Debug Simulation Window Help —|5‘ il
l2sglPréorléeplawlr®] = =
Navigator X ‘IP Catalog +08%X || | ¢ % BusInterfaces I Ports | Addresses | <<
& ML Name [ Bus name [P Ty0e [ version Il =
Description [ 11 Imb_vi0 2.00.b g
: = & EDKIn. — | i 17 Imb_vio 2.00.b
@ AR e || - mity_pi Jr pbv6  1.05.2
— Bus and... AR o | B microbze_o 1r micoblaze  8.20.b
Run DRCs : . R.. T rT__ W imb_bram Tr bram_block 1.00.2
’ | & ot TR
> : o mb_bram_... 3.00.
Implement Flow o = s T
| B AAsH T xps_meh_... 3.01.3
C $— B DDR3_SOR. ¥r mpmc 6.05.3
@TD | B mdm_o T mdm 2.00.b
B ) :.— - Ethemet ... r xps_ether. 4.00.3
Generate Netist i 9| & om_switch. 7 Xps_gpio  2.00.3
s Frieey o | = Lems smt ¥r xps_gpio  2.00.2
E pCI s —— [ LEDS PosiL.. 7T Xps_gpio 2.00.3
Ll - Periphe.. - G Push_Butt. ¥ xps_gpio 2.00.3
Generate BitStream [#- Processar | B 0C DVI W xps_iic 2.03.a
- Uity  — - JC_EEPROM Tr xps_iic 2.03.3
’ - Verificat... e G- HCFMC LPC I xps_iic 2.03.3
@' 1 Project Loc ¢ ||m A SPP g Xps_iic 2.03.2
: [#- USER — | B SysACE Co... Xps_sysace 1.01.3
Eiey D “. Project Peri... 3 F- RS232_Uar.. ¥r xps_vartite  1.02.2
-~ clock_gene.. 7r clock gen... 4.03.3
Simulation Flow FAASH CF T uti_vector . 1.00.3
- DIOC_SYS .. {}" proc_sys_r.. 3.00.3
- |
2 d | »
Generate HDL Files 4 I _,I “Legend
diMaster FSlave dMaster/Slave BTarget (Initiator 9 Connected JUnconnected b Monitor
Jln Search IP Catalog: I Clear TCProduction (Silicense [paid) lLicense (eval) S Local &iPre Production HBeta HiDevelopment
] ! Superseded Discontinued
Launch Simulator | @& Project ‘@ IP Catalog | L Design Summary | | % System Assembly View [£J |73 Graphical Design View | I
Errars +048 %
K | ;l_l
Console |_§S Warnings o Errors I
RN
—

Next, add the module representing the HellowWorld hardware process to your development system.
Select the IP Catalog tab. Notice the USER icon.

E] Pro]ect Loc...
. USER
- Project Peri...

Select the + symbol to open the USER modules. Notice that theplb_helloworld object.

El- Project Loc...

- B USER

LB 1004 plb_helloworld...
- Project Peri..

Right-click the plb_helloworld IP to display its context menu and select Add IP (as shonw):

B Project anl PCo...
El- USER

. Project Peripf LRI

View MPD

Now find the plb_helloworld... object in the system assembly view. Move the mouse pointer into the Bus
Connections pane (to the left of the Bus Interfaces) and when the pointer is on the same line as the
plb_hello_0 instance the open slave connection to the PLB will display (as shown);
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T

LU WAL LIILe O _ g, Ul

G -DDR2_5DR... Tr mpmc 6.05.3
@ - mdm_0 vr mdm 2.00.b
&5 piy_help 0 & pb_helo  1.00.3
G - Ethemet .. ¢ xps ether. 4.00.3
G - DIP_Switch... '1',‘( Xps_gpio 2.00.2

Note that the circle (indicating a bus slave) for the plb_hello_0 instance is empty, click the empty circle
to implement the connection to the PLB.

. G- i et r Imb_bram ... 3.00.b
@ : - DORZ_SOR... Tr mpmc 6.05.3
@ G- gm0 Tr mdm 2.00.b
g 2 plb_hello 1.00.a
A mb_plb hd|
- B Ethemet . ir xps ether.. 4.00.3

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 choosing the Addresses tab resulting in a window that is similar to this:

X ; Busintedfaces | Ports  Addresses | iz
_ | Instance | Base Name | Base Address | High Address | Size | Bus Interface(s) | Bus Mame | Lock
= microblaze_0's Address Map
o - dimb_entir C_BASEADDR 0x00000000 Ox00001FFF 8K > |5LMB dimb (|
- fimb_entir C_BASEADDR 0x00000000 Ox00001FFF 8K > |5LMB iimb O
- Ethernet_MAC C_BASEADDR 0x81000000 0x8100FFFF B4K BN SPLB mb_plb O
- Push_Buttons_5Bit C_BASEADDR 0x81400000 0x8140FFFF B4K > |SPLB mb_plb O
- LEDs_Positions C_BASEADDR 0x81420000 0xB142FFFF 64K BN SPER mb_plb O
- LEDS_BBIt C_BASEADDR 0x81440000 0x8144FFFF 64K > |SPLB mb_plb O
- DIP_Switches_8Bit C_BASEADDR 0x81460000 0x8146FFFF 64K *|5PLB mb_pl 2]
- [IC_SFP C_BASEADDR 0x81600000 0x8160FFFF 54K F|SFLB mb_pl O
- [IC_FMC_LPC C_BASEADDR 0x81620000 0xB8162FFFF 64K > |SPLB mb_ph ]
- [IC_EEPROM C_BASEADDR 0x81640000 0xB8164FFFF 64K =|SFLB mb_ph =
- IIC_DVI C_BASEADDR 0x81660000 0x8166FFFF 4K |l SPLB mb_phb [m]
- SysACE_CompactFlash C_BASEADDR  0xB3600000 0x8360FFFF 64K ~|spLB mb_ph O
-~ RS$232_Uart_1 C_BASEADDR  0xB4000000 0xB8400FFFF 64K ~|spLe mb_pl O
mdm_0 C_BASEADDR 0x84400000 0xB440FFFF 64K > |SFLB mb_plb ]
FLASH C_MEMO_BASE... 0xBC0O00000 0xBDFFFFFF 32M Z]SPLB mb_pl ]
DDR3_SDRAM C_MPMC_BASE... 0x90000000 0x9FFFFFFF 256M T |5PLBO mb_pl ]
- Unmapped Addresses I

Expand the "Unmapped Address" line by clicking the "+" icon to locate the plb_helloworld_arch_0 object
instance.

~ @ BUSINCEMTACES | POMS  Auuiesses | =N
__ |Instance Base Name Base Address High Address Size Bus Interface(s) | Bus Name | Lock
= microblaze_0's Address Map

E - dimb_cntlr C_BASEADDR (0x00000000 0x00001FFF 8K > |5LMB dimb ]
-~ iimb_entlr C_BASEADDR (0x00000000 Ox00001FFF 8K > |5LMB imb O
- Ethernet_MAC C_BASEADDR (x81000000 0x8100FFFF 64K x|5PLB mb_phb ]
- Push_Buttons_5Bit C_BASEADDR (0x81400000 0x8140FFFF 64K T |5PLB mb_plb O
- LEDs_Paositions C_BASEADDR OxB1420000 0xB142FFFF 64K x|SPLB mb_plb [}
-~ LEDs_8Bit C_BASEADDR Ox81440000 0xB8144FFFF 64K > |5PLB mb_plb (|
- DIP_Switches_8Bit C_BASEADDR Ox81460000 0xB8146FFFF 64K xISPLB mb_plb [}
- TIC_SHP C_BASEADDR 0x81600000 0x8160FFFF 64K =|SPLB mb_plb O
- IIC_FMC_LPC C_BASEADDR 0x81620000 0xB162FFFF 64K >|SPLB mb_plb O
- 1IC_EEPROM C_BASEADDR 0x81640000 0x8164FFFF B4K > |SFLB mb_plb O
- IC_DVI C_BASEADDR Ox81660000 0x8166FFFF 54K >|SPLB mb_phb ]
- SysACE_CompactFlash C_BASEADDR (x83600000 0x8360FFFF 54K X |SFLB mb_plb O
- R5232_Uart_1 C_BASEADDR (0x84000000 0x8400FFFF 64K =|5PLB mb_phb O
- mdm_0 C_BASEADDR (0x84400000 0x8440FFFF 64K | SFLB mb_phb |
- FLASH C_MEMO_BASE... 0x8C000000 0xB8DFFFFFF 32M > |SPLB mb_phb )
-+ DDR3_SDRAM C_MPMC_BASE... 0x90000000 0x9FFFFFFF 256M > |SPLBO mb_phb |

= Unmapped Addresses I

i plb_helloworld_arch_0 C_BASEADDR u ~|spLe mb_plb
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Now open the dropdown for the plb_helloworld_arch_o line to open the memory assignment popup.

¥ o BusInterfaces | Ports  Addresses i ﬂ
_ | Instance I Base Name | Base Address I High Address | Size I Bus Interface(s) | Bus Name | Lock |
=~ microblaze_0's Address Map
- - dimb_entlr C_BASEADDR 0x00000000 0x00001FFF BK > |5LMB dimb O
- imb_entlr C_BASEADDR 0x00000000 0x00001FFF 8K > |5LMB iimb O
- Ethernet_MAC C_BASEADDR 0x81000000 0x8100FFFF 64K = SPLB mb_plb =]
- Push_Buttons_5Bit C_BASEADDR 0x81400000 0x8140FFFF 64K |l SPLB mb_plb 1
-+ LEDs_Positions C_BASEADDR 0x81420000 0x8142FFFF 64K [=| SPLB mb_plb o]
- LEDs_8Bit C_BASEADDR 0x81440000 0xB8144FFFF 64K |=| SPLB mb_plb 1
- DIP_Switches_8Bit C_BASEADDR 0x81460000 0x8146FFFF 64K =] SPLB mb_plb =l
-~ IIC SFP C_BASEADDR 0x81600000 0x8160FFFF 64K {=|SPLB mb_plb |2
IIC_FMC_LPC C_BASEADDR 0x81620000 0x8162FFFF 64K =] 5PLB mb_plb (|
1IC_EEPROM C_BASEADDR 0x81640000 0x8164FFFF 64K \=|SPLB mb_plb ]
1IC_DVI C_BASEADDR 0x81660000 0x8166FFFF 54K T |SPLB mb_plb =]
SysACE_CompactFlash C_BASEADDR  0x83600000 OxB8360FFFF 54K =|spe mb_plb O
- R§232_Uart_1 C_BASEADDR 0x84000000 0x8400FFFF 64K > |SPLB mb_plb Il
- mdm_0 C_BASEADDR 0x84400000 0x8440FFFF 64K T|SPLB mb_plb ]
- FLASH C_MEMO_BASE... 0xBCO00000 OxBDFFFFFF 32M >|SPLB mb_plb =
- DDR3_SDRAM C_MPMC_BASE... (x20000000 OxOFFFFFFF 256M > |SPLBO mb_plb ]
= Unmapped Addrasses l
B8 plb_helloworld_arch_0 C_BASEADDR 2

Address space is not expensive, so even though only a few addresses are needed for the two streams
used in this tutorial project, we're selecting 64. We can now see that the plb_helloworld_arch_0
instance is properly mapped into the MicroBlaze address space.

s
& Bus Interfaces | Ports  Addresses | (i
_ | Instance | Base Name | Base Address High Address Size Bus Interface(s) | Bus Mame Lock \—T
= microblaze_0's Address Map
- dimb_cnir C_BASEADDR 0x00000000 0x00001FFF 8K > |5LMB dimb ]
- imb_ecntlr C_BASEADDR 0x00000000 0x00001FFF 8K > |5LMB imb [i]
- plb_helloworld_arch_0 C_BASEADDR 0x00000000 0x0000003F 64 > |SPLB mb_plb O
-~ Ethernet_MAC C_BASEADDR 0x81000000 0x8100FFFF 64K > |SPLB mb_plb =]
- Push_Buttons_5Bit C_BASEADDR (0x81400000 0xB140FFFF 4K =|5PLB mb_phb 2]
- LEDs_Positions C_BASEADDR Ox81420000 0x8142FFFF 54K > |SPLB mb_plb ]
- LEDs_8Bit C_BASEADDR (x81440000 0x8144FFFF 64K >|sPLB mb_plb 5]
- DIP_Switches_8Bit C_BASEADDR 0x81460000 0xB8146FFFF 64K > |SPLB mb_ph O
=TI SEP C_BASEADDR 0x81600000 0x8160FFFF 64K ¥ |SPLB mb_plb ]
- IC_FMC_LPC C_BASEADDR (x81620000 0x8162FFFF 54K =|SFLB mb_plb [ir]
- IIC_EEPROM C_BASEADDR Ox81640000 0x8164FFFF 54K | SPLB mb_plb ]
- IIC_DVI C_BASEADDR (x81660000 0x8166FFFF 54K X |SFLB mb_plb =]
- SysACE_CompactFlash C_BASEADDR (x83600000 0x8360FFFF 54K >|5PLB mb_phb 2]
- R5232_Uart_1 C_BASEADDR (x84000000 0x8400FFFF 54K > |SFLB mb_plb ]
-~ mdm_0 C_BASEADDR  0x84400000 0xB440FFFF 64K >|spia mb_plb O
- FLASH C_MEMO_BASE... 0x8CO00000 0x8DFFFFFF 32M > |SPLB mb_phb O
-~ DDR3_SDRAM C_MPMC_BASE . 0x90000000 Ox9FFFFFFF 256M > |SPLBO mb_plb O F

However, if you look carefully you will find that several addresses overlap. To correct this problem click
the button (circled above) to remap the memory space. If your software will use fixed memory access
based on this mapping it would be prudent to select the "Lock" box for those memories you want fixed.
Subsequent remap activities will not change them.

NOTE: Please remember that the MicroBlaze is a Harvard Architecture processor. It has separate data
and instruction address spaces. It is normal and acceptable for the dimb and ilmb controllers to have
overlapping addresses spaces, they are two different physical memories.
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1.1.8

Generate Netlist and BitStream

It is now time to generate a netlist, BitStream, and export the design to the Xilinx SDK. The easiest way
to do this is to open the Navigator toolbar (View->Toolbars->Navigator) and then sequentially click
Generate Netlist, Generate BitStream, and Export Design.

i = - Camm...
i DMA 3N
[~ Debug
o & FPGA R...
B - General...
Generate Netlist B 10 Mod...
B Interpr..
™ B Memory...
E‘ -- PCI
- Periphe...
Generate BitStream - Processar
- Utility
B Verificat...
EH- Project Loc...
: . - USER
‘ EAEL Do “. Project Peri

Generate Netlist and Generate BitStream are complex operations that take significant wall clock time.
Depending on the size of the design (the example is very small) and your systems memory and
processor, even trivial designs will take at least 30 minutes and large complex designs may take in
excess of eight hours. Should you find errors, the most likely cause will be overlapping address spaces
that have not been corrected.

When you click Export Design, the design will be pushed out to the correct locations and the SDK tool
will be opened to allow building the software side of our project.

See Also

Importing the Application Software to the Xilinx Tools

Importing the Application Software to the Xilinx Tools
Hello World Tutorial for MicroBlaze, Step 8
After clicking the Export Design button the popup (shown) is displayed giving you the option to perform

an Export only or to Export files and start the Software Development Kit (SDK), for this tutoria please
click "Export & Launch SDK".
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B Export to SDK / Launch SDK 7| x|
@ This dialog allows you to export hardware
/ platform information to be used in SDK.

¥ Include bitstream and BMM file

(XPS wil regenerate bitstream if necessary,
and it may take some time to finish.)

Directory location for hardware description files
|C:'\sandbUx\HeIIGWDrIcI\EDK\SDK'\SDK_ExpDrt

Export Dnt.'l Export & Launch SDK Cancel Help

After the SDK tool starts, the following popup will be displayed. The export tool will have correctly filled
in the project workspace path data. We do not recommend setting this as the "default” since it is not
likely to be the default for other projects.

g 2 Workspace Launcher xIr

Select a workspace

a ¥ilimx SDK stores your projects in a folder called a workspace.
¥ Choose a workspace folder to use for this session.

w-:)rleapace:|C:\sandbo:-c'\HeIIcﬂ-'\.'orId"LEDK‘-LSDK LI Browse... |

[™ Use this as the default and do not ask again

oK I Cancel

Once the SDK window is open you can close the EDK window as it will not be needed further for this
tutorial. Your screen should be similar to the one shown:
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@ C/C++ - EDK_hw_platform/ system.xml - Xilinx SDK Bl =10l
Fle Edit Sowce Refactor Navigate Search Run Project  Xiink Took  Window Help
| IBlaR|lag-&-0-@-|4-9-|H-0-G-|® -]l |-l Sod | @ e+
7 Project Explorer 53 = m = 0% out & @ mak| = O] welcome =&
05 Y — <] |an outine i not avaiable. TR
2% EDK_hw_platform Hardware Platform Spacification — L il
=-{F EDK_hw_platform =
[2) system_bd.bmm e —_— -
[ systembtt e Xilinx SDK
1 system.xml Target FPGA Device: Xc3sd1800a

Created With: EDK 13.4
Created On: Wed Oct 03 16:40:11 2012

XPS Design Report: - file://C:/sandbox/Helloworld/EDK/SDK/SDK_Export/hw/system.html ilinx DK is based on Eclipse 3.6.2 and Cl
Address Map for processor microblaze_0 New to SDK?
dimb_cntr Dx00000000 0=00001££ £
imb_cntlr 0x00000000 0x0000115 £ You can get started by dlicking File =» Ne
RS232_Uart_1 084000000 Dxgdnnfttt Orwatch a 5 minute screencast demonstra

LEDs_8Bit 0x81420000 0x8142££££
Push_Buttons 0x81400000 Dx8140ffff
DIP_Switches_8Bit 0x81440000 Dx8144ffff
Ethenet_MAC 0x81000000 Dx8100£1ff Documentation
DDR2_SDRAM 0xc8000000 Oxcfffffff
SPI_FLASH 0x83400000 0x8340ffff

im0 0x84400000 08440145 - o Getling Started with Xilinx SDK
pb_hello_0 0xc0=00000 DxcOe0ffff  EDKConcepts, Tools and Technial
o Migrating from olderversions ofSD
1P blocks present in the design + Frequently asked questions
microblaze_0 micrablaze 8.20.b Datasheet
mb_pb pb_w46 1.05.3 Datasheet Known Issues
imb Imb_v10 2.00.b Datasheet
dimb Imb_v10 2.00.b Datasheet * Known issues in SDK
dimb_cntr Imb_bram_if_cntir 2.00.b Datasheet = ® Aling2newer Record Search
Overview | Source| AL s, Comments...
2. problems v Tasks| 1 consale 32 . Properties| ) Terminal| GupB|r2B-195-70
SDK Log * Jilink Forums LIy
16:41:27 INFO : Processing command line option -hwspec C:\sandhcx\}lellcworld\EDK‘\SDK\SDKﬁExport\hw\syst;‘ + Xilin Technical Support

4 o B ff

Configure SDK

Itis first necessary to configure the SDK environment to reference the EDK project directory as a
“repository” in order to reference the FPGA logic driver by choosing the "Repositories” menu item from
the "Xilinx Tools" menu. Click the "New" button next to the "Local Repositories” then navigate to the
project's EDK directory and select it. The Preferences dialog should be similar to that shown here:

© 2012 ... Impulse Accelerated Technologies, Inc.



Tutorial 1: Hello World on the MicroBlaze platform 29

T —
€

o
x

Flash Programming

-~ Hardware Specification
i Log Information Level
- Repositories

‘- Target Manager

Rermoye

o
o

! fter text Add, remove or change the order of SDK's software repositories. - T
§
- General L ?
| | Local Reposit ilable to th t works;
i C/C+ ocal Repositories (available to the current workspace)
- Help C:\sandbox\Hello\World\EDK New
I -- Install/ Update
[ Remote Systems Remaye |
= .. R
g H un/Debug Up
Team —I
E i H
I Terminal e |
B- X_ilin)( SDK
8 i Book Image Global Repositories (available across workspaces)
New...

D

SDK Instalation Repositories
C:\Xilinx\13.4\ISE_DS! 4

Rescan Repositories |

Mote: Local repository settings take precedence over global repository settings.

Restore Defaults | Apply |

@) Cancel

J

Click "Apply" and then "OK" to continue.

Create the HelloWorld Project

Choose File -> New -> Xilinx C Project from the File menu. Then select Empty Application and set
the Project name: to HelloWorld_project. The window will appear similar to what is shown here:
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‘ © Nlew Project =10l x|
New Xilinx C Project )
| Create a managed make application project. Choose from one of the sample applications. @

Project name: | HelloWorld_project

| ¥ Use default location

Lacation; | C:\sandbox\Heloworld\EDK\SDK\Heloworld_project

Choose file systern: Ider'ault vl

Brovyse.,, |

r Target Hardware

Hardware Platform: |EDK_h‘.'.-_|3\atf0rm

Processor: |microb\aze_0

Ll L

—Select Project Template

Dhrystone —Description
ie0 World A blank C project.
IwIP Echo Server

Memory Tests

Peripheral Tests

SREC Bootloader

Xilkernel POSIX Threads Demo
Zyng FSBL

® = Back I Next = I Firisty Cancel

Click Next to continue.

On the next dialog window set the Project name: to HelloWorld_project_bsp_0; the window will now

appear similar to what is shown here:
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4 New Project

New Xilinx C Project

. Create 3 managed make application project. Choose from one of the sample applications.

=

=lol x|

- (8 Create a new Board Support Package project

The template provided by application "Empty Application’ will be used to configure the project.

Project name: |Hello\f\.’orld_project_bsp_ﬂ

[¥ Use default location

Location: | C:\sandbox\HelloWorld\EDK\SDK\HelowWorld_project_bsp_0

default -

Chomse file systern:

bl o Tratget an existing Board Stpport Package

Available Board Support Packages:

Browse...

I
I

Mo Board Support Packages found

T

@

= Back

et s |[ Fnsh |

Cancel

Click Finish to continue.

The Project Explorer will now include the two new projects, HelloWorld_project and
HelloWorld_project _bap_0. Notice that as soon as the files were read into the project that the entire

project was built. This is the default behavior of SDK. If you followed this tutorial accurately there

should have been no errors requiring edits.

31

It is now necessary to increase the Stack and Heap memory sizes using the linker script. From the
Project Explorer open the Iscript.ld file, you will find it in the HelloWorld_project src directory. Change
the Stack and Heap sizes to 0x4000 as shown here:

Linker Script: Iscript.ld

A linker script is used to control where different sections of an executable are placed in memory.
In this page, you can define new memory regions, and change the assignment of sectionsto memory regions.

Available Memory Regions

Name

| Add Memi

Stack and Heap Sizes

Stack Size I Ox40000
Heap Size ID)(4DDDD

Section to Memory Region Mapping

| Base Address Size
iirmb_entr_dimb_ecntir 0x00000050 0x00001FBO
DDR2_SDRAM_MPMC_BASEADDR 0xC8000000 (0x08000000

| Section Name

| Memory Region

Either click the file save icon or enter <ctrl>s to save the modified linker script.
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Now the software files exported from CoDeveloper must be added to the project. We will do this by
linking to their location as follows:

Right click the src directory in the HelloWorld_project and select New -> Folder. Click the Advanced
button and select Link to alternate location (Linked Folder). Use the browse button to locate the
Hellow orld\EDK\SDK\HelloWorld directory. The New Folder dialog should look similar to that shown
here:

[ tiew rolder SETEY

i
. Folder

E =
! Create a new folder resource. ,_r /

, Enteror select the parent folder:
it |He||0\-'\.’orld_projectf’src

ti

{4k EDK_hw_platform

E25 Helloworld_project

L B

B-{M HelloWorld_project_bsp_0

t
f

f

¢ Folder name: | Helloworld

f

<< Advnced |

f (= Use default location
f

f

f

f

[ Folder is not located in the file system (Virtual Folder)
@ [ Link to alternate location (Linked Folder)

| C:\sandbox\HelloWorld\EDK\SDK\Hel =~ Browse... Variables... |

Choose file system: Idefault -
Resource Fifters... |

When you click Finish to continue the SDK will automatically rebuild the entire project and prepare the
HelloWorld_project.elf file. In the next step, the BitStream and ELF files will be downloaded into the
FPGA.

See Also

Building and Downloading the Application

1.1.9 Building and Downloading the Application
Setting up the Hardware
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Configure your hardware for downloading a BitStream by following the detailed instructions provided by
the target board vendor.

Downloading the FPGA BitStream

From the menu bar, select Xilinx Tools -> Program FPGA. The Program FPGA dialog will pop-up (as
shown), click the Program button to complete the process.

o pooemron x|

Program FPGA
Specify the bitstream and the ELF files that reside in BRAM memory

~Hardware Configuration
Hardware Specification: C:\sandbox\HelloWorld\EDK\SDK\EDK_hw_phtformisysterm.xml

Bitstream: | C:\sandbox\HellowWorld\EDI\SDK\EDK_hw_platformisystem.bit Browse.. |
BMM File: | C:\sandbox\HelloWorld\EDK\SDK\EDK_hw_platformisystern_bd.bmm | Browse.. |

° - Software Configuration

Processar | ELF File to Inttialize in Block RAM |
microblaze_0 bootloop LI

@ Program I Cancel

Downloading and Running the Software Binary

To download and run the software binary, in the Project Explorer view, right-click the
HelloWorld_project project and select Run As -> Launch on Hardware. This will cause SDK to
download the software binary and start the application

This tutorial is completed.
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1.2

Tutorial 2: Complex FIR Filter for Xilnx Design Suite 13.4 (or
higher)

N
mpulse

accelerated technologies

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 resullts.

This example makes use of the Xilinx ML605 Evaluation Board. The board features is a Virtex-6
FPGA with a MicroBlaze soft processor. This tutorial also assumes you are using the Xilinx Design
Suite 13.4 (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

See Also

Tutorial 1: Hello World on the MicroBlaze platform
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1.2.1 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 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_MicroBlaze\ 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/. The screen shots in this tutorial show the working
directory being c:\sandboxX\CompFIRmb. Opening the project will result in the display of a window
similar to the following:

Impulse CoDeveloper Application Manager Universal Edition - [FIR_Accelerator]
: Fle Edit View Project Tools Help
@ BB sman s (/Y B o BinEs BRR MO N

-

=iz Application FIR_Accelsrator

i ';\‘@ Filter_hw.c
S [#] Fiter_sw.c
=45 Header Files
[ [h] ComplexFitter h
o phhT Fiterh

C{ Project Files

=23 Document Files

-[Z] Readme htm
“(Z7] Cther Files

l

[ Build |5 Find in Fies| T System |

Ready [Jlovr]l_Jmumi .

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.
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1.2.2

See Also

Understanding the Complex FIR Application

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):

void conplex _fir(co_streamfilter_in, co_streamfilter_out)

This function reads two types of data:

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

* An incoming data stream
The results of the convolution are written by the process to the stream filter_out.
The complex_fir function begins by reading the coefficients from the filter_in stream and storing the
resulting data into a local array (coef_mem). The function then reads and begins processing the data,
one at a time. Results are written to the output stream filter_out.
The repetitive operations described in the complex_fir function are complex convolution algorithm.
The complete test application includes test routines (including main) that run on the 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);
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filter_proc = co_process _create ("filter_proc", (co_function)
compl ex_fir, 2, to filt, fromfilt);

co_process_config (filter_proc, co_loc, "PEO");

}

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).

NOTE: In many cases the name of the hardware process and the name of the instance of the hardware
process are the same. This tutorial points out that the instance name and the definition name need not
be the same. This ability makes it possible to replicate a hardware module multiple times in a single
application.

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

1.2.3 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:
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Impulse CoDeveloper Application Manager Universal Edif
: Fle Edit View Project Tools Help

Build Simulation
Executable Button

=120 Application FIR_Accelerator
23 Source Files
S @ ComplexFilter.c
---h"v@ Fitter_hw.c
=i @ Fitter_sw c
Header Files
8 [h] ComplexFitter h
¥ h] Fiterh
(1] Project Files
3 Document Files
i Readme htm
i[2] Other Files
Build Meszages o
IC:/Impulse/CoDeveloperd/MinGW/include” o C.ompl e o — a
"C:/Impulse/CoDeveloperd/MinGW/bin/gec" g "-IC:\Impulse'\CoDeveloper3tinclude” "-IC./Impulse/CoDeveloper3/StageMaster/include" -DWIN32 "-
IC:/Impulse/CoDeveloper3/MinGW/include” -o Fil .0 Fiter_hw.c
'C: f’lmpulse/CoDeveloperBfMlnG‘Nf'hln/gcc IC:AImpulse\CoDeveloperdtinclude” "-IC:/Impulse/CoDeveloper3d/StageMaster/include” -DWIN32 -
IC:/Impulse/CoDeveloperd/MinGW./include" -0 Filter_sw.o < Fiter_sw.c
"C:/Impulse/CoDeveloper3/MinGW bin/gcc” -g ComplexFiter o Fitter_hw o Fitter_sw .o -LC:/Impulse/CoDeveloper3/StageMasterlib "C:\Impulse
‘CoDeveloperdiLibraries/ImpulseClib" o FIR_Accelerstorexe
======== Build of target build_exe’ complete ========
-
llﬁl Build l@ Find in F\Iele Systemj
Ready L[ Jmum]l ] .

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:

‘\Windows\system32\cmd.exe

"C:wsandhox“\CompFI Rmb~FIR_Accelerator. exe"
Begin Filtering a Slot

Complete Filtering a Slot

Begin Filtering a Slot

Complete Filtering a Slot

COHPLETE AFPPLICATION

Press Enter to continue...

Verify that the simulation produces the output shown. Note that although the messages indicate that the
ComplexFIR algorithm is running on the FPGA, the application (represented by hardware and software
processes) is actually running entirely in software as a compiled, native Windows executable. The
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1.2.4

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)
xi |l _printf ("COWLETE 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

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:

© 2012 ... Impulse Accelerated Technologies, Inc.



Tutorial 2: Complex FIR Filter for Xilnx Design Suite 13.4 (or higher) 40

x|
Buld | Simuiste Generste | System | Regisirtion |
Platform Support Package:
| ilroc MicroBlaze: FSL (VHDL) |
o B
[¥ Enable constant propagation [V Generate dual clocks
[V Scalarize amay variables I Generate activedow reset
[ Relocate loop invanant expressions [ Use std_logic types for VHDL interfaces
[¥ Do not include co_ports in bus inteface
Additional optimizer options: Additional library options:
I I
r Floating Point Options r— Output Dire
™ Include floating poirt librany Hardware build directony:
[T Include co_math librar: |hw
[ Enabile foating point optimization SHiEEio i R
[T &llav dovble:precision tipes and operatars ISW
[ Use kigher lateney, faster clock operators R R
[ Enable floating point accumulators IEDK
Software export directory:
I [~ Use extended precision accumulatars IEDKJSDK/FIF{_AcceIemtcr

ok | Caneel | gl | Hep |

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:

Impulse CoDeveloper Application Manager Universal Edition - [AR_Accelerator]
© Fle Edt Vew Project Toolk Help
2d gBBE RS~ /AL B E e

enerate HOL Butt

Project Explarer ook

-2 Application FIR_Accslerator
Ea So{ce Files

A series of processing steps will run in a command window as shown below:
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% X
| Block #10: -

| Stages: 1 _I
| Max. Unit Delay: 0

| Block #11:

| Stages: 1

| Max. Unit Delay: 0

| Operators:

| 10 Adder{s)/'Subtractor(s) (32 bit)

| 4 Muttiplier(s) (16 bit) 1 Comparator(s) (2 bit)
| 5 Comparator(s) (32 bit)

| Total Stages: 15
| Mz, Unit Delay: 64
| Estimated D5Ps: 4

\Writing output .. done

"C/Impulse/CoDeveloperd/bin/impulse_genvhdl exe" FIR_Accelerator xhw hw/FIR_Accelerator_comp.vhd
Impulse C RTL Component Generator

Copyright 2002-20039. Impulse Accelerated Technologies, Inc

All rights reserved.

Generating pel/complex_fir ..

Component generation complete

—Software activated—

"C:/Impulse/CoDeveloperd/bin/impulse_arch" "-aC./Impulse/CoDeveloperd/ArchitecturesAdliree_mb_fslxml" de -no_port_bus_connect -swdirsw files
"FIR_Accelerator_comp vhd FIR_Accelerator_top.vhd ™ FIR_Accelerator xic hw./FIR_Accelerator_top vhd
Impulse C HOL Design Generator

Copyright 2002-2012, Impulse Accelerated Technologies, Inc.

All nghts reserved.

Loading C:/Impulse/CoDeveloper3/Architectures./xdire_mb_fsloanl ...

Loading C:/Impulse/CoDeveloperd/Architectures, VHD L/ ¥lire/FSL/bus xml ...

Loading C:/Impulse/CoDeveloper3/Architectures,/ VHD LAanget xml ...

Loading C:/Impulse/CoDeveloper3/Architectures,VHD L/ Xlire/technology zaml ...

Loading C:/Impulse/CoDeveloperd/Architectures. Ailire/Micro Blaze/FSL/standalone xml ...

Loading C:/Impulse/CoDeveloper3/Architectures,/ VHD L Xlirc/ 0P B/bus xml ...

Loading FIR_Acceleratorxic ...

libCoreGenCommon tel::GenerateCoreGenFiles FarEDK():Starting

ngcString =

libCoreGenCommon tel::GenerateCaoreGen FilesFarEDK():Exiting

Design generation complste

ichmod -R +w hw

micdir sw

"C:/Impulse/CoDeveloper3/bin/impulse_lib" "-aC:/Impulse/CoDeveloper3d/Architectures.dlire_mb_fsl xml"” Hwdirhw files "ComplexFiter.c Fiter_sw.c”
FIR_Accelerator xic sw/co_init.c

Impulse C Software Interface Generstor

Copyright 2002-2012, Impulse Accelerated Technologies, Inc.

All ights reserved.

Loading C:/Impulse/CoDeveloper3/Architectures.xdlire_mb_fslxml ...

Loading C:/Impulse/CoDeveloperd/Architectures/Xiliree/Micro Blaze/FSL/cpuxml ...

Loading C:/Impulse/CoDeveloper3/Architectures,/ Xlire/Micro Blaze /F 5L standalone xml .. Loading FIR_Accelerator xic ...
for i in ComplexFiter ¢ Fiter_sw.c; do cp S sw; done

for i in ComplexFiter h Fitter h; do cp 5i sw; done

chmod -R +w sw

uild lﬁ Find in F\Iele Sy;temJ

i [T Jmow[ ] .:

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

1.2.5 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.
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1.2.6

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.

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 and Software Files

=Ioi x|

: ple Edt View Project Took Help
=8 JRE N8l =R
= Export

£ (38 Applcation FIR_ Accelerator i tchara s Export Software
=143 Source Files Button Button

Note: you must select BOTH Export Software and Export Hardware before going onto the next step,
it does not matter in what order you export them.

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

Creating the Platform Using the Xilinx Tools

Creating a Platform Using Xilinx Tools
Complex FIR Filter Tutorial for 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 13.4 -> EDK -> Xilinx Platform Studio) and creating a
new project. The Xilinx Platform Studio dialog appears as shown below:
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i Xilinx Platform Studio (EDK_0.87xd) - no project opened

=lolx]|

Fle Edit View Project Hardware Device Configuration Debug Simulztion Window Help

Im@dlpme - léflaw]B@

[l<s

Getting Started

BSBE
Create New Project Using Base Svstern Builder
Use the Base System Builder wizard to create an XPS

project

Create New Blank Project

Builder

=
& Open Project
i Open a previously created project

h} Open Recent Project
' Open 2 recently used project

=" | Create 2 new XPS project without using the Base System

XILINX PLATFORM STUDIO

Documentation

%
e

=,
‘L@ See What's New

Release notes and information about new IDS features in this release
N View Product Information and Documentation
Inforrmation about EDK, project flows, and documentation

_f view All EDK Documentation

All documentation relsted to EDK

ﬁj-“ Explore XPS Tutorials

Information about creating an example design using the embedded
design flow

N

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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-7 Create New XPS Project x|
—Mew Project
Project File |C:\sandbox\CompIexFIR_MicroBlaze\EDK\svstern.xmp Browse ...

- Select an Interconnect Type

" AXI System

AXI is an interface standard recently adopted by Xiinx as the standard interface used for all
current and future versions of Xiinx IP and tool flows. Details on AXI can be found in the
AXI Reference Guide on xilinx.com.

(* PLB System

PLB is the legacy bus standard used by Xilinx that supports current FPGA families, including
Spartand and Virtexs. PLB IP wil not support newer FPGA families, so is not recommend for
new designs that may migrate to future FPGA families. Details on PLB can be found in the
PLBv46 Interface Simplifications document on xiinx.com.

—Select Existing .bsh Settings File(saved from previous session)

Browse ...

—Set Project Peripheral Repository Search Path

|C:‘\ﬁndbux\CompIexFIR_MicroBlaze Browse ...
veo_| ance_|

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 6 ML605 Evaluation Platform
Board Revision: D
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[ Base Systempuger ——— 1.l

Welcome Board System Processor Peripheral Cache Summary
Board Selection
Select 3 target development board.
—Board
* Twould like to create a system for the following development board
€ Board Vendor |Xilinx ;I
| Board Name | Virtex 6 MLGOS Evaluation Platform El
£ Board Revision |D j
E ¢ Iwould like to create a system for a custom board
—Board Information
€ | Architecture Device Package Speed Grade
|| Ivirtexa =l [xeevbzdot =] |fi1se BB =l
I™ Use Stepping | #l
) Reset Polarity [Active High = |

Related Information
Vendor's Website

Vendor's Contact Information

Third Party Board Definition Files Download Website

The MLE05 board is intended to showcase and demonstrate Virtex-6 technology. The MLE05 board utilizes Xilinx Virtex 6 XCEVLX240T-
FF1156 device. The board includes Gigabit Tri-Mode Ethernet MAC/PHY, 512MB DDR3 SDRAM SODIMM memory, 32MB BPI Linear Flash,
128MB of Platform Flash, 1KB IIC EEPROM, USB peripheral, CPU Debug connectors, System ACE CF controller and RS232 serial port.
Additional user desired features can be added through daughter cards attached to the on-board high speed FMC VITA-57 high pin
count (HPC) expansion connector or the on-board FMC VITA-57 low pin count (LPC) connector. Due to Answer Record 39430

(http:/ e xiliny. cormy support/answers/39430.htm), PCI Express was removed as an option from ML&05 board in IDS 13.1 release.

More]nfol < Back | Next > I Cancel |

Click Next to continue with the Base System Builder wizard. In the next wizard page, make sure that
Single-Processor System is selected:
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I i~ Base System Builder _ ] 2] x|
Welcome Board Y Processor Peripheral Cache Surmrmary

System Configuration
Configure your system.

& Single-Processor System

Select this option to create a design with a single processor
§ This Wizard wil let you configure the processor, the peripheral
set and some major configuration parameters for the

¢~ Dual-Processor System

Select this option to create 2 design with two processors.
This Wizard will et you select the types of processors,
peripherals unigue to each processor and peripherals shared

peripherals. by the processors.

or 1 Peripherals

Processor 1
GPIO

Procassor 1

Processor 1 Paripherals

R8232 GPIO

Frocessor 2 Peripherals

Processor 2

DDR EMAC

More Info | < Back | Next > I Cancel

Click Next to continue with the Base System Builder wizard.

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

In this tutorial we are not using any floating point arithmetic so make sure the "Enable Floating Point
Unit" is NOT selected.
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l < Base System Builder | 2 x|
Welcome Board System Processor Peripheral Cache Summary

Processor Configuration
Configure the processor(s).

Reference Clock Frequency |2DD.DD j MHz
g —Processor 1 Configuration
Processor Type |M|cthaze j
System Clock Frequency |IUD.DD j MHz
1| Local Memary {8 kB =l
Debug Interface |On7Chip HW Debug Moduls j

™ Enable Floating Point Unit

Mare Info < Back | Next > I Cancel |

Click "Next" to continue with the Wizard which will display a peripheral selection dialog. Add the
Xps_timer to the configuration by selecting xps_timer from the Peripheral Names pane and clicking the
Add button.
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I i~ Base System Builder 2 x|
Welcome System Processor Peripheral Cache Summary

=]

w

Peripheral Configuration

To add a peripheral, drag it from the "Avalable Peripherals” to the processor peripheral list. To change a core parameter, click on the

peripheral.

Available Peripherals

Peripheral Names

- 10 Devices

‘- Hard_Ethernet_MAC
- Internal Peripherals

b Imb_bram_if_cntlr
xps_bram_if_cntlr
- ¥ps_timebase_wdt
- xps_timer

Add > |
< Remove |

Processor 1 (MicroBlaze) Peripherals Select Al
Core Parameter
DDR3_SDRAM

Core mpmc

DIP_Switches_8Bit
Core: xps_gpio
Ethernet MAC

FLASH

Core: xps_mch_emc
TC_DVI

Core: xps_iic
IIC_EEPROM

Core: xps_iic
IC_FMC_LPC

Core: xps_jic
TIC_SFp

Core: xps_iic
LEDs_8Bit

Core: xps_gpio
LEDs_Positions

Core: xps_gpio
Push_Buttons_5Bit

Core: xps_gpio
R5232_Uart_1

SysACE_CompactFlash
Core: Xps_sysace
dimb_cntlr

ilmb_cntr

Core: xps_ethemetlite

Core: xps_uartlite, Baud Rate: 9600, D..

Core: Imb_bram_if_cntlr

Core: Imb_bram_if_cntlr

More Info

< Back | Next > I Cancel |

Clicking "Next" will display the Cache Configuration dialog. The MicroBlaze is a "Harvard Architecture”
processor having separate data and instruction buses and therefore separate cache's if used. This
dialog is used to enable cache and to set the size of each cache. Since this tutorial uses a very small
application it is not hecessary to use either instruction or data caching and the dialog may be left in its

default state.
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Cache Configuration
 Select cache size and cache memory for processor(s).

Click the "Next" button to display the base system Summary dialog.

49
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1.2.7

[ —— — T —— e ce—
2l
Welcome Board System Processor Peripheral Cache Summary

Summary

Below is the summary of the system you are creating.

System Summany

Core Name Instance Name Base Address High Address I;
¢ | = Processor 1 microblaze_0
“ MPMC DDR3_SDRAM 0x90000000 (x9FFFFFFF
- XpS_gpio DIP_Switches 8Bit 0x81460000 0xB146FFFF
a - xps_ethernetite Ethernet_MAC 0x81000000 0x8100FFFF
= x*ps_mch_emc FLASH 0xB8CO00000 0xB8DFFFFFF
3 xps_iic 1IC_DVI 0x81660000 (xB8166FFFF
- XpS_iic IIC_EEPROM 0x81640000 (0x8164FFFF
- Xps_iic IIC_FMC_LPC 0x81620000 (x8162FFFF
- Xps_iic IIC_SFP 0x81600000 (0x8160FFFF
d - ¥ps_gpio LEDs_8Bit 0x81440000 08 144FFFF
ml - XPS_gpio LEDs_Positions 0x81420000 0x8142FFFF
r -~ Xps_gpio Push_Buttons_SBit  Ox81400000 0%8140FFFF .
- Xps_uartlite RS232_Uart_1 0x84000000 0xB400FFFF
- XPS_Sysace SysACE_CompactFlash 0x83600000 0xB8360FFFF
- Jmh_hram if cntlr dimhentie Mennnnnn0nn 0001 FFF j
1 Fila Location
= Overal

- C:\sandbox\HeloWorld\EDK\system.xmp

- C:\sandbox\HeloWorld\EDK\system.mhs

- C:\sandbox\HeloWorld\EDK\data\system.ucf
s\sandbox\HeloWorld\EDK\etc\fast_runtime.opt
s\sandbox\HelowWorld\EDK\etc\download.cmd

- C\sandbox\HelowWorld\EDK\etc\bitgen.ut

¥ Save Base System Buider (.bsb) Settings File
|C:\sandbox\HeIIoWorId\EDK‘\system.bsb

Mare Infol < Back | Finish I Cancel |

This summary page shows the location of the various output files that will be used later to prepare the
FPGA bit (programming) file. It also lists all of the software cores to be instantiated within the
MicroBlaze and their base address. These addresses will be automatically used later, you do not need
to record them. Click the "Finish" button.

When you clicked the "Finish" button the Wizard created and opened a Xilinx Platform Studio (EDK)
project and populated it with the base system you specified with the Wizard.

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

See Also

Configuring the New Platform

Configuring the New Platform

Complex FIR Filter Tutorial for MicroBlaze, Step 7
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After completing the previous tutorial step you will be presented with a window similar to this:

2 Xilinx Platform Studio (EDK_0.87xd) - C:\sandbox\ComplexFIR_MicroBlaze\EDK\system.xmp - | Assembly View| =10l x|
@ Fle Edt View Project Hardware Device Configurstion Debug Simulstion Window Help == x|
IBessElErlls =% &ua||lewlEa
Nevigator 3¢ | Catakg wOex [, . n . Businterfaces | Ports | Addresses | & <]
e e 0 ; L
i M nnn R Name |Bus Name |IP Type |J:P Version | o
P W= om0 2.00b g
e i ¥ Imb_v10 2.00.b
@ | — mb_plbp 17 ph_v46 1.05.a
= PR B microblze 0 yir microbaze  8.20.b
Run DRCs T T T—r— B dmb_bram 7 bram_block 1.00.a
5 - r B dimb_cntk ¢ Imb_bram_... 3.00.b
Communicati.. B dmb_cntr T Imb_bram_... 3.00.b
MA and Timer -  —— B AASH Y xps_mch_. 3.01.a
9| DDRI SDR r mpmc 6.05.2
ﬁE o—|= mdm 0 T mdm 2.00.b
(3 _ v B Ethemet ... Tr xps_ether.. 4.00.a
Generate Netlist v B DIP_Switch. 1 xps_gpio 2.00.a
9 B LEDs 88t r xps_gpio 2.00.a
v B LEDS Posit. 1 xps_gpio 2.00.a
v B Push_Butt. Tr xps_gpio 2.00.3
Generate BitStream v B HC DOVI T xps_iic 2.03.3
» B IIC_EEPROM P xps_iic 2.03.3
R TeTin »> B IC_FME_LPC T xps_iic 2.02.3
E Project Local PCo. > B IIC_SFP g Xps_iic 2.03.2
=+ USER Bl SysACE Co. xps_sysace  1.01.3
Expect e L@ it 1.00a Fel_file ; Bl xps_timer_0 ¥r xps_timer  1.02.a
- Project Periphera... e B RS232 Uar.. Tr xps_vartite 1.02.3
dock_gene. Y¥r clock_gen.. 4.03.a
FLASH CE . Tr utll vector.. 1.00.a
“— proc_sys r.. ﬁ proc_sys_r.. 3.00.a
Generate HOL Files
[ Legend
R diMaster @Slave diMaster/Slave B Target <Initiator @ Connected JUnconnected b Monitor
. —‘I—I —’I Production [ZiLicense (paid) [SiLicense (eval) L1 ocal aspre Production HrBeta HEDevelopment
Launch Simulator ! Superseded Discontinued
Search 1P Catalog: a = = = - - =
eare og; LI = Design Summary ||| % System Assembly View [ ‘ &  Grophical Design View | | ‘
Errors 08 x
! I _’l_I
J_\. Warninas 0 Errorsl
RN

It is now time to connect the hardware peripheral to the MicroBlaze processor. We want to use the FSL
(fast simplex link) but there is none attached to the processor. In the IP Catalog pane, expand the Bus
and Bridge class and select Fast Simplex Link.

« | P catzlog w08 x

L
il N I . =
KR "
l Description 1P Version |IP Type = | [
B+ £ EDK Install
- Analog
.o 1.00.3 ahblite_ T
. l.00.3 axizaxi -
l 1.00.3 axi_ahb
1.00.3 axi_aph
1.04.3 axi_inke
1.05.3 axi_inte
.. 2.02.a axi_plb
.. 211.e fsl w20
.. 2.00.b Imb_v11

Then right-click the Fast Simplex Link IP to show the instance menu and select Add IP. Do this twice so
that two instances of the FSL is added to the system assembly.

g AXII.. 1.05.2 axi_inte 9 -+
10 AXIE.. 2.02.2 axi_plby L&
E.
1r Proce ) ————
7 PLBV4 View MPD 18
‘o or PLBy.  View IP Modffications (Change Log) v
B Clock, Reset . view PDF Datashest -
- Communicati.. 3
(- Communicati.  make This IP Local ’—
(- DMA and Tim: o
- Debug :I‘| 9
- FPGA Reconfi... A
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The System Assembly should now be changed to appear similar to this:

| ==

% Bus Interfaces | I

MName Bus
- il v20 0
- felv20 1
[ — .
S—
=3

- mb_pib
- microblaze 0
i dmb_bram

i glimfr_ontie
i i ontir

- ALASH

e e e B

-

At this point the two FSL modules do not go anywhere, now it is time to connect them to the MicroBlaze
processor. Select the microblaze 0 instance from the System assembly, right-click it and select
Configure IP.

4t pb_v46

Show Sub-system View

Show Ports for selected IPs

Configure Coprocessor...

View MPD
: e ck  1.00.a
e View IP Modifications (Change Log) . 3.00b
jmé  View PDF Datasheet ... 3.00.b
AA  Browse HDL Sources... . 3ia
D04 6.05.2
md,  Delete Instance 2.00.b
Eth r. 4.00.3
pp Make This IP Local 2.00.3
1EDs BB T ®ps_dpio 2.00.a
1 Fs Positi <'r wns anin 2.00.a

The Configure IP Wizard for the microblaze will pop-up. Click "Next" until you get to page 4 (PVR and
Buses). Then change the number of stream links from zero to two, as shown here:
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i . XPS Core Config - microblaze_0 - microblaz x||
" Component Instance MName microblaze_0 I
Page 4 of 4 - PVR and Buses
—Processor Version Registers
Specifies Processor Viersion Register INONE >
Spedfy USERL Bits in PVR IDx{)O
Specfy USERZ Bits iIn PVR I-:prOOOOOOO
—Bu
Select Bus Interface IPLBME- *
Select Stream Interfaces FSL hd
Humber of Stream Links 2 33
Enable Additional Stream Instructions r
Enzble Stream Exception -
Advanced | < Back | First
Frequency | HNNNNNNNRNNREERERRRNNRERRRRRNANRRARRN RN BRAM E
Area T— -
performance || NNNNENNRNNRENRNRANNERERRRRRNENRRRRRRAARRARNA ospaset
0K I Cancel | Help

Click "OK" and after a few moments the System Assembly will look similar to this:

]
X FFLLEP %+ Bus Interfaces | Ports | Addresses |
| 'I:-" Is IE I'\!N 5 Name |Bu5 Name |IP Type |IP Versior
N el v20_0 Tr fsl_v2o 2.11.e
—_— | A2 1 T fsl_vao 2.11.e
- dimb Tr Imb_v10 2.00.b
] 1 Imb_v10 2.00.b
- mb_plb 7r plb_v46 1.05.3
B microblze 0 ¥r microblaze  8.20.b
W - DLMB dimb
O — - ILMB iimb
e - DPLB mb_plb
L - IPLB mb_plb

SFSLO No Connecti...
MF5SLO No Connecti...
- 5F5L1 No Connecti...
- MFSL1 No Connecti...
- DRFSLO  No Connecti..
- DWFSLO  microblbze 0 ...
~DRFSL1  No Connecti.. x|
- DWFSLL  microblbze 0 ...
- DXCL microbizze_0_...
- DXCL microbiaze_0_I..
~DEBUG  microbleze_ . x|
- TRACE microbBze 0
B fmb_bram 1r bram_block 1.00.3

Af4 |4 fa]o

P

Now we can connect the MicroBlaze to the two FSL modules. The easy way to do this is to move the
cursor into the pink area for one of the FSL modules. This will cause the potential connections to
appear, like this:
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& BusInterhcesl Ports | Addresses

—um
-um

Mame i Bus Mame | IP Ty
- fl w200 i fs
i fs
¥
i
¥ ol
m

Mo Connecti...
Mo Connecti...
Mo Connecti...
MFSL1 Mo Connecti.
-DRFSLO Mo Connecti..
- DWFSLO  microblze 0 ..

Af4]Af[4]a]af4]

From the legend at the bottom of the window you may note that a square indicates a Master and a circle
indicates a Slave. Click the circles and squares as shown here to connect fsl_0 and fsl_1 to the correct
MicroBlaze ports. The MicroBlaze will be the master on fsl_0 and the slave on fs_1:

| i I EIPER mb_pib =

1 ——| i - SFSL0 Mo Connecti... ¥
::gi : - MFSLO fsl_v20_0 £
| T -

-

L i Eumn NoGomen.

1 e et

The base system is almost complete, but the FSL IP is not connected to a clock or reset. The next step

is to configure the clock_generator IP to create the 31.250MHz clock needed for the user logic. Right-

click the clock _generator_0 instance in the System Assembly to launch the Configure IP wizard for the
clock generator. Configure the CLKOUT4 output as shown here then click "OK".

= =
i
" Component Instance Name | clock_generator_0 i
1 User | E 2|~
- TTULORIoonw —‘J
+ CLKFBOUT
+ CLKOUTO
4 CLKOUT1
‘+ CLKOUT2
+ CLKOUT3
‘= CLKOUT4
L Required Frequency (Hz) |21,205,000 =]
1PSINCDEC
- NV Required Phase IO
RST ! —
Required Group !NDN'E -
Buffered TRUE A
Variable Phase |FA.L.SE -
= + CLKOUTS —
[ A S— -
0l | »
= I” show All Ports L|

At this point the base system is fully defined and it is time to import the USER IP and connect the two
FSL's, clocks, and resets to the user defined hardware.
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See Also

Importing the Generated Hardware

1.2.8 Importing the Generated Hardware

Complex FIR Filter Tutorial for MicroBlaze, Step 8

Import the User Defined Hardware

Return to the Bus Interfaces tab of the System Assembly View. Expand the Project Local PCores and
USER modules. Then right-click the fsl_filt IP and select Add IP. Then click OK to put the IP into the
system assembly. Expand the fsl_filt 0 IP to display the two related FSL elements. Then as with
hooking-up the MicroBlaze in the last topic, connect the user logic to the FSL as shown here. Note that
you must match a slave to the MicroBlaze master and a master to the MicroBlaze slave:

+ Bus Interfaces | Ports I Addresses |

FFELLSF
IS IS t‘& ’;'q" Mame |Eu5 Mame |IP Type IP Version
| S Tr fslv2o 2.11.e
- fel v20 1 T fs_v20 2.11.e
B || - T +r Imb_v10 2.00.b
- dmb T Imb_vi0 2.00.b
o - mib_plp ¥ pb_v46 1.05.3
- w— | B microbaze 0 +r microbkze  8.20.b
T || & bt _biam +r bram_block 1.00.3
&Q_..:E_ Bt dimb_entl 7r Imb_bram_... 3.00.b
ar L | ¢ & dmb_cnthr +r Imb_bram__. 3.00.b
- - ALASH 3¢ xps_mch_... 3.01.3
- - DDR3_SDRAM +r mpmc 6.05.3
o | B im0 ¢ mdm 2.00.b
| = f5 fit 0 B fsl_fit 1.00.3
ngi -~ 5FSLD fsl v20_0 v|
@ L} Ethemet_MA 1;;' xps_ether.. 4.00.3

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. For each FSL link, set FSL_CIk
to CLK_S and set SYS_Rst to net_gnd as shown.
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| ;; Bus Interfaces  Ports | Addresses |

Narne Connected Port |Net | Direction |
] - External Po...
- Av20 0
External Ports:. # =

- FSL_Clk External Ports CLK_S | 1
- 8¥S_Ret External Ports: # sys_rst_s =t
- FSL_M_... # No Connecti... =|1
SESLS # No Connecti... |1
- FSL_Full # Mo Connecti.. *|0
- FSL_Ha # MNo Connecti. x|0
- FSL_Co # No Connecti.. x| 0

E ORI

External Ports: &

- FSL_Clk External Porte: CLK_S L I
- 5YS_Rst External Ports:... sys rst_s fhal b8
- FSL_M_... # Mo Connecti... =|1
SESLS # No Connecti... =|I
- FSL_Full # Mo Connecti.. |0
~F5L_Ha... # No Connecti.. =|0
- FSL_Co... # No Connecti.. =|0

- dimb

=B

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 CLK_S clock that we configured in the
previous steps. The FSL_Rst should be tied to net_gnd.

net_and # net_gnd |1 RST
clock_generat.. dock_gener.. = |I CLK

- Ethemet..

Note: if co_clk is missing from the fsl_filt_0 section, then will need to return to step 3 of this tutorial
and specify the Dual Clock option in the CoDeveloper Generate Options page.

Now it is time to create a new clock net and connect the 31.250MHz clock and the co_clk to it.
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:

! r= Bus Interfaces | Ports Addresses | ;‘-\
Instance | Base Name | Base Address High Address Size Bus Interface(s) | Bus Mame | Lock ‘
] =+ microblaze_0's Address Map

- dimb_entlr C_BASEADDR Ox00000000 0x00001FFF 8K > |5LmB dimb )
- fimb_ecntlr C_BASEADDR 0x00000000 0x00001FFF 8K > |5LMB imb O
- Ethernet_MAC C_BASEADDR 0x81000000 0x8100FFFF 64K = |SPLB mb_plb ]

Push_Buttons_S5Bit C_BASEADDR 0x81400000 0x8140FFFF 4K > |SFLB mb_plb O

LEDs_Positions C_BASEADDR 0x81420000 0x8142FFFF 54K TSPLB mb_plb ]
- LEDs_8Bit C_BASEADDR Ox81440000 0x8144FFFF 54K > |5PLBE mb_plb O
- DIP_Switches_8Bit C_BASEADDR 0x81460000 0x8146FFFF 54K =]SPLB mb_plb O
- IIC_SFP C_BASEADDR 0x81600000 0x8160FFFF 54K > |5PLB mb_plb O
- IIC_FMC_LPC C_BASEADDR Ox81620000 0x8162FFFF 64K x|SPLB mb_plb O
- IIC_EEPROM C_BASEADDR 0x81640000 %8164 FFFF 54K > |5PLBE mb_plb (|
- IIC_DVI C_BASEADDR 0x81660000 0x8166FFFF 54K > |5PLE mb_plb O
- SysACE_CompactFlash C_BASEADDR  0x83600000 1%8360FFFF 64K x|spLe mb_plb O
- ¥ps_timer_0 C_BASEADDR  0x83C00000 0xB3COFFFF 64K >|spLB mb_plb O
- R5232_Uart_1 C_BASEADDR 0x84000000 0x8400FFFF B4K X |SPLB mb_plb O
- mdm_0 C_BASEADDR 0x84400000 0x8440FFFF B4K >|5PLB mb_plb O
- FLASH C_MEMO_BASE... 0xBCOOO000 0x8DFFFFFF 32M *|SFLB mb_plb O
-+ DDR3_SDRAM C_MPMC_BASE... 0x20000000 0x9FFFFFFF 256M > |SPLBO mb_plb 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. Make sure
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that you save your project.

See Also

Generating the FPGA Bitmap

1.2.9 Generating the FPGA Bitmap
Complex FIR Filter Tutorial for MicroBlaze, Step 9

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

* Generated hardware and software files from the CoDeveloper environment.
* Created a new Xilinx Platform Studio project and created a new MicroBlaze-based platform.

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

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 button Generate Netlist. Note that this will take several
minutes to execute depending on how fast your computer is.

Second, if there are no errors in the netlist generation step then click the Generate Bitstream button.
Depending on your computer, this may take well over an hour to execute depending on how fast your
computer is.

When the bitstream has been generated, click Export Design to launch the Xilinx SDK to build your
software-side application.

Export Design
From the pop-up box, select "Export & Launch SDK".This will package the necessary files and export

them to the correct locations for the SDK (software development kit) environment.  The SDK will then
be automatically launched and you can begin the next topic.

See Also

Importing the Application Software
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1.2.10 Importing the Application Software
Complex FIR Filter Tutorial for MicroBlaze, Step 10
After clicking the Export Design button the pop-up (shown) is displayed giving you the option to perform
an Export only or to Export files and start the Software Development Kit (SDK), for this tutorial please
click "Export & Launch SDK".

NOTE: Screen images in this tutorial re-use images from the Hello World tutorial. Where the project
"HelloWorld" is seen, please replace it it the project Complex FIR Microblaze.

@ This dialog allows you to export hardware
platform information to be used in SDK.

¥ Include bitstream and BMM file

(XPS wil regenerate bitstream if necessary,
and it may take some time to finish.)

Directory location for hardware description files

| C:\sandbox\HelloWorld\EDK\SDK\SDK_Export

Export Dnh.'l Export & Launch SDK Cancel Help

After the SDK tool starts, the following pop-up will be displayed. The export tool will have correctly filled
in the project workspace path data. We do not recommend setting this as the "default" since it is not
likely to be the default for other projects.

g 2 Workspace Launcher Rl

Select a workspace

a ¥ilimx SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

W-:}rlcspace:|C:'-Lsandbo:-c"lHeIIu:u‘u'\.forId'-LEDK'-LSDK LI Browse... |

[™ Use this as the default and do not ask again

oK I Cancel

Once the SDK window is open you can close the EDK window as it will not be needed further for this
tutorial. Your screen should be similar to the one shown:
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EDK_hw_platform Hardware Platform Spacification

{1 EDK_hw_platform
[l system_bd.bmm
[5) system.bit
I systemxml

Design Information

Target FPGA Device: xc3sd1800a
Created With: EDK 13.4
Created On: Wed Oct 03 16:40:11 2012

Address Map for processor microblaze 0

dimb_cntr Dx00000000 0=00001££ £
imb_cntlr 0x00000000 0=00001££ £
RS232_Uart_1 DxBADDDDDD Ox&400iiii
LEDs_8B1t 0x81420000 0x81424£44
Push_Buttons D=81400000 0x8140£££ £
DIP_Switches_8Bit DxB1440000 0x81445511
Ethemet_MAC 0x81000000 N=8100f4ff
DDR2_SDRAM 0xc8000000 Oxcfffffff
SPLFLASH 083400000 0x8340£££f
mdm_0 DxB4400000 0x8440££££
plb_hello_0 0xc0=00000 OxcDeDifif

1P blocks present in the design

microblaze_0 micrablaze 8.20.b Datasheet
mb_pb pb_w46 1.05.a Datasheet
imb Imb_v10 2.00.b Datasheet
dimb Imb_v10 2.00.b Datasheet
dimb_cnti Imb_bram_if_cntr 2.00.b patasheet

XPS Design Report:  flle://C:/sandbox/Hellovvorld/EDK/SDK/SDK_Export/hu/system.html

Overview] Saurce|

@ C/C++ - EDK_hw_platform/system.xml - Xilinx SDK e =lolx|

Fle Edit Source Refactor Navigate Search Run Project Kk Tooks Window Help

| IBlaRlag-8-g-@-|4-9-|%-0-G-|®v-|c [Tasaal | @ e+

7 Project Explorer 53 = stem.yml = 0% out & @ mak| = O] welcome =&
EE =] |an autlne i not avaiable. oo

& Xilinx SDK

Xilinx SDK is based on Eclipse 3.6.2 and Cl
New to SDK?

You can get started by dlicking File =» Ne
Orwatch a 5 minute screencast demonstra

Documentation

Getting Started with Xilinx SDK
EDK Concepts, Tools and Technigl
Migrating from older versions of SO
Erequently asked questions

Known Issues

e Known issues in SDK
« Jilinx Answer Record Search

Q

1s, Comments..

2. Problems | v+ Tasks| & console 2¢

1 Properties| 2 Terminal|

Bhl2B-r5-70

SDK Log

o JilinxForums

16:41:27 INFO

: Processing command line option -hwspec C:\sandhcx\}lellcworld\EDK‘\SDK\SDKﬁExport\hw\syst;‘

.-

« Xilinx Technical Support

Configure SDK

Itis first necessary to configure the SDK environment to reference the EDK project directory as a
“repository” in order to reference the FPGA logic driver by choosing the "Repositories” menu item from
the "Xilinx Tools" menu. Click the "New" button next to the "Local Repositories” then navigate to the
project's EDK directory and select it. The Preferences dialog should be similar to that shown here:
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T —
€

Add, remove or change the order of SDK's software repositories.

o
x

Local Repositories (available to the current workspace)
C:\sandbox\HelloWorld\EDK

B Remote Systems Remaye
¢ B Run/Debug 5
1 Team B
f Terminal e
Bl Xilinx SDK
: Boot Image Global Repositories (available across workspaces)

Flash Programming

-~ Hardware Specification
! - Log Information Level
- Repositories

‘- Target Manager

Rermoye

o
o

L B

D

SDK Instalation Repositories
13.4\ISE_DS\EDK\s¢

rocessorlPLibY

Rescan Repositories |

Mote: Local repository settings take precedence over global repository settings.

Restore Defaults | Apply |

@) Cancel

J

Click "Apply" and then "OK" to continue.

Create the Complex_FIR_Microblaze Project

Choose File -> New -> Xilinx C Project from the File menu. Then select Empty Application and set
the Project name: to Complex FIR_Microblaze project. The window will appear similar to what is
shown here:
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oo ————0 WETET

‘ New Xilinx C Project )
| Create a managed make application project. Choose from one of the sample applications. @

Project name: | HelloWorld_project |

[¥ Use default location
Lacation; | C:\sandbox\Heloworld\EDK\SDK\Heloworld_project Bramse., |

Choose file systern: Ider'ault vl

r Target Hardware
Hardware Platform: |EDK_h‘.-.-_p\a|:f0rm

Ll L

Processor: |microb\aze_0

—Select Project Template
Dhrystone —Description
A blank C project. ;l

Hello World

IwIP Echo Server

Memory Tests

Peripheral Tests

SREC Bootloader

Xilkernel POSIX Threads Demo
Zyng FSBL

® = Back I Next = I Firisty Cancel

Click Next to continue.

On the next dialog window set the Project name: to Complex FIR_Microblaze_project bsp_0; the
window will now appear similar to what is shown here:
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4 New Project
New Xilinx C Project

Create a managed make application project. Choose from one of the sample applications.

=lol x|

=

- (8 Create a new Board Support Package project

The template provided by application "Empty Application’ will be used to configure the project. 1

Project name: |Hello\f\.’orld_project_bsp_ﬂ

[¥ Use default location

1 Location: | C:\sandbox\HelloWorld\EDK\SDK\HelowWorld_project_bsp_0

Browse...

Chomse file systern:

default -

bl o Tratget an existing Board Stpport Package

Available Board Support Packages:

0 Board Supp

I
I

Mo Board Support Packages found

T

@

Click Finish to continue.

= Back

et s |[ Fnsh |

Cancel

The Project Explorer will now include the two new projects, Complex FIR Microblaze project and
Complex_FIR_Microblaze_project bap 0. Notice that as soon as the files were read into the project
that the entire project was built. This is the default behavior of SDK. If you followed this tutorial

accurately there should have been no errors requiring edits.

It is now necessary to increase the Stack and Heap memory sizes using the linker script. From the
Project Explorer open the Iscript.ld file, you will find it in the Complex FIR_Microblaze project src
directory. Change the Stack and Heap sizes to 0x4000 as shown here:

Linker Script: Iscript.ld

Available Memory Regions

A linker script is used to control where different sections of an executable are placed in memory.
In this page, you can define new memory regions, and change the assignment of sectionsto memory regions.

Name

Stack and Heap Sizes

Stack Size I Ox40000
Heap Size ID)(4DDDD

Section to Memory Region Mapping

| Base Address Size | Add Memi
iirmb_entr_dimb_ecntir 0x00000050 0x00001FBO
DDR2_SDRAM_MPMC_BASEADDR 0xC8000000 (0x08000000

| Section Name

| Memory Region

Either click the file save icon or enter <ctrl>s to save the modified linker script.
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Now the software files exported from CoDeveloper must be added to the project. We will do this by
linking to their location as follows:

Right click the src directory in the HelloWorld_project and select New -> Folder. Click the Advanced
button and select Link to alternate location (Linked Folder). Use the browse button to locate the
Complex_FIR_Microblaze\EDK\SDK\Complex FIR_Microblaze directory. The New Folder dialog should
look similar to that shown here:

st

ol x|

i
. Folder

! Create a new folder resource. ,_r S

, Enteror select the parent folder:
it |He||0\-'\.’orld_projectf’5rc

ti

{4k EDK_hw_platform

E25 Helloworld_project

L B

B-{M HelloWorld_project_bsp_0

t

f

f

¢ Folder name: | HelloWorld

f

<< Adwnced

f (= Use default location
f
f
I
f

[ Folder is not located in the file system (Virtual Folder)
@ [ Link to alternate location (Linked Folder)

| C:\sandbox\HelloWorld\EDK\SDK\Hel =~ Browse... Variables... |

Choose file system: Idefault -
Resource Fifters... |

When you click Finish to continue the SDK will automatically rebuild the entire project and prepare the
Complex_FIR_Microblaze_project.elf file. In the next step, the BitStream and ELF files will be
downloaded into the FPGA.

The Export Design process (previous topic) created an SDK directory and populated it with files needed
to add the software to your project. One interesting file is the "system.html" file that is a browsable
representation of the overall system and is useful in visualizing and understanding the interactions of the
system.

If you accurately followed the tutorial steps the export to SDK process will be fully automated and result
in a complete software application with all source files, include files, and libraries correctly setup.

After the SDK opens you will see a number of build activities scrolling in the Console window. It is NOT
UNEXPECTED to have the process end with two compiler errors. The first error is an undefined
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symbol error and the second error is just a notice that a prior build step failed.

The undefined symbol error will be in the file Filter_sw.c and is an artifact of version differences in the
Xilinx tool flow. To correct the error search for the text string

"XPAR_XPS TIMER 1 DEVICE_ID" (without the quotes) and change the "1" to "0" (zero). When you
click the file save button in the toolbar the project will be automatically recompiled successfully.

You can edit other source files and on each file save the project will be automatically updated and
incrementally recompiled.

Next, you will run and debug the application using SDK.

See Also

Running the Application

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

Setting up Terminal Window and Connecting Cables

Open preferred terminal emulation program. Use the same communication settings you chose when
defining the peripheral in Base System Builder (15200 baud, 8-N-1). Turn off flow control, if
available. These settings were the defaults used.

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. Refer to your
development board documentation to correctly configure the board for programming.

Use the Xilinx Tools -> Program FPGA menu option to load the bit file into the FPGA. All necessary
files will be automatically selected and downloaded. You can change the download files if necessary.

Running Application from SDK
Now let's run the application on the development board.

Select menu Run -> Debug Configurations select the desired debug configuration from the menu
and click Debug.

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 DDR2_SDRAM is 0x88000000.

Now watch your termial 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 122 times faster than software only running on MicroBlaze microprocessor.

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

© 2012 ... Impulse Accelerated Technologies, Inc.



Tutorial 2. Complex FIR Filter for Xilnx Design Suite 13.4 (or higher)

development board.

See Also

Tutorial 1: Hello World on the MicroBlaze platform

65
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