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T-6 Introduction

Software versions

This documentation was written to support Model Sim PE 5.6 for Microsoft Windows 98/
Me/NT/2000/XP. If the Model Sim software you are using is a later release, check the
README file on the CD-ROM that accompanied the software. Any supplemental
information will be there.

Although this document covers both VHDL and Verilog simulation, you will find it a
useful reference even if your design work is limited to asingle HDL.

Standards supported

ModelSim PE Tutorial

ModelSim VHDL supports both the IEEE 1076-1987 and 1076-1993 VHDL, the
1164-1993 Standard Multivalue Logic System for VHDL Interoperability, and the
1076.2-1996 Standard VHDL Mathematical Packages standards. Any design devel oped
with Model Sim will be compatible with any other VHDL system that is compliant with
either |EEE Standard 1076-1987 or 1076-1993.

ModelSim Verilog is based on |EEE Std 1364-1995 and a partial implementation of
1364-2001 (see /<install_dir>/modeltech/docs/technotes/viog_2000.note for
implementation details) Sandard Hardware Description Language. The Open Verilog
International Verilog LRM version 2.0 is also applicable to alarge extent. Both PLI
(Programming Language Interface) and VCD (Value Change Dump) are supported for
ModelSim PE and SE users.

In addition, all products support SDF 1.0 through 3.0, VITAL 2.2b, VITAL'95 - |IEEE
1076.4-1995, and VITAL 2000 — |EEE 1076.4-2000.



Assumptions

Assumptions

We assume that you are familiar with the use of your operating system. If you are not
familiar with Microsoft Windows, we recommend that you work through the tutorials
provided with MS Windows before using Model Sm.

We also assume that you have aworking knowledge of VHDL and Verilog. Although
ModelSim is an excellent tool to use while learning HDL concepts and practices, this
document is not written to support that goal.

Where to find our documentation

Model Sim documentation is available from our website at
www.model .com/support/documentation.asp or in the following formats and locations:

Document Format How to get it

SartHerefor Model SmPE | paper shipped with ModelSim

(installation & support — - -

PDF select Main window > Help >PE Documentation; also available

reference) ’
from the Support page of our web site: www.model.com

ModelSm PE Quick Guide | paper shipped with ModelSim

(command and feature . . .

quick-reference) PDF select Main window > Help >PE D_ocumentanon, also available
from the Support page of our web site: www.model.com

Model SSm PE Tutorial PDF, HTML | select Main window > Help >PE Documentation; also available
from the Support page of our web site: www.model.com

ModelSm PE User’s PDF, HTML | select Main window > Help >PE Documentation

Manual

Model Sm PE Command PDF, HTML | select Main window > Help >PE Documentation

Reference

Std _DevelopersKit User's | PDF www.model.com/support/pdf/sdk_um.pdf

Manual
The Standard Developer’ s Kit is for use with Mentor Graphics
QuickHDL.

ModelSim Command Help | ASCII typehel p [ conmand nane] at the prompt in the Main window

Error message help ASCII typeverror <msgNume at the prompt in the Main window or at a
shell prompt

Tcl Man Pages (Tcl HTML select Main window > Help > Tcl Man Pages, or find

manual) contents.htm in \modeltech\docs\tcl_help_html

application notes HTML www.model .com/resources/techdocs.asp

frequently asked questions | HTML www.model.com/resources/fags.asp
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Document

Format

How to get it

tech notes

ASCII

select Main window > Help > Technotes, or located in the
\modeltech\docs\technotes directory

Technical support and updates

ModelSim PE Tutorial

The Model Technology web site includes links to support, software updates, and many

other information sources.

Support

www.model.com/support/default.asp

Customers in Europe should contact their distributor for support. See
www.model.com/contact_us.asp for distributor contact information.

Updates

www.model .com/products/rel ease.asp

Latest version email

Place your name on our list for email notification of news and updates.
www.model.com/support/register news list.asp
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Before you begin

Preparation for some of thelessonsleaves certain detailsup toyou. Y ou will decidethe best
way to create directories, copy files and execute programs within your operating system.
(When you are operating the simulator within Model Sim’s GUI, the interface is consistent
for all platforms.)

Additional detailsfor VHDL, Verilog, and mixed VHDL/Verilog simulation can be found
in the ModelSm User’s Manual and Command Reference. (See "Where to find our
documentation” (T-7).)

Command, button, and menu equivalents

Drag and drop

Many of the lesson steps are accomplished by a button or menu selection. When
appropriate, VSIM command line (PROMPT:) or menu (MENU:) equivalents for these
selections are shown in parentheses within the step. This example shows three options to
the run -all command, a button, prompt command, and a menu selection.

(PROMPT: run -all) (MENU: Simulate > Run > Run -All)

Drag and drop alows you to copy and move signals among windows. If drag and drop
applies to alesson step, it is noted in a fashion similar to MENUS and PROMPTS with:
DRAG&DROP.

Command history

Asyou work on the lessons, keep an eye on the Main transcript window. The commands
invoked by buttons and menu selections are echoed there. Y ou can scroll through the
command history with the up and down arrow keys, or the command history may be
reviewed with several shortcuts at the Model Sim/V SIM prompt.

Shortcut Description

click on prompt left-click once on apreviousModel Simor VSIM promptin
the transcript to copy the command typed at that prompt to
the active cursor

his or history shows the last few commands (up to 50 are kept)

ModelSim PE Tutorial
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Reusing commands from the Main transcript
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Model Sim’s Main transcript can be saved, and the resulting file used as a DO (macro) file
to replay the transcribed commands. Y ou can save the transcript at any time before or
during simulation. Y ou have the option of clearing the transcript (File > Transcript > Clear
Transcript) if you don’t want to save the entire command history.

To save the contents of the transcript select File> Transcript > Save Transcript Asfrom
the Main menu.

Replay the saved transcript with the do command:

do <do file nane>

For example, if you saved a series of compiler commands as mycompile.do (the .do
extension is optional), you could recompile with one command:

do nyconpile. do

P Note: Neither the prompt nor the Return that ends acommand line are shown in the
examples.
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Lesson 1 - Creating a Project

The goals for this lesson are:

e Createaproject

A project isacollection entity for an HDL design under specification or test. Projects ease
interaction with the tool and are useful for organizing files and simulation settings. At a
minimum, projects have awork library and a session state that is stored in a.mpf file. A
project may also consist of:

» HDL sourcefiles or references to source files
«  other files such as READMEs or other project documentation
e locd libraries
« referencesto global libraries
For more information about using project files, see the ModelSm User’s Manual.

ModelSim PE Tutorial
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1 Start Model Sim with one of the following:

for Windows - your option - from a Windows shortcut icon, from the Start menu, or

from a DOS prompt:

nodel si m exe

P Note: if you didn’'t add Model Sim to your search path during installation, you will have
to include the full path when you type this command at a DOS prompt.

Upon opening Model Sim for the first time, you will see the Welcometo ModelSim
dialog. (If this screen isnot available, you can enableit by selecting Help > Welcome
M enu from the Main window. It will then display the next time you start Model Sim.)

New Features

= - Welcome to ModelSim 5.6
%Z_Mo.dels:m. p—

New Features!

VHDL  Yerlog

* High-Performance Optimizations

* Usability and Debug Features
Enhanced Dataflow Window

Model Technology source Window Templates and Wizards

Project Manager

Jumpstart M Signal Spyiim
Waveformn Snapshot

IJze ModelSim Jumpstart
to simulate now. = Standards Support

WITAL 2000 and Verlog 2001

Full ModelSim release notes (inweb browser)

[ Don't show this dislog again

Y ou can accessavariety of information about Model Sim viathisdialog. For now click

Close to dismiss the dialog.

ModelSim PE Tutorial



Select File> New > Project (Main window). In the Create Project dialog box, enter

"test" asthe Project Name and select a directory where the project file will be stored.
Leave the Default Library Name set to "work."

Create Projeck

— Project Mame

|tes|

— Project Location

| C: AmodeltechAwin2

Browsze... |

—Default Library Hame

Iwark

] | Cancel

Upon selecting OK, you will see ablank Project tab in the workspace area of the Main

window and the Add Itemsto the Project diaog.

ﬁMDdElSin‘l

File Edit Miew Compie Simulate Tools

S B8

¥ o4

Mame

=],
I Statusl Type M

workspace

N

|

| |

Project j Library

Froject : test

Window  Helo
Add items to the Projeck

— Click on the icon to add items of that type:—

] ]

Create Mew File Add Ewxizting File
Create Simulation Create Mew Folder

Cloge |

|

|-::N|:| Design Loaded= [=Mo Cantext=

P
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Lesson 1 - Creating a Project

3 Thenext stepisto add the filesthat contain your design units. Click Add Existing File

inthe Add Itemsto Project dialog. For this exercise, we'll add two Verilog files.
Click the Browse button in the Add file to Project dialog box and open the examples
directory in your Model Sim installation. Select tcounter.v and counter.v. Select
Reference from current location and then click OK.

Add file to Projeckt
— Filz Mame

|t|:|:|unter.'-.f counter.w Browse. .. |

—Addfile az tppe—————— Folder
||:Iefault ﬁl ’;:up Level ZI

{* Feference from curent locatio ¢ {Copy to project directong

B

k. Cancel

4 Click your right mouse button (2nd button in Windows; 3rd button in UNIX) in the

ModelSim PE Tutorial

Project page and select Compile > Compile All.

Iﬁ:|'l‘*1::m:ln:l5in1
File Edit Wiew Compile Simulate Tools  Window  Help

S i BE o 10
=]

i ame v IStatus IT_I,Ipe I

Im
- tcounter v

# Loading project test

b adelSim:

Compile Compile Selected
Simulate m
Compile Out-of-Drate
Add to Project s o
; Cornpile Order. ..

Remowve from Project ;

; Compile Beport...
Cloze Project

Compile Summary...

< |
| Praoject | Library

Custarmize YWigw. ..

| : Froperties
Froject : test Pm‘emgn-:m?— =Mao Contexd
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5 Thetwo files are compiled. Click on the Library tab and expand the work library by
clicking the "+" icon. Y ou'll see the compiled design unitslisted.

ﬁ ModelSim

_iol x|
File Edit Yew Compile Simulate Tools ‘Window Help
S B@ [ EIRG
ESR Loading project test firmh
R I Tupe I Path =) |# Compile of counter.y was successul
- # Compile of toounter v was successful.
=M} work Library work # 2 compiles, O failed with O ermar(z).
/] counter Module  C:/mod _
1] test_counter Module  C:/mad ModelSim> |
] italz000 Library  $MODE
] === Library  $MODE
[l modelsim b Library  $MODE
-1 std Librars  $MODE -
i [
Libram 3
|F'rn:ujeu::t - test |=:N|:| Design Loaded= =Mo Caontext= p

6 Thelast stepinthisexerciseistoload one of the design units. Double-click counter on

the Library page. You'll see anew page appear in the Workspace that displays the
structure of the counter design unit.

ﬁ ModelSim

=0 x|
File Edit Wiew Compile Simulate Tools  Window Help
S BRI wHEIEERR B
ModelSim> cd. s
El—t counter: counter # tcountery successful
o Function increment # counterw successful.

wEim work., counter
# waim work, counter
# Loading wark. counter

WSIM 5 |
4] | »
[ Project | Library | sim 3
|F'rnjen:t : test |N|:|w: Ons Delta: 0 sim:/counter &

At this point, you would generally run the simulation and analyze or debug your
design. We'll do just that in the upcoming lessons. For now, let’s wrap up by ending
the simulation and closing the project. Select Simulate> End Simulation and confirm

ModelSim PE Tutorial
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that you want to quit simulating. Next, select File > Close > Pr oj ect, confirm that you
want to close the project, and select Y es to update your project file with the changes
you made during this session.

Note that atest.mpf file has been created in your working directory. Thisfile contains
information about the project test that you just created. Model Sim will open this
project automatically the next time you invoke the tool.
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Lesson 2 - Basic VHDL simulation

The goals for this lesson are:

e Createalibrary and compileaVHDL file

e Load adesign

e Learn about the basic Model Sim windows, mouse, and menu conventions
*  Forcethevalue of asignal

e Run ModelSim using the run command

e Set abreakpoint

e Single-step through a simulation run

The project feature covered in Lesson 1 executes several actions automatically such as
creating and mapping work libraries. Inthislesson wewill go through the entire process so
you get afeel for how ModelSim really works.

ModelSim PE Tutorial



T-18 Lesson 2 - Basic VHDL simulation

Compiling the design

ModelSim PE Tutorial

1

Start by creating anew directory for this exercise (in case other users will be working
with these lessons). Create the directory, then copy all of the VHDL (.vhd) filesfrom
\<install_dir>\modeltech\examples to the new directory.

Make sure the new directory is the current directory. Do this by invoking ModelSim
from the new directory or by selecting File > Change Directory (Main window).

Start Model Sim with one of the following:

for Windows - your option - from a Windows shortcut icon, from the Start menu, or
from a DOS prompt:

nodel si m exe

Note: If you didn’t add Model Sim to your search path during installation, you will have
to include the full path when you type this command at a DOS prompt.

Select "Proceed to Model Sim" if the Welcome dialog appears.

Before you compile any HDL code, you'll need adesign library to hold the
compilation results. To create a new design library, make this menu selection in the
Main window: File> New > Library.

MakesureCreate: anew
library and alogical
mappingtoit isselected.
Type "work" in the
Library Name field and

Create a New Library E £

—Lreate

% {3 new libram and a logical mapping to it

then select OK. " amap to an existing library
Thiscreatesa

subdirectory named work — Library Name:

- your design library - fwicrk

within the current
directory. ModelSim
savesaspecia filenamed
_infoin the subdirectory.

—Library Phyzsical M ame:

|w::nrk

(PROMPT: vlib work
vmap work work)

Cancel |

Note: Do not create a Library directory using Windows commands, because the _info
file will not be created. Always use the File menu or the vlib command from either the
ModelSim or DOS prompt.)
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4 Compilethefile counter.vhd into the new library by selecting Compile > Compile.

@ (PROMPT: vcom counter.vhd)

This opens the Compile HDL Source Files dialog box. (Y ou won’t see this dialog box
if you invoke vcom from the command line.)

Compile HDL Source Files : e |
Library: Iwu:urk j
Loak in: I ] examples j & £ Eo-
|| datasets [ tel_tutorial ] caurter.vhd tu:u:uunter.'-.f
" Foreign [ | widpoker gates.vhd testal:h:ler.
| rixedHDL [ wpi io_utils.vhd
1 pli adder.vhd jedec.vhd
| profiler I:uvadu:l.vhd pallérd,vhd
|1 projects n:n:-unter.v skirnulus . whd
4 | i

File name: Icnunter.vhd Compile I
Filez aof type: IHDL Files [*.w;* wl* whd who; hdl ;. wo) j Done |

Default Options. .. | Edit Source |

Compl ete the compilation by selecting counter.vhd from the file list and clicking
Compile. Select Done when you are finished.

Y ou can compile multiple filesin one session from thefilelist. Individually select and
compile the filesin the order required by your design.

Note that you can have M odel Sim determine the compile order. See " Auto-generating
compile order" in the Project chapter of the ModelSm User’s Manual for details.

ModelSim PE Tutorial



T-20 Lesson 2 - Basic VHDL simulation

Loading the design

1 Load the design unit by selecting Simulate > Simulate.

|
(= (PROMPT: vsim counter)

The Simulate dialog box appears. Click the"+" sign next to 'work’ to see the counter
design unit. (You won't see thisdialog box if you invoke vsim with counter from the
command line.)

|, Simulate : ] [m] e
Destan | DL veriog | Lbraris | SOF | Options |
M ame IT_I,Ipe IF'ath I I 2
E- ]l work. Library  waork
E] counter E ritiy C:/modeltech/example...
J:Il IEEEpLINe Library  C:/modeltechfiesepure
L vitalz 20 Library  C:/modeltech/vital2. 2b
] vitaiz000 Library  C:/modsltech/vital2000
]l ie== Library  $MODEL_TECH/.. fieee
il modelsim_ib Library  $MODEL_TECH/./m..
=+l st Library ~ $MODEL_TECH/../std
]l std_developers.. Library  $MODEL_TECH/. /st... b
L svropsvs Library  $MODEL_TECH/. /sy... S
 Simulate Simulator R esolution
I Add | [ default  — ”
Load Cptimize Cancel

If the Design Unit isan entity (like counter in thisdesign), you can expand it to view
any associated architectures.

E—Jg} wark, Library — wark,
EIJ_ counter Entity C:/modeltech/example...
A anly Architec... C:/modeltech/example. .

Select the entity counter and choose L oad.

2 Next, select View > All Windows from the Main window menu to open all Model Sim
windows.

(PROMPT: view *)
For descriptions of the windows, consult the ModelSm User’s Manual.

ModelSim PE Tutorial
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3 Next let's add top-level signals to the Wave window by selecting Add > Wave >
Signalsin Region from the Signals window menu.

(PROMPT: add wave /counter/*)

1]

sirm:fcounter A

ModelSim PE Tutorial



T-22 Lesson 2 - Basic VHDL simulation

Running the simulation

ModelSim PE Tutorial

We will start the ssmulation by applying stimulus to the clock input.

1

Click in the Main window and enter the following command at the VSIM prompt:
force clk 1 50, 0 100 -repeat 100

(Signals MENU: Edit > Clock)

Model Sim interprets this for ce command as follows:

« forceclk tothevalue 1 at 50 ns after the current time

e thento O at 100 ns after the current time

e repeat thiscycle every 100 ns

Now you will exercise two different Run functions from the toolbar buttons on either

the Main or Wave window. (The Run functions areidentical in the Main and Wave
windows.) Select the Run button first. When the run is complete, select Run -All.

Run. This causes the simulation to run and then stop after 100 ns.
(PROMPT: run 100) (Main MENU: Simulate > Run > Run 100ns)

Run -All. This causesthe simulator to run forever. To stop the run, go onto

the next step.

(PROMPT: run -all) (Main MENU: Simulate > Run > Run -All)

Select the Break button on either the Main or Wave toolbar to interrupt the run. The
simulator will stop running as soon as it gets to an acceptabl e stopping point.

@ (Main MENU: Simulate > Break)

The arrow in the Source window points to the next HDL statement to be executed. (If
the simulator is not evaluating a process at the time the Break occurs, no arrow will be
displayed in the Source window.)
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4 Next, you will set abreakpoint in the function on line 18. Scroll the Source window
until line 18 isvisible. Click on or near line number 18 to set the breakpoint.

Y ou should see ared dot next to the line number where the breakpoint is set. The
breakpoint can be toggled between enabled and disabled by clicking it. When a
breakpoint is disabled, the dot appears open. To delete the breakpoint, click the line
number with your right mouse button and select Remove Breakpoint 18.

(PROMPT: bp counter.vhd 18)

@ source - counter.yhd 10l =i
File Edit Yiew Tools ‘Window
e s BRROMAIE ToHEEER BTPD =
1t variable result : bit_wvectoriinput'range) = input; d
le wariable carry : bit = '1';
17 begin
& 1z for i in input'low to input 'high loop
19 result (i) = inputii) xor Carry;
20 carry = input i) and carry;
21 exit when carry = '0';
Z2E end loop;
Z3 return result;
Zd end increment ;
25 begin
ZE
z7 ctr:
28 processiclk, reset)
29 beagin d
A | counter hd | N 2]
| |Ln:14, Col:0 -- read-only o

P Note: Breakpoints can be set only on executable lines— denoted by blue line numbers.

5 Select the Continue Run button to resumetherun that youinterrupted. Model Sim will
hit the breakpoint, as shown by an arrow in the Source window and by aBreak message
in the Main window.

Ef (PROMPT: run -continue) (MENU: Simulate > Run > Continue)

ModelSim PE Tutorial
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ModelSim PE Tutorial

Click the Step button in the Main or Source window several timesto single-step
through the simulation. Notice that the values change in the Variables window (you
may need to expand the Variables window).

]

(PROMPT: step) (MENU: Simulate > Run > Step)

This concludes the basic VHDL simulation tutorial. When you' re done, quit the
simulator by entering the command:

quit -force

This command exits Model Sim without asking for confirmation.
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The goals for this lesson are:

Compile aVerilog design

List signalsin the design

Examine the hierarchy of the design
Simulate the design

Change the default run length

Set a breakpoint

The project feature covered in Lesson 1 executes severa actions automatically such as
creating and mapping work libraries. In thislesson we will go through the entire process so
you get afeel for how Model Sim really works.

ModelSim PE Tutorial
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Compiling the design

ModelSim PE Tutorial

If you've completed any previous VHDL lesson, you'll notice that Verilog and VHDL
simulation processes are amost identical.

1

Create and change to a new directory to make it the current directory.

Y ou can make the directory current by invoking Model Sim from the new directory or
by using the File > Change Directory command from the Model Sim Main window.

Copy the Verilog files (fileswith ".v" extension) from the
\<install_dir>\modeltech\examples directory into the current directory.

Before you can compileaVerilog design, you need to createadesign library inthe new
directory. If you arefamiliar only with interpreted V erilog simulators such as Cadence
Verilog-XL, thiswill be anew ideafor you. Since ModelSim is a compiled Verilog
simulator, it requires atarget design library for the compilation. Model Sim can
compile both VHDL and Verilog code into the same library if desired.

Invoke Model Sim:

for Windows - your option - from a Windows shortcut icon, from the Start menu, or
from a DOS prompt:

nodel si m exe

Note: If you didn’t add Model Smto your search path during installation, you will have
to include the full path when you type this command at a DOS prompt.

Click Close if the Welcome dialog appears.
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4  Before you compile any HDL code, you'll need adesign library to hold the
compilation results. To create a new design library, make this menu selection in the
Main window: File> New > Library.

MakesureCreate: anew
library and alogical
mappingtoit isselected. ~ LCreate
Type "work" in the
Library Name field and

Create a New Library i #

* {3 new libram and a logical mapping to it

then select OK. " amap to an existing library
Thiscreates a

subdirectory named work — Library Mame:

- your design library - fwacik

within the current

directory. ModelSim — Library Phyzizal M ame:

savesaspecia filenamed
_infoin the subdirectory.

(PROMPT: vlib work
vmap work work)

|wu:|rk

Cancel |

P> Note: Do not create a Library directory using Windows commands, because the _info
file will not be created. Always use the File menu or the vlib command from either the
ModelSim or DOS prompt.)

In the next step you’'ll compile the Verilog design. The example design consists of two
Verilog sourcefiles, each contai ning aunique module. Thefile counter.v containsamodule
called counter, which implements a simple 8-bit binary up-counter. The other file,
tcounter.v, is atestbench module (test_counter) used to verify counter.

Under simulation you will see that these two files are configured hierarchically with a
singleinstance (instance name dut) of module counter instantiated by thetestbench. Y ou'll
get achance to look at the structure of this code later. For now, you need to compile both
filesinto the work design library.
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5 Compilethecounter.v, and tcounter.v filesinto thework library by selecting Compile

> Compile from the menu.

@ (PROMPT: vlog counter.v tcounter.v)

This opens the Compile HDL Source Files dialog box.

Compile HDL Source Files

2 x|

Library: Iw::nrk

k3

Loak in: I 3 examples

x| & & cF B

stimulus.vhd

itcounker

testadder.vhd

[+

[ kel_kutorial ] counker .
|1 vidpoker counter, whd
L wpi gates,vhd
I work, io_utils, whd
v adder.whd jedec.vhd
[ui]brvadd. vhd palt6ra.vhd
Kl

File: narne: I"t-:-:uunter.v" "counter, "

Compile I

Files of type:  [HDL Files [%.v;% vl%.vhd" vhoy*

Default Optionz... |

hdizva) v Dane |

Edit Source |

Select counter.v and tcounter.v (use Ctrl + click) and then choose Compile and then

Done.

P Note: The order in which you compile the two Verilog modules is not important (other
than the source-code dependencies created by compiler directives). Thismay again seem
strangeto Verilog-X L userswho understand the possible problems of interface checking
between design units, or compiler directive inheritance. Model Sim defers such checks
until the design isloaded. So it doesn't matter here if you choose to compile counter.v

before or after tcounter.v.
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Loading the design T-29

Load the design by selecting Simulate > Simulate from the menu:

=

(PROMPT: vsim test_counter)

The Simulate dialog appears. Click the "+" sign next to 'work’ to see the counter and
test_counter design units. (You won't seethis dialog box if you invoke vsim with
test_counter from the command line.)

|55 ‘simulate

Design | ¥HOL | terlog | Libraries | SDF | options |

M arne I Type

| Pt

=Wl otk Library
1] counter M odule
1] test_counter b odule

J:Il IBEEpLIE Library
i} vital2. 26 Library
[l itt2000 Librany
Ill ieEE Library
m modelzinn_hib Library
m ztd Librany

M ztd_developers.. Libram

vark,

C:/modelkech/example. .
C:/modeltech/example. ..

C: /modekechieeepure
C:/modeltechdvital?. 2h
C:/modeltechvital2000

$MODEL_TECH/!. fiees

$MODEL_TECH/. Am...
$MODEL_TECH/../std
$MODEL_TECH/. Ast...

— Simulate

.ﬁ.ddl |7

b

Simulatar B esulutinnw

default = |

Load | Cptimize

Cancel |

The Simulate dialog allows you to select a design unit to load from the specified
library. Y ou can also select the resolution limit for the simulation. The default

resolution is 1 ns.

Select test_counter and click L oad to accept these settings.

Bring up the Signals, Source, and Wave windows by entering the following command
at the VSIM prompt within the Main window:

vi ew signal s source wave

(Main MENU: View > <window name>)
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3 Now let’'s add signals to the Wave window with Model Sim’ s drag and drop feature.

In the Signals window, select Edit > Select All to select the three signals. Drag the
signals to either the pathname or the values pane of the Wave window.

=10l x|

File Edit Miew add Tools  Swindow

=10 |

File Edit
=&
=L L ER (A

Insert  Format  Toaols  \indow

BRI LA [N n RS @

Wiew

sim:ftes

u
Aest_counterdrst M
e Atest_counter/count | sxERmess

4|
0 ns to 495 ns

i
R
y

HDL items can also be copied from one window to another (or within the Wave and
List windows) with the Edit > Copy and Edit > Paste menu selections.
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4 You may have noticed when you loaded the design in Step 1 that a new tab appeared
in the workspace area of the Main window.

Iﬁ:|'l‘*1::m:ln:l5in1 =10l =|
File Edit Wiew Compile Simulate Tools  Window Help
2o BREF wHEIEIERR BB
E_é YEIM 29> |
dut: counter
o Function increment
\ :l
4 | I .3
[ Library | sim 3
|Nuw: Ons Delta)0 |5im:ftest_u::nunter &

\
\

Structure pane

The Structure tab shows the hierarchical structure of the design. By default, only the
top level of the hierarchy is expanded. Y ou can navigate within the hierarchy by
clicking on any linewitha"+" (expand) or "-" (contract) symbol. The same navigation
technique works anywhere you find these symbols within Model Sim.

By clicking the "+" next to dut: counter you can see all three hierarchical levels:
test_counter, counter and afunction called increment. (If test_counter is not
displayed you simulated counter instead of test_counter.)

5 Click on Function increment and notice how other Model Sim windows are
automatically updated as appropriate. Specifically, the Source window displaysthe
Verilog code at the hierarchical level you selected in the Structure window, and the
Signalswindow displaysthe appropriate signals. Using the Structuretab in thisway is
anal ogous to scoping commands in interpreted Verilogs.

For now, make sure the test_counter module is showing in the Source window by
clicking on the top line in the Structure pane.
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Running the simulation

ModelSim PE Tutorial

Now you will exercise different Run functions from the toolbar.

1 Select the Run button on the Main window toolbar. This causes the smulation to run

and then stop after 100 ns (the default simulation length).

(PROMPT: run) (MENU: Simulate > Run > Run 100 ns)

2 Next change the run length to 500 on the Run L ength selector and select the Run
button again.

IE]'r'“"lr|:|u|:|u=:|5in'| : a5 ]

File Edit “iew Compile Simulate Tools  Window  Help

£ B EF[ oo RLEIEEE B B

53000 26
E4001 26
E4501 27
ES000 27
EE001 27
ER501 28
E7000 28
52001 28
58501 29
‘| [+ E000 29

Library | sim WS 33

E—é tezt_counter; test_counter
dut: counter
oF Function incremernt

HHEHEHRHBETEERR

|N|:|w: BOO s Delta: 2 |5im:ftest_n:n:|unter

P

Now the simulation hasrun for atotal of 600ns (the default 100ns plusthe 500 you just
asked for). The status bar at the bottom of the Main window displays thisinformation.

3 Thelast command you executed (r un 500) caused the simulation to advance for 500ns.

Y ou can also advance simulation to a specific time. Type:
run @ 3000

This advances the simulation to time 3000ns. Note that the simulation actually ran for

an additional 2400ns (3000 - 600).
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4 Now select the Run -All button from the Main window toolbar. This causes the
simulator to run until the stop statement in tcounter.v.

(PROMPT: run -all) (MENU: Simulate > Run > Run -All)

B source - tcounter.y : o |EI|5|
Fil= Edit Yiew Tools ‘Window

P BRROM EF] s HEIEEH BT D
& counter #i5, 1 dut {count,clk,r=st); j
7
8 initial /S Clock generator
2 begin
10 clk = 0;
11 4 forewver # clk = leclk;
1z end
13
14 initial /7 Test stimulus
15 begin
16 rst = 0;
17 #- rst = 1; il
12 f1 rst = 0;
= 15 # H
Z0 end
21 d
ﬂﬂ-[tmunter.vlmunter.vj | 1| |_r|

| |Ln:1£l, Col:0 -- read-only e

Y ou can also use the Break button to interrupt arun.

@ (MENU: Simulate > Break)
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Debugging

Next we'll take a brief look at an interactive debugging feature of the ModelSim
environment.

1 Let'sset abreakpoint at line 30 in the counter.v file (which contains a call to the
Verilog function increment). To do this, select dut: counter in the Structure pane of
the Workspace. Move the cursor to the Source window and scroll the window to
display line 30. Click on or near line number 30 to set a breakpoint. Y ou should see a
red dot next to the line number where the breakpoint is set.

The breakpoint can be toggled between enabled and disabled by clicking it. When a
breakpoint is disabled, the dot appears open. To delete the breakpoint, click the line
number with your right mouse button and select Remove Breakpoint.

P> Note: Breakpoints can be set only on executable lines— denoted by blue line numbers.

B source - counter.¥ = |EI|E|
File Edit View Tools SWindow

Bl L BEROM EF RS BT O A

z0 for (i = 4'b0; {{carry == 4'bl} || i == 7)1; i = i+ ']:d
zl beagin

ZE increment[i] = wall[i]l ™ carry:;

z3 carry = wvalli]l & carry:

Zd erud

5 end

26 endifunction

z7

28 always B (posedge clk or posedge reset)
9 if (reset)

" =0 count = ftpd reset_to_count ‘haioo;
31 else
3E count <= fitpd clk to_count increment (count);
iC3c)
34 f*

25 * To make module counter svnthesizeable, wuse the following d

ﬂ ﬂ |tn:n:-unter.v counker, v | ‘| | _,l

| |Ln:1, Col:0 -- read-only V]

2 Select the Restart button to reload the design elements and reset the simulation time
to zero.

(Main MENU: Simulate > Run > Restart) (PROMPT: restart)
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Make sure all itemsin the Restart dialog box are selected, then click Restart.

54 'Restart Hi=l
—Keep:
W List Farmat

¥ wave Fomat
¥ Breakpoints
¥ Logged Signals

v wirual Defiritions

Reztart Cancel

Select the Run -All button to re-start the simulation run.

(PROMPT: run -all) (Main MENU: Simulate > Run > Run -All)

When the simulation hits the breakpoint, it stops running, highlights the line with an
arrow in the Source window, and issues a Break message in the Main window.

When a breakpoint is reached, typically you will want to know one or more signal
values. Y ou have several options for checking values:

* look at the values shown in the Signals window

«  hover your mouse pointer over the count variable in the Source window and a
"balloon” will pop up with the value

»  select the count variable in the Source window, right-click it, and select Examine
from the context menu;

e usethe examine command to output the value to the Main window transcript:

exam ne count
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5 Let'smove through the Verilog source functions with Model Sim’ s Step command.
Click Step on the toolbar.

B source - counter.y : o |EI|5|
File Edit Yiew Tools ‘Window

e 4 BER M EF Ennjlgég%ﬂﬁlmﬂ

23 carry = wall[i]l & carry: L= j
24 end

25 end

26 endiunction

27

28 always @ (posedge clk or posedge reset)
29 if (reset)

"' =0 count = ftpd reset to_count ‘hioo;
3l else
SE count <= ftpd clk to_count incrementicount):
23
24 i

35 F To make module counter synthesizeable, use the following
3% * alternate form of the always block:
37 S

38 J,f****tt********t********t********tt********t**** .'I

ﬂﬂ Ecounter,w | counter,w 1| | +]

| |Ln:3l], Col:0 -- read-only f

This command single-steps the debugger.

6 Experiment by yourself for awhile. Set and clear breakpoints and use the Step and Step
Over commands until you feel comfortable with their operation. When you’ re done,
quit the simulator by entering the command:

quit -force

ModelSim PE Tutorial



T-37

Lesson 4 - Mixed VHDL/Verilog simulation

The goals for this lesson are:

e Compilemultiple VHDL and Verilog files

e Simulateamixed VHDL and Verilog design

*  View the design in the Structure window

* View the HDL source code in the Source window

P> Note: You must be using Model Sim PE/PLUS to do this lesson.
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Compile the design

1 Start by creating anew directory for this exercise. Create the directory, then copy the
VHDL and Verilog example files to the directory:

<instal |l _dir>\nodel t ech\ exanpl es\ m xedHDL\ *. vhd
<instal |l _dir>\nodel t ech\ exanpl es\ m xedHDL\ *. v

Make sure the new directory is the current directory. Do this by invoking Model Sim
from the new directory or by using the File > Change Directory command from the
ModelSim Main window.

2 Start Model Sim with one of the following:

for Windows - your option - from a Windows shortcut icon, from the Start menu, or
from a DOS prompt:

nodel si m exe

P Note: If you didn’t add Model Sim to your search path during installation, you will have
to include the full path when you type this command at a DOS prompt.

Select "Proceed to Model Sim" if the Welcome dialog appears.

3 Before you compile any HDL code, you'll need adesign library to hold the
compilation results. To create a new design library, make this menu selection in the
Main window: File> New > Library.

MakesureCreate: anew
library and alogical
mappingtoit isselected. — Lreate
Type "work" in the
Library Name field and

Create a New Library E £

% {3 new libram and a logical mapping to it

then select OK. " amap to an existing library
Thiscreates a

subdirectory named work — Library Name:

- your design library - fwicrk

within the current

directory. ModelSim —Library Phyzsical M ame:

savesaspecia filenamed
_infoin the subdirectory.

|w::nrk

(PROMPT: vlib work
vmap work work)

Cancel |

P Note: Do not create a Library directory using Windows commands, because the _info
file will not be created. Always use the File menu or the vlib command from either the
ModelSim or DOS prompt.)
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4 Compilethe HDL files by selecting Compile > Compile from the menu:

@ (PROMPT: vlog cache.v memory.v proc.v)
(PROMPT: vcom util.vhd set.vhd top.vhd)

This opens the Compile HDL Source Files dialog box.

Compile HDL Source Files 2 x|

Library: Iwu:urk j

Loak in: | 4 mixedHDL <] « & E-

File name: I"u:au:he.\-"' “memony. v "proc.y" Compile I
Filez af type: IHDL Files [* v wl* whd;* vho” hdl;. o] j Dane |

Defaulk Options. .. | E dit Sourze |

A group of Verilog files may be compiled in any order. However, in a mixed
VHDL/Verilog design the Verilog files must be compiled before the VHDL files.

Compile the Verilog source by double-clicking each of these Verilog filesin thefile

list (thisinvokes the Verilog compiler, viog):

» cachev
*  memory.v
e procv

T-39
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5 Depending on the design, the compile order of VHDL files can be very specific. Inthe
case of thislesson, the file top.vhd must be compiled last.

Stay in the Compile HDL Source Files dialog box and compilethe VHDL filesin this
order (thisinvokesthe VHDL compiler, vcom):

e util.vhd
e setvhd
e top.vhd

6 Click Done to dismissthe dialog box.
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Loading the design

1 Load thedesign by selecting Simulate > Simulate from the menu.

T
(=~ (PROMPT: vsim top)

The Simulate dial og appears. Click the"+" sign next to 'work’ to see the design units.
(You won't see this dialog box if you invoke veim with top from the command line.)
Select top and then click Load.

|5 'Simulate o Im| |
Design | WHOL | eriag | Libraries | SDF | optins |
M ame IT_I,Ipe IF'ath I I it
E—M ik, Librany  work,
ml] cache Module  C/modelechdesample...
EHE] cache_set  Entity C:/modelkech/example. .
— 1] memory kModule  C:/modekech/example...
—] proc Module  C:/modelechdesample...
P std_logic_utilPackage C:/modelkech/example...
EHE] top E ity C:/modeltech/example. ..
m-Jli ieee Library  $MODEL_TECH/. fieee =
mHJli, modetsim_lib Library  $MODEL_TECH/ /m...
e[l std Library  $MODEL_TECH/../std o
— Simulate Simulatar Resolution
| Add | |7 default  — ”
Load | Cptimize Cancel |

2 From the Main menu select View > All Windows to open all Model Sim windows.
(PROMPT: view *)
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3 Takealook at the Structure pane in the workspace.

ﬁMDdElSin‘l

=101 |

File Edit Wiew Cn:nmpile Simulate  Tools  Window  Help

B2 BRI EF :II.LII-L@ R

o P proc
o o cache
o T mEmary
[l Package std_logic_util
B Package vl _types

‘]

| »

# Loading C: /modekech win32/. Aeee std_log J
ic_1164[body]

# Loading C: /modeltechiwin32/. . Aeenlogsl_ty
pes(body]

# Loading wark. top(only]

# Loading warl. proc

# Loading work. cache

# Loading work. ztd_logic_util{body]

# Loading work. cache_zet{only]

# Loading work. memon

Library | sim WSk 54 j
|N|:|w: Ons Delta: O |sim:a’t|:|p -~

Notice the hierarchical mixture of VHDL and Verilog inthe design. VHDL levelsare
indicated by asquare “prefix”, while Verilog levels are indicated by acircle “ prefix.”

Try expanding (+) and contracting (-) the structure layers. Y ou'll find Verilog modules
that have been instantiated by VHDL architectures, and similar instantiations of

VHDL items by Verilog.

In the Structure pane, click on the Verilog module c: cache. The source code for the

Verilog module is now shown in the Source window.
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5 We'll use Model Sim’ s Find function to locate the declaration of cache set within
cache.v.

From the Source window menu select: Edit > Find:

¢

The Find in dialog box is displayed.

Find in: source - top.vhd i £
Find: || Fird Meswt
Feplace: | Replace

[T Case sensitive [T Search backwards Cloze

[T Regular expression

Inthe Find: field, type cache_set and click Find Next. The cache_set instantiations
are now displayed in the Source window. (Click Closeto dismissthe Find in: dialog
box.)

Note that cache setisaVHDL entity instantiated within the Verilog file cache.v.

@ source - cache.y : =10l =|
File Edit View Tools Window

Bl L BROM EF nHEEEE B D

19 wire [‘word size- ] #i5) sdata = sdata r, pdata = pda,:J
Z0 wire #i5) srw = srw_r, sstrb = sstrb

£l -J
ZZ reg [ 1 oen, wen;

z32 wire [ ] hit;

z4

25 f**************** l:a':he sets ****************J}'

G ¥ =0 (paddr, pdata, hit[0], cen[0], wen[0]);

z7 cache_set slipaddr, pdata, hit[l], cenl[l]l, wenl[ll):

8 cache set sZipaddr, pdata, hit[Z], cenl[Z], wenl[=1):

=3 cache set s3{paddr, pdata, hit[Z], cen[Z], wenl[>]):

20

31 initial begin

3z verbose = 1;

jE3c] saddr_r = 0;

T cdara v = - d
ﬂﬂ ||:a|:he.v | « | | _rl

| |Ln:25, Col13 -- read-only e
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6 Go back to the Main window, expand the c:cache entry by clicking the "+" sign, and
scroll down and click on the line" sO: cache_set(only)" . The Source window shows
the VHDL code for the cache_set entity.

@ source - set.vhd

Fil= Edit

View Tools  Window

=10

x|

2E P BRROM ] wmHEIEER I BP D

o [ Tesdher] et i

o0 -1

=
10
11
1z
1z
14
15
16
17
1=
13

20
=

1
ache. v

generic|
addr_=size
set_size
word size
1:
port |
addr
data
hit
[=1=041
War
1

end cache set;

o integer o=
I odnteger o=
I odnteger D=

in
inout
ot
in
in

std_logic_wector (addr size-
std logic_wector (word size-

std logic:
s=td logiec;
std logic

architecture only of cache szet is

Aot ant cdra -

At arar - =

=

oot cHiwmo-

ILn:EI], Col:0 -- read-only

2

Before you quit, try experimenting with some of the commands you’ve learned from
previous lessons — add signals to the Wave window, run the simulation, etc. Note that
inthis design, “clk” isalready driven, so you won't need to use the for ce command.

7 When you're ready to quit simulating, enter the command:

quit -force
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Lesson 5 - Debugging a VHDL design

The goals for this lesson are:

e« Mapalogicd library name to an actua library

e Change the default run length

*  Recognize assertion messages in the Main window transcript
*  Change the assertion break level

e Restart the simulation run using the restart command

e Examine composite types displayed in the Variables window
e Changethevaue of avariable

In thislesson we will debug an assertion message using the Source, Signals, and Variables
windows. For another debugging lesson, see Lesson 9 - Debugging with the Dataflow
window.
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Compiling and loading the design

1 Createanew directory for thisexerciseand copy thefollowing VHDL (.vhd) filesfrom
\<install_dir>\modeltech\examples to the new directory.

e gatesvhd
e adder.vhd
« testadder.vhd

2 Make surethe new directory isthe current directory. Do this by invoking ModelSim
from the new directory or by using the File > Change Directory command from the
ModelSim Main window.

3 Start Model Sim with one of the following:

for Windows - your option - from a Windows shortcut icon, from the Start menu, or
from a DOS prompt:

nodel si m exe

P Note: If you didn’'t add Model Sim to your search path during installation, you will have
to include the full path when you type this command at a DOS prompt.

Select "Proceed to ModelSim" if the Welcome dialog appears.

4  Enter the following command at the Model Sim prompt to create anew library:
vlib library_2

5 Mapthe new library to the work library using the vmap command:

vmap work library_2

Model Sim adds this mapping to the modelsim.ini file.

6 Compilethe sourcefilesinto the new library by entering this command at the
Model Sim prompt:

vcom -work library_ 2 gates.vhd adder.vhd testadder.vhd
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Open the Simulate dialog by selecting Simulate > Simulate. Expand the work library
and increase the width of the name column by clicking and dragging on the border
between the Name and Type columns.

Make sure Simulator Resolution is set to nanoseconds, select test_adder_structural,
and then click L oad.

(PROMPT: vsim -t ns work.test_adder_structural)

|3 Simulate -10] x|
Ceesign ] '-.-'HDL] Yetilog ] Libraties ] SDF] Optin:-ns]
RE I Tupe I Fath I I =
E- il work. Library  libramny_2
adder E ritiky C:/modekech/example. .
addern Entity C:/modeltech/example...
andg E nitity C:/modeltech/example. ..
gates Package C:/modeltech/example...
arg Entity C:/modeltech/example...
tezt_adder_behavioral Confip  Ci/modeltech/example...
test_adder_stuctural Config  C:/modelech/erample...
testbench Entity C:/modeltech/example... j
1 I_'I
— Simulate Sirnulatar Besolution
I Add | |V nE = ”

Load | Optimize

Cancel |
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Running the simulation

1 Start by opening the Variables and Signals windows using the command below. Note
that you can abbreviate window names.

view v si

(Main MENU: View > <window name>)

2 Now run the ssmulation for 1000 ns:
run 1000

A message in the Main window will notify you that there was an assertion error.

VEIM 20: wni000 |

# = Error: Surm iz 0000071711, Expected 00007000
# Time: B00ng Iteration: O Instance: Aestbench
| # = Mote: There were ERRORS in the test.

#  Time: 1 uz lteration: O Instance: Mestbench

WSIM 215 -

esthench

B
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Let'sfind out what's wrong. Perform the following steps to track down the assertion

message.

1 Firgt, changethe simulation assertion options. Select Simulate > Simulation Options

from the Main window menu.

E Simulation Options

—Ereak on Aszzertion
%' Fatal
" Failure
" Emar
" Waming

= Mote

—lanore Azsertions For—
[ Failure
™ Enmar
[ Waming
™ Mate

LCancel Apply

2 Select the Assertionstab. Change the selection for Break on Assertion to Error and
click OK. Thiswill cause the simulator to stop at the HDL assertion statement.

3 Restart the simulation using the following command:

restart -f

The -f option causes M odel Sim to restart without popping up the confirmation dial og.

4 Runthe simulation again for 1000 ns.

run 1000
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5

Notice that the arrow in the Source window is pointing to the assertion statement.

B source - testadder.vhd ' =0
File Edit Yiew Tools ‘Window

B 4 BRR DM EF o HELEERE BT D
e 102 a ". Expected " & to_stringiwvector.sum);

109 found error -= true;

110 end if;

111 if {ocout /= wector.cout) then

11z assert false

113 report "Cout is " & to_char{cout) & ". "

114 & "Expected walue i=z " & to_char(wector.cout);

11E found error = true;

1lle end if;

If you look at the Variableswindow now, you can seethat i = 6. Thisindicatesthat the
simulation stopped in the sixth iteration of the test pattern’sloop.

File Edit Wiew Add Window

sirm:ftestbenchitest P

Expand the variable named test_patter nsby clicking the [+]. (Y ou may need to resize
the window for a better view.)

Also expand the sixth record in the array test_patterns(6), by clicking the[+]. The
Variables window should be similar to the one below.
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The assertion shows that the Signal sum does not equal the sum field in the Variables
window. Note that the sum of theinputs a, b, and cin should be equal to the output
sum. But thereis an error in the test vectors. To correct this error, you need to restart
the simulation and modify theinitia value of the test vectors.

=0l x| M= variables

File Edit Wiew add Tools Swindow File Edit Wiew Add ‘Window

ok

sim:ftesthench r

sim:ftesthenchiest P

8 Restart the simulation again:

restart -f
9 Update the Variables window by selecting the test process in the Process window.
10 Inthe Variables window, expand test_patternsand test_pattern(6) again. Then

highlight the .sum record by clicking on the variable name (not the box before the
name) and select Edit > Change from the menu.

Change Selected ¥ariable #

Wariable M arne: Ia"tESthﬂCha"tESta"tESt_pEIttEfFIS[E].SL.IITI

W alue:

Change LCancel
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11 Change the value to 00000111 and then click Change. (Note that thisis atemporary
edit, you must use your text editor to permanently change the source code.)

12 Run the simulation again for 1000 ns.
run 1000

At this point, the simulation will run without errors.

| WSl 30: un 1000

# = Mote: Test completed with no errars.
# Time: 1 uz lteration: O Instance: festbench

T [VSIM 31

-

ithench y

This brings you to the end of thislesson, but feel free to explore the system further. When
you are ready to end the simulation session, quit Model Sim by entering the following
command at the VSIM prompt:

quit -f
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T-53

The goals for this lesson are:

Practice using the Wave window time cursors.
Practice zooming the waveform display.

Practice using Wave window keyboard shortcuts.
Practice combining itemsinto a virtual object.
Practice creating and viewing datasets.
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Using time cursors in the Wave window

Any of the previous lesson simulations may be used with this part of the lesson, or use your
own simulation if you wish.

==¢ wave - default

=10 |

File Edit View Insert Format Tools  indow

EHE F R R X I[N R AR ELEIE

I ————

I Qa000o001

e e
e e |
(A ]|

_______________ !

f] -
0 ns to 388 ns

select value here to

. to that selected cursor is bold
jump to that cursor

interval measurement

When the Wave window isfirst drawn, there is one cursor located at time zero. Clicking
anywhere in the waveform display brings that cursor to the mouse location. Y ou can add
cursors to the waveform pane by selecting Insert > Cursor (or the Add Cursor button
shown below). The selected cursor isdrawn asabold solid line; all other cursorsare drawn
with thin dashed lines. Remove cursors by selecting them and selecting Edit > Delete
Cursor (or the Delete Cursor button shown below).

Add Cursor Delete Cursor
E? add a cursor to the Wave ,Pé delete the selected cursor
window from the window
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Finding a cursor

The cursor value correspondsto the simulation time of that cursor. Choose a specific cursor
view by selecting View > Cur sor s (Wave window). Y ou can also select and scroll to a
cursor by double-clicking its value in the cursor-value pane.

Alternatively, you can click a value with your second mouse button and type the value to
which you want to scroll.

Making cursor measurements

Each cursor is displayed with atime box showing the precise simulation time at the bottom.
When you have more than one cursor, each time box appearsin a separate track at the
bottom of the display. Model Sim also adds a delta measurement showing the time
difference between two adjacent cursor positions.

If you click in the waveform display, the cursor closest to the mouse position is selected
and then moved to the mouse position. Another way to position multiple cursorsisto use
the mouse in the time box tracks at the bottom of the display. Clicking anywherein atrack
selects that cursor and brings it to the mouse position.

The cursors are designed to snap to the closest wave edge to the |eft on the waveform that
the mouse pointer is positioned over. Y ou can set the snap distance in the Window
Preferences dialog (select Tools > Window Preferences).

Y ou can position a cursor without snapping by dragging in the area below the waveforms.
Y ou can also move cursors to the next transition of a signal with these toolbar buttons:

Find Previous Find Next Transition
Transition locate the next signal

—lt locate the previous signal ﬂ— value change for the
value change for the selected signal
selected signal
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Zooming - changing the waveform display range

Zooming lets you change the simulation range in the waveform pane. Y ou can zoom using
a context menu, toolbar buttons, mouse, or keyboard.

Using the Zoom menu

Y ou can use the Wave window menu bar, or call up the context menu by clicking the right
mouse button in the waveform pane.

The Zoom menu options include:

Zoom In
Zooms in by afactor of two, increasing the resolution and decreasing the visible range
horizontally.

Zoom Out
Zooms out by afactor of two, decreasing the resolution and increasing the visible range
horizontally.

Zoom Full
Redraws the display to show the entire simulation from time 0 to the current simulation
time.

Zoom L ast
Restores the display to where it was before the last zoom operation.

Zoom Range
Bringsup adialog box that allowsyouto enter the beginning and ending timesfor arange
of time unitsto be displayed.

Zooming with toolbar buttons

ModelSim PE Tutorial

These zoom buttons are available on the toolbar:

Zoom in 2x Zoom out 2x
(ﬂ zoomin by afactor of two El zoom out by afactor of
from the current view two from current view

Zoom Full Zoom Mode

zoom out to view the full = change mouse pointer to
% range of the simulation 0, zoom mode; see below

fromtime O to the current

time
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Zooming with the mouse

To zoom with the mouse, first enter zoom mode by selecting View > M ouse M ode > Zoom
M ode (Wave window). The left mouse button (<Button-1>) then offers 3 zoom options by
clicking and dragging in different directions:

*  Down-Right: Zoom Area (In)

e Up-Right: Zoom Out

e Up-Left: Zoom Fit

The zoom amount is displayed at the mouse cursor. A zoom operation must be more than

10 pixelsto activate.
Keyboard shortcuts for zooming

Using thefollowing keyswhen the mouse cursor iswithin the Wave window will cause the
indicated actions:

Key Action

il or + zoomin

oOor- zoom out

forF zoom full

| or L zoom last

rorR Zoom range

<arrow up> scroll waveform display up

<arrow down> scroll waveform display down

<arrow left> scroll waveform display left

<arrow right> scroll waveform display right

<page up> scroll waveform display up by page

<page down> scroll waveform display down by page

<tab> searches forward (right) to the next transition on the
selected signal

<shift-tab> searches backward (l&ft) to the previous transition on the
selected signal

<Control-f> opens the find dialog box; searches within the specified
field in the pathname pane for text strings
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Combining items in the Wave window

The Wave window

allows you to combine Combine Selected Signals E
signalsinto buses.

Select Tools > Mame: ||

Combine Signalsto

open the Combine Order of Indexes

Selected Signals dialog.

" Ascendng ™ Descending

A busisacollection of
signals concatenated in
aspecificorder tocreate
anew virtual signal
with a specific value.

Intheillustration
below, three data
signals have been

[ Remaove selected signalz after combining

ok Cancel

combined to form anew bus called Busl. Notice, the new bus has avalue that is made up
of the values of its component signals arranged in a specific order. Virtual objects are
indicated by an orange diamond.

==+t wave - default o ]

File Edit M“iew Insert Format Tools  Window

EEHES BB MK NG §QRB R ELEIEEH

{0000 @i:;m[

00001010 ISRRESERIRIRIERRERneRRin,

1]
0 nsto 779 ns

|/
R0 hz I
o
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Creating and viewing datasets

Datasets allow you to view previous simulations or to compare simulations. To view a
dataset, you must first save a Model Sim simulation to aWLF file (using the vsim -wlf
command). Once you have saved a WLF file, you can open it as a view-mode dataset.

In thislesson you will comparetwo simple Verilog designs: astructural description and an
RTL description of a4-bit, binary counter. To begin, you will simulate the structural

description and saveit to aWLFfile. Then you will simulatethe RTL version. Finally, you
will open the WLF file as adataset and compare the two simulations in the Wave window.

Simulating the structural version

1 Start by creating anew working directory, making it the current directory, and copying
the files from \modeltech\examples\datasets into it.

2 Usethevlib command to create awork library in the current directory.

vlib work

(MENU: File > New > Library)

3 Usethevmap command to map the work library to aphysical directory. A
modelsim.ini file will be written into the current directory.

vimap wor k wor k

4 Compilethe structural version of the counter.

vlog cntr_struct.v

@ (MENU: Compile > Compile)

5 Load the design and save the simulation to a WLF file named struct.wif.

vsim-wf struct.wf work.cntr_struct

6 Now youwill runaDOfilethat applies stimulusto the design, runsthe simulation, and
adds waves to the Wave window. Feel free to open the DO file and look at its contents.

do stinmulus.do

(MENU: Tools > Execute Macro)

The wavesthat appear in the Wave window are saved automatically into the struct.wif
file.

7  Quit the simulation.

quit -sim

(MENU: Simulate > End Simulation)
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Simulating the RTL version

1

Compilethe RTL version of the counter.

vlog cntr_rtl.v

Simulate the design.

vsimwork.cntr_rtl

|i.-ﬂ'I (MENU: Simulate > Simulate)

Run the DO file to apply stimulus to the design.

do stinmulus.do

Comparing the two designs

ModelSim PE Tutorial

To compare the two simulations, we will create a second pane in the Wave window, open
the struct.wif file, and add the signals from the dataset to the new pane.

1

Add a second pane to the Wave window.
Wave MENU: Insert > Window Pane

Notice that athick, white vertical bar at the |eft edge of the window indicates that the
new paneis active.

Open struct.wif.

dat aset open struct.w f

(Wave MENU: File > Open Dataset)

Add signals for the "struct” dataset.

add wave *

Notice that the pathname prefix for the signals you just added is the dataset name
"struct". The pathname prefix for the active ssimulation is"sim".

The results for each simulation should be the same. Y ou can continue experimenting
with the two simulations or quit the simulation.

quit -sim

(Main MENU: Simulate > End Simulation)
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Lesson 7 - Simulating with Code Coverage

The goals for this lesson are:

* Runasimulation with Code Coverage ON and examine the coverage_summary
window

« Saveline coverage information to atext file
*  Excludelines and files from the coverage statistics
*  Append results from a previous simulation run onto the next one

Model Sim Code Coverage alows you to identify which linesin your code are being
covered by the testbench. It is non-intrusive (instrumented code is not required) and only
minimally impacts simulation performance (<5%).

P Note: The Code Coverage feature is available as an add-on to the PE version. Contact
Model Technology sales for more information.
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Running a simulation with Code Coverage

ModelSim PE Tutorial

All commands are shown as entered on the Model Sim command line.

1

Start by creating anew working directory, making it the current directory, and copying
the files from \modeltech\examples\profiler into it.

Use the vlib command to create awork library in the current directory.

vlib work

(MENU: File> New > Library)

Use the vmap command to map the work library to a physical directory. A
modelsim.ini file will be written into the work directory.

vmap wor k wor k

Prior to running the simulation, we need to check the which_test.txt file in the
modeltech\examples\profiler directory to ensure it reads "false = data_switch_test".
Y ou can edit the file with notepad within ModelSm.

4 'Notepad - which_test. txt
File Edit ‘window

false = data_switch_test j
1| ILIJ

Thisswitch configuresthe test bench —theringrtl.vhd file. We'll changeit later in the
lesson when we merge the coverage results of two simulations.

Compile the lower level blocks of the design.

vcom control .vhd retrieve_array.vhd store_array. vhd

@ (MENU: Compile > Compile)

Compile the top level block, test bench, and configuration files.

vcomringrtl.vhd testring.vhd config_rtl.vhd

@ (MENU: Compile > Compile)

Use the vsim -cover age command to load the design configuration with Code
Coverage.

vsim -coverage work.test_bench_rtl
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8 Runthe simulator for 3 milliseconds.

run 3 ns

9 Display the coverage summary window.

Vi ew_cover age
(MENU: Tools > Source Coverage)

|55 'cn?erage_summar'f -10] =]
File Cowerage Report

Pathname Linez | Hits i Coverage fl
C:/modeltech_newdwind2d. Aehdl_smcy 240 0.

C./modeltech_newswind2s Ahdl_srcd| BO7 0

C./modeltech_newswind2s Asvhdl_zcd| 516 0

Cimodeltech_newswind2. Aehdl_srcd a0

conbral.whd 43

retrieve. vhd b

ringrtl. whd 1

gtore.vhd 9

testring. vhd it

< | v 1453 | 107 | 7.3 D
Lines with no coverage in file control.«vhd

El IF czh = '0O' THEN Y
S5 control reg == switch:

6 when "10" =& buffer txd == txd(l):

63 when "01" == buffer txd == txd(Z); 1
&4 when "00" == buffer txd == txd(2);

70 when "10" == rxd == 'l' & buffer rxd 4 "11";:

71l rxd actiwve == 'l1'; d
Misses | Excluded

The top half of the window shows summary information on a per-file basis. If you
select afilein thelist, the bottom part of the window gives details about the linesin
thefile that have zero coverage.

Notethat both testring.vhd and control .vhd are bel ow 90% and, therefore, showninred
in the Coverage bar graph. 90% is the default coverage threshold, and all coverage
values below 90% will be shown red. The default coverage threshold can be changed
with the Tcl control variable $PrefCover age(cutoff).
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ModelSim PE Tutorial

10 Click on the control.vhd pathname to display the source code for control.vhd in the
Source window. With Code Coverage enabled, the Source window is displayed with
an extra column that details the number of times each line has been executed. The
green "Xs" in the graphic below denote lines that have been excluded. We'll discuss

that later in the lesson.

Scroll the Source window to view the executablelines. Asyou can see somelines have

red zeros next to them. This indicates a line that was not executed.

B -source - control.vhd - 101 x|
File Edit Miew Tools ‘Window
L i 2R OMIE oHEEEIH MP D x|

u] =35 when "0O1" =+ buffer txd <= tzxd(Z);
u] &4 when "00" => buffer txd <= txdi=);
4 &5 when others == buffer txd <= 'X';
= 133 end case;
182 &7 case control reg(® dowmto Z) is
1t2 £2 when "11"  =» rxd <= buffer rxad & "111";
15= e3 rxd actiwve <= buffer_ rxd;
u] 7o when "10" == rxd <= '1l' & buffer rxd & "11";
H 71 rxd actiwe == 'l';
X 7E when "01" =x rxd <= "11" & buffer rxad o 'l';
u] 73 rxd actiwve <= '1';
u] 74 when "00" =F rxd <= "111" & buffer_rxd ;
a ) rxd actiwe == '1';
4 - when others == rxd <= "MK&Z0"; rxd_active <= 'H';
- 7 end case;
162 78 ENI» PROCESS;
7a
ﬂﬂ contral, vhd | 1| |+
| |Ln:1 44_ Col:0 -- read-only

11 Savetheline coverageinformation to atext file.

coverage report -file cover.dat -lines
(coverage_summary MENU: Report > Save Line Coverage)

Open thefile cover.dat to see how the datais stored. Notepad workswell to check text

files such asthis.

not epad cover. dat
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Excluding lines and files

There may be atimewhen you want to exclude certain parts of your code from the analysis.
Y ou can exclude both lines and files from either the coverage source or the
coverage_summary windows.

1 Scroll to one of the executable lines in the Source window (noted with ablueline
number).

2 With your mouse pointer over the column that shows coverage results (the left-most
column), click your right-mouse button and select Exclude Coverage Line #.

3 Thelinewill now be marked with agreen "X" and the coverage statistics will be
updated to exclude that line.

4 View the coverage summary window and click the Excluded tab. Thistab shows all
the lines and files that are currently being excluded.

|:;..:;'1'cn\rerage_summar',r i -10] =]
File Cowerage Report

Fathname Lines | Hitz i Coverage fit
C:/modeltech_newdwind2d. Aehdl_smcy 240 0 0.0

C./modeltech_newswind2s Ahdl_srcd| BO7 1] 0o

C./modeltech_newswind2s Asvhdl_zcd| 516 1] 0o

Cimodeltech_newswind2. Aehdl_srcd a0 1] na

conbral.whd 46 7 a0.4

retrieve. vhd b 51 1000

ringrtl. whd 1 1| 1000

gtore.vhd 9 9| 1000

testring. vhd it L 0.5

«| | _>| 1451 | 107 | 7.3

Filez and Lines with Exclusion Filkering

control. vhd 71-7Z ook

Excluded
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5 Sdect the line in the Excluded tab, click your right mouse button, and select I nclude
Entire Selected Files. Thisremovesthe exclusion filter on any linesfrom the selected
file

Y ou can continue experimenting with the various exclusion commands at this point if
you want. However, before continuing with thetutorial, select Coverage > Clear Out
Current Filter to ensure al lines and files are included for the next exercise.
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Merging coverage results from two simulations

Y ou can merge code coverage results from multiple simulations. In this exercise, we'll
change the test that is run by the test bench, resimulate, and then append the coverage
statistics from our previous analysisto the new analysis.

1 Note how many times the clocked processes have been executed.

2 Nextwe'll edit thewhich_test.txt file. Changing this text file causes a different test to
be run from the same test bench. Using Model Sim Notepad, edit the file so it reads
"true = data_switch_test." Make sure the Edit > read_only switch is not on.

not epad whi ch_test.txt

54 'Motepad - which_test txt
File Edit ‘window

true = data_switch_test j
1| ILIJ

3 Restart the simulation so the different test is run on the circuit.

restart -f

4  Restorethe coverage datafrom the last simulation run so that its data can be appended
to the current simulation.

coverage rel oad cover. dat
(coverage_summary MENU: File > Open > Coverage > Merge Coverage)

5 Runthe simulator for 3 milliseconds as before.

run 3 ns

Note that now both testring.vhd and control.vhd are above 90% and therefore shown
in green.
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]
|3 Cowerage_summary

File Coverage Repork

Fathname Linez | Hits s Coverage
C:/modekech_new/win3d2d Ahd_sicd] 240 1] na
C:/modekech_new/wind2d Adhd_sicd] 507 1] na
C:/modekech_new/wind2d. Ahd_sicd| 515 1] 00| E
C:/modekech_new/wind2d.. Mvhdl_sicd Al 1] 0.0

control vhd 48] 48| qooo|
retrieve. vhd A 5| 1000 | T
ringrtl. vhd 1 1| 1o | T
store.vhd | 9| 1000 |
testring. vhd 78| 74| o9 | TR

the valuesin the first column that the line hits from this run have been added to the
ones from the last run. The number of times the clocked processes have been run has

it

6 Click on the control.vhd pathname to bring up the Source window. Y ou can see from

doubled.
B -source - control.vhd =10l =]
File Edit Wiew Tools Window
2Py BRROMIE oHEIEES BT D i
Z1 TE when "01" = rxd == "11" & buffer_rxd & 'l'; j
zZ1 ] rxd_actiwve == '1';
7 74 when "0O0" =+ rxd == "111" 4 buffer rxd ;
7 75 rxd active <= '1';
4 76 when others == rxd <= "XZH": rxd_active <= 'K';
- 7 end case;
157 78 ENI» PROCEZE;
79
80 -- This block creates an N-bhit counter J
81 Incrementer : PROCESS {(clock)
- 27 BEGIN
0000 23 IF iclock'ewent AND clock = 'l') THEN
20000 24 IF reset = '0' THENW
z = addres=s <= {(others =» '0'};
- =1 ELESE
29998 27 addres=s <= addres=s + '1';
=1-} FMT: TW - j
ﬂﬂ-[ cuntrnl.vhdlringrtl.vhd ltestring.vhd J| 1| |_r|
| |Ln:144, Col:0 -- read-only o

7  Quit the simulator.
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Lesson 8 - Comparing waveforms

The goals for this lesson are:

Compare two simulations using the Comparison Wizard

View comparison results and timing difference markers in the Wave window
Use compare icons to jump to "previous' and "next" difference markers
View comparison resultsin the List window

Set an edge tolerance

Waveform Comparison computes timing differences between test signals and reference
signals. In this exercise we' re going to run and save the mixedHDL simulation, edit one of
the source files, run the simulation again, and finally compare the two runs.

The general procedure for comparing waveforms has four main steps:

1

2

3

4

Selecting the simulations or datasets to compare
Specifying the signals or regions to compare
Running the comparison

Viewing the comparison results

P Note: The Waveform Comparison feature is available as an add-on to the PE version.

Contact Model Technology sales for more information.
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Creating the reference dataset

We'll start by running asimulation and saving it to a dataset. This dataset will become the
reference dataset when we set up the comparison.

1 Start by creating anew directory for this exercise. Create the directory and copy all of
thefiles from \<install_dir>\modeltech\examples\mixedHDL to the new directory.

Make sure the new directory isthe current directory. Do this by invoking Model Sim
from the new directory or by selecting the File > Change Directory command from
the Model Sim Main window.

2 Atthe ModelSim prompt in the Transcript pane, run the compare.do DO file.

do conpare. do

This DO file does the following:

e Creates and maps the work library

*  Compilesthe Verilog and VHDL files

*  Runsthe simulation and saves the results to a dataset named "gold.wlf"
Feel freeto open the DO file and take alook at its contents.
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Editing a source file and re-running the simulation

In the last step, we ran the default mixed HDL simulation and saved it to the gold.wif
dataset. Now we'll edit one of the source files and re-run the simulation.

1 Editthe proc.v file by opening it in the Source window. Make sure the Edit > read
only flagisn't selected.

2 Scroll down and un-comment the read cycle on line 78. Y our source file should look
like the following:

@ source - proc.¥ -0l =|
File Edit Wiew Tools window
E2EEHS ) BB DM EF 0 R
74 iz
75 f# Bead back 10 locations
TE for (a = 0; a = ;a=a+ 1) begin
77 S unocomment for wavecompare
7 # readia, d);
79 readia, d);:
20 if (d !l== &)
21 ("(t: Read/Write mismatch; E: %k, Az %]
8z end
83
a4 if {werbose) ("Read/Write test done");
25 (L1h;
=1 emnd
27 end

88 endmodule

4| hl pru:u:.v]

i

[Lr:8g, Col0

3 Savethefilein the Source window.

(MENU: File > Save)

4  Re-compiletheproc.vfile.

&

(PROMPT: vlog proc.v)

(Main MENU: Compile > Compile)
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5 Load thetop design unit.

L'}
L= (PROMPT: vsim work.top)

(MENU: Simulate > Simulate)

6 Add the waves to the Wave window and run the simulation.

add wave *
run -all
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Comparing the simulation runs

Model Sim includes a Comparison Wizard that walks you through the steps of setting up a
waveform comparison. Y ou can also do it manually with menu or command line
commands.

1 Select Tools>Waveform Compare> Comparison Wizard from the Wave or Main
window.

2 Click the browse button and select gold.wif as the Reference Dataset. Recall that this
dataset is from the first simulation run prior to adding the 10 time unit delay.

|, Comparison Wizard : o ] e

The first step in creating a
comparizan is ko open the reference

and test datazets [wiF filez].
gold. wilf LI Browse. . |
Either datazet can be a zaved i file

—  Reference Datazet

or a datazet that iz already opened.

— Test Dataset
I1z& the Browse buttons to browse for

a zaved datazet, or click the down < libe Bt Shan
arrow ko gelect a file from the datazet

selection history. ¥ Update comparizon after each run

" Specify Datazet

I ll Browse, . |

< Previous

et = | Cancel

Leave the Test Dataset set to Use Current Simulation, and then click Next.
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3 Sedect Compare All Signalsin the second dialog, and then click Next.

1:-.-;"Eun1parisun Wizard =10] =
A

With the reference and test datasets
zelected, the next step iz to zelect a

comparison methad, — Comparizon Method

Campare &l Signals - compares all & Compare &Il Signals

gignals in the test dataset againzt the

signals in the reference dataset. " Compare Top Level Parts
Compare Top Level Paorts - compares " Specify Comparizon by Signal
the top level ports of the zelected

datazets. " Specify Comparizon by Fegion

Specifiy Comparnizon by Signal - openz
the structure_browser to allow wou to
zelect zpecific signals for comparnzon,

Specify Comparizon by Fegion -
openz the Add Comparizon by
Fiegion dialog to allow zelection of a
zpecific reference region.

< Previous Mest » | Cancel

4 Inthe next three dialogs, click Next, Compute Differences Now, and Finish,
respectively.
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Viewing and saving the comparison data

Model Sim performs the comparison and displays the compared signals in the Wave
window.

==+ wave - default . =10] =|

File Edit View Insett Format Tools  \indow

FEHS s BB L X N D RS QR R ELEIE
14 fie e o o 9f

mi: Atopdclk

___________________________ =

000001 1

___________________________

COMpa Mo D ata
COMmp: u | % |-Mo Data-
COMpS it |-Mao Data-
CO: . |-Mo D ata
COMp3 ata<rpda... | -Mo Data- : : :
COMp: Mo Data-
COmpa 0 - b |-Mo Data-
COM: ¥ | Mo [rata-
cCompa ... |-Mo Data-
: : : i
i

5
;

COMpare .. |-Mo D ata-

3620 ns

+ | | +] .« 3 [ i | I -
0 ns to 777 ns S
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The Compare tab in the Main window shows the region that was compared, and the
transcript area shows the number of differences found between the timing of the Reference
and Test datasets.

ﬁMudElSim ' o ] e
File Edit Miew Compile Simulate  Tools  wwindow  Help

S BRI odELEERN PP

2l |t Time: 2820 ne Iteration: 0 Instance: Aopdp j
A ltop || |# Break at proc.v line 75
~ |l |datazet open C:/modeltech/compare/ gold.wif gold
# C:/modeltech/compare/gold. wif opened az dataset “'go
14"
compare start gold zim
compare options -track,
compare add recuraive -all -wave
—| |#f Created 11 comparizons.
;l COMPEre run

‘| [+ # Computing waveform differences from time 0 ng to 2820
N ]
[Lil:urary sim | gold l COmpare # Found 39 differences. d
| |gn|d:ft|:|p -

Inthe Wave window, asignal that containstiming differences between the two simulations
isdenoted by ared X over itsyellow triangle. Red difference markers in the waveform
display area show the location of the timing differences on the waveforms, as do the red
lines in the horizontal scrollbar at the bottom of the window.

difference markers

Compa ! Mo Data-
conpare: Ao i Mo Data-
Mo Data-
-Mo Data-
|-Mo Data-
Mo Data-
Slcompare: ftop/ipdata<spdatal @ 2310 ns
Diff nmumber 19, From time 2305 n=s delta 0 to time 2345 ns delta 0O,

Jgold: ftopfpdata = 0000000000000011
J|zim: fLopfpdata = 000000000000000L

-

compare data
Hover your mouse pointer over a difference marker to display a popup containing data

about that timing difference. Also note that when you place awaveform cursor over a
difference, the values column displays the text "diff."
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Compare icons

The Wave window includes six waveform

comparison iconsthat let you quickly jump between

differences. From left to right, the icons do the ‘ (M HE e o o
following: find first difference, find previous
annotated difference, find previous difference, find
next difference, find next annotated difference, find
last difference. Use these iconsto move the selected
Cursor.

The next and previous buttons cycle through differenceson al signals. To view differences
for just the selected signal, use <tab> and <shift> - <tab>.

Saving the comparison

Y ou can save the comparison for later viewing, either in atext file or in files that can be
reloaded into Model Sim.

To save the difference information to atext file, select Tools > Waveform Compare >
Differences> Write Report.

To save the comparison so it can be reloaded into Model Sim, you must save two files.
Select Tools > Waveform Compar e > Differences > Save to save the computed
differences. Next, select Tools > Waveform Compar e > Rules > Save to save the
comparison configuration rules. To reload the comparison later, you would start a
comparison and then use the Tools > Waveform Compar e > Reload command.
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Viewing comparison results in the List window

ModelSim PE Tutorial

Y ou can also view the results of your waveform comparison in the List window.

1 Select View > List to open the List window.

2 Drag the region from the Compare tab in the Main window to the List window. This
will load the compared signals into the List window. Scroll down the window, and
you'll see differences shown in yellow.

ns— Com
delta—,
Compare

2700
Z70kL
27E0
Z740
2745
2755
z27e0
ZYE0
zZ7ak
2800
2820

+0
+0
+0
+0
+0
+0
+0
+0
+0
+0
+0

File Edit Miew Tools window

are: /Lop A prwErpru—,
compare: ftopprdy==prdy—
frop i ocllk<=olkh compare: ftop/i\paddr<=paddr’—
1111 1 00001000 00001000
1111 O 00001000 00001000
oo11 O 00001000 00001000
1111 u]
1111 1
1111 1
oo11 1 gooolool
1111 1 gooolool
1111 u] oooolool
oo11 O FO00l001 00001001
] 1111 u] gooolool

=10l x|
EDL:J

ZZZEZEZE:
oooooac
oooooac
Qooooo
EESEEac
ZZZEZEZE:
ZZZZEE:
ZZZEEEL
Qooooo

oooooac
Dnnnnucj

o

difference markers




Specifying tolerances T-79

Specifying tolerances
There may be times you want to allow for leading or trailing tolerances in the test dataset
signals. You can do this easily by modifying the signal properties of a comparison object
in the Wave window.

1 Click the Find Next Difference icon until you can see the differences at 2025 ns.

H | (KevBOARD: Tab)

2 Sdlect "compare:/top/\prw<>prw\" in the signals list and then right-click to open the
Signal Properties dialog. Select the Compare tab.

(MENU: View > Signal Properties)

Wave Signal Properties 3 |

Signal compare: top/Sprs s proh,

iew ] Format Compare ]

" Clocked Comparizon

| EI Clocks. .. |

* Continuous Comparizon

Leading Tolerance————— Trailing Tolerance

T e v O
Specify When Expression

| Builder... |

K | Eancell Apply |

Recall that we delayed the read cycle in proc.v by 10 time units. Therefore, if we
specify atrailing tolerance of 10 ns, the differences on the comparison object should

disappear.
3 Specify 10 nsfor the Trailing Tolerance and then click OK.

4 Rerun the comparison.

(MENU: Tools > Waveform Compare > Run Comparison)
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5 Notice that the difference markers have disappeared for the /top/prw comparison
object.

=+t wave - default i =10] =|

File Edit View Insert Format Tools  Swindow
EEE BRI KA Nmn @G @R EF LRI
e e of i

zirm; Ahopd s Qo000 11 Q0007 001
: ]

H COmpare: ! natch

A match

b | diff
match
ad... | diff

| [ ool | )R]
1525 ns to 2307 ns ]

6 Quit thesimulator.
quit -f
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Lesson 9 - Debugging with the Dataflow window

The goals for this lesson are:

« Log signals so you have information necessary for debugging
«  Explorethe connectivity of your design

* Tracean event

e Tracean X (unknown) value

e Jump to the source of an unknown

e View hierarchy in the Dataflow window

e Zoom and pan the Dataflow window

The Dataflow window allows you trace VHDL signals or Verilog nets and registers
through your design. Model Sim versions 5.6 and | ater include enhanced Dataflow
functionality that expands your debugging options.

P Note: The enhanced Dataflow window was introduced in version 5.6 and is available as
an add-on to the PE product. Contact Model Technology sales for more information.
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Compiling and loading the design

ModelSim PE Tutorial

We'll start by compiling and loading a mixed design that we' |l use for subsequent
examples.

1

Create a new working directory, make it the current directory, and then copy thefiles
from \modeltech\examples\mixedHDL into it.

Use the vlib command to create awork library in the current directory.

vlib work
(MENU: File > New > Library)

Use the vmap command to map the work library to a physical directory. A
modelsim.ini file will be written into the work directory.

vmap wor k wor k

Compilethe Verilog files.

vl og cache.v nenory.v proc.v

@ (MENU: Compile > Compile)

Compilethe VHDL files.

vcom util.vhd set.vhd top.vhd

@ (MENU: Compile > Compile)

Load the top level of the design.

vsimtop

|
= (MENU: Simulate > Simulate)

Log all signalsin the design so we have al information for debugging.
log -r /*

Run the design for 500 ns.

run 500 ns
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Exploring connectivity

A primary use of the Dataflow window is exploring the "physical" connectivity of your
design. Y ou do this by expanding the view from processto process. This allows you to see
the drivers/receivers of a particular signal, net, or register.

1 Select p: procinthe sim tab of the Main window.
2 Open the Signals and Dataflow windows.
view si d

(MENU: View > Signals, View > Dataflow)

3 Dragsignal strb from the Signals window to the Dataflow window.

=101 x|
File Edit Miew Mavigate Trace Tools window

GNP tBBOCH e sRIAAX P2
LY B o

MR T

Extended mode enabled | |If<eep| 1 | ftop/pistrb o
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4 Doubleclick the net that is highlighted in red. The view expands to display the
processes that are connected to strb.

£z dataflow -0 =|

File Edit ‘Wiew Mavigate Trace Tools ‘Window

Sk ged  FEBOEMA e NN D 2R
SR SR : T

#1781

Extended mode enabled | |Keep| 1 | ftopipdstrh v

5 Select signal test on process #AND#24 and expand the view to show its drivers.

a" (MENU: Navigate > Expand net to drivers)

Notice that after the display expands, the signal line for strb is highlighted in green.
This highlighting lets you know the path you have traversed in the design.

6 Select signal oen on process #ALWAYS#144, and expand the view to show its readers.

"E (MENU: Navigate > Expand net to readers)

7  Continueexploringif you wish. When you are done, clear the Datafl ow window before
moving on to the next exercise.

Q‘ (MENU: Edit > Erase all)
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Tracing events
Another useful debugging feature istracing events that contribute to an unexpected output
value. Using the Dataflow window’ s embedded wave viewer, you can trace backward from
atransition to see what process or signal is causing the unexpected output.

1 If youdidn't do sointhelast exercise, clear the Dataflow window.

2 Select p: proc inthe sim tab of the Main window, and then drag signal t_out from the
Signals window into the Dataflow window.

3 Open the embedded wave viewer and increase the size of the window.

ﬂ (MENU: View > Show Wave)

== dataflow . : ;IEIEI
File Edit Wiew Mavigate Trace Tools Window

SEMmd $BEBOM ke +8XA£ @220 ]
Q@ o[l

| Extended mode enabled | |If{eep| 1 | ftopdpft_out o
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4 Select process#NAND#24 in the datafl ow pane. Noticethat all input and output signals
of the process are displayed automatically in the wave viewer.

=100 x|
File Edit Miew Mavigate Trace Tools window

S MNP IBBOOM ce + %K% @20 ]
S @B [ml

1]

| Esxtended mode enabled | [Keep| 1| ftopdpAND#24 -

5 Setatimecursor in the wave viewer at the last transition of signal t_out (465 ns). See
"Making cursor measurements' (T-55) for more information on setting cursors.
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Tracing events T-87

6 Totraceto thefirst contributing event, select Trace > Trace next event.

Je

A new cursor is added to the wave viewer marking the last event, the transition of the

strobe to 0, which caused the output of 0 on t_ouit.

7  Trace the next event two more times and then select Trace > Trace event set.

+*
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The dataflow pane sprouts to the preceding process and shows the input driver of
signal strb. Notice too that the wave viewer now shows the input and output signal s of
the newly selected process.

== dataflow : 1Ol =i
File Edit Miew Mavigate Trace Tools window

S MNP IBBOOM ce + %K% @20 ]
S @B [ml

g1 71 #0400 0gysw0

| Extended mode enabled | [Keep| 1| HtopipiBASSIGNE 7 .

Y ou can continue tracing events through the design in this manner: select Trace next
event until you get to atransition of interest in the wave viewer, and then select Trace
event set to update the dataflow pane.

8 Clear the Dataflow window before moving on to the next exercise. Also, close the
wave viewer pane.

ﬂ (MENU: View > Show Wave)
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Tracing an 'X’ (unknown)

The Dataflow window lets you easily track an unknown value (X) asit propagates through
the design. The Dataflow window is linked to the stand-alone Wave window, so you can
view signalsin the Wave window and then use the Dataflow window to track the source of

aproblem. Asyou traverse your design in the Dataflow window, appropriate signals will
be added automatically to the Wave window.

1 Openthe Wave window and add asignal.

Vi ew wave

add wave /top/p/t_out

(MENU: View > Wave)

(GUI: Open Signals window and drag signal to Wave window)

Notethat t_out goesto an unknown state (StX) at time 0 and continues transitioning to
StX throughout the run. The red color of the waveform indicates an unknown value.

==t wave - default ;IQIEI

File Edit Miew Insert Format Tools  window

EEHS sBRBRI G X * W @ @B EFIELEIE

3 Atopdpst_out

4] [ N [ | =
0 ns to 546 ns

|
2
=

e
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2 Dragt_out from the Wave window to the Dataflow window.

== dataflow : -10] =|

File Edit Miew Mavigate Trace Tools window

S Mad sBBOH ¢ sRNXL 22K
SRR - (R

Extended mode enabled | |I<eep| III| 4

Y ou must click somewhere in the Dataflow window to get the yellow signal valuesto
appear.

As previously mentioned the Wave and Dataflow windows are designed to work
together. Try moving the cursor in the Wave window (see "Making cursor
measurements’ (1-55) for details), and you' |l see that the value of t_out changesin the
Dataflow window. We'll look at other links between the windows aswe work through
the tutorial.

3 Movethe Wave window cursor back to atime when t_out is unknown. Then, with
t_out selected in the Dataflow window, trace the unknown.

H‘ (MENU: Trace > Trace X)
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Theinput signal test is selected in the Dataflow window, and it is also added
automatically to the Wave window.

== wave - default

3 o x|
File Edit Wiew Insert Format Tools  Swindow
SHS $ BN XA [N o QS & B EFELE R
. op/pt_out

- b ftopdplitest

L/
‘| [ | = |
0 ns to 546 ns o

4 Continue tracing back to the source of the unknown. Select Trace > Trace X again.

Thistimesignal test2 is highlightedin the Datafl ow window, and it is al so added to the
Wave window.
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5 Select Trace> Trace X once more, and you' |l discover the source of the unknown. In
this casethereisaHiZ oninput signal test_in and a1 on input signal _rw, so output
signal test2 resolvestoan’X’.

File Edit Wiew Mavigate Trace Tools indow

=10 =]

EiRmgd FEREBOCM e s NNHE 22K
QB

Extended mode enabled | |Keep| 1 | ftop/pitest?

6 Clear the Dataflow window.

Qf (MENU: Edit > Erase All)

ModelSim PE Tutorial




Jumping to the source of an X T-93

Jumping to the source of an X

Inthelast exercise you traced an unknown, from processto process, until you identified the
source. Y ou can speed this up by jumping directly to the source in one step.

1 Dragt_out from the Wave window to the Dataflow window as you did in the |ast
exercise.

2 Select Trace > Chase X.
3 The design expands to show the source of the unknown.

4 Clear the Dataflow window.

QF (MENU: Edit > Erase All)
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Displaying hierarchy in the Dataflow window

Y ou can display connectivity in the Dataflow window using hierarchical instances. You
enable this by modifying the options prior to adding items to the window.

1 Select Tools > Options from the Dataflow window menu bar.

2 Check Show Hierarchy and then select OK.

Dataflow Options =
Dizplay connectivity v KEEpDatafluw
il:ﬁii[ﬁagnf;i:;archical ¥ Show Hierarchy
MOTE: Changing this V' Bottamn inout pits
Chnent contentoofthe | Diseble Sprout
E;ﬂ!;w windaw o be [ Select equivalent nets

ak Caricel
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3 Addsignal t_out to the Dataflow window.
add dataflow /top/p/t_out

== dataflow ; -0 =|

File Edit Miew Mavigate Trace Tools window

SMad IBEBODA (¢ v ¥I AL 22EIQ
SR N : T

Hop
Mopip

10_[addr
=t

OQ@0OBADO0. .

paddr| DM 0 5

QOEGOCEADOD...  pdata
N Eiﬂ_E I
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Zooming and panning

The Dataflow window offers several tools for zooming and panning the display. After
reviewing the options below, try them out on the cache module design.

Zooming with toolbar buttons

These zoom buttons are available on the toolbar:

Zoom in 2x Zoom out 2x

(ﬂ zoomin by afactor El zoom out by a
of two from the factor of two from
current view current view
Zoom Full
zoom out to view

% the entire
schematic

Zooming with the mouse

To zoom with the mouse, you can either use the middle mouse button or enter Zoom Mode
by selecting View > Zoom and then use the left mouse button.

o

4 zoom options are possible by clicking and dragging in different directions:
*  Down-Right: Zoom Area (In)

e Up-Right: Zoom Out (zoom amount is displayed at the mouse cursor)

e Down-Left: Zoom Selected

e Up-Left: Zoom Full

The zoom amount is displayed at the mouse cursor. A zoom operation must be more than
10 pixelsto activate.

Panning with the mouse
To pan with the mouse you must enter Pan Mode by selecting View > Pan.

5

Now click and drag with the left mouse button to pan the design.
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Lesson 10 - Running a batch-mode simulation

The goals for this lesson are:

*  Run abatch-mode VHDL simulation
e Execute amacro (DO) file
* View asaved simulation

Batch-mode alows you to execute several commands that are written in atext file. You
create atext file with thelist of commands you wish to run, and then specify that file when
you start Model Sim. Thisis particularly useful when you need to run asimulation or a set
of commands repeatedly.

A ' mportant: Batch-mode simulations must be run from aDOS prompt. Unless directed
otherwise, enter all commandsin thislesson at a DOS prompt. Additionally, thislesson
assumes you have added Model Sim to your PATH. If you did not, you' |l need to specify
full paths to the tools (i.e., vlib, vmap, vcom, and vsim) that are used in the lesson.
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To set up for this lesson, create a new directory and copy thisfileinto it:

\<instal | _di r>\nodel t ech\ exanpl es\ count er. vhd

Create anew design library (again, enter these commands at a DOS prompt in the new
directory you created in step 1.):

vlib work

Map thelibrary:

vmap wor k wor k

Then compile the source file:

<install _dir>/<platform/vcom counter.vhd

Y ouwill useamacrofilethat provides stimulusfor the counter. For your convenience,
amacro file has been provided with Model Sim. 'Y ou need to copy this macro filefrom
theinstallation directory to the current directory:

<instal |l _dir>\nodel t ech\ exanpl es\sti m do

Create abatch file using an editor; nameit yourfile. With the editor, put the following
on separate linesin thefile;

add |ist -decinmal *
do stimdo

wite list counter.|st
quit -f

and save to the current directory.

To run the batch-mode simulation, enter the following at the command prompt:

vsim-do yourfile -Wf saved.w f counter -c

Thisiswhat you just did in Step 7:
e invoked the VSIM simulator on a design unit called "counter”

« instructed thesimulator to savethe simulation resultsin alog file named saved.wif
by using the -wlf switch

« used the contents of yourfile to specify that values are to belisted in decimal, to
execute a stimulusfile called stim.do, and to write the results to a file named
counter.lst, the default for a design named counter

Sinceyou saved the simulation resultsin saved.wlf, you can view the simulation results
by starting up VSIM with its -view switch:

vsim -view saved. W f
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Open these windows with the View menu in the Main window, or the equivalent
command at the Model Sim prompt:

view signals |list wave

Note: If you open the Process or Variableswindowsthey will be empty. Y ou arelooking
at asaved simulation, not examining oneinteractively; thelogfile saved in saved.wif was
used to reconstruct the current windows.

Now that you have the windows open, put the signalsin them:

add wave *
add list *

Use the available windows to experiment with the saved simulation results and quit
when you are ready:

quit -f

For additional information on the batch and command line modes, please refer to the
Model Sm User’s Manual.
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Lesson 11 - Executing commands at load time

The goals for this lesson are:

Specify the design unit to be simulated on the command line
Edit the modelsim.ini file
Execute commands at |oad time with aDO file
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A mportant: Start this lesson from the DOS prompt in the same directory in which you

completed Chapter Lesson 10 - Running a batch-mode simulation.

For this lesson, you will use amacro (DO) file that executes whenever you load a
design. For convenience, astartup file has been provided with the M odel Sim program.
Y ou need to copy thisDO file from the installation directory to your current directory:

\<instal | _di r>\nodel t ech\ exanpl es\ startup. do

Next, you will edit the modelsim.ini file in the \modeltech directory (or the
modelsim.ini fileinyour current directory if one exists) to point at thisfile. To do this,
open <install_dir>\modeltechimodelsim.ini using atext editor and uncomment the
following line (by deleting the leading ;) in the [vsim] section of thefile:

Startup = do startup.do

Then save modelsim.ini.

Note: The modelsim.ini file must be write-enabled for this change to take place. Using
MS Explorer, right-click on \<install_dir>\modeltechimodelsim.ini, then click
Properties. In the dialog box, uncheck the Read-only box and click OK. (Y ou can aso
copy thefile to your current directory.)

Takealook at the DOfile. It usesthe predefined variable $entity to do different things
when loading different designs.

Start the simulator and specify thetop-level design unit to be smulated by entering the
following command at the DOS prompt;

vsi m count er

Notice that the simulator |oads the design unit without displaying the Load Design
dialog box. Thisis handy if you are simulating the same design unit over and over.
Also notice that all the windows are open. Thisis because the view * command is

included in the startup macro.

If you plan to continue with the following practice sessions, keep Model Sim running.
If you would like to quit the simulator, enter the following command at the VSIM
prompt:

quit -f

Y ou won't need the startup.do file for any other examples, so use your text editor to
comment out the "Startup” line in modelsim.ini.
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License Agreement

IMPORTANT — USE OF THIS SOFTWARE IS SUBJECT TO LICENSE
RESTRICTIONS

CAREFULLY READ THIS LICENSE AGREEMENT BEFORE USING THE
SOFTWARE

This license is a legal “Agreement” concerning the use of Software between you,
the end user, either individually or as an authorized representative of the company
purchasing the license, and Mentor Graphics Corporation, Mentor Graphics
(Ireland) Limited, Mentor Graphics (Singapore) Private Limited, and their majority-
owned subsidiaries (“Mentor Graphics”). USE OF SOFTWARE INDICATES YOUR
COMPLETE AND UNCONDITIONAL ACCEPTANCE OF THE TERMS AND
CONDITIONS SET FORTH IN THIS AGREEMENT. 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 10 days after receipt of
Software and receive a full refund of any license fee paid.

END USER LICENSE AGREEMENT

1. GRANT OF LICENSE. The software programs you are installing, downloading,
or have acquired with this Agreement, including any updates, modifications,
revisions, copies, and documentation (“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 or its authorized distributor 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; and (c) on the computer hardware or at the site for
which an applicable license fee is paid, or as authorized by Mentor Graphics. A site
is restricted to a one-half mile (800 meter) radius. Mentor Graphics’ then-current
standard policies, which vary depending on Software, license fees paid or service
plan purchased, apply to the following and are subject to change: (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 communicated and technically
implemented through the use of authorization codes or similar devices);

(c) eligibility to receive updates, modifications, and revisions; and (d) support
services provided. Current standard policies are available upon request.

2. ESD SOFTWARE. If you purchased a license to use embedded software
development (“ESD”) Software, Mentor Graphics or its authorized distributor
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 or incorporate copies
of Mentor Graphics' real-time operating systems or other ESD Software, except
those explicitly granted in this section, into your products without first signing a
separate agreement with Mentor Graphics for such purpose.

ModelSim PE Tutorial



T-104 License Agreement

ModelSim PE Tutorial

3. BETA CODE.

3.1 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 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.

3.2 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.

3.3 You agree that any written evaluations and all inventions, product
improvements, modifications or developments that Mentor Graphics conceives or
makes 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 subsection shall survive termination or expiration of this
Agreement.

4. 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 your employer's
employees and contractors, excluding Mentor Graphics' competitors, whose job
performance requires access. 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 the
European Union Software Directive or 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 without Mentor Graphics’ prior written consent.
The provisions of this section shall survive the termination or expiration of this
Agreement.

5. 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 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 LOANED TO
YOU FOR A LIMITED TERM OR 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 OR IMPLIED, 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.

6. LIMITATION OF LIABILITY. EXCEPT WHERE THIS EXCLUSION OR
RESTRICTION OF LIABILITY WOULD BE VOID OR INEFFECTIVE UNDER
APPLICABLE STATUTE OR REGULATION, 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.

7. LIFE ENDANGERING ACTIVITIES. NEITHER MENTOR GRAPHICS NORITS
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. 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 SUCH USE.

8. INFRINGEMENT.

8.1 Mentor Graphics will defend or settle, at its option and expense, any action
brought against you alleging that Software infringes a patent or copyright in the
United States, Canada, Japan, Switzerland, Norway, Israel, Egypt, or the
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European Union. Mentor Graphics will pay any costs and damages finally awarded
against you that are attributable to the claim, provided that you: (a) notify Mentor
Graphics promptly in writing of the action; (b) provide Mentor Graphics all
reasonable information and assistance to settle or defend the claim; and (c) grant
Mentor Graphics sole authority and control of the defense or settlement of the
claim.

8.2 If an infringement claim is made, Mentor Graphics may, at its option and
expense, either (a) replace or modify Software so that it becomes noninfringing, or
(b) procure for you the right to continue using Software. If Mentor Graphics
determines that neither of those alternatives is financially practical or otherwise
reasonably available, Mentor Graphics may require the return of Software and
refund to you any license fee paid, less a reasonable allowance for use.

8.3 Mentor Graphics has no liability to you if the alleged 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 design or market; (f) any
Beta Code contained in Software; or (g) any Software provided by Mentor
Graphics’ licensors which do not provide such indemnification to Mentor Graphics’
customers.

8.4 THIS SECTION 8 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 BY
ANY SOFTWARE LICENSED UNDER THIS AGREEMENT.

9. TERM. This Agreement remains effective until expiration or termination. This
Agreement will automatically terminate if you fail to comply with any term or
condition of this Agreement or if you fail to pay for the license when due and such
failure to pay continues for a period of 30 days after written notice from Mentor
Graphics. 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.

10. 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 in any manner
any Software or direct product of Software, without first obtaining all necessary
approval from appropriate local and United States government agencies.

11. RESTRICTED RIGHTS NOTICE. Software has been 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
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Computer Software - Restricted Rights clause at FAR 52.227-19, as applicable.
Contractor/manufacturer is Mentor Graphics Corporation, 8005 Boeckman Road,
Wilsonville, Oregon 97070-7777 USA.

12. 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 in this Agreement.

13. CONTROLLING LAW. This Agreement shall be governed by and construed
under the laws of Ireland if the Software is licensed for use in Israel, Egypt,
Switzerland, Norway, South Africa, or the European Union, the laws of Japan if the
Software is licensed for use in Japan, the laws of Singapore if the Software is
licensed for use in Singapore, People’s Republic of China, Republic of China,
India, or Korea, and the laws of the state of Oregon if the Software is licensed for
use in the United States of America, Canada, Mexico, South America or anywhere
else worldwide not provided for in this section.

14. 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.

15. MISCELLANEOUS. This Agreement contains the entire understanding
between the parties relating to its subject matter and supersedes all prior or
contemporaneous agreements, including but not limited to any purchase order
terms and conditions, except valid license agreements related to the subject matter
of this Agreement which are physically signed by you and an authorized agent of
Mentor Graphics. This Agreement may only be modified by a physically signed
writing between you and an authorized agent of Mentor Graphics. Waiver of terms
or excuse of breach must be in writing and shall not constitute subsequent consent,
waiver or excuse. The prevailing party in any legal action regarding the subject
matter of this Agreement shall be entitled to recover, in addition to other relief,
reasonable attorneys' fees and expenses.

Rev. 03/00
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Vera, see Veradocumentation
Verilog
compile T-26
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standards T-6
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Waveform Comparison
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