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Chapter 1
IP-XACT Flows

This documents describe the flows that can be used to create aversion 1.4 IP-XACT library
library for use in the Mentor Graphics IP-XACT design environment:

* Manua Flow — Useto manually create an IP-XACT v1.4 library.

* [P-XACT v1.2tov1.4 Conversion Flow — Useto convert an existing IP-XACT v1.2
library to an IP-XACT 1.4 or an older Mentor Graphics “Px” schemato IP-XACT 1.4.

 HDL toIP-XACT Flow — Usewhen you need to convert an existing HDL designinto a
v1.4 IP-XACT library.

Manual Flow
Figure 1-1 depicts the Manual Flow.

Figure 1-1. Manual Flow
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IP-XACT Flows
IP-XACT v1.2 to v1.4 Conversion Flow

Manual Flow Procedure

If you do not have an existing v1.2 IP-XACT library or accessto an HDL Designer license, you
will need to:

1. Createan IP-XACT component library based on your HDL design using the tool of your
choice. The library must be compliant with v1.4 of the IP-XACT standard. See “1P-
XACT Components’ and “IP-XACT Component Reference”.

2. Optionally, you can add bus and abstraction definitions; see “Bus Types, Bus
Definitions, and Abstraction Definitions”.

3. Create adaptive channel components, if required. You will need to create one or more
bus decoder template for each adaptive channel. See “ Adaptive Channel
Implementation”, *“ Adaptive Channels and Bus Decoders’, and “Channel Interfaces’.

4. Optionally, you can create custom generators to perform tasks within your IP-XACT
design environment.

Generators can be used to create HDL netlists, to create configuration files for external
tools used in the design process, to create in-design context checks for components, and
many other purposes. Each generator should be modular and written to do one well-
defined task. See “Generators’.

5. Toassembly your IP-XACT components into Block Diagrams, add your IP-XACT
library to Visual Elite as described in “ Setting Up a Repository” in the Visual Elite
User’s Manual.

IP-XACT v1.2to vl.4 Conversion Flow

The Mentor Graphics IP-XACT design environment supports specific schemaversions: | P-
XACT vl1.4for the standard IP-XACT schema and Mentor Graphic vendor extensions px-4.0.
The schema definitions are found in the installation directory at: pxhome/schema/spirit/1.4 and
pxhome/schema/4.0.

For older Mentor Graphics “Px” schemas or IP-XACT v1.2 libraries, the IP-XACT design
environment provides two utilitiesto convert existing libraries to IP-XACT v1.4:
convertPx3_9-to-Spiritl 4 and convertpiritl 2-to-Spiritl 4. The convertPx3 9-to-Spiritl 4
utility enables you to convert alibrary in the older Mentor Graphics “Px” schemato an | P-
XACT v1.4library. The convertSpiritl_2-to-Spiritl 4 utility enablesyou to convert an IP-
XACT v1.2library to an IP-XACT v1.4library.

The utilities convert either individual designs, components, bus definitions, generator chains,
and decoder template XML files, or all IP-XACT object filesin adirectory. Y ou must specify a
path to an individual file or adirectory. Multiple files or directories can be specified asalist. If
the specified path isto a directory, the converter utility recursively traverses the directory and
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IP-XACT Flows
IP-XACT v1.2 to v1.4 Conversion Flow

convertsall IP-XACT object files with the extension .xml or .pIx. The converted IP-XACT
documents overwrite the original files.

One of the biggest changes from IP-XACT v1.2 to IP-XACT v1.4istheintroduction of ESL
extensions, especialy the distinction between “wire” ports and “transactional” ports. Whereas
IP-XACT v1.2 contained a single bus definition document, IP-XACT v1.4 splitsthe
information in the bus definition into two documents: a bus definition and an associated
abstraction definition. When converting an existing bus definition, a new abstraction definition
document is created. The abstraction definition document has the same name as the bus
definition document, except it has an _rtl suffix at the end of the basename. For example, an
existing bus definition file with the name APB.xml is converted to a bus definition document
named APB.xml and an abstraction definition document named APB_rtl.xml. The same naming
convention isused for the VLNV of the abstraction definition; it isthe sameasthe VLNV of the
bus definition except the name field value has _rtl appended.

Figure 1-2 depicts the Conversion Flow.

Figure 1-2. Conversion Flow
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Conversion Flow Procedure
To convert aPx 3.9 IP-XACT or IP-XACT v1.2 library to an IP-XACT v1.4 library

1. Set thefollowing environment variables:
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IP-XACT Flows
HDL to IP-XACT Flow

3.

* PATH — Set your PATH environment variable to point to your Javainstallation
tree.

The Javaversion must be v1.6. Y ou can check the Java version using the java
-ver sion command.

* PXHOME — Set your PXHOME environment variable to point to the pxhome
directory in your Mentor Graphics product installation directory.

For example:

setenv PATH /tool s/java-1. 6/ bi n: ${ PATH}

setenv PXHOVE /ngc/ Vi sual El i te-4. 2.0/ pxhone
Depending on the schema version of the original files, run one of the following scripts:
For IP-XACT 1.2 schema objects:

${ PXHOVE} / t ool s/ bin/convertSpiritl 2-to-Spiritl_4.sh [-verbose]
path_to file_ or_directory [...]

For Px 3.9 schema objects:

${ PXHOVE} / t ool s/ bi n/ convert Px3 9-to-Spiritl 4.sh [-verbose]
path_to_file_or_directory [...]

To assembly your IP-XACT components into Block Diagrams, add your IP-XACT
library to Visual Elite as described in “ Setting Up a Repository” in the Visual Elite
User’s Manual.

HDL to IP-XACT Flow

The Mentor Graphics IP-XACT design environment enables you to package an HDL library as
an IP-XACT v1.4 Library using HDL Designer IP-XACT.

Y ou usethe HDS tool to package your HDL Library asav1.2 IP-XACT Library. The IP-XACT
v1.2 library generated by HDS is complete structurally (all top level pin signals and constituent
RTL fileslisted in appropriate places according to the IP-XACT 1.2 schema) but not at the
architectural level. To address information about your I P such as standard bus interfaces that
your pin signals implement, you import and elaborate your IP-XACT library using the Model
Expresstool, a component of Platform Express. Finally, you use the IP-XACT converter to
convert your IP-XACT v1.2 Library to IP-XACT v1.4.

Figure 1-3 showsthe HDL to IP-XACT FLow.
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HDL to IP-XACT Flow

Figure 1-3. HDL to IP-XACT Flow
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HDL Designer Flow Procedure

To use this procedure, you need:

* HDL Designer IP-XACT
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IP-XACT Flows
HDL to IP-XACT Flow

» thelatest version of HDL Designer Series (2009.2 or better); if you do not have the latest
HDL Designer Series (HDS), download it from SupportNet.

* anHDL design
To package an existing HDL design asan IP-XACT v1.4 library requires three distinct steps:

1. Package your HDL design asan IP-XACT v1.2 library using the SPIRIT Wrapper
Generator task in HDS; see “Packaging HDL as IP-XACT v1.2"

2. Elaborate the IP-XACT v1.2 library by adding any additional design information
required, such as bus interfaces, using the Model Express utility in Platform Express;
see “Elaborating an v1.2 IP-XACT Library”

3. Convert your IP-XACT v1.2 Library to an IP-XACT v1.4 Library (see “Converting IP-
XACT v1.2to IP-XACT v1.4”).

Once you have converted your library to v1.4, you can create generators recognized by the
Mentor Graphics IP-XACT design environment (see “ Adding Generators’). To assembly your
IP-XACT componentsinto Block Diagrams, add your IP-XACT library to Visual Elite (see
“Importing into Visual Elite”).

Packaging HDL as IP-XACT v1.2

Y ou can package your existing HDL design asan IP-XACT v1.2 library using batch or
Interactive mode.

Using HDS in Batch Mode

1. Create aworking directory in which to store the batch scripts, Tcl scripts, and file list
you will need to create.

2. Inyour working directory, open atext editor and create a batch file to run your Tcl
import script.

a. Inyour batch file, set the following environment variable:
Windows:
» HDS — Specify the path to the HDL Designer executable; for example:
set HDS=C:\ Ment or G aphi cs\ HDS2009. 2\ bi n\ hdl desi gner . exe
Linux or UNIX:
« HDS ROOT — Specify the path to the HDL Designer install tree, for example:
set HDS_ROOT=/scrat chl/t ool s/ nment or _graphi cs/ hds_2009. 2

b. Add the appropriate batch run command for your platform and batch mode
requirements. Y ou must specify the name of the HDS project file in which to store
the design structure and the Tcl script that imports the design.

10 IP-XACT Library Creation
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HDL to IP-XACT Flow

Windows:
Non-GUI batch mode

@tart %IDS% - hdpfile "i pxact _deno. hdp"
-tcl hds_inmport_batch.tcl > hds_inport_batch.log 2>&1

Batch GUI mode (useto view Tcl script errorsin the HDL Designer Log Window)

@tart %IDS% - hdpfil e "i pxact _deno. hdp"
-do hds_inport_batch.tcl > hds_inport_batch.l og 2>&1

UNI X and Linux; Non-GUI batch mode

$HDS_ROOT/ bi n/ hds -hdpfil e ipxact_deno. hdp
-tcl ./hds_inport_batch.tcl |& tee ./hds_inport_batch.| og

Batch GUI mode (use to view Tcl script errorsin the HDL Designer Log Window)

$HDS_ROOT/ bi n/ hds - hdpfil e ipxact_deno. hdp
-do ./hds_inport_batch.tcl |& tee ./hds_inport_batch. | og

c. Savethefile using the following name: run_hds_import.bat (Windows) or
run_hds import.csh (UNIX or Linux).

3. Create an ASCII text file containing the paths to the design files to be converted. The
paths should be relative to your batch file. Save the file using the following name:

ipxact_wrapper_filelist.txt
For example, the following list converts the design filesfor a Verilog UART:

../ exampl e_src/uart_Veril og/ address_decode_thl.v

../l exanmpl e_src/uart_Veril og/cl ock_divider_flow v

../ exampl e_src/uart_Veril og/control _operation_fsmyv

./ exanpl e_src/uart_Veril og/cpu_interface_intconx.v
../ exampl e_src/uart_Verilog/serial _interface_struct.v
../ example_src/uart_Verilog/status_registers.v

.l exanple_src/uart_Verilog/tester flow v
../ example_src/uart_Verilog/uart tb struct.v
../ example_src/uart_Verilog/uart _top_struct.v

./ exanpl e_src/uart_Verilog/xmt_rcv_control _fsmyv

4. CreateaTcl script to import the HDL design into HDS.

a  Set the PROJ NAME environment variable. Specify the name of the HDS project.
The name must match the prefix of the project file name set in the batch file. For
example:

set PRQJ_NAME i pxact _deno

b. Add the following addLibraryMapping command to create anew HDL project
library and its subdirectories in the project area.

addLi braryMappi ng $PRQJ_NAME - hdl ./ $PRQJ_NAME/ hdl
-hds ./ $PRQJ_NAME/ hds

IP-XACT Library Creation 11
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e.

To maintain your HDL library structure, add the following import setup command:

setupHdl I nport -inportDirectoryStructure ON

Add the following run command to perform the import operation. Specify the path to
your design filelist. The path can be absolute or relative to the Tcl script file:

runHdl | nport $PROJ_NAME -filelist ./ipxact_wapper_filelist.txt

Save the file using the following name: hds_import_batch.tcl.

5. Createabatch fileto run your Tcl wrapper script, which covertsthe HDL project library
to an IP-XAT v1.2 library.

a. Inyour batch file, set the following environment variable:

Windows:

* HDS — Specify the path to the HDL Designer install tree; for example:
set HDS=C:\ Ment or G aphi cs\ HDS2009. 2\ bi n\ hdl desi gner . exe

Linux or UNIX:

« HDS ROOT — Specify the path to the HDL Designer install tree, for example:
set HDS_ROOT=/scrat chl/t ool s/ nment or _graphi cs/ hds_2009. 2

Add the appropriate batch run command for your platform and batch mode
requirements. Y ou must specify the name of the HDS project file in which to store
the design structure and the Tcl script that imports the design.

Windows:

Non-GUI batch mode

@tart %IDS% - hdpfil e "i pxact _deno. hdp"
-tcl ipxact_batch.tcl > ipxact_batch.log 2>&1

Batch GUI mode (use to view Tcl script errorsin the HDL Designer Log Window)

%1DS% - hdpfil e "i pxact _deno. hdp"
-do ipxact_batch.tcl > ipxact_batch.log 2>&1

UNI X and Linux: Non-GUI batch mode

$HDS_ROOT/ bi n/ hds - hdpfil e ipxact_deno. hdp
-tcl ./ipxact_batch.tcl |& tee ./ipxact_batch.Ilog

Batch GUI mode (use to view Tcl script errorsin the HDL Designer Log Window)

$HDS _ROOT/ bi n/ hds -hdpfile ipxact_deno. hdp
-do ./ipxact_batch.tcl |& tee ./ipxact_batch.| og

Save the file using the following name: run_hds_ipxact_wrapper.bat (Windows) or
run_hds_ipxact_wrapper.csh (UNIX or Linux).

12
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IP-XACT Flows
HDL to IP-XACT Flow

6.

Create a Tcl script to run the IPXACT wrapper generator and package the HDL project
library asan IP-XAT v1.2 library.

a. Set the PROJ_NAME environment variable. Specify the name of the HDS project.
The name must match the prefix of the project file name set in the import batch file.
For example:

set PROJ_NAME i pxact _denp

b. Set the TOP_FILE environment variable. Specify the top-level design unit to be
targeted by the IPXACT wrapper generator. For example:

set TOP_FI LE dual _cl ock_cache_struct

c. Tomaintain your HDL library structure and include al the lower level HDL filesin
the IPXACT packaged design, add the following setup command:

setupTask {SPI RI T\ Wapper\ Generator} -throughCpt

d. Add the following run command to launch the IP-XACT Wrapper Generator:
runTask {SPIRI T\ Wapper\ Cenerator} $PRQJ_NAME $TOP_FI LE

e. Savethefile using the following name: ipxact_batch.tcl.

If you are running on a Windows platform, verify that the HDS ROOT environment
variableis set as a User variable under System Properties.

Run your run_hds_import batch file.

Your HDL library isconverted to an HDS Project. The project file containing the library
structure and a project directory are added to your working directory using the
PROJ_NAME you specified in the .tcl file. A log file named hds_import_batch.log is
created showing any errors that might have occurred when running the batch file.

Run your run_hds_ipxact_wrapper batch file.

The HDS Project is packaged as an IP-XACT v1.2 library and placed in the project
directory. The IP-XACT v1.2 library directory is named spirit. A log file named
ipxact_batch.log is created showing any errors that might have occurred when running
the batch file.

Using HDS in Interactive Mode

1

Launch HDL Designer.
Windows:

Double-click the HDL Designer icon on your desktop or select Start > All Programs >
HDL Designer Series> HDL Designer.

UNIX or Linux:

IP-XACT Library Creation 13
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Enter the following command in a shell window: $HDS_ROOT/bin/hds.
2. Create anew project.
a. From the Design Manager main menu, choose File > New > Project.
The Creating a New Project wizard opens.
b. Inthe Creating a New Project wizard:
i.  Specify the name of the project to create; for example: ipxact_demo.
ii. If needed, enter a short description of the project.
iii. Specify the directory in which to place the project.

By default, the project directory is created under a directory named HDS in your
working directory (where you launched HDL Designer).

iv. Specify the name of the default working directory.
By default, the working directory is top design directory.

v. Click Next and verify the project information. If necessary, click Back to correct
any errors.

vi. Click Next and select “Open the Project”.
vii. Click Finish.
A Design Explorer Viewpoint of the project is opened in of the Design Manager
workarea.
3. Inthe Main taskbar, click the New/Add Icon ( 51_ ).
The Design Content Creation Wizard opens. |

a. Inthe Design Content Creation Wizard, verify the “Create anew HDL Library ...”
option is selected then click Next.

b. Inthe Add Existing Design dialog box:
i. Select “Point to Specified Files’.

ii. Click Browse and navigate to the top directory of your HDL design. The
directory and its content will be displayed in the Folders and Contents panes.

iii.  Inthe Folders pane, click on the checkbox next to the icon for the top directory
of your HDL design. Thisselects all the design filesin the directory.

iv. Click OK.

v. Verify theinformation displayed in the Add Existing Design - Summary dialog
box, then click Finish.

14 IP-XACT Library Creation
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6.

A message dialog box is displayed indicating the library already exists.
vi. Inthe message dialog box, click OK.

The design information is added to your project. The Design Explorer Viewpoint
displays the design files and units as well as a hierarchical view of the design. Any
missing files areindicated in red.

Click the Tasks/Templates tab on the right sidebar of the Design Manager interface.

Look for the SPIRIT Wrapper Generator task in the list as shown in Figure 1-4. If the
SPIRIT Wrapper Generator task is not visible:

* Right-click in the Tasks pane and choose Supplied Tasks.

* Inthe Default Tasks dialog box, select the SPIRIT Wrapper Generator task then
click OK.

Figure 1-4. HDL Designer Tasks Tab

Tasks 2| »
B My Tasks -

Fgﬁ Frecision Synthesiz
J;SE LeonardoS pectrum

- AN Altera Megaiwizard

Alkera SOPC Builder
B i Platiorm Studio

----- }{} SPIRIT ‘wWrapper Generator
----- ﬂ & ReqTracer

-!sawull.uaj_:s HSH_lI

In the Design Unit list, select the intended top-level block. Thisisthe top-level file for
the IP-XACT library to be created.

In the Tasks pane, right-click the SPIRIT Wrapper Generator task and verify the
Hierarchy Depth is set to From Design Root. If required, reset the hierarchy depth and
skip step 8.

In the Tasks pane, right-click on the SPIRIT Wrapper Generator task and choose Run
Tool.

The project design iswritten out as an IP-XACT v1.2 library in a directory named spirit
under the your project directory.

IP-XACT Library Creation
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9. Click the Sub Browser tab on theright sidebar of the Design Manager interface and view
the conversion resultsin the Downstream pane. To view the XML filefor any IP-XACT
component, double-click the component icon.

Elaborating an v1.2 IP-XACT Library

1. Navigate into your HDS project directory.

By default, the HDS project directory was created under a directory named HDS in your
working directory (where you launched HDL Designer). The directory hasthe following
structure: HDS/projectName/projectName _lib.

2. Copy the spirit directory that contains the IP-XACT library from the HDS project area
to anew working area. Rename the spirit directory using your project name; for
example: ipxact_demo. Thisis now the top-level directory of your IP-XACT library and
will become your Model Express project directory.

3. Toimport thev1.2 IP-XACT directory structure created by HDS into Model Express,
create two control files and place them in the top-level directory of your IP-XACT
library.

a. Navigate into the top-level directory of your IP-XACT library.

b. Open atext editor and copy the following code into atext file. Edit the vendor and
library values. Save the file using the name .mxproject.

<?xm version="1.0" encodi ng="UTF-8"?>

<nmxpr oj ect >
<vendor >myConpany</ vendor >
<library>nyLi brary</library>
<ccfl ags>-Wal | </ ccfl ags>
<pxpat h/ >

</ nxpr oj ect >

The vendor and library values are used as the VLNV defaults for the IP-XACT
documents that are created in Model Express.

c. Open anew text file and copy the following code into the file. Change the <name>
element value from HDSLibraryName to your IP-XACT Library name. In Model
Express, each project name must be unique; as you might have multiple MX
projects, be sure to choose a name that does not conflict with any existing MX
projects. Save the file using the name .project.

<?xm version="1.0" encodi ng="UTF-8""?>

<proj ect Descri pti on>
<nane>HDSI i br ar yNane</ name>
<conment ></ comrment >
<pr oj ect s>
</ pr oj ect s>
<bui | dSpec>

16
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<bui | dCormand>
<nane>
com nent or. s4c. nx. sm _bui | der. per spect aModel Bui | der
</ nanme>
<ar gunent s>
</ ar gunment s>
</ bui | dConmand>
</ bui | dSpec>
<nat ur es>
<nat ur e>com nent or. s4c. nx. smi . SM Nat ur e</ nat ur e>
</ nat ur es>
</ proj ect Descri pti on>

4. Launch Platform Express.
Windows:

Double-click the Platform Expressicon on your desktop or select Start > All Programs
> Platform Express.

UNIX or Linux:
Enter the following command in a shell window:
Pl at f or mExpress-instal |l ati on-dir/ Pl atfornExpress/ px.

5. When you are prompted for a workspace, enter the name of the directory in which to
store your Platform Express project files and click OK.

The Platform Express Welcome Screen opens.
6. Click the Arrow icon (m) in the top-right of the Welcome screen.
The main window for Platform Express opens.

7. Click the Perspectiveicon (%) toward the top-right of the main window. Choose Model
Express.

8. From the main menu bar, choose File > Import.
The Import Wizard opens.

a. IntheImport Wizard, expand the General folder and select Existing Projects into
Workspace. Click Next.

b. Browseto your IP-XACT library location and select your library directory, click
OK.

c. IntheProjectslist, you should see the name of your project (as specified in the
<name> element of the .project file. Select the project and click Finish.

The project isimported into Model Express and displayed in the System Project
Explorer pane. Y ou can expand the directories in the System Project Explorer view to
see the IP-XACT component files generated by HDS. Double-click on any .xml file to
open it and use Model Expressto edit the contents.
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9. Using the“Creating an IP Component Library” tutorial in the Platform Express
Integrators Guide as areference, create the architectural structures (such asinterface
port mappings, address space, and memory map information) required by your design.

a. Inthe Platform Expressinterface, choose Help > Help Contents.
b. Inthe Help window, expand the Platform Express Documentation listing.

c. Expand the Platform Express Integrators Guide listing then expand the “ Creating
Libraries: The Basics® listing.

d. Click onthe“Tutorial: Creating an IP Component Library” topic to open the tutorial.
Thetutorial explains how to:
*  Specify businterfaces
» Specify component signals
* Mapinterface signals
»  Setup address spaces
e Setup a memory map
»  Specify file sets

» Specify views

Converting IP-XACT v1.2 to IP-XACT v1.4

When you have completed your IP-XACT v1.2 library, convert it to an IP-XACT v1.4 library
and add it to Visual Elite as described in the IP-XACT v1.2 to v1.4 Conversion Flow.

Adding Generators

Once you have converted your library to v1.4, you can create generators recognized by the
Mentor Graphics IP-XACT design environment. Generators are small programs that perform
tasks within the IP-XACT design environment; for example, generators might be used to create
HDL netlists, to create configuration files for external tools used in the design process, to create
in-design context checks for components, and many other purposes. To create a generator, see
“Generators’.

Importing into Visual Elite

To assembly your IP-XACT components into Block Diagrams, add your IP-XACT library to
Visual Elite as described in “ Setting Up a Repository” in the Visual Elite User’s Manual.
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Chapter 2
Creating Libraries

This introduction to IP component library creation discusses the structure and creation of
simple, minimally configurable IP components. It consists of the following main sections:

XML and the IP-XACT Specification

e IP-XACT Components

e Creating IP-XACT Libraries: Process Overview
» Adaptive Channels

 Generators

XML and the IP-XACT Specification

The IP-XACT specification is an ongoing project of the Spirit Consortium and Accellera, an
EDA industry standards group that includes Mentor Graphics. It serves as a mechanism for
expressing and exchanging information about electronic design IP and its required
configuration. The main goals of the specification are to foster re-usability across multiple
designs and vendor environments and to provide easy access to |P and the tools that operate on
that I1P. At the core of this mechanism are the IP-XACT XML Schemas, which, at the highest
level, define the following objects:

* metadata — Describes the design history, locality, object association, configuration
options, constraints against, and integration requirements of an IP object.

» design — Describes the component instances in a design, the interconnection between
those instances, and configuration data on the design.

» design configuration— Describes additional configuration information about designs
and generator chains.

e component — Describes cores (processors, co-processors, and so on), Peripherals
(Memories, DMA controllers, and so on) and channels (simple, multi-layer, cross bars,
and so on.)

» generator — Describes executable programs used in the creation or manipulation of a
design or component.

» busDefinition — Describes a bus type and its fundamental attributes (for example, the
maximum number of master and slaves, if the bus type accepts direct connections, and if
the bus type is addressable).
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* buslnterface — Describes an interface on a component that can connect to other
interfaces of the same bus definition.

» abstractionDefinition — Describes atype of bus interface including its ports and any
constraints that apply to its ports.

Within the IP-XACT design environment, |P-XACT-based XML descriptions serve as a
standard, machine-readable “ data-book” for P components, supplying detailed information on
how to use those components.

In addition to the basic IP-XACT Schemas, the IP-XACT engine in the Mentor Graphics | P-
XACT design environment provides Mentor Graphics vendor extensions to the schema
extensions that can be used in |P descriptions as well. However, the use of the IP-XACT
Schemas is encouraged in order to provide for easy reuse and exchange of |P.

Additiona information about the IP-X ACT schemas can be found on the SPIRIT consortium
website:

WWW. Spi ritconsortium org

IP-XACT Components

IP-XACT components are described in XML documents that pull together al the information
necessary to incorporate the components into designs that can be tested and built. The XML
files are expressed in terms of standard tags defined in the IP-XACT Schema.

Figure 2-1 shows a DMA controller functional block. A portion of the XML document that
describes the DMA controller follows the figure. The DMA controller communicates to other
components through AMBA AHB (high-speed) and APB (peripheral) channels, as well as
through an Interrupt signal. It contains three registers through which the CPU controls its
operation.

After the top-level component element, the first four lines of the XML document specify the
vendor (aazzip.com), library (dmaController), name (dmactrl), and version (1.0) of the
component. Thisisthe “VLNV” for the component. In the actual XML file a header precedes
the VLNV, specifying that it is a component description and identifying the schemas that apply.

After the VLNV, the interface descriptions begin. An AHB interface is described first. Notice
that this businterface is named ambaAHB and that information about the logical signals of this
bus type comes from the bus definition busdef.amba.amba2 contained in the amba2 library.
Thisinformation is needed to map logical signals on the channel to physical signalsin the
component interface (which are derived from the HDL description of the component). The
logical signals are defined in busDefinition and abstractionDefinition documents.

Further on (not shown), the XML description specifies the 4GB address space seen from the
DMA controller. It also maps the Interrupt and APB interface signals to their respective bus
interfaces and specifies the address map (for the registers) seen from the APB channel. In
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addition, the XML description specifies “views,” which describe, for example, the verification
tools to be used and the underlying HDL model files. These topics are discussed in more detail
in “1P-XACT Component Reference.”

Figure 2-1. A DMA Controller Component

DMA Controller
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| |
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Registers . :
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<?xm version="1.0" encodi ng="UTF-8"?>
<spirit:conponent

xmns:spirit="http://ww.spiritconsortium org/ XM.Schenma/ SPI RI T/ 1. 4"

xm ns:ip="http://ww. nentor.coni pl at f or m ex/ Namespace/ | P"

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"

Xsi : schemalLocat i on=

"http://wwm. spiritconsortium org/ XM_Scherma/ SPIRI T/ 1. 4

http://ww. spiritconsortium org/ XM.Schema/ SPI RI T/ 1. 4/ conponent . xsd" >

<spirit:vendor>bal |l ance</spirit:vendor>
<spirit:library>dma_project</spirit:library>
<spirit:name>dma</spirit: nane>
<spirit:version>1l.0</spirit:version>
<spirit:buslnterfaces>
<spirit:buslnterface>
<spirit:nane>anbaAHB</ spirit: nane>
<spirit:busType spirit:library="AVBA2"
spirit:name="AHB"
spirit:vendor="AMBA"
spirit:version="r0p0"/>
<spirit:abstractionType spirit:|ibrary="AVBA2"
spirit:nane="AHB rtl|"
spirit:vendor="AMBA"
spirit:version="r0p0"/>
<spirit:master>
<spirit:addressSpaceRef spirit:addressSpaceRef="rmnain"/>
</spirit:mster>
<spirit:connectionRequired>true</spirit:connectionRequired>
<spirit:portMp>
<spirit:portName>
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<spirit:conponent Port Name>CLK</ spirit: conponent Port Name>
<spirit:busPort Nane>HCLK</spirit:busPort Nanme>
</spirit:portNane>

Creating IP-XACT Libraries: Process Overview

The process of creating an |P component is synonymous with creating a component library
structure. The library contains XML descriptions and can include a variety of supporting
information such as component models and verification and build scripts.

The library creation process can be summarized as follows:

1. Decide how widely the component is to be distributed. Isit a one-off component for a
particular design? Will it be distributed company-wide? Will it be sold or shared with
other vendors? Which design, verification, and build environments need to be
supported? Answers to these questions will determine how flexible and configurable the
component needs to be and how much supporting information needs to be supplied.

2. Assemble supporting data and tools:

Component models: source code or compiled binaries, or pathsto libraries that contain
them.

Softwar e: items such as boot code and test routines or appropriate paths to them.

Scripts and generators: whatever is needed in the design flow for processes such as
configuration, compilation, verification, and implementation within designs.

Additional items. The more of your expertisein the way of tools and documentation
that can be transferred to users, the more useful the component will be.

3. Create alibrary structure and component XML file.

4. Place additiona files, as necessary, in the component library directory structure.
Consider the items listed under Step 2 above.

5. Placethelibrary in an appropriate library search path and instantiate the component in a
test-bench design.

6. Build the design and verify that the component works correctly.

Adaptive Channels

Channel components are used to connect active bus interfaces on other components. A typical
channel might have a couple of masters (for example, a CPU and DMA controller) and several
slaves such as memories and memory mapped peripherals. Channel components often perform
address decode so that transactions are routed correctly between masters and slaves.
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Channel components have “mirrored” bus interfaces that are connected to the active bus
interfaces on other components. A channel component can have a“fixed” number of mirrored
bus interfaces, or be “adaptive” where the number of mirrored bus interfaces dynamically
changes based on the number of connection requests.

Adaptive channels are a Mentor Graphics vendor extension. Adaptive channel components
dynamically generate HDL to fit the number of bus interface connections. Adaptive channels
consist of acomponent with bus interfaces designated as “isTemplate=true’, and a decoder
template that specifies how to generate the HDL for the adaptive channel.

Although bus decoder templates are written in XML, they contain embedded pieces of HDL.
The entire definition must be contained within a decoder Template element, which provides a
unique VLNV identifier (the vendor, library, and name elements used in other XML files), and
refers to a bus definition.

Since the decoder template contains HDL, the language must be declared in alanguage
element. Valid choices are “vhdl” and “verilog”. The language element can be used by a
generator to correctly compile the generated decoder. The language element is technically
optional, but strongly recommended.

Within the decoder, code elements contain HDL code that is to be included in the generated
output. The decoder generator is responsible for creating the entity or module skeleton, but the
actual functionality needs to be defined with HDL that you pass to the generator.

Some symbols used by Verilog and VHDL arereserved XML characters. These characters need
to be replaced in the decoder template with the XML equivalents. Use the substitutions shown
in Table 2-1.

Table 2-1. HDL/XML Character Substitution

HDL Text XML required
< &lt;

> &at;

& &amp;

' & pos;

! &quot;

Detailed information on each element is available in the schema specification for the decoder
template, contained in the decoder Template.xsd file in the following path:

pxhome/schema/4.0/decoder Template.xsd

To view agraphical representation of this schema, unzip the file pxhome/docs/schema/px-4.0-
schemadoc.zip and view the file decoder Template.html with an HTML viewer such asaweb
browser.
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For actual adaptive channel component and decoder code examples, see the componentLibrary
directories in the pxLibraries/com.mentor.PlatformExpress.ip. AMBA2 2.0.0 and
pxLibraries/com.mentor.PlatformExpress.ip.utility 2.0.0 libraries that are supplied with your
Mentor Graphics IP-XACT design environment application.

conponent
AHB
2.0
AHB. xm
APB
2.0
AHB. xm
decoder
AHB PriorityArbiter. xn
AHB PriorityArbiter_vlog. xm
APB. xm
APB_vl| og. xn

The following sections describe:

* how to implement an adaptive channel (* Adaptive Channel Implementation”)

* how to generalize a decoder template (“Generalizing a Decoder Template”)

* how to handle buses of different widths (“Handling Buses of Different Widths")
* how to qualify signals (“Qualifying Signals’)

* how to multiplex signals (“Multiplexing Signals”)

» some techniques for handling the constraints in a bus definition (* Recommended
Techniques’)

Adaptive Channel Implementation
To create an adaptive channel:

1. Copy the following adaptive channel component code example to your working
directory and renameit:

pxLibraries/com.mentor .Platfor mExpress.ip.amba.AMBA2_2.0.0/componentLibrary/
component/ AHB/2.0/AHB.xm

2. Copy the adaptive channel decoder template code example for your design language to
your working directory and renameit.

pxLibraries/com.mentor .Platfor mExpress.ip.amba.AMBA2_2.0.0/componentLibrary/
decoder/
AHB_priorityArbiter.xml (VHDL) or AHB_priorityArbiter_viog.xml (Verilog)

3. Inthe renamed copy of the component code example, modify the VLNV to be unique.

<spirit:vendor>vendor nane</spirit:vendor>
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<spirit:library>library_name</spirit:library>
<spi rit:nane>conponent nane</spirit:name>
<spirit:version>conponent _version</spirit:version>

For example:

<spirit:vendor>nentor.conk/spirit:vendor>

<spirit:library>Pl atfornExpress.ip.anba. AVMBA2</spirit:library>
<spirit:name>AHB</spirit: name>
<spirit:version>2.0</spirit:version>

4. Inthe spirit:buslnterfaces section, modify the VLNV s for the spirit:busType and
spirit:abstractionType to reference the busDefinitioin and abstractionDefinition for your
adaptive channel component.

The bus interface that represents the adaptive channel has the attribute
ip:isTemplate="true".

For example:

<spirit:buslinterface ip:isTenplate="true">
<spirit:name>masterMrror</spirit:nane>
<spirit:busType spirit:|library="AVBA2"
spirit:nane="AHB"
spirit:vendor="anba. conf
spirit:version="r2p0_6"/>
<spirit:abstracti onType spirit:Ilibrary="AVBA2"
spirit:nane="AHB rtl|"
spirit:vendor="anba. conf
spirit:version="r2p0_6"/>
<spirit:mrroredMaster/>
</spirit:buslnterface>

<spirit:buslinterface ip:isTenplate="true">
<spirit:nane>slaveMrror</spirit:name>
<spirit:busType spirit:|ibrary="AVBA2"
spirit:name="AHB"
spirit:vendor="anba. conf
spirit:version="r2p0_6"/>
<spirit:abstracti onType spirit:Ilibrary="AVBA2"
spirit:nanme="AHB rtl|"
spirit:vendor="anba. conf
spirit:version="r2p0_6"/>
<spirit:mrroredSl ave/ >
</spirit:buslnterface>

An adaptive channel component usually has a*“mirroredMaster” and “mirroredSlave”
template as shown in the example.

5. Inthe spirit:channels section, map the bus interfaces to the spirit:channel element.

For example:

<spirit:channel >
<spirit:nanme>anbaAHB</spirit: nane>
<spirit:buslnterfaceRef >AHBC kM rror</spirit:buslnterfaceRef>
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<spirit:buslnterfaceRef >AHBRst M rror</spirit:buslnterfaceRef>

<spirit:buslnterfaceRef>masterMrror</spirit:buslnterfaceRef>

<spirit:buslnterfaceRef>slaveMrror</spirit:buslnterfaceRef>
</spirit:channel >

In the AHB example code, there are clock and reset bus interfaces on the channel. In the
component XML file the bus interfaces are designated as ip:isTemplate="false”
indicating they are fixed bus interfaces, not adaptive. An adaptive channel component
can have both fixed and adaptive bus interfaces. All the bus interfaces can be mapped to
the same channel as shown in the example code.

6. Inthe spirit:view section, modify the VLNV for the decoder template.

In the spirit:view element, there are two parameters that specify the templates related to
generation of the HDL for the adaptive channel:

» com.mentor.px.decoder M oduleT emplate — Specifies a path to atemplate for the
shell of the HDL module. The template specifies the name of the module and
contains a placeholder for the body of the module.

» com.mentor.px.decoder BodyTemplate (.verilog and .vhdl) — specifies the
VLNV of the decoder template module dependent on itslanguage. It is not required
to provide both averilog and vhdl decoder template, although the following example
does provide both.

<spirit:paraneters>
<spirit:paraneter>
<spirit:name>
com nent or . px. decoder Mbdul eTenpl at e
</spirit:name>
<spirit:value>
${ PXHOVE} / conponent Li brary/ et c/tenpl ates/ veril og. decoder Modul e. t enpl ate
</spirit:val ue>
</spirit:paraneter>

<spirit:paraneter>
<spirit:nanme>com nent or. px. decoder BodyTenpl at e</ spi rit: nane>
<spirit:value
spirit:id="com nmentor. px.decoder BodyTenpl ate. veril og"
spirit:resol ve="user">
ment or. com Pl at f or mExpr ess. i p. anba. AMBA2: AHB priorityArbiter_vlog:2.0
</spirit:val ue>
</spirit:parameter>
</spirit:paranmeters>

7. Inthe spirit:filesets section, specify the path to the generated HDL file by modifying the
leaf name of the file as appropriate for your channel (AHBchannel.v in the following
example).

<spirit:fileSet>
<spirit:nane>fs-generatedVeril ogSource</spirit:nane>
<spirit:file>
<spirit:name spirit:id="com nmentor.px.hdlfil enane. vl og"
spirit:resol ve="generat ed" >
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${ PXVAR_GENERATED} / veri | ogSour ce/ AHBchannel . v
</spirit:nanme>
<spirit:fileType>veril ogSource</spirit:fileType>
</spirit:file>
</spirit:fileSet>

Generalizing a Decoder Template

Because any number of master or slave devices could be connected to the bus, code elements
can include loop attributes. Instead of creating asingle block of code, aloop set to slave iterates
for each master or slave bus interface connected to the bus, customizing the generated code for
each one, respectively.

The decoder template uses the IPin element (logical pin) to specify the signals used in each bus
interface. When the resolve attribute is set to master, the decoder generator inserts the physical
pin name of the version of the bus signal attached to the bus master. Otherwise, the default
orientation sets the resolve attribute as slave. Y ou should explicitly declare how an Ipin should
be resolved.

The nopin attribute is a method of controlling how the decoder generator works when a
component businterface does not have a physical pin mapped to the signal. If an IPin is marked
asrequired, then a correct design cannot be created without the presence of that pin. In general,
itisbest to mark al IPin elements asrequired unlessit is certain that the generated code will
handle conditions where the pin is not implemented when the master and slave devices are
connected together.

In the following example, if the bus master did not implement the WRITE_EN logical pin, then
the decoder generator (and the whole design build) would be aborted. However, if the slave did
not implement the WRITE_EN pin, only that iteration of the code would not be created and the
code element would still connect up the master WRITE_EN pin to al of the WRITE_EN pins
on the slave devices that supported that pin.

Example 2-1. Code Loop for Decoder

<i p: code ip:loop="slave">
<ip:1Pin ip:name="WRI TE_EN' i p:resol ve="sl ave" i p: nopi n="continue"/>
& t;= <ip:1Pinip:name="WRI TE EN' ip:resol ve="master"
i p: nopi n="requi red"/ >,
</i p: code>

Produces the following code:

Slave_1 WRI TE_EN <= Master_1 WRI TE_EN;
Slave 2 WRI TE EN <= Master_1 WRI TE_EN,
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Handling Buses of Different Widths

The IPin element has afill attribute to specify afill value (usually 0) to resolve buses of
different sizes. This attribute should be used on an [Pin on the right-hand side of an assignment
expression.

Qualifying Signals

Control signals sometimes need to be qualified by other signals, such as clocksin asynchronous
bus, or addresses. Y ou can add other signals to create more complex structures. The
decodeAddressExpression element returns a complex expression checking that the value on
the address bus is within the range of addresses supported by each slave device. (The bus
decoder knows which logical signal is the address bus because this signal is tagged with the
iISAddress element in the bus definition file.)

Example 2-2. Qualified Signals in Decoder

<i p: code ip: | oop="sl ave">
process (<ip:IPin ip:nane="CLOCK" ip:resolve="naster"
i p: nopin="required"/>)
begin

if (<ip:IPinip:name="RESET" ip:resolve="naster"
i p: nopi n="required"/> = &apos; 0&apos;

t hen
<ip:1Pin ip:name="WRI TE_EN' i p:resol ve="sl ave”
i p: nopi n="conti nue"/ >
&l t; = &apos; 0&apos;

el se

if (<ip:IPinip:name="CLOCK" ip:resolve="master"
i p:nopin="required"/> & t;= &apos; 1&apos;
and <ip: decodeAddr essExpressi on/ >)

t hen
<ip:lPinip:name="WRI TE_EN' i p: resol ve="sl ave"
i p: nopi n="conti nue"/>
&l t; = &apos; 1&apos;

el se
<ip:1Pin ip:name="WRI TE_EN' i p:resol ve="sl ave”
i p: nopi n="conti nue"/ >
&l t; = &apos; 0&apos;

end if;

end if;
end process;
</ip: code>

Produces:

process (CLOCK naster_1)
begin
if (RESET naster_ 1 ='0') then
WRI TE_EN slave_1 <="'0
el se
if (CLOCK master_1 ="1' AND
ADDRESS master _1 >= 16#fff00000# AND ADDRESS naster_1
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< 16#f ff 00010#) then
WRI TE_EN sl ave_1 <= '1";
el se
WRI TE_EN sl ave_1 <= '0'
end if;
end if;
end process;

process (CLOCK naster 1)
begin
if (RESET_nmaster_1 ='0') then
WRI TE EN slave 2 <='0
el se
if (CLOCK naster 1 ='"1' AND
ADDRESS naster 2 >= 16#fff00100# AND ADDRESS naster 2
< 16#fff001ff#) then
WRI TE_EN slave_2 <= '1";
el se
WRI TE_EN sl ave_2 <= '0'
end if;
end if;
end process;

Multiplexing Signals

One common requirement is to merge together signals from different slavesinto one signal that
is connected to the master (perhaps using a multiplexer to channel the correct signal back). The
next three subsections cover ways of writing a general code loop to merge signals when you
cannot guarantee that all contributing components will have a certain signal. It is always
important to consider statements where some instances implement a pin but others do not.

Method: Using a Default “others” for Non-Existent Signals

One way of merging signalsisto create an intermediate signal. This signal must be declared
before it can be used, so the declaring code element looks like <code decl="true’>. If the signa
requires any libraries or packages to be made visible, the declarations are contained in a header
element.

Example 2-3. Merging Signals with an Intermediate Signal

<i p: header >

library ieee;

use ieee.std logic 1164.all;
</i p: header >

<i p: code i p:decl ="true">
i p:signal ip:select : std_logic_vector (<ip:nSlaves/>1 downto 0);
</i p: code>

CoOo~NOUO~WNE

10 <ip: code>

11 <ip:code ip:|oop="slave">

12 ip:select(<ip:currentSlavel ndex>-1) & t;= &pos; 1&pos when
13 <i p: decodeAddr essExpr essi on/ >
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14 el se &apos; 0&apos;

15

16 <ip:l1Pin ip:name="RDATA" ip:resolve="nmaster" ip:nopin="required"/>
&t;=

17 <ip:code | oop="sl ave" ip:separator=" else ">

18 <ip:1Pin ip:name="RDATA" ip:resol ve="sl ave"

i p: nopi n="conti nue"/> when ip: sel ect

19 (<ip:currentSlavel ndex/ >-1) =&apos; 1&apos;

20 </i p: code>

21 el se (others =;&gt; &apos; 0&apos);

22 </i p: code>

23 </i p: code>

This code produces:

architecture Pl atfornExpress of design is
signal select : std logic_vector (3-1 downto 0);
begin

select(1-1) <= '"1'" when ADDRESS master_1 >=
16#f f f 00000# AND ADDRESS nmster_1 < 16#fff00010#;
select(2-1) <= '"1'" when ADDRESS master_1 >=
16#f f f 00000# AND ADDRESS master_1 < 16#fff00010#;
select(3-1) <= '1" when ADDRESS master 1 >=
16#f f e00000# AND ADDRESS nmster 1 < 16#ffe00010#,;

RDATA nmaster_1 <= RDATA sl ave_1 when select(1-1) ="'1
el se

RDATA sl ave_2 when select(2-1) ="'1

el se

(others =>"'0");
end Pl atf or nExpr ess;

This styleis very useful because some slaves (such as slave 3 in Example 2-3) may not
implement an RDATA bus, so the“*RDATA_slave x when select(x-1) ="1" will be omitted for
those slaves. However, the default “others’ clause will ensure that awell-controlled valueis
placed on the RDATA_master_1 bus signal when that slave is being accessed.

Method: Using a Default for Non-Existent Signals

There are dternate waysto achieve awell-controlled value. Oneisto specify adefault value for
asignal if it does not exist. Lines 18 and 19 of the preceding example, which are

<i p: I Pin ip:nane="RDATA" i p:resol ve="slave" ip:nopin="continue"/>
when sel ect (<i p: current Sl avel ndex/ >- 1) =&apos; 1&apos;

could be rewritten as:
<i p: I Pin ip: nane="RDATA" i p:resol ve="sl ave" i p: nopi n="defaul t"
i p: defaul t="01010101" />
when sel ect (<ip:currentSlavel ndex/>-1)=&apos; 1&apos;

which produces:

RDATA master_ 1 <= RDATA slave_ 1 when select(1-1) ="'1
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el se RDATA sl ave_2 when sel ect(2-1) 1l

el se "01010101" when select(3-1) ="'1
else (others =>'0"');

Method: Using alternateCode for Non-Existent Signals

Another method to achieve awell-controlled value is to specify an alter nateCode element
which substitutes alternative code if the signal did not exist for that slave. Lines 16 - 22 in the
example in Example 2-3 could be rewritten as:

<i p:code ip:decl="true">
const ant RDATA DEFAULT : std_l ogic_vector (7 downto 0)

:= "11110000";
</i p: code>
<i p: code>

<ip:1Pin ip:nane="RDATA" ip:resolve="master" ip:nopin="alternate" />
when sel ect (<ip:currentSlavel ndex/>-1)=&apos; 1&apos;

<i p: al t er nat eCode>

<i p: code>

RDATA DEFAULT

when sel ect (<ip:currentSlavel ndex/>-1)=&apos; 1&apos;

</ip: code>

</i p: al t er nat eCode>

<i p: code>

which produces:

RDATA master_1 <= RDATA slave_1 when select(1-1) ="'1" else
RDATA sl ave_2 when select(2-1) ='1" else
RDATA DEFAULT when select(3-1) = '1'" else

(others =>"'0")

Recommended Techniques

Because decoders and bus definitions are interrelated, it can make your work easier if you are
aware of the bus and signal constraints specified in the bus definition.

Use maxMasters and maxSlaves

Many buses have restrictions on the maximum number of masters or slaves that can connect.
Specifying this number in the bus definition file can simplify the code structuresin the decoder
template. For example, if the bus definition explicitly limits the bus to a single master, the bus
decoder does not need to include loops to handle multiple masters. If the bus definition does not
include <maxM aster s>1</maxM aster s>, then the bus decoder must handle the additional
masters it could occasionally encounter.

Specify Required Pins

For particular bus standards, there can be a core set of signals without which a master or slave
could not possibly function. When these signals are referenced in an IPin element, the nopin
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attribute should be set to “required”. If any components are used where required signals are not
present, the decoder generator terminates with an error, which is preferable to generating
potentially incorrect businfrastructure. For many bus standards, the clock, reset and key control
signalsare “required”.

Make Code Sections Specific

Decoder templates contain many code sections, each identified with specific Ipin conditions.
Generally, it is better to have many different code elements, each dealing with one aspect of the
bus infrastructure, rather than generalizing loosely related signal expressions together into one
code element. Despite appearances, the separate code elements are more flexible and more
easily maintained.

For instance, on a bus where control and data signals might be implemented, having asingle
code section handle both control and data signal's prevents the decoder working with
components that implement only control or only data signals. Conversely, putting the control
and data signal expressions into different code sections enables the structures to be created
independently.

Test Both Busdefs and Decoders

The specification is not enough for coding buses. A surprising number of bus definitionsrequire
modification to work; sometimes specificationsimply signals, rather than explicitly mentioning
them. For this reason, do not spend much time creating complex component descriptions that
match bus definitions that might change. It is better to create two very simple component
examples that implement afull master and slave bus interface, and use these for the initial
busdef and decoder development. This enables basic structures to be solidified.

The first step isto create the busdef file, specifying all the signals that are part of the bus
specification, and adding any special signal attributes to help identify specific signal functions
(address, data clock and reset signals, for instance).

Next, develop a decoder template in small steps—code element by code element. As each
element is created, create small designs with varying numbers of masters and slaves to check
that the generated code handles the design mix correctly.

For anything other than the simplest buses, it is difficult to predict the generated bus
infrastructure for a specific design. If you have access to existing hand-crafted designs for the
bus structures that are being encoded in the decoder template, run afew test designs and
compare the output with the manually written code. This gives a meansto evaluate the accuracy
of the decoder. (The generated decoder output is in the design/verificationEnv/simulator/hdl
directory.)
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Use the Language Effectively

If your requirements allow you to implement the bus decoder in just Verilog or just VHDL,
chose the language that meets your bus infrastructure requirements more easily. It is aways
possible to code around language limitations, but you might find choosing the appropriate
language can ssimplify the decoder creation task. Some key differences are as follows:

» For buses with bidirectional signals, Verilog has more flexible support.

*  For multi-master, multi-slave buses, the multidimensional array handling of VHDL
creates shorter, easier-to-read code.

» For busesthat include signals of uncertain width, VHDL signal attributes enablesyou to
write more robust code.

Generators

Generators are small programsthat perform taskswithin the IP-XACT design environment. The
design environment includes many built-in generators that, for example, access design
information, configure components and create build scripts. Y ou can extend this functionality
by creating your own generators. Generators might be used to create HDL netlists, to create
configuration files for external tools used in the design process, to create in-design context
checks for components, and many other purposes. Generally speaking, each generator should be
modular, and written to do one well-defined task.

The IP-XACT design environment manages generators by means of generator chains, which
collect the generators and run them in a defined sequence to perform a set of related design
tasks. Generator chains are XML files usually located in the componentLibrary/generator
directory of alibrary; they can reference a single or many generators. The IP-XACT design
environment enables you to add generator chainsto its PXGEN_HDL_BUILD chain, which
runs when a user selects the Simulate menu item.

Generator chains are top-level IP-XACT objects that are defined by a schema. Like al other 1P-
XACT objects, generator chains must have aunique VLNV identifier. To run agenerator chain,
you must call the vel-run-px-gener ator -chain function and supply the unit name and VLVN
(for more information, see the function in the Visual Elite Extension Language manual).

To implement a generator, you need to:

1. Write the generator.

2. Consider when it should run, either by itself or along with other generators. Either
incorporate it into an existing generator chain or create a new generator chain and run
your generator from that one.

3. Consider whether to attach it to an IP-XACT object. Generators can be attached to an
object like a component or can run independent of any object.
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The following sections describe:

how to implement Java-based generators (“ Java-Based Generators”)
how to implement System Command generators (“ Executing System Commands”)

how to include a generator in agenerator chain (“Including the Generator in a Generator
Chain”

how to add a generator to an IP-XACT component (“Adding a Generator to a
Component™)

Java-Based Generators

Java-based generators must implement the PxGenerator interface in the IP-XACT design
environment and its generate method. Example 2-4 shows a skeleton Java-based generator
called SampleGenerator.

Example 2-4. Example Java-Based Generator Skeleton

package com nent or. px. sanpl eLi b;

[* inmport Platform Express packages as needed */
i mport com nentor. Pl at f or mExpr ess. gener at or. PxGener at or;
/[* and so on. . .*/

public class Sanpl eGenerator inplenments PxGenerator ({

}

public void generate(PxDesi gn pxDesign, PxDesignCbject pxDesign(ject,
PxPar anmet er Li st pxParaneterList) throws PxGenerator Exception
{

/* Your code goes here. */

}

Because generators implement PxGenerator, they can access the design database and built-in
methods for information retrieval from components. For details on methods provided in your
IP-XACT design environment, see the Platform Express APl documentation. Y ou can access
the documentation from the Visual Elite InfoHub or at docs/other _htmldocs/api/index.html. The
documentation describes the classes and interfacesin the API. The following list introduces
some of the most useful interfaces:

com.mentor .Platfor mExpr ess.design.PxDesign

The PxDesign interface represents the user’ s design, including project settings.
com.mentor .Platfor mExpr ess.design.PxComponent

Represents a normal component in adesign, either amaster or aslave.

com.mentor .Platfor mExpress.util.Platfor mDependent
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The PlatformDependent class contains methods for creating and invoking platform-
appropriate shell scripts and system calls.

» com.mentor.Platfor mExpr ess.pr oj ect.PxPr oj ectDir ectory

The PxProjectDirectory interface contains methods for determining the full path to
various directories used by the IP-XACT design environment, such as the hardware
directory, <design>/verificationEnv/<env>/hdl.

» com.mentor.PlatformExpress.gener ator .PxGener ator Exception
The PxGeneratorException class provides exception methods for generators.

When you compile your java code, you must include pxhome/px.jar in the classpath. Once you
are sure your Java code works, package the class file in a componentLibrary/class directory or,
if it isused by only a single component, in the component directory in a subdirectory named
class. The classfile is <JavaClassName>.class. The directory structure for ajava classisthe
package name. For example, if the package statement is com.mentor.px.sampleL.ib, the directory
structure under the class directory is convmentor/px/sampleLib.

If you need to override the default build generators, your generator must be in the same
component or library directory as the object which referencesit. To see how the APl isused in
working code, look at the Java routines included in the Mentor Graphics libraries.

Executing System Commands

System command generators are not common because it is hard to make them work across all
platforms. System command generators cannot access user environment variables, but can use
the IP-XACT design environment variables. If you need to access environment variables, asis
done with the checkEnvironment generator, write a generator that calls a separate shell script.

System command generators can be placed directly in agenerator chain (as shownin

Figure 2-2), or directly in acomponent. System commands cannot be part of a bus decoder
generator. Here is an example of a generator that creates a temporary directory, then invokes a
tool fromit. This excerpt could be located in agenerator chain, or in the generators section of an
object.

Example 2-5. System command generator

<spirit:generator>
<spirit:name>syst enCener at or Exanpl e</ spirit: nane>
<spirit:api Type>none</spirit:api Type>
<spirit:generator Exe>gmake</spirit:generator Exe>
<spirit:vendor Ext ensi ons>
<i p: syst enCommrand
xm ns:ip="http://ww. nmentor.coni pl at f orm ex/ Namespace/ | P">
<i p: command>nkdi r tnp</ip: command>
<i p: phase>730</i p: phase>
</i p: syst enCommand>
<i p: syst enComrand
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xm ns:ip="http://ww. nentor.coni pl atf orm ex/ Namespace/ | P">
<i p: command>gnkae</i p: conmand>
<i p: wor ki ngDi r ect or y>gnkae</i p: wor ki ngDi r ect ory>
<i p: phase>730</i p: phase>
</i p: syst enCommand>
</spirit:vendor Ext ensi ons>
</spirit:generator>

An alternative to executing system commandsisto create ANT command files and use the
antBuild generator to invoke the command files. ANT is aprogram from Apache
(http://ant.apache.org) that is similar to “make”. It iswritten in Java and uses XML data files
usually called build.xml files.

ANT implements many features that enable system commands to be specified and executed
independently of the underlying computer architecture or operating system (OS). For
commands that are OS or computer architecture specific, ANT has facilitiesto conditionally
execute commands appropriate for the current OS. These features maximize the portability of
generators across different workstation types.

Many IP-XACT design environment generators create ANT command files and then use a
second generator to execute the created command files.

Including the Generator in a Generator Chain

After writing a generator program, you need to attach it to agenerator chain. This can be done
by explicitly including a generator in a generator chain or by adding the generator to a
component or bus and setting the chainGroup element to match the group selector of the
generator chain.

In the generator chain XML file, edit the generator element. Example 2-6 shows an example
for each type of generator. The name element isfor integrator convenience and not used by any
IP-XACT design environment mechanisms. Each generator element can contain at most one
name element.

Example 2-6. Example: Generator Chain generator Element

<spirit:generatorChain
xmns:spirit="http://ww.spiritconsortium org/ XM_.Schena/ SPI RI T/ 1. 4"
xm ns: xsi ="http://wwm. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocat i on=
"http://ww. spiritconsortium org/ XM.Schema/ SPIRI T/ 1. 4
http://ww. spiritconsortium org/ XM.Schema/ SPI RI T/ 1. 4/ gener at or . xsd" >

<spirit:vendor>Mentor</spirit:vendor>
<spirit:library>buildChain</spirit:library>
<spirit:name>buil dHdl </ spirit: name>
<spirit:version>0</spirit:version>
<spirit:conponent Gener at or Sel ect or >
<spirit:groupSel ector>
<spirit:name>PXGEN HDL_ BUI LD</spirit: nanme>
</spirit:groupSel ector>
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</ spirit:conponent Gener at or Sel ect or >
<spirit:generator>
<spirit: name>com nent or. px. gener at or. Gener at eHdl Code</ spirit: name>
<spirit:phase>730</spirit:phase>
<spirit:api Type>none</spirit:api Type>
<spirit:generator Exe>com nent or. px. gener at or. Gener at eHdl Code
</spirit:generatorExe>
<spirit:vendor Ext ensi ons>
<i p:javad ass
xm ns:ip="http://ww. nentor.coni pl at form ex/ Nanmespace/ | P">
<i p: cl assNanme>
com nent or . px. gener at or . Gener at eHdl Code
</i p: cl assNane>
<i p: phase>730</i p: phase>
</ip:javad ass>
</ spirit:vendor Ext ensi ons>
</spirit:generator>

Generator Chains and Generator Run Order

Generator chains specify the order in which generators are run in terms of phases. Within a
phase, generators are ordered by where they appear in the XML file. (See Example 2-6 and
Figure 2-2.) Phase O runsfirst, then phase 1, and so on. If a phase is not specified, the generator
runs after all the generators with specified phases. Phase numbers can jump (for example, 0, 5,
5.1, 6, 10) and do not need to be integers. Within a phase, generators run in the order listed in
the generator chain. Because generator chains can call other generator chains, this might not be

the order you expect. If you require one generator to run before another, put them in different
ordered phases.

Figure 2-2. Generator Run Order

Generator Chain: Phase 0 All phase 0 generators from:
Direct references
_GVGUF'S can be Referenced generator chains
in any order: Components in the design

Buses in the design

Phase n All phase n generators from:

Direct references
Same group ___ Referenced generator chains
order as phase 0 Components in the design
Buses in the design

“No phase” Any other referenced generators:

Same grouping as above
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Asindicated in Figure 2-2, generator chains can call other generator chains either explicitly or
using group selectors. The generator chain also includes group selectors for component
generators and bus generators. The group selector value does not explicitly affect run order.

Adding a Generator to a Component

To add a generator you edit the component XML file manually, using atool such as XML Spy
or atext editor.

1. Open the component XML filein an editor.

2. Locate the componentGenerators element if it exists. If it does not, add the
componentGener ator s element immediately after model element, as shown in
Example 2-7.

Note
D Do not add a second componentGener ator s section or the component will not validate.

3. Add componentGenerator elements similar in form to the one in Example 2-7, which
supplies a generator to the Build generator chain:

Example 2-7. componentGenerators Element
<spirit:nodel >
<spirit:conponent Gener at or s>

<spirit:conponent Generator spirit:scope="instance">
<spirit:nanme>CheckFor Menory</spirit:name>
<spirit:generat or Exe>CheckFor Menory</spirit:generat or Exe>
<spirit:vendor Ext ensi ons>
<i p:javaC ass>
<i p: cl assNanme>
com nent or. Pl at f or mExpr ess. i p. arm processors. CheckFor Menory
</'i p: cl assNane>
<i p: phase>0</i p: phase>
</ip:javad ass>
<i p: group>bui | d</i p: gr oup>
</spirit:vendor Ext ensi ons>
<i p: gr oup>PXGEN_COMMON | NI T</i p: gr oup>

</ spirit:conponent Gener at or s>

élépirit:nndel>
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Table 3-1 lists the main sections of an IP-XACT component model. Each listed section has an
“Additiona Information” link to more detailed information. Also, seethe IP-XACT User Guide

vl4.
Table 3-1. IP-XACT Component Model

Section Description Additional Information

Basic Component Vendor, library, name, and | See“Basic Component Information

Information version number (VLNV) (VLNV)”

Interfaces Interfaces (bus, interrupt, Together, these sections define the
etc.) supported by the interfaces on the component.
component

Interface/Signal M appings between physical See” Interfaces ”and Interface and

; . : . Signal Mapping” for additional

Mapping signals and logical signals information
of bustype. '

Channels Channel connections See “Channels’
between mirrored interfaces
of the component

Address Spaces For bus master, address See “ Address Spaces”
spaces accessed by
component

Memory Maps For bus slave, memory See “Memory Maps’
maps within component

File Sets File sets associated with See “File Sets”
component

Ports Ports on the physical model | Together, these elements make up
of the component the component’s “Models” section.

See “Ports’ “Parameters’ and

Parameters Parameters that may be “Views’ for additional information.
specified for the component
hardware model.

Views Languages, model names,
verification environments,
fileset references

CPUs CPUs in component See“CPUY’
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Basic Component Information (VLNV)

IP-XACT objects such as components and bus definitions requirea VLNV (Vendor, Library,
Name, Version) identifier that is defined in the header of each XML file. Hereis an example:

<spi rit:vendor>nentor.conk/spirit:vendor>

<spirit:library>Pl atfornExpress.ip. ARM processors</spirit:library>
<spirit:name>a926</spirit:name>
<spirit:version>1.0</spirit:version>

The VLNV isused in an IP-XACT design environment as a unique identifier. Only the first 1P-
XACT object with agiven VLNV isused. How and when to change the VLNV for an object is
entirely up to you as the devel oper or user.

» vendor — The domain name of the organization responsible for the object (for example,
spiritconsortium.org). Thisis not necessarily the owner or creator of the object.

» version — An alphanumeric string that contains a set of substrings with non-
alphanumeric delimiters between them such as 2.1 _laz.

Although only one object with agiven VLNV should be present, multiple different versions of
the same object can be present in the design.

The VLNV of the IP-XACT information is not the same as the physical version of the file that
contains the information; therefore, you can still use aversion control system for tracking the
development of the design and I P packages. In fact, the use of asingle, consistent version
numbering system is highly recommended.

Interfaces

Each IP-XACT component normally has one or more interfaces identified in the component
XML file. Interfaces are groups of signals that belong to an identified bus type (in other words,
areference to abusDefinition or abstractionDefinition.).

Bus Types, Bus Definitions, and Abstraction Definitions

Bus types are defined by a bus definition and one or more abstraction definitions. The bus
definition document contains general information about the bus and its nature. The abstraction
definitions provide more specific details about the bus type ports.

Bus Definition

A busdefinitionisan IP-XACT file that defines abustype; it contains general information, but
no implementation-specific, information about the bus. A minimum bus definition must
include:

e theVLNV identifier
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* anisAddress element with a boolean value that states if the bus is addressable.

* adirectConnection element that declares whether or not a direct connection can be
made between master and slave interfaces.

A directConnection enables point-to-point master-to-slave connections to be made
without an intermediate channel component for buses with “symmetrical” interfaces
(where the signals on the master interface almost exactly match and complement the
signals on the slave interface).

Bus definitions can optionally declare arelationship to a parent bus through an extends
element, and can constrain the maximum number of master and slave connections.

Abstraction Definitions

A single bus definition can be modeled at different levels of abstraction such as transactional
and RTL models. Abstraction definitions describe the ports for a specific abstraction level of a
bus. Ports can be described as either transactional or wire (RTL) ports.

A minimum abstraction definition must include:

e aunique VLNV
* aVLNV referenceto abustype
» aset of transaction or wire port definitions

Each port element, whether wire or transactional, must have aunique logicalName. Thelogical
nameis used to map the physical portsin an IP-XACT component document to the logical ports
in the port map of a bus interface.

Bus Families

Many bus specifications incorporate afamily of related buses. Often, components conforming
to the different interface standards within the family can be interconnected; for example,
AMBA Liteand AMBA AHB 2.0 share enough common signals that interconnecting
component interfaces of these two different bus types is possible. Both bus definitions and
abstraction definitions incorporate this grouping using the extends element. If Bus A extends
Bus B, then components specifying the Bus B interface can also connect to Bus A.

To have Bus A extend Bus B, do the following:

1. Create abus definition for Bus B.
2. Create abusdefinition for Bus A.

3. Add the extends element with syntax similar to the following line:

<spirit:extends spirit:vendor="amnba. cont
spirit:library="busdef.anba. anba3"
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spirit:nane="ahblite"
spirit:version="r1lp0"/>

4. Add areas where the two differ. Any section that you do not specify isinherited from
BusB.

Bus Interfaces

Interfaces are declared in the busl nter faces element of the component, which contains alist of
one or more busl nterface elements; for example:

<spirit:buslnterface>

<spirit:name>anbaAHBDat a</ spi rit: nane>

<spirit:busType spirit:library="AVBA2"
spirit:nane="AHB"
spirit:vendor ="anba. cont
spirit:version="r2p0_6"/>

<spirit:abstracti onType spirit:|library="AVBA2"
spirit:name="AHB rtl"
spirit:vendor="anba. conf
spirit:version="r2p0_6"/>

In the example, the busl nter faces element begins the list of bus interfaces. The description of
the “ambaAHBData’ bus follows under the busl nterface element.

A bus interface can be one of the following:

* Master — The bus interface that initiates a transaction (like aread or write) on a bus;
for example, processors and DMA controllers implement master bus interfaces. A
Master interface usually has an associated Address Space.

» Slave— The bus interface that terminates or consumes a transaction initiated by a
master interface. Typically, memories, UARTs and other peripherals implement slave
bus interfaces. A slave interface often has an associated Memory Map.

» System — Neither amaster nor adave interface, a system interface enables specialized
(or non-standard) connections to a bus; for example, a System interface can be used to
interface external arbitersto a bus. System interfaces help to handle situations not
covered by the bus specification, or deviations from the standard.

In general, if the functionality of asignal is documented in the bus documentation, then
it should be included in the master and slave interfaces; only those signals that do not
have documented functionality should be included in a system interface.

* Mirrored Master, Mirrored Slave, and Mirrored System — These interfaces have
the same (or similar) signals astheir related direct bus interfaces, but the signal
directions are reversed. A signal that is an input on adirect bus interface would be an
output in the matching mirror interface. Channel components use mirrored interfaces to
connect to corresponding non-mirrored interfaces on components.
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A mirrored businterface (like its non-mirrored counterpart) supports master, slave and
system roles, and is always associated with a particular bus definition.

The busl nter face element maps the list of ports of each interface. Thelist is contained in the
portMap element. Each logical bus signal represented by the IP-XACT element logical Port
(HCLK in the following example) must be mapped to a physical pin signal represented by the
IP-XACT element physicalPort (CLK in the following example).

<spirit:portMp>
<spirit:logical Port>
<spirit:name>HCLK</spirit:nane>
</spirit:!logical Port>
<spirit:physical Port >
<spirit:name>CLK</spirit: nane>
</spirit:physical Port>
</spirit:portMp>

Master interfaces for addressable bus types have associated address spaces. Here is an example
of areference to an address space named Memory:

<spirit:master>
<spirit:addressSpaceRef spirit:addressSpaceRef="Menory"/>
</spirit:mster>

See “ Address Spaces’ for additional information.

For a slave component, the busl nter face section can contain a reference to the memoryM ap
element defined in the component, as shown in the following example:

<spirit:slave>
<spirit:menoryMapRef spirit: nenoryMapRef =" APBregi sters"/>
</spirit:slave>

See “Memory Maps’ for additional information.

Endiannessis defined using the endianess attribute under the busl nter face element of the
component. Two legal values exist:

» Bigendian — the most significant byte of any multibyte datafield is stored at the
lowest memory address, which is also the address of the larger field.

» Littleendian — the least significant byte of any multibyte datafield is stored at the
lowest memory address, which is also the address of the larger field.

For complete XML examples, see any of the componentsin the pxlibraries directory of your I P-
XACT design environment.

Interface and Signal Mapping

A busl nterface element of a component (contained within the busl nter faces element) defines
the ports of aparticular interface. The portslist is contained in aportM ap element. Each logical
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bus port represented by the element logicalPort (HCLK in the following example) must be
mapped to aphysical pin signal represented by the element physicalPort (CLK in thefollowing
example).

<spirit:portMap>
<spirit:logical Port>
<spirit:nanme>HCLK</spirit:nane>
</spirit:logical Port>
<spirit:physical Port>
<spirit:name>CLK</spirit:name>
</spirit:physical Port>
</spirit:portMp>

Hereisalonger example that shows a portion of the XML description of a Timer slave
component with an AMBA APB interface.

<spirit:buslnterface>
<spirit:nane>anbaAPB</spirit:nane>
<spirit:busType spirit:vendor="anba. cont
spirit:library="AVBA3"
spirit:name="APB"
spirit:version="r1p0_4"/>
<spirit:abstractionType spirit:vendor="anba. conf
spirit:library="AVBA3"
spirit:nanme="APB rtl|"
spirit:version="r1lp0_4"/>
<spirit:connectionRequired>true</spirit:connectionRequired>
<spirit:portMaps>
<spirit:portMap>
<spirit:logical Port>
<spirit:name>PCLK</spirit:nane>
</spirit:logical Port>
<spirit:physical Port>
<spirit:name>cl k</spirit:nane>
</spirit:physical Port>
</spirit:portMap>
<spirit:portMap>
<spirit:logical Port>
<spirit:name>PRESETn</spirit: nane>
</spirit:logical Port>
<spirit:physical Port >
<spirit:name>rst</spirit:name>
</spirit:physical Port>
</spirit:portMp>

Channels

Channels are components that encapsulate all the required logic and signals to implement a bus
that connects together components such as CPUs, memories, and peripherals. Master or ave
bus interfaces on components connect to corresponding “mirrored” master or slave bus
interfaces of a particular bustype on achannel. A channel can implement well-defined SoC bus
protocols such as AMBA AHB, CoreConnect, and OCP; it can also implement less well
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formalized but common protocols such as interrupts and serial connections. Channels can be
fixed, with aset number of interfaces, or adaptive, in which the implementation is automatically
adjusted to the number of interfaces required in agiven design. Figure 3-1 shows a channel
component and the bus interfaces required to connect bus master and bus slave components.

Figure 3-1. A Channel and Its Bus Interfaces

Bus Interface Declaration
Bus Master Bus Slave maps the physical signals

Component Component of component to logical
signals of bus type

Slave Interface

Master Interface

Decoder for adaptive
channel can expand
implementation to
required no. of intefaces

|

Mirrored Master Interface Mirrored Slave Inteface

Bus Definition defines
the logical signals of bus type

| |
| |
Channel Component | '
| |
| |

Asshown in Figure 3-1 a channel implementation requires the following:

* A busdefinition that describes the logical ports contained in a bus type and specifies a
unique name for that bus type. More information is provided in “Bus Types, Bus
Definitions, and Abstraction Definitions”.

» Businterface declarations within components that map the physical ports on the
components (including the channel component) to the logical ports of the channel bus
type (as defined in the bus definition).

» For adaptive channels, a bus decoder template that generates a physical model for the
channel component based on the required number of component interfaces. More
information is provided in “ Adaptive Channels and Bus Decoders”.

Adaptive Channels and Bus Decoders

An adaptive channel requires a bus decoder template, usually referred to as a“ decoder,” that
specifies how the HDL codeisto be created for each instance of the channel. The decoder isan
algorithm for generating bus infrastructure that must connect a wide range of master and slave
interfaces. A built-in generator reads the decoder template and information from the current
IP-XACT design to create the Verilog or VHDL that connects al of the component interfaces
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connecting to that bus. When creating a decoder template, you must consider al variations that
will occur in each interface, and the appropriate strategy for handling those variations. Typical
strategies might include filling in logic and signals missing from an interface, or deciding that
essential information required to create the HDL is missing and signaling an error.

Bus decoders can provide the additional logic that enables peripherals to function properly on a
specific bus; for example, many components have a select signal that has to be asserted
whenever the value of the address bus is within a certain range. The decoder can provide the
logic required to derive the signal in the bus interface.

Because |P modules that are said to meet a bus standard frequently implement only part of the
specification, the standard is only a starting point for a decoder. It is normal to find that some
signals specified in the standard are omitted or only partially implemented by components. Be
sure to create decoders that specify what to do when an expected signal is missing.

Within the bus decoder template, al definitions are made in terms of master, slave, and system
connections between the logical signals (as defined in a bus definition). When the bus decoder
generator isrun, it creates aVerilog or VHDL source file in which the physical names of the
component pins are substituted in the text for the signal description. Y ou place bus decoder
template files in the componentLibrary/decoder subdirectory of alibrary. Each bus decoder
must have aunique VLNV.

Channel Interfaces

All internal connections between mirrored master, mirrored slave, and mirrored system
interfaces of a component can be encapsulated within a structure called a channel. A channel
enables transactions initiated by a master interface to be completed by adlave interface. A
channel can represent asimple wiring interconnect or amore complex structure such asabus. A
memory map can be used between the connections; for example, a generator can be called to
automatically compute all the address maps for the complete design.

The following rules apply to channels. It isimportant to use channel concepts in the correct
place (and not to use channel concepts in inappropriate places):

* A channel can only have one address space. After being normalized for things like word
size and data-bus width, for all masters connected to the channel the address of any slave
connected to a channel is always the same. This guarantees the slave addresses (as seen
by each master) are consistent for the system.

* A channel can only relate to mirrored interfaces. Because some busses have asymmetric
interfaces (for example, the AHB bus), to cover all types of busses, channel interfaces
are always Mirrored interfaces. Therefore, a channel can only connect to adirect
interface (it cannot connect directly to another channel). However, not all mirror
interfaces of a channel have to be connected.

¢ A channel cannot be hierarchical.
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» A channel supports Memory mapping and re-mapping.

Theinternal connection of achannel are described in IP-XACT by thelist of mirrored interfaces
defined inside the channel element of a component. Suppose, for example, there are 3 master
components connected to a bus and 3 slave components connected to the same bus. To create a
path from all mirrored master interfaces to all mirrored slave interfaces (MM; to M§ with |,; =
1..3), create a single channel including all the interfaces. The following is an example of the
XML code describing the component channel internal connections. Notice that the mirrored-
master to mirrored-slave internal connections are implicit; only the interfaces are listed.

<spirit:conponent

<spirit:channel s>
<spirit:channel >
<spirit:name>exanpl eChannel </ spirit:name>
<spirit:buslnterfaceRef >MML</spirit:buslnterfaceRef>
<spirit:buslnterfaceRef >M\R</spirit:buslnterfaceRef>
<spirit:buslnterfaceRef >MVB</spirit:buslnterfaceRef>
<spirit:buslnterfaceRef >M51</spirit:buslnterfaceRef>
<spirit:buslnterfaceRef >M52</spirit:buslnterfaceRef>
<spirit:buslnterfaceRef >M53</spirit:buslnterfaceRef>
</spirit:channel >
< /spirit:channel s>

</spirit:conponent>

There can be more than one channel in a channel component, with a different memory map for
each channel, as long as the different channels do not intersect.

For additional information, see “Bus Types, Bus Definitions, and Abstraction Definitions’.

Address Spaces

L ogical address spaces for each Master interface can be defined within the addr essSpaces
element. Individual addr essSpace elements define the logical address space seen by each
master. These addr essSpace elements are referenced from the component Master interfaces
using an addr essSpaceRef attribute within the master element. (The addr essSpaceRef
attribute is optional .)

Shown below is an example of the address-space definitions for a component with two master
interfaces. One master interface references a 1GB addr essSpace named Memory M1 and
specifies abaseAddress of 0x00000). The other master interface references a 2GB

addr essSpace (and specifies a base address of 0x10000).

<spirit:conponent >

<spirit:buslnterfaces>
<spirit:buslnterface>
<spirit:master>
<spirit:addressSpaceRef spirit:addressSpaceRef="Menory M"/>
<spirit:baseAddr ess>0x00000</spirit:baseAddress>
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</spirit:mster>
</spirit:buslnterface>
<spirit:buslnterface>
<spirit:master>
spirit:addressSpaceRef spirit:addressSpaceRef="Mnory_ M"/>
<spirit:baseAddr ess>0x10000</spirit:baseAddress>
</spirit:addressSpaceRef >
</spirit:mster>
</spirit:buslnterface>
</spirit:buslnterfaces>

<spirit:addressSpaces>
<spirit:addressSpace>
<spirit:name>Menory_ ML</spirit:nane>
<spirit:range>1Gh</spirit:range>
<spirit:w dth>32</spirit:w dth>
</spirit:addressSpace>
<spirit:addressSpace>
<spirit:name>Menory_M</spirit:nane>
<spirit:range>2Gh</spirit:range>
<spirit:w dth>32</spirit:wdth>
</spirit:addressSpace>
</ spirit:addressSpaces>

AddressSpaces are effectively the programmer’ s view |ooking out from a master port. Some
components can have address spaces associated with more than one master interface (for
example, aprocessor that has a system bus and afast memory bus). Other components can have
multiple address spaces; for example, one for instructions and another for data.

The addr essSpace view seen by different masters connected to the same channel depends on
theindividual architectures of the component implementing the master. For example, consider a
UART with an 8-bit data bus and 1K of registers connected by a channel to two processors: one
with an 8-bit architecture and one with a 32-bit architecture. Depending on how the channel is
implemented, the 8-bit processor sees the UART occupying 1K of its addressSpace, while the
32-bit processor sees the same UART occupy 4K of its addressSpace (but with 3 out of every 4
addresses unoccupied).

The exact configuration of the addressSpace depends on the addressing and byte-steering
capabilities implemented by the channel. The addressUnitBits element indicates the minimum
size of adatatransaction supported in an interface, and can be used to determine the appropriate
address signal alignment and required byte steering. (The two least-significant bits of the
address bus of a byte-capable 32-bit processor can remain unconnected when linked to a
peripheral which is capable of doubleword transactions only (addressUnitBits=32).) This
element is optional and the default value is 8 (byte addressable).

The address space seen by a master on one bus can contribute to a different address space seen
by a master on another busif the first address space appearsin a bridged slave interface that is
connected to the second bus. Bus bridges are the constructs that link addressSpaces across
different buses. (See “Bus Bridges’.)
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Some processor components require specifying their local memory map. This can be done
under the addr essSpace element of the component using the localM emoryM ap element. Local
memory maps are blocks of memory within a component that can only be accessed by the
master interfaces of that component. The XML required isidentical to the memoryMap
definitions for adave interface, as described in “Memory Maps”).

Memory Maps

A memory map can be defined for each Slave interface of a component. The memory map must
be defined at the top of the component, under the memoryM ap element. It can then be
referenced in each component Slave interface.

Shown below is a sample of amemoryMap element definition for a simple memory (with
address map 0x0000 to OXOFFF). Only the name (my_memory), the baseAddr ess element
(0Ox0000) and the range element (memory size) are mandatory. Other parameters are optional.
The memoryM apRef attribute on the slave interface is mandatory only if at least one signal
with an isAddress element is connected in the busl nterface element.

<spirit:conponent >

<spirit: menoryMaps>
<spirit: menoryMap>
<spirit:name>nmy_nenory</spirit:nane>
<spirit:addressBl ock>
<spirit:baseAddress spirit:format="1ong">0x0000
</spirit:baseAddress>
<spirit:range spirit:format="1ong">4096</spirit:range>
<spirit:usage>nenory</spirit:usage>
<spirit:access>ead-wite</spirit:access>
</spirit:addressBl ock>
</ spirit: menoryMVap>
</spirit: menmoryMaps>

<spirit:buslnterfaces>
<spirit:buslnterface>
<spirit:slave>
<spirit:menmoryMapRef spirit: menoryMapRef =" ny_nenory"/>
</spirit:slave>
</spirit:buslnterface>
</spirit:buslnterfaces>

</spirit:conponent >

In the previous example, the baseAddr ess element was hard coded. The following example
shows how to specify the baseAddr ess element that is resolved by auser. The first

memoryM ap element, “mmap”, specifies the baseAddr ess element as user-resolved by
including the attribute r esolve and assigning it avalue of “user”. To reference the value of the
baseAddr ess element and the range element el sewhere, the attributeid isalso included in each
of these elements. Including the attribute id enables, for example, another memory map to be
defined whose base address and range depend on this memory map’s values.
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<spirit: menoryMaps>
<spirit: menoryMap>
<spirit:name>mmap</spirit:nane>
<spirit:addressBl ock>
<spirit:baseAddress spirit:resol ve="user"
spirit:id="baseAddress">0</spirit:baseAddress>
<spirit:range spirit:id="range">786432</spirit:range>
<spirit:w dth>32</spirit:wdth>
<spirit:usage>nmenory</spirit:usage>
<spirit:access>ead-wite</spirit:access>
</spirit:addressBl ock>
</spirit: menmoryMap>

Registers can be defined within the memoryM ap element of a slave. Registers have the
following required sub-elements: name, addr essOffset and size. The name element enablesthe
register to be identified with a string. The addr essOffset element indicates the offset the
register has from the base address of the containing address block. The first register in the
register bank can be at offset 0x10 while the base address is 0xCOQO0; therefore, the register is
located at absolute address 0xC010. The final mandatory element, size, indicates how many bits
wide the register is. Thisisindependent of any of the attributes of the slave bus interface that
can access the register, but isusually linked in some way by the hardware.

The following excerpt is an example of amemory map for a Timer component that contains
registers. To simplify the example, only one register (the timer1Counter) is shown.

<spirit: menoryMaps>
<spirit: menoryMap>
<spirit:nanme>sl aveMvap</spirit:nane>
<spirit:addressBl ock>
<spirit:baseAddress spirit:format="1ong">0</spirit:baseAddress>
<spirit:range spirit:format="1ong">64</spirit:range>
<spirit:width spirit:format="1ong">32</spirit:wdth>
<spirit:register>
<spirit:nane>tinerlCounter</spirit:nanme>
<spirit:addressOfset>0x0</spirit:addressCfset>
<spirit:size>32</spirit:size>
<spirit:access>ead-wite</spirit:access>
/spirit:register>

</spirit:addressBl ock>

. <)spi rit:menmoryMap>
</spirit: menmoryMaps>

Y ou can add the following optional elements to the description of aregister:

» dim — Assignsadimension to the register, so that it is repeated as many times as the
value of the dim elements. For multi-dimensional register arrays the memory layout is
assumed to follow the C-language rules.

» volatile— Indicates that the datain the register is volatile; defaultsto false.
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» access— Indicates the accessibility of the register. Can take the values ‘ read-write’,
‘read-only’, or ‘writeonly’.

* reset — Indicatesthe value of the register contents when the deviceisreset. Thereset is
specified using avalue and an optional mask. When present, the mask value is ANDed
with the current register contents value before comparing it to the reset value. The
default value for the mask is al ones (11111....).

» field — Describes bitfields within aregister. Bitfields have the following mandatory
elements:

o name— Assigns anameto the bitfield.

o bitOffset — Describes the offset (from bit O of the register) where the bitfield starts.
o bitWidth — Specifies the width of the field, counting in bits.

Bitfields have the following optional elements:

o description — A textual description of the bitfield.

o values— Liststhe set of legal values that can be written to the bitfield. The list
includes the value, a description for the value, and a name for the value that can be
used as a token when programming the register.

o parameters— Enable parameterization of the bitfield width.

o access— Indicates the accessibility of the bitfield. Can take the values ‘ read-write’,
‘read-only’, or ‘writeonly’.

» description — Enables descriptive text to be associated with the register.

» displayName — Specifiesthe nameto be displayed for thisfield by IP-XACT tools and
design environments.

* parameter — Describes parameter names and types for the register.

Bus Bridges

The bridge is a mechanism that describes the connectivity relationship between master and
dave interfaces on a component designed to connect two bus types that might or might not be
related. Some busses (such as OCP, VCI, SThbus, crossbars, and network-on-chip) can be better
modeled using component bridges. A bridge can also be used to adapt a component designed for
one type of busto abus of adifferent type.

In abridge, multiple transactions can occur at atime. For example, if two masters, addressing
two distinct slaves, need to access the bus at the same time, both transactions can be granted as
long as a*“bridge path” has been defined in IP-XACT.

The following specific rules apply to bridges. It isimportant to use bridges in the correct place
(and not to use bridges in inappropriate places).
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* A bridge can have multiple address spaces. Specifically a bridge will have one or more
master interfaces, and each master interface can have alocal address space associated
with that interface.

* A bridge can only have direct interfaces. A bridge can connect directly to another
component (master-to-slave interface connection) or to a channel (master interface to
mirrored master interface, for example). A bridge can connect acomponent designed for
one type of busto adifferent type of bus (APB to AHB, for example), as shownin
Figure 3-2.

Figure 3-2. Bridge Connecting Two Different Channels

Bus Master Bus Slave
Component Component

Master Interface

Slave Inteface

Mirrored Slave I/E

Mirrored Master |/F Master
Interface
Channel #1 Bridge Channel #2

Jlirrorfe-d
Master |/F

Slave
Interface

Mirrored
Slave |/F

* A bridge can be hierarchical.
* A bridge supports memory mapping and remapping.

Bridges, unlike channels, explicitly describe the internal point-to-point connections between the
component interfaces. In the example below, three master components connect to a bus
interconnect, modeled as a bridge to which three slaves connect. The busis a partial crossbar.

<spirit:conponent>...
<spirit:buslnterfaces>
<spirit:businterface spirit:id="BB_S1">

<spirit:name>Sl</spirit:name>

<spirit:busType spirit:vendor="spiritconsortiumorg"
spirit:library="nmy _lib" spirit:nanme="sinpl eBB"/>

<spirit:slave>
<spirit:bridge spirit: msterRef="M"/>

52 IP-XACT Library Creation
May 2010



IP-XACT Component Reference
Models

<spirit:bridge spirit: msterRef="M"/>
</spirit:slave>
</spirit:buslnterface>
<spirit:buslinterface>
<spirit:name>S2</spirit:name>
<spirit:busType spirit:vendor="spiritconsortiumorg"
spirit:library="ny_lib" spirit:nanme="sinpl eBB"/>
<spirit:slave
<spirit:bridge spirit: msterRef="M"/>
<spirit:bridge spirit: msterRef="M"/>
<spirit:bridge spirit: masterRef="M"/>
</spirit:slave>
</spirit:buslnterface>
<spirit:buslnterface>
I <spirit:name>S3</spirit:nanme>
<spirit:busType spirit:vendor="spiritconsortiumorg"
spirit:library="my_lib" spirit:name="sinpl eBB"/>
<spirit:slave>
<spirit:bridge spirit: msterRef="M"/>
</spirit:slave>
</spirit:buslnterface>
</spirit:buslnterfaces>
</spirit:conponent >

The bridge element indicates how address spaces on master interfaces are mapped back on the
Slave Interface. In terms of memory maps, two kinds of bridges exist: the transparent bridge and
the opaque bridge.

A busimplemented as a transparent bridge does not modify the address; it does decoding (or
demultiplexing). For example, if amaster component connected to atransparent bridge writesto
amemory at the address 0x1900, the transparent bridge decodes the address to select the
appropriate memory (for example. memory2 in the range 0x1000-0x1FFF), and hit that memory
at address 0x1900.

A busimplemented as an opague bridge can modify the address; that is, it can remove the base
address and use the offset. For example, if amaster component connected to an opaque bridge
writes to amemory at the address 0x1900, the opaque bridge decodes the address to select the
appropriate memory (for example, memory2 in the range 0x1000-0x1FFF), and hit that memory
at address 0x0900.

Models

The model element of acomponent describesthe ‘ physical’ view of that component. It includes
alist of views, alist of interface signals on the hardware model, and alist of parameters (if any),
as shown in the following empty model element example:

<spirit:nodel >
<spirit:views>
<l-- list of views -->
</spirit:view>
<spirit:ports>
<l-- list of ports -->
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</spirit:ports>
<spirit: nodel Par anet er s>
<l-- list of paraneters -->
</ spirit:nodel Paraneters>
</spirit:nodel >

These elements are explained in more detail in the following sections:

e Ports
e Parameters

« Views

Ports

A list of ports on the HDL model of the component is provided in the model element of an
IP-XACT component description and forms part of the “physical view” of that component.

<spirit:ports>
<spirit:port>
<spirit:name>cl k</spirit:name>
<spirit:wre>
<spirit:direction>in</spirit:direction>
</spirit:wre>
</spirit:port>
<spirit:port>
<spirit:name>rst</spirit:name>
<spirit:wre>
<spirit:direction>in</spirit:direction>
</spirit:wre>
</spirit:port>

The name, direction, and size of the ports should match the VHDL entity or Verilog module
definition. Shown below isthe portslist of a Timer component. In this example only one port is
displayed, a 32-bit address input port.

<spirit:port>
<spirit:name>paddr</spirit:name>
<spirit:wire>
<spirit:direction>in</spirit:direction>
<spirit:vector>
<spirit:left>31</spirit:left>
<spirit:right>0</spirit:right>
</spirit:vector>
</spirit:wre>
</spirit:port>

Theleft and right element values are those specified in the HDL description; they specify the
left and right vector bounds, respectively.
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Parameters

Component model parameters enable the component user to configure the component. The
following example shows a parameter section inside the model of a AhbMemory component.
Only one model parameter is displayed (numAddrBits) but more can be added to configure the
component.

<spirit:nodel Paraneter spirit:dataType="integer">
<spirit:name>numAddr Bi t s</spi rit: nane>
<spirit:value spirit:choiceRef="w dt hOpti ons"
spirit:config&oups="requiredConfig"
spirit:format="1ong"
spirit:id="addrWdth"
spirit:pronpt="Menory Size"
spirit:resol ve="user">20
</spirit:val ue>
</spirit:model Paraneter>

The following are some of the model Parameter value attributes that can be defined. (A
complete list can be found in the IP-XACT schemafile autoConfigure.)

» dataType— Optional string that represents the data type.
* minimum — Optional string value that indicates the minimum legal value.
*  maximum — Optional string value that indicates the maximum legal value.

* rangeType— Optional numeric value that is provided automatically everywhere that
minimum and maximum appear.

The minimum and maximum attributes are of type “string” (and not float) and their value
should beinterpreted based on the value of dataType. Interpreting the minimum and maximum
attribute values based on the value of dataType enables, for example, defining a maximum
value of “Oxffffffff” (whichisanillegal float value) or avalue of “64”. TherangeType
(defined in the SPIRIT common.att attribute group) can take the values: float, int, unsigned int,
long, or unsigned long. If rangeTypeis not set, it is assumed to be “float”. The values'int' and
‘'unsigned int' are interpreted as 4 bytes and the values 'long' and ‘unsigned long' are interpreted
as 8 bytes.

The choice element contains the list of items used by a modelParameter or other parameter
element. The parameter elements indicate that they will use a choice element by setting the
attribute format equal to “choice”. The element must also define the attribute
choiceRef="widthOptions’ to designate which choice list to use. The following example
shows the addressable size (width) and the word size (Dwidth) of a memory component.

<spirit:nodel >

<spirit: nodel Par anet er s>
<spirit:nodel Paranmeter spirit:name="wi dth" spirit:formt="choice"
spirit:choi ceRef ="w dt hOpti ons">1</spirit: nodel paraneter>
<spirit:nodel paraneter spirit:name="Dn dth" spirit:formt="choice"
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spirit:choi ceRef ="Dwi dt hOpti ons" >4</spirit: nodel Paranet er >
</ spirit:nodel Paraneters>
</spirit:nodel >

<spirit:choi ces>
<spirit:choice>
<spirit:name>w dt hOpti ons</spirit:nane>
<spirit:enuneration spirit:text="8K'>1</spirit:enuneration>
<spirit:enuneration spirit:text="64K">2</spirit:enuneration>
<spirit:enunmeration spirit:text="256K">3</spirit:enuneration>
</spirit:choice>
<spirit:choice>
<spirit:nanme>Dwi dt hOptions</spirit: name>
<spirit:enuneration spirit:text="2Bytes">4</spirit:enuneration>
<spirit:enuneration spirit:text="4Bytes">5</spirit:enuneration>
<spirit:enuneration spirit:text="8Bytes">6</spirit:enuneration>
</spirit:choice>
</spirit:choi ces>

Views

Views specify the languages, verification environments, hardware models, software, and other
resources that apply to the physical model of a component. An RTL view, for example, would
specify aVerilog module or VHDL entity and the simulators that apply to them. Likewise, a
software view would specify the device-driver C file with its .h interface, and a documentation
view would refer to the datasheet of the component.

In the following example, the model section for a Timer component contains aview of the
component specifying the simulation environment, language, file-set references to source code,
and hardware model name (cfg_timers). In thisexamplethe view isan RTL view for smulation
and thefile set reference (fileSetRef) refersto afileSet element named fs-vhdl Sour ce defined
later in the component XML description.

<spirit: nodel >
<spirit:views>
<spirit:view
<spirit:nanme>Mdel si nWhdl </ spirit:nane>
<spirit:envldentifier>: nodel si mnmentor.com
</spirit:envidentifier>
<spirit:envldentifier>: ncsimnmentor.com
</spirit:envlidentifier>
<spirit:language>vhdl </spirit:|anguage>
<spirit:nmodel Nane>cfg timers</spirit:nodel Nane>
<spirit:fileSetRef>fs-vhdl Source</spirit:fil eSetRef>
</spirit:view
</spirit:view>
<spirit:signal s>

The envldentifier element isastring that designates and qualifies information about how a
model view might be deployed in a particular tool environment. The format of the element isa
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string with three colon-separated fields in the form Language: Tool : Vendor Specific. The fields
are asfollows:

» Language — Indicates that this view can be compatible with a particular tool, but only
if that language is supported in that tool. For instance, different versions of some
simulators might support one, two or more languages. In some cases, knowing the tool
compatibility is not enough and can be further qualified by language compatibility. For
example, acompiled HDL model might work inaVHDL-enabled version of a
simulator, but not in a SystemC-enabled version of the same simulator.

* Tool — Indicates that this view contains information that is suitable for the named tool.
This might be used if the view references data that is tool-specific and would not work
generically. Examples of this might be HDL models that use simulator-specific
extensions, or models shipped in a binary/precompiled format. Vendors publish lists of
approved tool identification strings. The strings should contain the tool name and the
company domain name, separated by dots. Some examples of well formed tool entries
are:

o modelsim.mentor.com
o designcompiler.synopsys.com
o nhcsim.cadence.com

Thisfield can alternatively indicate generic tool family compatibility such as
*Simulation’ or * Synthesis. A set of standard, vendor-designated stringsis available at
http: //maww.spiritconsor tium.or g/tech/r efs/toolnames/. To support transportability of
created datafiles, when referencing atool, it isimportant to use the published, therefore
generally recognized, tool designation.

* Vendor Extension — Can be used to further qualify tool and language compatibility.
This might indicate additional processing information that is required to use this model
inaparticular environment. For instance, if the model isa SWIFT simulation model, the
appropriate simulator interface might need to be enabled and activated.

Any or al of the envldentifier fields can be used. Where there are multiple environments for
which a particular view is applicable, multiple envidentifier elements can be listed.

File Sets

File sets specify such itemsas HDL source code, driver software, and documentation that apply
to the component physical model. Each fileSet element contains alist of file elements that
define a particular file.

The following example specifies two files, aVHDL model sourcefile, timer.vhd and a
configuration, config.vhd. The fileSetl d element enables the file set to be referenced el sewhere
in the IP-XACT description, as shown in the “Views’ section.
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<spirit:fileSets>
<spirit:fileSet spirit:fileSetld="fs-vhdl Source">
<spirit:file>
<spirit:name>../../conmmon/ config.vhd</spirit:nane>
<spirit:fileType>vhdl Source</spirit:fil eType>
</spirit:file>
<spirit:file>
<spirit:name>hdl src/tinmers.vhd</spirit:nane>
<spirit:fileType>vhdl Source</spirit:fileType>
<spirit:logical Name>l eon2_timers</spirit:|ogical Name>
</spirit:file>
</spirit:fil eSet>
</spirit:fil eSets>

File associations can be specified with defaults and alternatives. The default order for file
associ ation and dependency isthe same asthe order in which entries appear in the XML file; the
first file or dependency recorded in the XML istaken first.

CPUs

The cpus element lists the processors contained in the component. Each cpu element has a
name, one or more address space references, and any number of parameters. The following
exampleisfor an ARM 926 processor.

<spirit:cpus>
<spirit:cpu>
<spirit:name>uARMI26EJS</ spirit: name>
<spirit:addressSpaceRef spirit:addressSpaceRef="Menory"/>
<spirit:paraneters>
<spirit:paraneter>
<spirit:nane>seanl essl ss</spirit:nanme>
<spirit:value spirit:resol ve="i nmedi at e"
spirit:id="sean esslss"
spirit:configG&oups=
"requi redConfi g">${ CVE_HOVE} /i sns/ bi n/ xray_arnmd26ej s_rev0
</spirit:val ue>
</spirit:paraneter>
<spirit:paraneter>
<spirit:name>sean essl ssArgs</spirit: nane>
<spirit:value spirit:resol ve="i nmedi at e"
spirit:id="seanl essl ssArgs"
spirit:configGoups="requiredConfig">-inc
${ PXHOVE} / conmponent Li brary/ i b/ xray/ pxPrint ToPort.inc
</spirit:val ue>
</spirit:paraneter>
<spirit:paraneter>
<spi rit: nane>hasCveDunmmyAddr Spaces</spirit: name>
<spirit:value>External Instruction TCM/spirit:value>
</spirit:paraneter>
</spirit:paraneters>
</spirit:cpu>
</spirit:cpus>
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maximum, 55 Channel falement example, 25
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name, 50 example, 47
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choiceRef attribute, 55

code element, 23, 27, 29, 32

Code loop for decoder example, 27
Component interfaces, 40
componentGenerators element example, 38
cpus element, 58

Creating IP-XACT libraries, 22

—D—
dataType attribute, 55
decodeAddressExpression element, 28
decoderTemplate element, 23
directConnection element, 41

DMA controller example, 20

— E—
Elements
addressSpace, 47
addressUnitBits, 48
aternateCode, 31
baseAddress, 49
busDefinition, 40
buslnterface, 42, 43, 49
busSignalName, 44
chainGroup, 36
channel, 47
choice, 55
code, 23, 29, 32
cpus, 58
decodeAddressExpression, 28
decoderTemplate, 23
directConnection, 41
envldentifier, 56
extends, 41
file, 57
fileSet, 56, 57
fileSetld, 57
fileSetRef, 56
generator, 36
generators, 38
header, 29
isAddress, 28, 41, 49
language, 23
left, 54
localMemoryMap, 49
logicalPort, 43

IPin, 27, 28, 31, 32
memoryMap, 43, 49
memoryMapRef, 43
model, 38, 53

model Parameter, 55
name, 36

parameter, 55
physical Port, 43, 44
portMap, 43

range, 49

right, 54

signal, 54

VLNV, 40

Endianness, 43
envldentifier element, 56
Examples

adaptive channel businterface, 25
adaptive channel element, 25
adaptive channel fileSet, 26
adaptive channel view element, 26
adaptive channel VLNV, 25
address space definition, 47
addressSpaceRef attribute, 43
baseAddress, 49

bus bridge, 52

buslnterface, 42, 44

channel interface, 47

choice element, 55

code loop for decoder, 27
componentGenerators element, 38
cpus el ement, 58

DMA controller, 20

fileSets element, 58

generalizing a decoder, 27
generator chain, 36

Java-based generator, 34

memory map, 49
memoryMapRef, 43

model, 55

model element, 53

model Parameters, 55
multiplexing signals, 29, 30, 31
portMap, 43, 44

qualified signals, 28

registers, 50
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signals element, 54
system command generators, 35
view element, 56
VLNV, 20
extends element, 41

— F—

file elements, 57

File sets, 57

fileSet element, 56, 57
fileSet example, 26
fileSetld element, 57
fileSetRef element, 56
fileSets element example, 58
fill attribute, 28

— G —
Generator chain example, 36
Generator chains, 33, 36, 38
Generator classfile, packaging, 35
generator element, 36
Generators

adding to component, 38

antBuild, 36

attaching to a chain, 36

definition, 33

implementation, 33

Java-based, 34

run order, 37

specifying types, 36

system command, 35
generators element, 38

— H—
header element, 29
— | —
id attribute, 49
Interfaces
bus, 42
component, 40
IP-XACT
component interfaces, 40
component model elements, 39
components, 20
flows
conversion, 6

HDL to IP-XACT, 8
manual, 5, 7
Libraries, 22
specification defined, 19
supported schemes, 6
iISAddress element, 28, 41, 49

—J—
Java-based generators, 34

— L —
language element, 23
Language, in views, 57

left element, 54
localMemoryMap element, 49
Logical bussignal, 44

logical Port element, 43

IPin element, 27, 28, 31, 32

— M=

Master bus interface, 42

maximum attribute, 55

maxMasters, 31

maxSlaves, 31

Memory map example, 49

Memory maps, 49

memoryMap element, 43, 49

memoryMapRef attribute, 49

memoryMapRef element, 43

minimum attribute, 55

Mirrored businterfaces, 42

model element, 38, 53

model element example, 53, 55

Model parameters, 55

model Parameter element, 55

model Parameters example, 55

Multiplexing signals
examples, 29, 30, 31
using "others' for non-existing signals, 29
using adefault for non-existing signals, 30
using alternateCode for non-existing

signals, 31

— N —
name attribute, 50
name e ement, 36
nopin attribute, 27, 31
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— 00—
opague bus bridge, 53
Optional elements for registers, 50

— P —
Parameter attributes, 55
parameter element, 55
Parameters, 55
Physical signal, 44
physicalPort element, 43, 44
portMap element, 43
portMap example, 43, 44
Procedures
conversion flow, 7
manual flow, 6
PxGenerator interface, 34

—Q—

Qualified signals example, 28
— R —

range element, 49

rangeType attribute, 55
Registers, 50

Required pins, 31

resolve attribute, 27, 49

right element, 54

—S—
signa element, 54
Signals
logical bus, 44
multiplexing, 29
physical pin, 44
qualifying in adaptive channels, 28
reference information, 54
signals element example, 54
size attribute, 50
Slave businterface, 42
System bus interface, 42
System command generators, 35

— T —
Tool, inviews, 57
transparent bus bridge, 53

—V —
Vendor extension, in views, 57
vendor name, 40
version number, 40
View element example, 26
view element example, 56
Views, reference information, 56
VLNV

elements, 40

example, 20, 25

in decoder, 23

— X —
XML reserved characters, 23
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End-User License Agreement

The latest version of the End-User License Agreement is available on-line at:
www.mentor.com/eula

IMPORTANT INFORMATION

USE OF THIS SOFTWARE IS SUBJECT TO LICENSE RESTRICTIONS. CAREFULLY READ THIS
LICENSE AGREEMENT BEFORE USING THE SOFTWARE. USE OF SOFTWARE INDICATES YOUR
COMPLETE AND UNCONDITIONAL ACCEPTANCE OF THE TERMS AND CONDITIONS SET FORTH

IN THIS AGREEMENT. ANY ADDITIONAL OR DIFFERENT PURCHASE ORDER TERMS AND
CONDITIONS SHALL NOT APPLY.

END-USER LICENSE AGREEMENT (*Agreement”)

Thisis alegal agreement concerning the use of Softwar e (as defined in Section 2) between the company acquiring
the license (“ Customer™), and the Mentor Graphics entity that issued the corresponding quotation or, if no
guotation was issued, the applicable local Mentor Graphics entity (“Mentor Graphics’). Except for license
agreementsrelated to the subject matter of thislicense agreement which are physically signed by Customer and an
authorized representative of Mentor Graphics, this Agreement and the applicable quotation contain the parties
entire understanding relating to the subject matter and supersede all prior or contempor aneous agreements. | f
Customer does not agree to these terms and conditions, promptly return or, if received electronically, certify
destruction of Software and all accompanying items within five days after receipt of Software and receive a full
refund of any license fee paid.

ORDERS, FEESAND PAYMENT.

1.1. Totheextent Customer (or if and as agreed by Mentor Graphics, Customer’s appointed third party buying agent) places and
Mentor Graphics accepts purchase orders pursuant to this Agreement (“Order(s)”), each Order will constitute a contract
between Customer and Mentor Graphics, which shall be governed solely and exclusively by the terms and conditions of this
Agreement, any applicable addenda and the applicable quotation, whether or not these documents are referenced on the
Order. Any additional or conflicting terms and conditions appearing on an Order will not be effective unless agreed in
writing by an authorized representative of Customer and Mentor Graphics.

1.2. Amounts invoiced will be paid, in the currency specified on the applicable invoice, within 30 days from the date of such
invoice. Any past due invoices will be subject to the imposition of interest charges in the amount of one and one-half
percent per month or the applicable legal rate currently in effect, whichever is lower. Prices do not include freight,
insurance, customs duties, taxes or other similar charges, which Mentor Graphics will invoice separately. Unless provided
with a certificate of exemption, Mentor Graphics will invoice Customer for all applicable taxes. Customer will make al
payments free and clear of, and without reduction for, any withholding or other taxes; any such taxes imposed on payments
by Customer hereunder will be Customer’s sole responsibility. Notwithstanding anything to the contrary, if Customer
appoints a third party to place purchase orders and/or make payments on Customer’s behalf, Customer shall be liable for
payment under such ordersin the event of default by the third party.

1.3. All products are delivered FCA factory (Incoterms 2000) except Software delivered electronically, which shall be deemed
delivered when made available to Customer for download. Mentor Graphics retains a security interest in all products
delivered under this Agreement, to secure payment of the purchase price of such products, and Customer agreesto sign any
documents that Mentor Graphics determines to be necessary or convenient for use in filing or perfecting such security
interest. Mentor Graphics' delivery of Software by electronic means is subject to Customer’s provision of both a primary
and an aternate e-mail address.

GRANT OF LICENSE. The software installed, downloaded, or otherwise acquired by Customer under this Agreement,
including any updates, modifications, revisions, copies, documentation and design data (“ Software”) are copyrighted, trade
secret and confidential information of Mentor Graphics or its licensors, who maintain exclusive title to all Software and retain
all rights not expressly granted by this Agreement. Mentor Graphics grants to Customer, subject to payment of applicable
license fees, a nontransferable, nonexclusive license to use Software solely: (a) in machine-readable, object-code form; (b) for
Customer’sinternal business purposes; (c) for the term; and (d) on the computer hardware and at the site authorized by Mentor
Graphics. A siteis restricted to a one-half mile (800 meter) radius. Customer may have Software temporarily used by an
employee for telecommuting purposes from locations other than a Customer office, such as the employee's residence, an airport
or hotel, provided that such employee's primary place of employment is the site where the Software is authorized for use.
Mentor Graphics' standard policies and programs, which vary depending on Software, license fees paid or services purchased,
apply to the following: (a) relocation of Software; (b) use of Software, which may be limited, for example, to execution of a
single session by a single user on the authorized hardware or for arestricted period of time (such limitations may be technically
implemented through the use of authorization codes or similar devices); and (c) support services provided, including eligibility
to receive tel ephone support, updates, modifications, and revisions. For the avoidance of doubt, if Customer requests any change
or enhancement to Software, whether in the course of receiving support or consulting services, evaluating Software or


http://www.mentor.com/eula

otherwise, any inventions, product improvements, modifications or developments made by Mentor Graphics (at Mentor
Graphics' sole discretion) will be the exclusive property of Mentor Graphics.

ESC SOFTWARE. If Customer purchases a license to use development or prototyping tools of Mentor Graphics Embedded
Software Channel (“ESC”), Mentor Graphics grants to Customer a nontransferable, nonexclusive license to reproduce and
distribute executable files created using ESC compilers, including the ESC run-time libraries distributed with ESC C and C++
compiler Software that are linked into a composite program as an integral part of Customer’s compiled computer program,
provided that Customer distributes these files only in conjunction with Customer’s compiled computer program. Mentor
Graphics does NOT grant Customer any right to duplicate, incorporate or embed copies of Mentor Graphics' real-time operating
systems or other embedded software products into Customer’s products or applications without first signing or otherwise
agreeing to a separate agreement with Mentor Graphics for such purpose.

BETA CODE.

4.1. Portions or all of certain Software may contain code for experimental testing and evaluation (“Beta Code”), which may not
be used without Mentor Graphics’ explicit authorization. Upon Mentor Graphics' authorization, Mentor Graphics grants to
Customer a temporary, nontransferable, nonexclusive license for experimental use to test and evaluate the Beta Code
without charge for alimited period of time specified by Mentor Graphics. This grant and Customer’s use of the Beta Code
shall not be construed as marketing or offering to sell alicense to the Beta Code, which Mentor Graphics may choose not to
release commercialy in any form.

4.2. If Mentor Graphics authorizes Customer to use the Beta Code, Customer agrees to evaluate and test the Beta Code under
normal conditions as directed by Mentor Graphics. Customer will contact Mentor Graphics periodically during Customer’'s
use of the Beta Code to discuss any malfunctions or suggested improvements. Upon completion of Customer’s evaluation
and testing, Customer will send to Mentor Graphics a written evaluation of the Beta Code, including its strengths,
weaknesses and recommended improvements.

4.3. Customer agreesthat any written evaluations and all inventions, product improvements, modifications or devel opments that
Mentor Graphics conceived or made during or subsequent to this Agreement, including those based partly or wholly on
Customer’s feedback, will be the exclusive property of Mentor Graphics. Mentor Graphics will have exclusive rights, title
and interest in all such property. The provisions of this Subsection 4.3 shall survive termination of this Agreement.

RESTRICTIONS ON USE.

5.1. Customer may copy Software only as reasonably necessary to support the authorized use. Each copy must include all
notices and legends embedded in Software and affixed to its medium and container as received from Mentor Graphics. All
copies shall remain the property of Mentor Graphics or its licensors. Customer shall maintain a record of the number and
primary location of all copies of Software, including copies merged with other software, and shall make those records
available to Mentor Graphics upon request. Customer shall not make Software available in any form to any person other
than Customer’s employees and on-site contractors, excluding Mentor Graphics competitors, whose job performance
requires access and who are under obligations of confidentiality. Customer shall take appropriate action to protect the
confidentiality of Software and ensure that any person permitted access does not disclose or use it except as permitted by
this Agreement. Log files, data files, rule files and script files generated by or for the Software (collectively “Files”)
constitute and/or include confidential information of Mentor Graphics. Customer may share Files with third parties
excluding Mentor Graphics competitors provided that the confidentiality of such Filesis protected by written agreement at
least as well as Customer protects other information of a similar nature or importance, but in any case with at least
reasonable care. Standard Verification Rule Format (“SVRF") and Tcl Verification Format (“TVF") mean Mentor
Graphics' proprietary syntaxes for expressing process rules. Customer may use Files containing SVRF or TVF only with
Mentor Graphics products. Under no circumstances shall Customer use Software or allow its use for the purpose of
developing, enhancing or marketing any product that isin any way competitive with Software, or disclose to any third party
the results of, or information pertaining to, any benchmark. Except as otherwise permitted for purposes of interoperability
as specified by applicable and mandatory local law, Customer shall not reverse-assemble, reverse-compile, reverse-
engineer or in any way derive from Software any source code.

5.2. Customer may not sublicense, assign or otherwise transfer Software, this Agreement or the rights under it, whether by
operation of law or otherwise (“attempted transfer”), without Mentor Graphics' prior written consent and payment of
Mentor Graphics' then-current applicable transfer charges. Any attempted transfer without Mentor Graphics' prior written
consent shall be a material breach of this Agreement and may, at Mentor Graphics' option, result in the immediate
termination of the Agreement and licenses granted under this Agreement. The terms of this Agreement, including without
limitation the licensing and assignment provisions, shall be binding upon Customer’s permitted successors in interest and
assigns.

5.3. The provisions of this Section 5 shall survive the termination of this Agreement.

SUPPORT SERVICES. To the extent Customer purchases support services for Software, Mentor Graphics will provide
Customer with available updates and technical support for the Software which are made generally available by Mentor Graphics
as part of such services in accordance with Mentor Graphics' then current End-User Software Support Terms located at
http://supportnet.mentor.com/about/legal /.
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7.

10.

11.

LIMITED WARRANTY.

7.1. Mentor Graphics warrants that during the warranty period its standard, generally supported Software, when properly
installed, will substantially conform to the functional specifications set forth in the applicable user manual. Mentor
Graphics does not warrant that Software will meet Customer’s requirements or that operation of Software will be
uninterrupted or error free. The warranty period is 90 days starting on the 15th day after delivery or upon installation,
whichever first occurs. Customer must notify Mentor Graphics in writing of any nonconformity within the warranty period.
For the avoidance of doubt, this warranty applies only to the initial shipment of Software under the applicable Order and
does not renew or reset, by way of example, with the delivery of (a) Software updates or (b) authorization codes or aternate
Software under a transaction involving Software re-mix. This warranty shall not be valid if Software has been subject to
misuse, unauthorized modification or improper installation. MENTOR GRAPHICS' ENTIRE LIABILITY AND
CUSTOMER'S EXCLUSIVE REMEDY SHALL BE, AT MENTOR GRAPHICS OPTION, EITHER (A) REFUND OF
THE PRICE PAID UPON RETURN OF SOFTWARE TO MENTOR GRAPHICS OR (B) MODIFICATION OR
REPLACEMENT OF SOFTWARE THAT DOES NOT MEET THIS LIMITED WARRANTY, PROVIDED
CUSTOMER HAS OTHERWISE COMPLIED WITH THIS AGREEMENT. MENTOR GRAPHICS MAKES NO
WARRANTIES WITH RESPECT TO: (A) SERVICES; (B) SOFTWARE WHICH ISLICENSED AT NO COST; OR (C)
BETA CODE; ALL OF WHICH ARE PROVIDED “ASIS.”

7.2. THE WARRANTIES SET FORTH IN THIS SECTION 7 ARE EXCLUSIVE. NEITHER MENTOR GRAPHICS NOR
ITSLICENSORS MAKE ANY OTHER WARRANTIES EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO
SOFTWARE OR OTHER MATERIAL PROVIDED UNDER THIS AGREEMENT. MENTOR GRAPHICS AND ITS
LICENSORS SPECIFICALLY DISCLAIM ALL IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR
A PARTICULAR PURPOSE AND NON-INFRINGEMENT OF INTELLECTUAL PROPERTY .

LIMITATION OF LIABILITY. EXCEPT WHERE THIS EXCLUSION OR RESTRICTION OF LIABILITY WOULD BE
VOID OR INEFFECTIVE UNDER APPLICABLE LAW, IN NO EVENT SHALL MENTOR GRAPHICS OR ITS
LICENSORS BE LIABLE FOR INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES (INCLUDING
LOST PROFITS OR SAVINGS) WHETHER BASED ON CONTRACT, TORT OR ANY OTHER LEGAL THEORY, EVEN
IFMENTOR GRAPHICSOR ITS LICENSORS HAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. IN
NO EVENT SHALL MENTOR GRAPHICS OR ITSLICENSORS LIABILITY UNDER THIS AGREEMENT EXCEED
THE AMOUNT PAID BY CUSTOMER FOR THE SOFTWARE OR SERVICE GIVING RISE TO THE CLAIM. IN THE
CASE WHERE NO AMOUNT WAS PAID, MENTOR GRAPHICS AND ITS LICENSORS SHALL HAVE NO LIABILITY
FOR ANY DAMAGES WHATSOEVER. THE PROVISIONS OF THIS SECTION 8 SHALL SURVIVE THE
TERMINATION OF THISAGREEMENT.

LIFE ENDANGERING APPLICATIONS. NEITHER MENTOR GRAPHICSNOR ITSLICENSORS SHALL BE LIABLE
FOR ANY DAMAGES RESULTING FROM OR IN CONNECTION WITH THE USE OF SOFTWARE IN ANY
APPLICATION WHERE THE FAILURE OR INACCURACY OF THE SOFTWARE MIGHT RESULT IN DEATH OR
PERSONAL INJURY. THE PROVISIONS OF THIS SECTION 9 SHALL SURVIVE THE TERMINATION OF THIS
AGREEMENT.

INDEMNIFICATION. CUSTOMER AGREES TO INDEMNIFY AND HOLD HARMLESS MENTOR GRAPHICS AND
ITS LICENSORS FROM ANY CLAIMS, LOSS, COST, DAMAGE, EXPENSE OR LIABILITY, INCLUDING
ATTORNEYS' FEES, ARISING OUT OF OR IN CONNECTION WITH CUSTOMER’S USE OF SOFTWARE AS
DESCRIBED IN SECTION 9. THE PROVISIONS OF THIS SECTION 10 SHALL SURVIVE THE TERMINATION OF
THISAGREEMENT.

INFRINGEMENT.

11.1. Mentor Graphics will defend or settle, at its option and expense, any action brought against Customer in the United States,
Canada, Japan, or member state of the European Union which alleges that any standard, generally supported Software
product infringes a patent or copyright or misappropriates a trade secret in such jurisdiction. Mentor Graphics will pay any
costs and damages finally awarded against Customer that are attributable to the action. Customer understands and agrees
that as conditions to Mentor Graphics' obligations under this section Customer must: (a) notify Mentor Graphics promptly
in writing of the action; (b) provide Mentor Graphics all reasonable information and assistance to settle or defend the
action; and (c) grant Mentor Graphics sole authority and control of the defense or settlement of the action.

11.2. If aclaimis made under Subsection 11.1 Mentor Graphics may, at its option and expense, (a) replace or modify Software so
that it becomes noninfringing, or (b) procure for Customer the right to continue using Software, or (c) require the return of
Software and refund to Customer any license fee paid, less areasonable alowance for use.

11.3. Mentor Graphics has no liability to Customer if the claim is based upon: (a) the combination of Software with any product
not furnished by Mentor Graphics; (b) the modification of Software other than by Mentor Graphics; (c) the use of other than
acurrent unaltered release of Software; (d) the use of Software as part of an infringing process; (€) a product that Customer
makes, uses, or sells; (f) any Beta Code; (g) any Software provided by Mentor Graphics' licensors who do not provide such
indemnification to Mentor Graphics' customers; or (h) infringement by Customer that is deemed willful. In the case of (h),
Customer shall reimburse Mentor Graphics for its reasonable attorney fees and other costs related to the action.

11.4. THIS SECTION IS SUBJECT TO SECTION 8 ABOVE AND STATES THE ENTIRE LIABILITY OF MENTOR
GRAPHICS AND ITS LICENSORS AND CUSTOMER’S SOLE AND EXCLUSIVE REMEDY WITH RESPECT TO
ANY ALLEGED PATENT OR COPYRIGHT INFRINGEMENT OR TRADE SECRET MISAPPROPRIATION BY
ANY SOFTWARE LICENSED UNDER THISAGREEMENT.



12.

13.

14.

15.

16.

17.

18.

19.

TERM.

12.1. This Agreement remains effective until expiration or termination. This Agreement will immediately terminate upon notice
if you exceed the scope of license granted or otherwise fail to comply with the provisions of Sections 2, 3, or 5. For any
other materia breach under this Agreement, Mentor Graphics may terminate this Agreement upon 30 days written notice if
you are in material breach and fail to cure such breach within the 30 day notice period. If a Software license was provided
for limited term use, such license will automatically terminate at the end of the authorized term.

12.2. Mentor Graphics may terminate this Agreement immediately upon notice in the event Customer is insolvent or subject to a
petition for (a) the appointment of an administrator, receiver or similar appointee; or (b) winding up, dissolution or
bankruptcy.

12.3. Upon termination of this Agreement or any Software license under this Agreement, Customer shall ensure that all use of the
affected Software ceases, and shall return it to Mentor Graphics or certify its deletion and destruction, including all copies,
to Mentor Graphics' reasonable satisfaction.

12.4. Termination of this Agreement or any Software license granted hereunder will not affect Customer’s obligation to pay for
products shipped or licenses granted prior to the termination, which amounts shall immediately be payable at the date of
termination.

EXPORT. Software is subject to regulation by local laws and United States government agencies, which prohibit export or
diversion of certain products, information about the products, and direct products of the products to certain countries and certain
persons. Customer agrees that it will not export Software or a direct product of Software in any manner without first obtaining
all necessary approval from appropriate local and United States government agencies.

U.S. GOVERNMENT LICENSE RIGHTS. Software was developed entirely at private expense. All Software is commercial
computer software within the meaning of the applicable acquisition regulations. Accordingly, pursuant to US FAR 48 CFR
12.212 and DFAR 48 CFR 227.7202, use, duplication and disclosure of the Software by or for the U.S. Government or aU.S.
Government subcontractor is subject solely to the terms and conditions set forth in this Agreement, except for provisions which
are contrary to applicable mandatory federal laws.

THIRD PARTY BENEFICIARY. Mentor Graphics Corporation, Mentor Graphics (Ireland) Limited, Microsoft Corporation
and other licensors may be third party beneficiaries of this Agreement with the right to enforce the obligations set forth herein.

REVIEW OF LICENSE USAGE. Customer will monitor the access to and use of Software. With prior written notice and
during Customer’s normal business hours, Mentor Graphics may engage an internationally recognized accounting firm to
review Customer’ s software monitoring system and records deemed relevant by the internationally recognized accounting firm
to confirm Customer’ s compliance with the terms of this Agreement or U.S. or other local export laws. Such review may include
FLEXIm or FLEXnet (or successor product) report log files that Customer shall capture and provide at Mentor Graphics'
request. Customer shall make records available in electronic format and shall fully cooperate with data gathering to support the
license review. Mentor Graphics shall bear the expense of any such review unless a material non-complianceisrevealed. Mentor
Graphics shall treat as confidential information all information gained as a result of any request or review and shall only use or
disclose such information as required by law or to enforce its rights under this Agreement. The provisions of this section shall
survive the termination of this Agreement.

CONTROLLING LAW, JURISDICTION AND DISPUTE RESOL UTION. The owners of the Mentor Graphics intellectual
property rights licensed under this Agreement are located in Ireland and the United States. To promote consistency around the
world, disputes shall be resolved as follows. This Agreement shall be governed by and construed under the laws of the State of
Oregon, USA, if Customer islocated in North or South America, and the laws of Ireland if Customer islocated outside of North
or South America. All disputes arising out of or in relation to this Agreement shall be submitted to the exclusive jurisdiction of
Portland, Oregon when the laws of Oregon apply, or Dublin, Ireland when the laws of Ireland apply. Notwithstanding the
foregoing, all disputesin Asia (except for Japan) arising out of or in relation to this Agreement shall be resolved by arbitration in
Singapore before asingle arbitrator to be appointed by the Chairman of the Singapore International Arbitration Centre (“SIAC”)
to be conducted in the English language, in accordance with the Arbitration Rules of the SIAC in effect at the time of the
dispute, which rules are deemed to be incorporated by reference in this section. This section shall not restrict Mentor Graphics
right to bring an action against Customer in the jurisdiction where Customer’s place of businessis located. The United Nations
Convention on Contracts for the International Sale of Goods does not apply to this Agreement.

SEVERABILITY. If any provision of this Agreement is held by a court of competent jurisdiction to be void, invalid,
unenforceable or illegal, such provision shall be severed from this Agreement and the remaining provisions will remain in full
force and effect.

MISCELLANEOUS. This Agreement containsthe parties’ entire understanding relating to its subject matter and supersedes all
prior or contemporaneous agreements, including but not limited to any purchase order terms and conditions. Some Software
may contain code distributed under a third party license agreement that may provide additional rights to Customer. Please see
the applicable Software documentation for details. This Agreement may only be modified in writing by authorized
representatives of the parties. All notices required or authorized under this Agreement must be in writing and shall be sent to the
person who signs this Agreement, at the address specified below. Waiver of terms or excuse of breach must be in writing and
shall not constitute subsegquent consent, waiver or excuse.

Rev. 090402, Part No. 239301
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