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FPGA Advantage Tutorial

This tutorial uses a simple HDL text design which implements a simple Fibonacci count
sequence which repeatedly sums the previous two numbers: 0, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89 to
144.
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Invoking FPGA Advantage

Invoking FPGA Advantage

You can invoke FPGA Advantage on a Windows workstation by double-clicking the shortcut
which was created by the install program on your desktop. Alternatively, you can choose the
corresponding shortcut from the FPGA Advantage cascade of the Programs menu.

Configuration Shortcut
FPGA Advantage with LeonardoSpectrum FPGAdv with LS
FPGA Advantage with Precision Synthesis FPGAdv with PS

FPGA Advantage with LeonardoSpectrum and Precision | FPGAdv with LS & PS
Synthesis

FPGA Advantage with Precision Physical Synthesis FPGAdv with PP

FPGA Advantage Personal with LeonardoSpectrum FPGAdyv Personal with LS
FPGA Advantage Personal with Precision Synthesis FPGAdyv Personal with PS
FPGA Advantage Personal with LeonardoSpectrum and FPGAGdyv Personal with LS
Precision Synthesis & PS

FPGA Advantage Personal Simulation with FPGAdyv Personal
LeonardoSpectrum and Precision Synthesis Simulation with LS & PS

You can invoke FPGA Advantage on a UNIX or Linux workstation by using a script which was
created by the install program in the following installation subdirectory:

<install_dir>/Fpgadv/bin

Configuration Scripts

FPGA Advantage with LeonardoSpectrum fa_with_ls

FPGA Advantage with Precision Synthesis fa_with_ps

FPGA Advantage with LeonardoSpectrum and Precision Synthesis fa_with_lIs
fa_with_ps

FPGA Advantage with Precision Physical Synthesis fa_with_pp

FPGA Advantage with ModelSim LE fa_with_le
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Invoking FPGA Advantage

1. Invoke FPGA Advantage using the shortcut (on Windows) or invoke script (on UNIX or
Linux) listed in the tables on the previous page. If this is the first time you invoke FPGA
Advantage, the HDS Setup Assistant wizard is started.

2. Choose to cancel the wizard. HDS starts with the default examples project, VHDL as the
default language and all the available flows and tools.

You can invoke the wizard at any time by choosing HDS Setup Assistant from the Help menu
in the Design Manager window.

HQ HDS Setup Assistant Wizard ﬁl

HDOS Setup Assiztant

The HDS Setup Azsistant will azk you zome questions to help you configure HDS.
You can exit the HD'S Setup Assistant at any time by choosing the Finizh button.
Thiz will apply any of the configuration zetting pou have selected.

You can cloge the Setup Asgistant at any time without applying configuration
- zethings by choosing the Cancel buttan.

[F you do nat wizh to use the HD'S Setup dzsistant, choozse Cancel to retum to HDS

'ou can invake the Setup dasistant wizard at any time by choozing
HD'S Setup Assiztant from the Help menu.

Mext = Finizh Cancel
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Invoking FPGA Advantage

The Design Manager

The design manager displays the default SCRATCH_LIB library. The SCRATCH_LIB library is
created in a default location defined in the examples.hdp project. On Windows, this is beneath
the FPGA Advantage installation tree; on UNIX it is in your home directory.

Hl4 Design Manager - Project examples [Z| [E|E|
File Edit W“iew HODL Tasks Tools ©Options MWindow Help
& - [ ~ &b ¢ B [
BW-E¥-W-¥%-@-
b ain Cresign Explorer [ Using viewpoint : Default... 2| 4] x| | Launch Pad |
| =] | Design Unit Tupe == @ &= IE
HOL & SCRATCH_LIE —E
=
New ( Add | What do you =2
7]
% ) want to do? B
=]
=
Design b
Check i
- Creationflmport i
3 @ Graphics: Design g‘
—M Creation "
P 3 @ Eexttl;lesign ?
Simulate = U= 1dal]
R Files IT}'PE @ Add aDesign =
. + [ DesignChecker %
#_. + |3 Documentation & Yisualiz__. Design =
- 4% Design Files Yisualization,
Synthesize 4 SCRATCH_LIE MNavigation and
Checking

@ Desziagn Checking
@ Text ToGraphics

o @ HTML Expart P
p isuallze g | @ OLE Suppart

Explore @ Custamizing your

Drezign Explorer

T asks < * @ Design Mavigation

Viewpoinits | | SCRATCH_LIE | v
Note

D Note that an object tip containing information about the object under the cursor is
displayed when you move the cursor over each object in the window.
You can display help about the design manager (including a hyperlink to the section in
the HDL Designer Series User Manual) by clicking on the 2l icon.

The procedures in this tutorial use the SCRATCH_LIB library although you can use any other
empty writable library.
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Set the Default Language

1. Choose Main from the Options menu to display the Main Settings dialog box. Select
Verilog 95 as the default language for all new graphical and text views. Click the Apply
button to confirm your language choice and then click the OK button to close the dialog

box.

H[3 Main Settings PX|
General | Text | Diagrams | Tables | Checks | Save | I zer Wariables |

[ Automatically downcase Design Unit and Yiew names when entered

Toolbar Buttons Filename dizplay
f* Remain active * Show az logical name [e.g. MY_File)
" Activate once only " Shaow actual filenamne [e.g. @miEy_&file]

Team Preferences
Single Uzer Mode

Switch to Team Mode B

Temp Directary
|$TEMF' Browsze. ..

Remote Simulation Directony Location

|$HDS_T EAkd_WVERMemaote Browsze. ..

Project Property File
| Browse. ..

Ly

[hitg Default Language for Mew Graphical Yiews

Urits for pririting: Inches © WHDL ' Yerlog '95 © Werilog 2005

1

Default Language for Mew Tesxt Yiews
" WHDL * “erlog '35 " Werlog 2005 (" System Yerlog

(] | Cancel Apply Help

Note
The FPGA Advantage tutorial can be completed using either the Verilog or VHDL

languages. Verilog has been used for the examples shown in this manual.
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Import the Fibonacci Design

This tutorial uses a Fibonacci sequencer design example which can be imported as either VHDL
or Verilog code.

1. Choose File> Add> Existing Design.
2. Specify the method to add your design by selecting the Copy Specified Files option.

3. Inthe Folders pane, browse to the Fibonacci sequencer source code in the examples sub-
directory of your FPGA Advantage installation. For example, if FPGA Advantage has
been installed in the directory C:\FFPGAdv81LSPS, the path to locate the tutorial source
files would be:

CA\FPGAdv81LSPS\Hds\examples\tutorial_ref\lmporf\Sequencer
4. From the Show files of type list box select Verilog Files.

HQ Add Existing Design

]

Pleaze chooze one of the following methods to add existing design files into pour project;
Yerilag Impart Dialect

£ Pairt to Specified Files [~ Use an Existing Filelist * Auta

{* Copy Specified Files Filelist Farmat: J " Specified:

Automatically creates new library directones and mappings and copies the specified deszign files inta these libraries.
Click. the check boxesz in the brovzer below to specify the folders or files you wish to add.

Pleaze specify the required design files:

Look in; |C:\FF'GAE|V8'I LSPS4Hdshexamplesstutonial_refsimportsS equencer ﬂ Browsze...
Shiow files of type: |Verilog Files [*.vlg, *.av. " v, " vo, * verilog, * svh) j
Falders EIfl Content of C:\FPGAdv81L5P5\Hds\examplezitutorial_ref\impor__ [l
+- [0 exemplar A [l |Hame Type Size Date Modified
+- ] hds_scratch [£] Seq Generatory  VerlogFile  3KB Sun Sep 14 2008 16:36:32
+ Sg :P“‘ [£] 5eq_TestBenchy VerlogFile  1KB SunSep 14 2008 16:36:32
+ pr_w . .
- =y
+ @ hutorial_ref @ Seq Testerw VerlagFile  1KE SunSep14 2008 16:36:32
= A Import

+- [ Caleulator
+- [ Ethernet
¥ || Sequericer
¥ D[:I to_demo_source_mixed_avmZul
+- [ te_demo_source_mized_avm3

+ -] Timer
+- [ Sequencer_vhd
+- [0 Sequencer_vig -
3 - S
- 114 Cancel Help
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Import the Fibonacci Design

Click the OK button to display the Target Libraries page of the Add Existing Design
wizard. The Target Libraries page shows the SCRATCH_LIB library as the default target
library.

H[3 Add Existing Design - Target Libraries

Filez are imported to one or more target libraries.
Choosze the default target libran: |SEF|.-’-‘-.T CH LIE ﬂ Add.

The faollowing T arget Libraries have been identified for these files.
Click on a libramy to view the files that will be imported there.

Libraries: Files:

‘ SCRATCH_LIE ‘

[Tl

| Meut » | Cancel Help

5. Click the Next button to display the Target Directories page showing where the
imported files will appear below the root HDL mapping:

H[3 Add Existing Design - Target Directories

Target Directories
Filez will be imported to directories below the root HOL mappings of the following libraries:

| SCRATCH_LIE : %

[Taset Do

Additional Dptionz

v Owenarite existing files
[ Split Source Design Units into Separate files

[ Create References to files

[w Import directon structure
[w Create graphical reprezentations of zource code

(" Editable graphics that can generate code

* “izual representations for documentation and understanding

¢ Back | Finizh Cancel Help

6. Select Create graphical representations of source code and click the Finish button.
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By choosing to create visual representations of your source code you thereby create
graphical views that allow only non-logical edits. These views are tightly coupled to
their source code and can be used for understanding and documenting your textual

designs.

The HDL Log Window reports that the HDL import has been completed, three files
have been imported to one library and 2 block diagrams, 1 state machine and 2 flow

charts have been created.

HI3 Log Window

HOL Impart complete

3 filez imported to 1 library

* Conwverting selected declarations to graphics.
* Reading vernlog zource file

* Reading vernlog zource file
* Reading vernlog zource file

* HOL analysiz complete

** Creating component 'SCRATCH_LIB. accumulator'

** Creating fow chart "'SCRATCH_LIB. accurmulatar(flow. fo)'
** Creating component "'SCRATCH_LIE. contral

** Creating component "'SCRATCH_LIE fibgen'

** Creating block diagram "SCRATCH_LIB. fibgen(struct. bd)'

** Creating component 'SCRATCH_LIB fibgen_tester'

** Creating flow chart "'SCRATCH_LIB. fibgen_tester[flow. fc]'

* Creating component 'SCRATCH_LIB. fibgen_tb'

** Creating block diagram 'SCRATCH_LIB. fibgen_thlstruct. bd)'
Yizualize Code complete

2 block diagrams
1 state machine
2 flows chartz

C:AFPGAdET PSS\ Hdshexamplesihds_scratchbscratch_libhhdlvSeq_Testery
C:AFPGAdET PSS\ Hds\examplesihds_scratchbscratch_libbhdl\Seq_Generataor.y
C:AFPGAdYET PSS\ Hdshexamplesihds_scratchbecratch_libbhdlSeq_TestBench. v

= Attempting to recover State Maching view fem.zm of control in library SCRATCH_LIB

Conzole  Task Log ]

Browse the Fibonacci Design

1. Select the SCRATCH_LIB library in the Design Unit’s pane of the Design Manager.
Click the right mouse button and choose Expand All from the popup menu.

12
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Import the Fibonacci Design

The design units for the Fibonacci design should now be displayed in the Design Unit’s
pane while the visualization views should be displayed in the Files’ pane. The following
picture shows the imported verilog design:

H[3 Design Manager - Project examples E'@'E'

File Edit Miew HDL Tasks Tools Options Window  Help
@ - @ - 288 Y
B BY-E-UW-Y-@-
Diesign Explarer [ Using viewpoint : Default Wiewpaint (Fitered) - Dant Tous... 2] 4] x| | 4]
Deszign Unit IT_vpe IExtends ILanguage ITime Stamp E
- [ SCRATCH_LIB ~||3
e E accumulatar b oduile Yerlog '35 Mon Sep 29 i
[::-'@ accumulator Module Yerlog '35 Mon Sep 29 i
e E control b oduile Yerlog '35 Mon Sep 29 E
[::-'@ control b oduile Yerlog '35 Mon Sep 29 ;
e E fibgen b oduile Yerlog '35 Mon Sep 29 o
[::-'@ fibgen b oduile Yerlog '35 Mon Sep 29 ﬁ
- &.E fibgen_th b oduile Yerlog '35 Mon Sep 29 i
[::-'@ fibgen_th b oduile Yerlog '35 Mon Sep 29 =
e E fibgen_tester b oduile Yerlog '35 Mon Sep 29 E‘
[::-'@ fibgen_tester Module Yerlog'35 Mon Sep 230w ?
L4 > 3
=
Filez Type Eutends | Size %
+ |? DesignChecker | ==
o1 -I.‘}T| Documentation & Yisualization
T HTML
-5 Visualization
- [Eﬂ SCRATCH_LIB
e ;ﬁ, accumulator b odule
£ flow Flaws Chart 34 KB
Docurment &
Mizualize [ ;@ control b oduile
B fam State Machine 43 KB
e ;ﬁ, fibgen b oduile 4
B8 struct Block Diagram BOKE
- &.;ﬁ, fibgen_th b oduile
B8 struct Block Diagram 33KB
e ;ﬁ, fibgen_tester b oduile
Explore £ flow Flaws Chart JBKE
Tazks 4 >
Viewpaints || | sCRaTCH_LIE |

Each Verilog module or VHDL entity in the source HDL code is partitioned into a
separate design unit which also includes the corresponding VHDL architectures if you
are using VHDL. Notice that a & icon is displayed adjacent to the fibgen_tb design unit
in the Design Units pane indicating that this test bench component is the top level design
unit.

FPGA Advantage Tutorial, Release 8.2 13
October 28, 2008



FPGA Advantage Tutorial
Use ModelSim to Debug the Design

Use ModelSim to Debug the Design

1. Select the component design unit icon ! for fibgen_tb in the design manager.
2. Click the ModelSim Flow button in the design manager toolbar.

FPGA Advantage attempts to run the ModelSim flow but HDL compilation fails due to
deliberate errors in the design example source code.

The compilation status is displayed in the Log Window:

H Log Window

Performing hierarchical generation through components. ..
Checking which dezign unitz need zaving
Incrementally generating HOL...

Generated HDL up to date, nathing to do.

Comparing HOL files with compiled files ...
Current working directory iz C:/FFGADVETP5 Hds/bin

Ewecuting data preparation plug-in for ModelSim 6.1 - 6.3

Perfarming compile...

Librarmy SCRATCH_LIB

YW arning: Reference to unmapped or unknown brany rtiaven

Mate: Mo mapping far rtiavm

Writing temporary output file "'C:/DOCUME ~1/helzaved /LOCALS ~1/Temp/Filesz".

-~ Compiling module fibgen_tester

-~ Compiling module fibgen

-- Compiling module accumulatar

-- Compiling module cantrol

* Error: C/FPGADvETPS AHds/eramples/hds_scratch/scratch_lib/hdl/Seq Generatorw[133); Undefined variable: clear.

child process exited abnormally
Failed during MaodelSim compile - Error executing "'C:AFPGAYETPS Hds/. /M odeltech/wind2 Avlog -work,
"SCRATCH_LIB" -naloge f C:/DOCUME ™1 thelsaped/LOCALS~1/T emp/Files2"

Compiled 2 file(z] in 1 compiler invocation(z] with 1 failurels)

[ata preparation step completed, check transcnpt.

[~

Conscle  ModelSimCompiler J

There is one error message (shown above) if you are using Verilog or five errors if you
are using VHDL.:

** Error: /user/frodo/hds_scratch/scratch_lib/hdl/Seq_Generator.vhd(87): Illegal target for signal
assignment.

** Error: /user/frodo/hds_scratch/scratch_lib/hdl/Seq_Generator.vhd(87): Unknown identifier 'clear'.

** Error: /user/frodo/hds_scratch/scratch_lib/hdl/Seq_Generator.vhd(92): Illegal target for signal
assignment.

** Error: /user/frodo/hds_scratch/scratch_lib/hdl/Seq_Generator.vhd(92): Unknown identifier 'clear’.
** Error: /user/frodo/hds_scratch/scratch_lib/hdl/Seq_Generator.vhd(107): VHDL Compiler exiting

14 FPGA Advantage Tutorial, Release 8.2
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Use ModelSim to Debug the Design

These errors are caused by an inconsistent signal declaration between the body of the
HDL text description and its interface. You can cross-reference from the error message
in the log window to the incorrect declaration in the source HDL by using the Cross
reference to graphics button or by double-clicking on the message.

3. Double-click on the error message in the log window.

The DesignPad editor is invoked and the first line of HDL code that corresponds to an
error message is highlighted.

Notice that the code includes two deliberate errors. If you are using Verilog, these are on
lines 193 and 199:

193 clear = 1 ;
199 clear = 0 ;

// Deliberate error,
// Deliberate error,

signal is declared as clr
signal is declared as clr

If you are using VHDL, the errors are on lines 87 and 92:

87 clear <=
92 clear <=

A .
I
oK .
I

// Deliberate error,
// Deliberate error,

signal is declared as clr
signal is declared as clr

The following picture shows the Verilog code:

File Edit Search Wiew Graphics Document Tasks Options  Window  Help
B = 4 s EHEE S i B G| - o | R B B v v Gy | T i
A EABab | 4 3 2 M[E[FID e & » ;
& - W -9 -3
0: Seq_Generatar.w l
k3
Find Block: 185 =1r = 0: -]
| jﬂ 186 ine = 0;
Code Browszer 187 1d & B = 0:
188 1d _sum = 0O;
Parzer Level |Full j 133
190 ff Brate Aotions
_ Top Of Text 191 case [(current state)
— Bottorn OF Test 192 clr_regs: Eegin
EI—"':lj fibgen 193 clear = 1 ; // Delikherate error, 2ig
poits 194 inc = 0 ;
B clock 195 1d L B =0 ;
EE} et 196 ld_sum = 0 ; J
. 197 end
& fibout 195 inc acch: begin
declarations 199 clear = O : /f Deliberate error, sig:ﬂ
] instances =00 inc = :
EEI—'@ accurnulator ZO1 end 2
EHE] contral z02 load acc sum: begin @
203 inc = 0 ; ¥
== | o
[File: - Seq_Generatorv [Fw [ins [B [N [ Line: 2037232 [ Col 18

FPGA Advantage Tutorial, Release 8.2
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4. Correct the errors by replacing the word clear with clr and delete all of the comment text
after the semi-colon.

5. Click the Save button on the DesignPad toolbar to save the edits to the file.

6. Close the text editor by choosing Close Window from the DesignPad Window menu or
by using the keyboard shortcut Ctrl + F4.

Create a Graphical Test Bench

Now that you have corrected the errors in the source code, you could use the HDL text view of
fibgen_tb to simulate your design. However, for this tutorial you will create a graphical test
bench which will be used to control and monitor the simulation.

1. Use the New button in the design manager window and select Block Diagram from the
Graphical View cascade of the dropdown menu to create a new untitled block diagram.

H} Untitled * (Block Diagram) M=
File Edit %ew HOL Diagram Tasks Simulate  Add  Ophions  Window  Help
g - HE 4 - i3 #hE 2L DL

h-A®M HXESBMAAEE-L-L-S -0 0 &8
B Y -¥-W-Y-@-

Declarations "7 Lampiler Directives = 5 A Shyeture Mavigator «| ¥
Ports: .. . .. . ... .. . Fremoduediredtives: = E—
Disgram Signals: . Cresetal £ Signal Table ~E
... ... . ctimesealeinsfps P} Parameters Table =
. Postmodule directives: P
M Erdmoduledistives: | |7 Vel I 3
. s +|- Declarations/Stateme =3
H w2
) =
< > 13
=
: Content BN
- Coe Froaet | | I ame
i LOMpany name? roject: |examples
<enter comments hens s> @ (ltems: 1]
Title: <enter diagram title here >
Path: <THOX<THODX<TRO> ’
Edited: by helsayed on 30 Sep 2002
H w ] >
4 » [ Content List l ]

Notice the five toolbars at the top of the diagram. The toolbar buttons provide quick
access to many of the most frequently used editing and formatting commands.
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2. Click the Add Component button on the block diagram toolbar to display the
Component Browser showing the SCRATCH_LIB library:

H[3 Component Browser

9| »| % @ 7|

SEN SCRATCH_LIE
+-- 4] accumulatar
+-- 4] contral
+- 4 fibgen
+-2yl fibgen_th

<lm|

+- o] fibgen_tester

3

ﬂ

H

Copy and Faste.

To inztance a component, drag onto a diagram, or uze

3. Select the fibgen component in the Component Browser, hold down the left mouse
button and drag the component onto the block diagram.

4. Repeat this procedure for the fibgen_tester component. The diagram should look similar

to the picture shown below:

Declarations
ports:
Diagram Signals:

- SCRATCH_LIB,
_ fibgen
U

: fibgen_tester
Sua

Compiler Directives
Pre-module directives:
resetall

timescale tnsfdps
Post-module directives:
:Ellt:l-l'l:'lot:llll:e t:Iire:.t:ti:ve:s:

SCRATCH_LIB.

5. Close the Component Browser.

6. Select the fibgen component instance and use the right mouse button to choose Add

Signal Stubs from the popup menu.

FPGA Advantage Tutorial, Release 8.2
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Note

The Add Signal Stubs dialog box is displayed prompting you to choose the type of
ports that require signal stubs:

HQ Add Signal Stubs X]

Pleaze specify the type of ports that require zignal stubs:

v Irput
[v Output
[+ [nOut

k. | Cancel |

D The dialog box includes an additional Buffer option if you are using VHDL.

7.

10.

11.
12.

Click OK to accept the default settings and notice that two signals, clock and reset plus
a bus named fibout are added to the ports on the fibgen instance.

Repeat this procedure for the fibgen_tester component.

You are warned that the nets clock and reset already exist on the diagram and (if you are
using Verilog) that their port and net declarations are different. These warning messages
can be ignored.

H[3 HDL Designer PX|
WA EMIMG:

The net 'clock’ already exists.

Part and Met declarations differ. Using exizting Met declaration
The net reset’ already exists.

Part and Met declarations differ. Using exizting Met declaration

ze UMDO to revert the changes if required.

[ Create unique net names

[ Do not show this warning again

Click OK to acknowledge the warning messages.

Notice that clock and reset signals plus a bus named monitor are added to the ports on
the fibgen_tester instance.

Select and delete the bus fibout.

Select the connector on the monitor bus and drag it to connect on the fibout port of the
fibgen instance.

18
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The block diagram should look similar to the picture shown below:

clock

manitar : [¥

- SCRATCH_LIB
_ fibgen
uo

- SCRATCH_LIB

fihgen_tester

LN

Note
It is not necessary to explicitly connect the clock and reset signals between each port on

the fibgen and fibgen_tester components because these are implicitly connected by name.

[

Save the Test Bench

1. Use the Save button to save the test bench.

2. The Save As Design Unit View dialog box is displayed which allows you to save a
design unit into any currently mapped library. The SCRATCH_LIB library is selected by
default.

3. Select the existing design unit name fibgen_tb (which contains the original HDL text
view of the test bench) and use the name structl:

H[3 Save As Design Unit View

Library: Dezign Unit; Wi
|SCRATCH_LIB (fibgen_th |struct]
Ethernet accumulatar Seq_TestBench.w
ewernplar control gtruct.bd
hds_package_library fibgen
renoir_package librar M
SCEATCH LIB <default: fibgen_tester
Sequencer_vhd
Sequencer_vlg
TIMER_hdl
TIMER_log
tinpzache_sv_lib
ART
LART_T=T
LART_W
LART W2k,
(] | Cancel Help

4. Click OK to save the block diagram as an alternative graphical view of the test bench.
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Set the Default View

Notice that the structl block diagram and a graphical symbol view are added to the
fibgen_tb design unit shown in the design explorer.

Select the structl view below fibgen_tb in the design explorer, right click and choose
Set Default View from the popup menu.

This sets the graphical test bench view structl as the default view. An i icon next to
structl indicates that it is now the default view.

For example, the following picture shows the Verilog version of the design after you
have set the default view:

File  Edit

g -

Simulata

Document &

H Design Manager - Project examples
Wigwe HOL Tasks Tools

Wizualize

Explore
Tazks
Yiewpoints

=1

Cptions  Window  Help

@ - (= b dd B (7 2

B BW-¥-W-%-@-

Dezign Explarer [ Using viewpaint : Default Yiewpoint [Fitered] - Dant Tauch Hid... 2] 4] ] | 4]
Deszign Unit IT_l,lpe IE:u:tends ILanguage ITime Stamp f
- 3 SCRATCH_LIB ~ §

-y aceumulatar Madule Werilog '95  Mon Sep 29 2008 =)
l;:-'@ accumulator Module Yerlog 95 Mon Sep 29 2008 2
=] @ control todule YWerlog 95 Mon Sep 29 2008 ?
b'@ contral Module Yerlog 95 Mon Sep 29 2008 ;
=] E fibgen todule YWerlog 95 Mon Sep 29 2008 o
I;:-'@ fibgen todule YWerlog 95 Mon Sep 29 2008 ﬁ
- &E fibgen_th Compor... YWerlog 95 Tue Sep 30 2008 i
----- '@ fibgen_tb Module YWerlog '35 Mon Sep 29 2008 =
I}Dﬁ struct] Block Di... YWerlog 95 Tue Sep 30 2008 %
----- B zymbaol Symbol YWerlog 95 Tue Sep 30 2008 ?
=] @ fibgen_tester todule YWerlog 95 Mon Sep 29 2008 é
b'@ fibgen_tester Moduls Yerlog '35 Mon Sep 232008 ., E
< » L1
Filez Type Estends | Size
+ FJ DeszignChecker s

+ |+ Documentation & Visualization
i Q Deszign Files
=L SCRATCH_LIE

-5 @ Seq Generatorw Source File 1KB 4
[:-'@ accumulator todule 1KB
%] contral Module 4KR
b'@ fibgen Module 4kB v
< >

| | scRaTCH_LIE |

This graphical test bench will be used to control and monitor the simulation as described
in the next section.
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Simulate Your Design

1. Select the fibgen_tb component and use the ModelSim Flow button to run the
ModelSim flow.

The Start ModelSim dialog box is displayed:

H[} Start ModelSim 6.1-6.3

Design | WHDL | Verlag | SOF |

Library: |
Dezign unit; |
Wiew: |
Log file: | Resolution: |- -
Hoszt b ode
o |Local * |nteractve [GLI)
" Remote Server: " Command-line

J i

[+ Enable Communication with HDS
[ Exclude PSL [-nopsl)
[ Enable Code Coverage

[ Save simulator invoke replay script in side data directary

Imitialization command [-dal Sranse Lud Hlie |

Additional gimulatar argurnents:

| =

2. Ensure that the Enable Communication with HDS option is set and click the OK
button to confirm the dialog box.

The flow automatically generates HDL for the graphical test bench and compiles HDL
for the hierarchy below the selected design unit.
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Note
D Messages showing the progress of HDL generation and compilation are displayed in the

HDS Log Window. You can cross-reference from the log window to the source graphics
or HDL if any generation or compilation errors are detected.

If generation and compilation are completed successfully, the ModelSim simulator is
invoked and the compiled design is loaded.

The following example shows the ModelSim window when a Verilog version of the
tutorial design has been successfully loaded:

7] ModelSim SE PLUS 6.4a
File Edit “iew Compile Simulate Add Library Tools Layvout Debug  MWindow  Help

- G %F@JHem [,
4+ &5 [F muns:ll.LllLa [ ROV -9 E
JLavuutWJ

Cankains |,\ e

—_—

\Workspace e i o s Objects L A x|
Design unik by

Design unik

Instance
Internal

& I fibgen th Fibgen_thifast)  Module
B ot Module Internal
B R UL oo tosertiast) Mok ecet St t  Internal
JEN —
W @sim ! Files | B Memories |,g,l(:‘5'|:’J—|
Transcripk
do. -

l# Region: Jfibgen_tbjU_1

=4 Transcript I EE

|Nu:uw: 0ns Delta: 0 |sim:,|'FiI:ugen_t|:u | Showing All Contexts
4

Note
3 A number of warning messages are displayed in the ModelSim window when a Verilog

version of the design is loaded. For example:

Module 'fibgen' does not have a “timescale directive in effect, but previous modules do.
These messages are issued because there is a “timescale directive in the HDL generated
from the graphical test bench but there are no similar directives in the other HDL text
views. These messages can be ignored for this tutorial.
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Add Probes to the Test Bench

1.

Make the fibgen_tb block diagram active.

Notice that an additional simulation toolbar is displayed at the bottom of the block
diagram when the simulator is invoked. This toolbar provides commands that can be
used to control the simulation of the design from the graphical view.

Use Shift + Left Mouse Button to select the clock and reset signals and the monitor bus
of the fibgen component.

Click the Add Probe button in the simulation toolbar to add probes on the diagram
which show the current value of each signal.

Select the probe on the monitor signal and use the right mouse button to choose Probe
Properties from the popup menu. The Probe Properties dialog box is displayed.

Choose Unsigned from the dropdown list for the Display Radix and confirm the dialog
box.

HI3 Probe Properties r>_<|

Probe M ame: |m|:|nit|:|r

Signal/E xpreszion: |

Yalue [Forced): |:-::-::-::-::-::-::-::-: | Diefault j Forze Walue

Digplay R adix: |L|nsigneu:| ﬂ
Contents
[ Probe Mame Preview:
[ Previous Walue 00
[ Time OF Last Change
[v Digplay Anchaor
Set Az Defaults
| (] | Cancel Apply | Help |

The block diagram should look similar to the following picture:

] 50

rronitor - [7

~[O'std  SCRATCHLB ~~ SCRATCHLIB
. fibgen ——  fibgen_tester
Jvo o
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Note

D Note that you can drag the probes to improve clarity on the diagram. The corresponding
signal or bus is shown by an anchor line (which can be optionally displayed or hidden by
setting an option in the Probe Properties dialog box).

Add a Breakpoint

1. Use the ® icons to expand the hierarchy of the fibgen_tb design in the sim structure tab
of the ModelSim workspace window. Select the FSM view under the U_O instance if
you are using Verilog (or the fsm view under the i0 instance if you are using VHDL).

Wiorkspace —_
|1"|Instan|:e |Design urik |Design unit bype |'-.-'isi|::i|ity |
B F fibgen_th fibgen_tb(fast) Module +arcc=<full =

=g vuan fibgen(fast) Module +acc=<full=
+ gl acc_f accumulator(Fast)  Module +acc=<full=
+ gl acc B accumulator(Fast)  Module +acc=<full=
+ gl acc_sum accumulator(Fast)  Module +acc=<full=
+ gl F5m conkrol{Fask) Module +acc=<full=
EJ #8335IGMNAET fibgen(Fast) Process
o #ASSIGMN#7Z fibgenifast) Process
+-m vl fibgen_tester(Fast) Module +acc=<full=
< | 2|
JILLiI:urary @sim £ Files | B Memaries | ECapacity | 3

2. Display the ModelSim source window (by double clicking on the FSM control design
unit in the sim structure tab of the ModelSim workspace or choose Source from the
View cascade of the Simulate menu in the fibgen_tb test bench block diagram).

3. Navigate to line 193 if you are using Verilog (or line 87 if you are using VHDL) and set
a breakpoint for the clr = I (or clr <= ‘I’) assignment by clicking once beside the line
number. A red dot is added after the line number indicating that a breakpoint has been

set.

|h]+&1PS{Hds/examplesfhds_scratchiscratch_libfhdlfSeq_Generator.v 4 £ X
g | | «|
192 clr regs: begin
193Q clr = 1 ;
194 ine = 0 ;
195 1d A B =20 ;
196 ld sum = 0 ;
197 end
195 ine _acch: begin P |
1899 clr = 0 ;
200 ine = 1 ; |

ki i
-I |h] Seq_Generator.v | ﬂﬂ
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Add Signals to the Wave Window

1.

Make the fibgen_tb block diagram active and ensure that the monitor bus and the signals
clock and reset are selected.

Click the Add Wave button to automatically open the ModelSim Wave window with the
selected signals displayed.

Select the fibgen_tb/monitor bus in the Wave window and use the right mouse button to
choose Unsigned from the Radix cascade of the popup menu.

Run the Simulator

1.

Arrange the test bench block diagram, source and wave windows so that they are all
visible.

In the fibgen_tb block diagram view, choose run 200 from the popup menu of the Run
For Time button to advance the simulation by 200 nanoseconds.

Notice that the simulation probes on the test bench block diagram change color from
yellow to red as their signal values are initialized.

Click the Run Forever button to run the simulator until the breakpoint is encountered.
Notice that the waveform updates through the Fibonacci sequence 0, 1, 2, 3, 5, 8, 13, 21,
34,55, 89 and 144 as the simulation advances and that a blue arrow appears after the line
number in the Seq_Generator.v source window.

7] ModelSim SE PLUS 6.4a =13

File  Edit

View Compile Simulate Add  Wave Tools Lavout Debug  Window Help

D-SE & 4B AT RO | WA

e B ooHAHNBR PR R Y || o

Lig phS
’X\Q gix\

N mfaf B i || QAR || [T 5/ W

DB % e Wl || L EA LI ES||BEDD

(w1 "]

Cursar 1 2550 ns

T — o] |

l E] Seq_taenerakor, v I dwave I ﬂﬂ
|Now: 2,550 ns Dela: 3 |sirn:,I'Fibgen_thIU_DIFSMI#.ﬂLWF\YS#164,181 0 ns ko 3377 ns E Showing all Contexts y
4
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m Z: JFPiGAdvE1PSfHds /examples/hds_scratch)scratch_libfhdlfSeq_Generator,sw
Ln# =
120 A4 SBtate Aotions
121 CaSE [Current sState)
192 clr regs: begin
193 clr = 1 Lo
194 ine = 0 ; j
ki 2
-I@Seq_GeneratDr.v | ﬂwave I ﬂﬂ

4. Click the Run Forever button again and notice that the sequence from 0 to 144 is

repeated.

Make the source window active and remove the breakpoint by right clicking on the BP
column of line 193 and choosing Remove Breakpoint 193 from the popup menu.

In the fibgen_tb block diagram click the El button adjacent to the Run For Time button
on the toolbar and select Choose from the popup menu. A dialog box is displayed which
allows you to enter a simulator run time interval. For example, enter 3000 into the entry
box and click OK to run the simulator.

Fl -
run 200
run H [
run 100 'a rz'
run 300
Fun for what time interyal?
Default Im

] | Eancel|

Notice that the Fibonacci sequence repeats every 2,650 nano-seconds.

You can display the full waveform in the ModelSim Wave window by choosing Zoom
Full from the Zoom cascade of the Wave cascade of the View menu.

You can restart the simulation by using the Restart Simulator button.

Simulation is now complete. Choose Quit from the ModelSim File menu to exit from
the simulator. Click Yes to the exit message. Close the fibgen_tb block diagram.

Synthesize the Design

If your FPGA Advantage configuration includes both LeonardoSpectrum and Precision
Synthesis, you can perform the synthesis procedures using either of these tools.
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Procedures for Running the LeonardoSpectrum Flow are given on page 27.

Procedures for Running the Precision Synthesis Flow are given on page 30.

Running the LeonardoSpectrum Flow

1. Select the fibgen component in the design manager and click on the E button. To
add the button to the toolbar choose Toolbar from the Add to cascade of Leonardo

Spectrum flow popup menu in the Tasks pane.
The LeonardoSpectrum Synthesis Settings dialog is displayed.

2. Select the technology of your choice in the Setup tab. For example, choose FPGA >
Xilinx> XC4000E.

HI} LeonardoSpectrum Synthesis Settings E'@'E'

Paths  Setup l Input |

Technology
ASIC ~ | Device:
EHFPGA |4003=PCa4 i
Actel
Altera Speed Grade:
Atmel |_-| ﬂ
Cypress i
Lattice Wire T able:
QuickLagic |40032-1_ava ]
ilir Desian F i
AUTOMOTIVE 950061 L LT
‘ | NERE MHz
[ ptimization
o Ao O Delay O Area v Add 10 Pads
Hierarchy: [v Boundary Dptimization

¢ Auto O Preserve O Flatten | [ Extended Effort

Fun Options
[v Synthesize [load input files) [ Clear Design Data
[v Optirnize [ &ppend Generics to name

[ Produce Script File For Batch Bun [ Launch Synthesiz

[ Bun Integrated Place and Boute
{+ i

Defaultz ] | Cancel |

When you select a technology, default values are automatically entered in the Device,
Speed Grade and Wire Table fields.
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3. Enter the value 20 in the Design Frequency field and synthesize your design using the
default options in the remaining fields by clicking the OK button.

When you confirm the dialog box, your design is synthesized and optimized for the

selected technology.

LeonardoSpectrum optimizes the design. Progress and completion messages are
displayed in the information window showing that the synthesis run has finished.

_,.;1 Mentor Graphics - LeonardoSpectrum Lewvel 3 - [Command Line]

LS File Edit view Tools ‘Window Help

L EE s N TER

B
Cluick Setup l

Fun the entire flow fram this one condensed pac
file[z], technology and desired frequency, then p

Technology Input
SPARTANZA A Seq Ger
SPARTAMZADS
SPARTAMNIE
WIRTEX
WIRTE-4
YWIRTEX-H
YWIRTEX-E
WIRTE
YWIRTEA Pro
=C4000E

HCA000E: ¥,
< ¥

Device:

4003=PCE4 - Open fi

Speed Grade:

IE Workin

Constraintz
Clock Freguency | 20.000000
O ptimize Effort
Fastest ! ! !
Runtirne _
Cukput

Cutput File: |fi|:ugen.edf

Fur Flow Help
Y Artive Hﬁ'u'iemu('

Ready

D& + B

<

Info: Attempting to checkout a licens &
Info: License passed

Session history will be logged to £il
Info, Working Directory is now 'C:/FD
Info: system wvariable EXEMPLAR set to
Info: Loading Exemplar Blocks file: C
Messages will be logged to file 'C:/F
LeonardoSpectrum Lewvel 2 - 2008a.5 (R
Copvright 1990-2008 Mentor Graphics.
Portions copvright 1991-2008 Compuwar

-- Welcome to LeonardoSpectrum Lewvel
-- RBun By helsaved@HELSAYED DEKTP

-- Bun Started On Tue Sep 30 14:328:15
-=gsource C:/FPGAdvA1LEFPS/Hds/ resource
-zsource "C:/FPGRIVLILSPS/Hds/example
Info, Working Directory is now 'C:/FD
Info: setting registerZregister to &0
Info: setting input2register to 50.00
Info: setting registerZoutput to 50.0
Info: setting inputZoutput to 50.0000
Info: setting part to 4003ePCA4 w

»

oo
Bl
ooz

gource C:/FPGAdvE1LSPS/Hds/resources;”
source "C:/FPGAdvE1LEPS/Hds/examples/

>
Working [
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View the LeonardoSpectrum RTL Schematic

1. If you are using the Level 3 license, you can display an RTL Schematic for your design
by clicking the View RTL Schematic button.

You can move around the schematic using the scroll bars and the diagram can be
enlarged inside the browser by choosing Zoom In from the Zoom cascade of the
Schematic Viewer pulldown menu.

< entor Graphics - LeonardoSpectrum Level 3 - [Architecture- .scratch_Llib.fibgen... g@ﬁ|
@ File Miew Tools Schematic Viewer ‘Window Help - a

Ls @@ 4 M 4 D& & i
KT o (#]

=i G [5F
=

Cluick Setup l

Fiun the entire flaw from this one condenzed |
file[z], technology and desired frequency, ther

Technology Irpit
SPARTAM3A A Seq G
SPARTAMZADS L

SPARTAMIE ﬂ
WIRTEX ot

VIRTEX-4 L:.-%:H—: |
VIRTEXS '
VIRTERE LE%],
VIRTEAI

T

—T : T
TN
i

WIRTE®AI Pra
=C4000E
=CA000E, bs
L4 >
Device: —
Aur Flow Help
Y Active H.E'u'ieuu(' < 5
Ready Wiorking Dire

You can cross-probe from the schematic to the corresponding object in a HDS source
view by selecting an instance on the schematic and clicking the right mouse button and
choosing Trace to HDL Designer from the popup menu.

Note
The Schematic Viewer is not available with a LeonardoSpectrum level 2 license unless

you have an additional license feature for LeonardoInsight.

2. You have now completed this tutorial. Close any cross-referenced windows. Close the
LeonardoSpectrum window by choosing Exit from the File menu and answering No
when you are prompted whether to save your project settings. Close the HDS window
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by choosing Exit from the File menu in the design manager window and answering Yes
in the confirmation dialog box.

Running the Precision Synthesis Flow

1. Select the fibgen component in the HDS Design Manager and click on the Precision
Synthesis Flow button.

The Precision Synthesis Settings dialog is displayed.

2. Select the technology of your choice in the Setup tab. For example, choose Xilinx>
CoolRunner XPLA3CPLDS.

Hld Precision Synthesis Settings El@|g|

General  Setup l User Serpt |
Setup
Technology: Diarilae
2| |#CR3064xLvA44 ]
Speed Grade:
E <
CoolRunner XPLA3 CPLD= v Add|0 Pads
F—CoolRurner2 CPLD =
—AUTOMOTWVE COOLRUNKERZ CPLD: [~ Use safe FSM
F—SPARTANZ
—SPARTAMZE [ Retiming
F—SPARTANI
—AUTOMOTIVE SPARTAMZE ﬂ [ Frontend 2004
Dezign Frequency/Penod 1/0 Conztraints
* Set Frequency |2D tMHz Irput D elay: | he
" Set Period | ns Dutput Delay: | hs
Output Formats
v EDIF [~ %HDL [ “erilog
Fiun Options |mplementation O ptions
v Compile " Single Implementation Mode
v Syrithesize Owenarite implementation folder on each invocation.
[ Incremental Synthesis
[ Physically &ware Synthesize S [hhsls el elhers e
[ Bun lrtegrated Place and Boute A S S e
= ~ Select an implementation to activate:
Mew Impl tati -
[ Produce Script File Far Batch Run S Mpemeniaton J
W Launch Synthesiz
Defaults Ok, | Cancel ‘
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When you select a technology, default values are automatically entered in the Device
and Speed Grade fields.

3. Enter the value 20 in the Design Frequency/Period field and synthesize your design
using the default options in the remaining fields by clicking the OK button.

The Precision Synthesis design center window is displayed showing all of the project
files and design hierarchy for the synthesized design. The contents of the Log File in the
Output Files folder shows the progress and completion of the synthesis run and indicates
that synthesis has been completed successfully.

You can double-click the Log File or any other file in the design center to check and
monitor the progress of the synthesis tool.

% fibgen - Mentor Graphics Precision RTL Synthesis - [Design Center] 5
[B8 Fie ‘View Tools Window Help -5 x
josEE||ser o |omo|ael||-:|u

o [P
Editar | Hilires - CoolRunner #PLA3 CPLD: : =CR30E4xL : 6: YO 44: Frequency = 20 MHZ
Project Project Files Dezign Higrarchy
Design E‘""a Project fibgen E|---=E_I= fibgen (INTERFACE_XRTL)
[ Impl fibgen_impl_1 Clocks
- -E EIE Impl fibgen_impl_2 {unsaved) [:I Ports
E - Input Files - (3 Nets
Add Input Files aj Constraint Files [+ [0 Instances
----- (23 sSeript Files
---- (23 Macro Files
[=1-Z3 Cutput Files
----- L] Log File

BB RTL Schematic
Technology Schematic
----- @ Area Report

----- @ Timing Report

----- @ Tiring Yiolation Report
----- @ RTL Constraints Report
----- IB Tech Caonstrainks Repart
----- Rell FSM Report

----- @ Fibgen. edf
----- ’: Hilire User Constraink File

Design Analysis

ISE E Tranzcript I Dezign Eenterl
Ready | [Input Dir

View the Precision Synthesis RTL Schematic

1. Double-click the RTL Schematic icon in the list of output files in the Project Files pane
to open the schematic diagram in a new Design Browser tab.
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You can move around the schematic using the scroll bars or the diagram can be enlarged
inside the browser by choosing the Zoom In shortcut. You can also use the Zoom Out
or Zoom To Fit shortcuts to view and adjust the diagram inside the browser.

% fibgen - Mentor Graphics Precision RTL Synthesis - [RTL Design Browser : .sx1.... X
B8 File Edit View Tools Window Help -5 %
IBEEY EEEEEA I E S RS

x|
Editar SR Ffibgen (INTERFACE
5 i+ (8] Clocks
Froject ---[:I Parks
Cesign [:l Mets
Desigh Analysis [+ Instances
Schematic
£
i c T
E \:‘%—‘ %F 1
Zoom To Fit
4=
Previous Fage < | 3 % | @
ISE E Tranzcnpt |'Design Eenter' RTL Design...l
Ready | [Tnput Dir 2

You can cross-probe from the schematic to the corresponding object in a HDS source
view by selecting an instance on the schematic and clicking the right mouse button and
choosing Trace to HDL Designer from the popup menu.

You have now completed this tutorial. Close any cross-referenced windows. Close the
Precision Synthesis window by choosing Exit from the File menu and answering No
when you are prompted whether to save your project settings. Close the HDS window
by choosing Exit from the File menu in the design manager window and answering Yes
in the confirmation dialog box.

About Gate Level Simulation

The FPGA Advantage Tutorial has shown how to create a simple design flow using a sample
text design. The design flow showed the first stage of simulation at RTL level using ModelSim
as part of the FPGA Advantage design environment.
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A second stage of simulation is possible at gate-level after synthesis where the output of an
FPGA vendors place and route tool is used to create a gate-level netlist.

The netlist may also include timing information which is defined in a Standard Delay File (.sdf).

This flow is shown in the diagram below where a post place and route gate-level netlist is
loaded into the simulation environment along with the.sdf file.

RTL Simulstion

HDS ? ModelSim
Fate Level Simulation

Synthesized
Gate Level Metlist [N
e

Precizion
Synthesis

== EDF fand conztraintz
LY ]

Third Party Tools Gate Level Metlist
" 3 EDF, whd, v
e.d. Hilir L4
Altera Standard Delay File
adf

Post Place and Route Gate Level Metlist

Further Information

Each of the tools integrated within FPGA Advantage support a large range of features which
cannot be illustrated in this simple tutorial. For more information, see links which are available
from the Help menu in each tool.

General information about the documentation including a list of other HDL Designer Series
tutorials can be found in the Start Here Guide for FPGA Advantage.

Information about supported third party vendors tools can be found at:

http://www.altera.com
http://www.xilinx.com
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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/terms_conditions/enduser.cfm

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”)

This is a legal agreement concerning the use of Software between you, the end user, as an authorized
representative of the company acquiring the license, and Mentor Graphics Corporation and Mentor Graphics
(Ireland) Limited acting directly or through their subsidiaries (collectively “Mentor Graphics”). Except for license
agreements related to the subject matter of this license agreement which are physically signed by you 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 contemporaneous agreements. If you
do 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.

GRANT OF LICENSE. The software programs, 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 you, subject to payment of appropriate license fees, a nontransferable, nonexclusive license to
use Software solely: (a) in machine-readable, object-code form; (b) for your internal business purposes; (c) for the license
term; and (d) on the computer hardware and at the site authorized by Mentor Graphics. A site is restricted to a one-half
mile (800 meter) radius. 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 a restricted 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 telephone support, updates, modifications, and revisions.

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

BETA CODE. 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 you a
temporary, nontransferable, nonexclusive license for experimental use to test and evaluate the Beta Code without charge
for a limited period of time specified by Mentor Graphics. This grant and your use of the Beta Code shall not be construed
as marketing or offering to sell a license to the Beta Code, which Mentor Graphics may choose not to release
commercially in any form. If Mentor Graphics authorizes you to use the Beta Code, you agree to evaluate and test the
Beta Code under normal conditions as directed by Mentor Graphics. You will contact Mentor Graphics periodically
during your use of the Beta Code to discuss any malfunctions or suggested improvements. Upon completion of your
evaluation and testing, you will send to Mentor Graphics a written evaluation of the Beta Code, including its strengths,
weaknesses and recommended improvements. You agree that any written evaluations and all inventions, product
improvements, modifications or developments that Mentor Graphics conceived or made during or subsequent to this
Agreement, including those based partly or wholly on your 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 section 3 shall
survive the termination or expiration of this Agreement.
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RESTRICTIONS ON USE. You 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. You 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. You shall not make Software available in any form to any
person other than employees and on-site contractors, excluding Mentor Graphics' competitors, whose job performance
requires access and who are under obligations of confidentiality. You shall take appropriate action to protect the
confidentiality of Software and ensure that any person permitted access to Software does not disclose it or use it except as
permitted by this Agreement. Except as otherwise permitted for purposes of interoperability as specified by applicable
and mandatory local law, you shall not reverse-assemble, reverse-compile, reverse-engineer or in any way derive from
Software any source code. You 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 your successors in interest
and assigns. The provisions of this section 4 shall survive the termination or expiration of this Agreement.

LIMITED WARRANTY.

5.1. Mentor Graphics warrants that during the warranty period 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 your 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. You
must notify Mentor Graphics in writing of any nonconformity within the warranty period. This warranty shall not be
valid if Software has been subject to misuse, unauthorized modification or improper installation. MENTOR
GRAPHICS' ENTIRE LIABILITY AND YOUR 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 YOU HAVE OTHERWISE COMPLIED WITH THIS AGREEMENT.
MENTOR GRAPHICS MAKES NO WARRANTIES WITH RESPECT TO: (A) SERVICES; (B) SOFTWARE
WHICH IS LICENSED TO YOU FOR A LIMITED TERM OR LICENSED AT NO COST; OR
(C) EXPERIMENTAL BETA CODE; ALL OF WHICH ARE PROVIDED “AS IS.”

5.2. THE WARRANTIES SET FORTH IN THIS SECTION 5 ARE EXCLUSIVE. NEITHER MENTOR GRAPHICS
NOR ITS LICENSORS 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 AND 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 IF MENTOR GRAPHICS OR ITS LICENSORS HAVE BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. IN NO EVENT SHALL MENTOR GRAPHICS' OR ITS LICENSORS'
LIABILITY UNDER THIS AGREEMENT EXCEED THE AMOUNT PAID BY YOU 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 6 SHALL SURVIVE THE EXPIRATION OR TERMINATION OF THIS
AGREEMENT.

LIFE ENDANGERING ACTIVITIES. NEITHER MENTOR GRAPHICS NOR ITS LICENSORS 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 7 SHALL SURVIVE THE
EXPIRATION OR TERMINATION OF THIS AGREEMENT.

INDEMNIFICATION. YOU AGREE 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 YOUR USE OF SOFTWARE AS
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DESCRIBED IN SECTION 7. THE PROVISIONS OF THIS SECTION 8 SHALL SURVIVE THE EXPIRATION OR
TERMINATION OF THIS AGREEMENT.

INFRINGEMENT.

9.1. Mentor Graphics will defend or settle, at its option and expense, any action brought against you alleging that
Software infringes a patent or copyright or misappropriates a trade secret in the United States, Canada, Japan, or
member state of the European Patent Office. Mentor Graphics will pay any costs and damages finally awarded
against you that are attributable to the infringement action. You understand and agree that as conditions to Mentor
Graphics' obligations under this section you must: (a) notify Mentor Graphics promptly in writing of the action;
(b) provide Mentor Graphics all reasonable information and assistance to defend or settle the action; and (c) grant
Mentor Graphics sole authority and control of the defense or settlement of the action.

9.2. If an infringement claim is made, Mentor Graphics may, at its option and expense: (a) replace or modify Software so
that it becomes noninfringing; (b) procure for you the right to continue using Software; or (c) require the return of
Software and refund to you any license fee paid, less a reasonable allowance for use.

9.3. Mentor Graphics has no liability to you if infringement 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 a current unaltered release of Software; (d) the use of Software as part of an infringing process; (e) a
product that you make, use or sell; (f) any Beta Code contained in Software; (g) any Software provided by Mentor
Graphics’ licensors who do not provide such indemnification to Mentor Graphics’ customers; or (h) infringement by
you that is deemed willful. In the case of (h) you shall reimburse Mentor Graphics for its attorney fees and other costs
related to the action upon a final judgment.

9.4. THIS SECTION IS SUBJECT TO SECTION 6 ABOVE AND STATES THE ENTIRE LIABILITY OF MENTOR
GRAPHICS AND ITS LICENSORS AND YOUR SOLE AND EXCLUSIVE REMEDY WITH RESPECT TO
ANY ALLEGED PATENT OR COPYRIGHT INFRINGEMENT OR TRADE SECRET MISAPPROPRIATION
BY ANY SOFTWARE LICENSED UNDER THIS AGREEMENT.

TERM. 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 1, 2, or
4. For any other material 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 Software was
provided for limited term use, this Agreement will automatically expire at the end of the authorized term. Upon any
termination or expiration, you agree to cease all use of Software and return it to Mentor Graphics or certify deletion and
destruction of Software, including all copies, to Mentor Graphics’ reasonable satisfaction.

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. You agree that you will not export any Software or direct product of Software in any manner without
first obtaining all necessary approval from appropriate local and United States government agencies.

RESTRICTED RIGHTS NOTICE. Software was developed entirely at private expense and is commercial computer
software provided with RESTRICTED RIGHTS. Use, duplication or disclosure by the U.S. Government or a U.S.
Government subcontractor is subject to the restrictions set forth in the license agreement under which Software was
obtained pursuant to DFARS 227.7202-3(a) or as set forth in subparagraphs (c)(1) and (2) of the Commercial Computer
Software - Restricted Rights clause at FAR 52.227-19, as applicable. Contractor/manufacturer is Mentor Graphics
Corporation, 8005 SW Boeckman Road, Wilsonville, Oregon 97070-7777 USA.

THIRD PARTY BENEFICIARY. For any Software under this Agreement licensed by Mentor Graphics from Microsoft
or other licensors, Microsoft or the applicable licensor is a third party beneficiary of this Agreement with the right to
enforce the obligations set forth herein.

AUDIT RIGHTS. You will monitor access to, location and use of Software. With reasonable prior notice and during
your normal business hours, Mentor Graphics shall have the right to review your software monitoring system and
reasonably relevant records to confirm your compliance with the terms of this Agreement, an addendum to this
Agreement or U.S. or other local export laws. Such review may include FLEXIm or FLEXnet report log files that you
shall capture and provide at Mentor Graphics’ request. Mentor Graphics shall treat as confidential information all of your
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 or addendum to this Agreement. The provisions of this section 14 shall
survive the expiration or termination of this Agreement.
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17.

CONTROLLING LAW, JURISDICTION AND DISPUTE RESOLUTION. THIS AGREEMENT SHALL BE
GOVERNED BY AND CONSTRUED UNDER THE LAWS OF THE STATE OF OREGON, USA, IF YOU ARE
LOCATED IN NORTH OR SOUTH AMERICA, AND THE LAWS OF IRELAND IF YOU ARE LOCATED
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 disputes in Asia (except for Japan) arising out of or in relation to
this Agreement shall be resolved by arbitration in Singapore before a single 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 15. This section shall not restrict Mentor Graphics’ right to bring an action against you in the jurisdiction
where your place of business is 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.

PAYMENT TERMS AND MISCELLANEOUS. You will pay amounts invoiced, 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. Some Software may contain code distributed under a third party license agreement that may provide
additional rights to you. Please see the applicable Software documentation for details. This Agreement may only be
modified in writing by authorized representatives of the parties. Waiver of terms or excuse of breach must be in writing
and shall not constitute subsequent consent, waiver or excuse.
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