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Chapter 1

Introduction

System Generator is a DSP design tool from Xilinx that enables the use of the MathWorks 
model-based Simulink® design environment for FPGA design. Previous experience with 
Xilinx FPGAs or RTL design methodologies are not required when using System 
Generator. Designs are captured in the DSP friendly Simulink modeling environment 
using a Xilinx specific blockset. All of the downstream FPGA implementation steps 
including synthesis and place and route are automatically performed to generate an FPGA 
programming file.
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Chapter 1: Introduction
The Xilinx DSP Block Set
Over 90 DSP building blocks are provided in the Xilinx DSP blockset for Simulink. These 
blocks include the common DSP building blocks such as adders, multipliers and registers. 
Also included are a set of complex DSP building blocks such as forward error correction 
blocks, FFTs, filters and memories. These blocks leverage the Xilinx IP core generators to 
deliver optimized results for the selected device.
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FIR Filter Generation
FIR Filter Generation
System Generator includes a FIR Compiler block that targets the dedicated DSP48 
hardware resources in the Virtex®-4 and Virtex-5 devices to create highly optimized 
implementations that can run in excess of 500 Mhz. Configuration options allow 
generation of direct, polyphase decimation, polyphase interpolation and oversampled 
implementations. Standard MATLAB functions such as fir2 or the MathWorks FDAtool 
can be used to create coefficients for the Xilinx FIR Compiler.
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Chapter 1: Introduction
Support for MATLAB
Included in System Generator is an MCode block that allows the use of non-algorithmic 
MATLAB for the modeling and implementation of simple control operations.
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System Resource Estimation
System Resource Estimation
System Generator provides a Resource Estimator block that quickly estimates the area of a 
design prior to place and route. This can be a valuable aid in the hardware / software 
partitioning process by helping system designers take full advantage of the FPGA 
resources which include up to 640 multiply/accumulate (or DSP) blocks in the Virtex®-5 
devices.
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Chapter 1: Introduction
Hardware Co-Simulation
System Generator provides accelerated simulation through hardware co-simulation. 
System Generator will automatically create a hardware simulation token for a design 
captured in the Xilinx DSP blockset that will run on one of over 20 supported hardware 
platforms. This hardware will co-simulate with the rest of the Simulink system to provide 
up to a 1000x simulation performance increase.
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System Integration Platform
System Integration Platform
System Generator provides a system integration platform for the design of DSP FPGAs 
that allows the RTL, Simulink, MATLAB and C/C++ components of a DSP system to come 
together in a single simulation and implementation environment.    System Generator 
supports a black box block that allows RTL to be imported into Simulink and co-simulated 
with either ModelSim or Xilinx® ISE® Simulator. System Generator also supports the 
inclusion of a MicroBlaze® embedded processor running C/C++ programs.
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Chapter 2

Installation

Downloading
System Generator is part of the ISE® Design Suite and may be download from the Xilinx 
web page. You may purchase, register, and download the System Generator software from 
the site at:

http://www.xilinx.com/tools/sysgen.htm
Note: In special circumstances, System Generator can be delivered on a CD. Please contact your 
Xilinx distributor if your circumstances prohibit you from downloading the software via the web.

Hardware Co-Simulation Support
If you have an FPGA development board, you may be able to take advantage of System 
Generator’s ability to use FPGA hardware co-simulation with Simulink simulations. The 
System Generator software includes support for the XtremeDSP Development Kit, the 
MicroBlaze™ Multimedia Demonstration boards, the MVI hardware platform, the ML402 
Virtex®-4 Board, the ML506 Virtex-5 Board, the ML605 Virtex-6 Board, the Spartan-3A DSP 
1800 Starter Board, the Spartan-3A DSP 3400 Development Board, and the Spartan-6 
SP601/SP605 Board. Additional System Generator board support packages provide 
support for additional hardware co-simulation boards. System Generator board support 
packages can be downloaded from the following URL:

http://www.xilinx.com/products/boards_kits/index.htm

UNC Paths Not Supported
System Generator does not support UNC (Universal Naming Convention) paths. For 
example System Generator cannot operate on a design that is located on a shared network 
drive without mapping to the drive first.
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Chapter 2: Installation
Using the ISE Design Suite Installer
System Generator for DSP is part of the Xilinx ISE® Design Suite and you must use the ISE 
Design Suite installer to install System Generator.

Before invoking the ISE Design Suite installer, it is a good idea to make sure that all 
instances of MATLAB are closed. When all instances of MATLAB are closed, launch the 
installer and follow the directions on the screen.

Choosing MATLAB for System Generator

Windows Installations

This dialog box allows you to associate any supported MATLAB installation with this 
version of System Generator. 

Click the check box of the MATLAB installation(s) you wish to associate with this version 
of System Generator, select the Xilinx Design Suite you wish to associate with, then click 
Apply. Once the Apply operation is completed, the value in the Status column changes 
from “Not Configured” to “Configured”.

The application lists all the available MATLAB installations. The Status field shows one of 
the following values:

Unsupported: This version of MATLAB is not supported with this version of System 
Generator.

Not Configured: This version of MATLAB is not yet associated with this version of System 
Generator. To associate this version of MATLAB with System Generator, click the check 
box and then click Apply.

Configured: System Generator is now ready to be used with this version of MATLAB.

If you don’t see a version of MATLAB listed, click Find MATLAB to browse for a valid 
version. 

If you wish to change the MATLAB configuration, select the following Windows menu 
item:

Start > All Programs > Xilinx Design Tools > ISE Design Suite > System Generator > 
System Generator MATLAB Configurator.
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Post Installation Tasks
If MATLAB is configured for a Design Suite, say IDS, and you wish to re-configure 
MATLAB for another Design Suite, say Vivado, you must select the Configured MATLAB 
version box and click Remove before you re-configure for Vivado.

Linux Installations

Launching System Generator under Linux is handled via a shell script called “sysgen” 
located in the <IDS install dir>/sysgen/util directory. Since System Generator supports 
both ISE and Vivado, a command line option has been made available to subscribe to the 
Vivado specific blockset(s) supported by System Generator. Without any command line 
arguments, System Generator will use ISE supported blockset(s) within MATLAB.Using 
the ‘-v’ option forces System Generator into Vivado mode. When MATLAB opens, text 
detailing which blockset(s) will be shown as below will be to indicate which version of the 
tool suite is used.

Using Vivado enabled System Generator

or

Using ISE enabled System Generator

This message on the MATLAB console will be seen as part of the dynamic installation of 
System Generator into MATLAB.

Post Installation Tasks

Post-Installation Tasks on Linux
After following the directions of the main ISE Design Suite Installation Wizard, you are 
ready to launch System Generator by typing: sysgen

Note: This will invoke MATLAB and dynamically add System Generator to that MATLAB session. At 
the top of the MATLAB Command Window, you should see the “Installed System Generator 
dynamically” messages. You are now ready to run System Generator.

The following is an expected message under certain conditions. If System Generator is 
already installed when this script runs, you will see the following message:

System Generator currently found installed into matlab 
default path.

Troubleshooting a Linux Installation
The following four functions are used to troubleshoot and verify the Linux Installation.

xl_get_matlab_support_xmlfile

This MATLAB function will retrieve the expected location of the common XML file 
used for determining MATLAB support within System Generator.

xl_verify_matlab_support_xmlfile <pathname_to_xmlfile>

This matlab function will verify that the specified XML file exists and is readable. If no 
XML file exists, the following error message is thrown to the MATLAB console”
System Generator for DSP Getting Started Guide www.xilinx.com 17
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Chapter 2: Installation
Could not find ml_supported.xml to determine supported versions 
of MATLAB with System Generator.

If the XML file is unreadable, the error message that is thrown to the MATLAB console 
is:

Could not read ml_supported.xml to determine supported versions 
of MATLAB with System Generator

xl_read_matlab_support_xmlfile

This MATLAB function reads and parses the XML file looking for the supported 
MATLAB version information and provides error/warning messages used by the 
sysgen_startup.m script.

xl_test_matlab_support_xmlfile

This MATLAB function tests the current instantiated MATLAB session and compares 
its version to those which are supported.  Errors or warnings will be displayed based 
on results of this comparison. If the XML file is devoid of information, the error thrown 
to the MATLAB console is as folows:

Matlab support table used by System Generator is empty!

If the XML file information does not conform to the expected format, the following 
error is thrown to the MATLAB console:

Input matlab support table is not well formed.  It should have 
only 2 columns!

If you are using a version of MATLAB that is too old (unsupported), then you will see 
the following error messages:

System Generator will not properly function under this version 
of MATLAB!

Error occurred while attempting to install System Generator into 
MATLAB path.

If you are using a version of MATLAB that is too new, then you will see the following 
warning messages:

System Generator may not properly function under this version of 
MATLAB!

Hardware Co-Simulation Installation
This topic provides links to hardware and software installation procedures for hardware 
co-simulation. If you do not plan to use hardware co-simulation, you may skip this topic.

Ethernet-Based Hardware Co-Simulation

Installing an ML402 Board for Ethernet Hardware Co-Simulation

Installing an ML560 Board for Ethernet Hardware Co-Simulation

Installing an ML650 Board for Ethernet Hardware Co-Simulation

Installing a Spartan-3A DSP 1800A Starter Board for Ethernet Hardware Co-Simulation

Installing a Spartan-3A DSP 3400A Development Board for Ethernet Hardware Co-
Simulation
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Post Installation Tasks
Installing an SP601/SP605 Board for Ethernet Hardware Co-Simulation

Note: If installation instructions for your particular platform are not provided here, please refer to the 
installation instuctions that come with your Platform Kit. For instructions on how to install a Xilinx USB 
Cable and cable driver software on a Windows or Linux Operating System, refer to the Xilinx 
document titled: USB Cable Installation Guide

JTAG-Based Hardware Co-Simulation

 Installing an ML402 Board for JTAG Hardware Co-Simulation

 Installing an ML605 Board for JTAG Hardware Co-Simulation

 Installing an SP601/SP605 Board for JTAG Hardware Co-Simulation

 Installing a KC705 Board for JTAG Hardware Co-Simulation

Third-Party Hardware Co-Simulation

As part of the Xilinx XtremeDSP™ Initiative, Xilinx works with distributors and many 
OEMs to provide a variety of DSP prototyping and development platforms. Please refer to 
the following Xilinx web site page for more information on available platforms:
http://www.xilinx.com/products/boards_kits/index.htm

Compiling Xilinx HDL Libraries
If you intend to simulate System Generator designs using ModelSim, you must compile 
your IP (cores) libraries. This topic describes the procedure.

ModelSim SE

The Xilinx tool that compiles libraries for use in ModelSim SE is named compxlib. The 
following command can, for example, be used to compile all the VHDL and Verilog 
libraries with ModelSim SE:

compxlib –s mti_se –f all –l all

Complete instructions for running compxlib can be found in the ISE Software Manual 
titled “Command Line Tool User Guide”.

Configuring the System Generator Cache
Both the System Generator simulator and the design generator incorporate a disk cache to 
speed up the iterative design process. The cache does this by tagging and storing files 
related to simulation and generation, then recalling those files during subsequent 
simulation and generation rather than rerunning the time consuming tools used to create 
those files. 

Setting the Size

By default, the cache will use up to 500 MB of disk space to store files. To specify the 
amount of disk space the cache should use, set the SYSGEN_CACHE_SIZE environment 
variable to the size of the cache in megabytes. Set this number to a higher value when 
working on several large designs. 
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Chapter 2: Installation
Setting the Number of Entries

The cache entry database stores a fixed number of entries. The default is 20,000 entries. To 
set size of the cache entry database, set the SYSGEN_CACHE_ENTRIES environment 
variable to the desired number of entries. Setting this number too small will adversely 
affect cache performance. Set this number to a higher value when working on several large 
designs.

You can use the  xlCache function to manage and inspect the properties of difference caches 
used by System Generator. A detailed description of this function can be found under the 
topic  System Generator Utilities.

Displaying and Changing Versions of System Generator
It is possible to have several versions of System Generator installed. The MATLAB 
command xlVersion displays which versions are installed, and makes it possible to 
switch from one to another. xlVersion is useful when upgrading a model to run in the 
latest version of System Generator. 

Entering  "xlVersion" in the MATLAB console displays the version of System Generator 
that is installed.

Available System Generator installations: 
Version 14.1.4301 in C:/Xilinx/14.1/ISE_DS/ISE/sysgen 

Current version of System Generator is 14.1.4301 
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Chapter 3

Release Information

System Generator for DSP release information can now be found in the following Web-
based document:

Xilinx Design Tools: Release Notes Guide
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Chapter 4

Getting Started

Introduction
This Getting Started training consists of six short lessons that introduce you to major 
features of System Generator for DSP. Each lesson takes less than 10 minutes to read and is 
followed by one or more hands-on lab exercises. The lab exercise folders are located in the 
System Generator software tree and contain data files and step-by-step instructions. 

If you have System Generator installed on your computer, you can complete each lab 
exercise at your own pace and on your own time schedule. If you do not have System 
Generator installed, you can access this free training in a recorded e-learning format 
through the Xilinx web site at the following location: 
http://www.xilinx.com/support/training/rel/system-generator.htm

The lessons contained in this Getting Started are as follows:

• Lesson 1 - Design Creation Basics: Introduces the basics of creating and 
implementing a DSP design using System Generator. 

• Lesson 2 - Fixed Point and Bit Operations: Covers the use of the System Generator 
routing blocks for extracting and manipulating the individual bits of a fixed-point 
signal. 

• Lesson 3 - System Control: Covers the preferred methods for using System Generator 
to create finite state machines, logical control conditions, and the handling of bursty 
data typical of FFT and filtering operations. 

• Lesson 4 - Multi-Rate Systems: Shows the proper way to create multi-rate systems 
using upsampling and downsampling of data. 

• Lesson 5 - Using Memories: Covers proper usage of the Xilinx block RAM resources 
and the DSP blocks available for building DSP designs targeting Xilinx RAMs. 

• Lesson 6 - Designing Filters: Discusses methods for creating efficient FIR filters in the 
Xilinx devices, use of the FIR Compiler block for filter implementation, and use of the 
FDATool for filter design. 
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Chapter 4: Getting Started
Lesson 1 - Design Creation Basics

The System Generator Design Flow
System Generator works within the Simulink model-based design methodology. Often an executable spec is created 
using the standard Simulink block sets. This spec can be designed using floating-point numerical precision and 
without hardware detail. Once the functionality and basic dataflow issues have been defined, System Generator can 
be used to specify the hardware implementation details for the Xilinx devices. System Generator uses the Xilinx 
DSP blockset for Simulink and will automatically invoke Xilinx Core Generator™ to generate highly-optimized 
netlists for the DSP building blocks. System Generator can execute all the downstream implementation tools to 
product a bitstream for programming the FPGA. An optional testbench can be created using test vectors extracted 
from the Simulink environment for use with ModelSim or the Xilinx ISE® Simulator.
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Lesson 1 - Design Creation Basics
The Xilinx DSP Blockset
The Xilinx DSP blockset is accessed via the Simulink Library browser which can be launched from the standard 
MATLAB toolbar. The blocks are separated into sub-categories for easier searching. One sub-category, “Index” 
includes all the block and is often the quickest way to access a block you are already familiar with. Over 90 DSP 
building blocks are available for constructing you DSP system.

NOTE: It is important that you don’t name your design the same as a Xilinx block. For example, if you name your design 
shared_memory.mdl, it may cause System Generator to issue an error message.

Each block has a background color that indicates the following:

Background 
Color

Meaning

Blue Block Goes into the FPGA fabric and is free!!

Green
Block Goes into the FPGA fabric and is a Pay Core/Licensed. Go to the 
Xilinx web site to purchase the Core license.

Yellow
Blocks on the boundary of your design like Gateway, Shared Memory 
Read, Shared Memory Write, VDMA, etc

White Utility or Tool

Red Symbol System Generator Token (control panel)
System Generator for DSP Getting Started Guide www.xilinx.com 25
UG639 (v 14.3) October 16, 2012

http://www.xilinx.com


Chapter 4: Getting Started
Defining the FPGA Boundary
System Generator works with standard Simulink models. Two blocks called “Gateway In” and “Gateway Out” 
define the boundary of the FPGA from the Simulink simulation model. The Gateway In block converts the floating 
point input to a fixed-point number. You double-click on the block to bring up the properties editor which is where 
the fixed-point number can be fully specified.
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Lesson 1 - Design Creation Basics
Adding the System Generator Token
Every System Generator diagram requires that at least one System Generator token be placed on the diagram. This 
token is not connected to anything but serves to drive the FPGA implementation process. The property editor for 
this token allows you to specify the target netlist, device, performance targets and system period. System Generator 
will issue an error if this token is absent.
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Chapter 4: Getting Started
Creating the DSP Design
Once the FPGA boundaries have been established using the Gateway blocks, the DSP design can be constructed 
using blocks from the Xilinx DSP blockset. Standard Simulink blocks are not supported for use within the Gateway 
In / Gateway out blocks. You will find a rich set of filters, FFTs, FEC cores, memories, arithmetic, logical and bitwise 
blocks available for use in constructing DSP designs. Each of these blocks are cycle and bit accurate.
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Lesson 1 - Design Creation Basics
Generating the HDL Code
Once the design is completed, the hardware implementation files can be generated using the Generate button 
available on the System Generator token properties editor. One option is to select HDL Netlist which allows the 
FPGA implementation steps of RTL synthesis and place and route to be performed interactively using tool specific 
user interfaces. Alternatively, you can select Bitstream as the Compilation target and System Generator will 
automatically perform all implementation steps. 

If the Create Testbench option is selected, then System Generator will save and write test vector files that are 
extracted from the Simulink simulation and generate an HDL testbench and script files for ModelSim. This is an 
optional step that simply verifies that the generated hardware is functionally equivalent to the Simulink simulation. 
The script files must be used with ModelSim interactively.
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Chapter 4: Getting Started
Model-Based Design using System Generator
Model-based design refers the design practice of creating a high-level executable specification using the standard 
Simulink blocksets or MATLAB first to define the desired functional behavior with minimal hardware detail. This 
executable spec is then used as a reference model while the hardware representation is specified using the Xilinx 
DSP blockset.
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