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Software License Agreement
This is a legal agreement between you, the end user, and Model Technology Incorporated
(MTI). By opening the sealed package, or by signing this form, you are agreeing to be bound
by the terms of this agreement. If you do not agree to the terms of this agreement, promptly
return the unopened package and all accompanying items to the place you obtained them for
a full refund.

Model Technology Software License
1. LICENSE. MTI grants to you the nontransferable, nonexclusive right to use one copy of
the enclosed software program (the "SOFTWARE") for each license you have purchased. The
SOFTWARE must be used on the computer hardware server equipment that you identified in
writing by make, model, and workstation or host identification number and the equipment
served, in machine-readable form only, as allowed by the authorization code provided to you
by MTI or its agents. All authorized systems must be used within the country for which the
systems were sold. ModelSim EE licenses must be located at a single site, i.e. within a one-
kilometer radius identified in writing to MTI. This restriction does not apply to single ModelSim
PE licenses locked by a hardware security key, and such ModelSim PE products may be
relocated within the country for which sold.

2. COPYRIGHT. The SOFTWARE is owned by MTI (or its licensors) and is protected by United
States copyright laws and international treaty provisions. Therefore you must treat the
SOFTWARE like any other copyrighted material, except that you may either (a) make one copy
of the SOFTWARE solely for backup or archival purposes, or (b) transfer the SOFTWARE to a
single hard disk provided you keep the original solely for backup or archival purposes. You may
not copy the written materials accompanying the SOFTWARE.

3. USE OF SOFTWARE. The SOFTWARE is licensed to you for internal use only. You shall
not conduct benchmarks or other evaluations of the SOFTWARE without the advance written
consent of an authorized representative of MTI. You shall not sub-license, assign or otherwise
transfer the license granted or the rights under it without the prior written consent of MTI or its
applicable licensor. You shall keep the SOFTWARE in a restricted and secured area and shall
grant access only to authorized persons. You shall not make software available in any form to
any person other than your employees whose job performance requires access and who are
specified in writing to MTI. MTI may enter your business premises during normal business
hours to inspect the SOFTWARE, subject to your normal security.

4. PERMISSION TO COPY LICENSED SOFTWARE. You may copy the SOFTWARE only as
reasonably necessary to support an authorized use. Except as permitted by Section 2, you may
not make copies, in whole or in part, of the SOFTWARE or other material provided by MTI

without the prior written consent of MTI. For such permitted copies, you will include all notices
and legends embedded in the SOFTWARE and affixed to its medium and container as received




from MTI. All copies of the SOFTWARE, whether provided by MTI or made by you, shall remain
the property of MTI or its licensors.

You will maintain a record of the number and location of all copies of the SOFTWARE made,
including copes that have been merged with other software, and will make those records
available to MTI or its applicable licensor upon request.

5. TRADE SECRET. The source code of the SOFTWARE is trade secret or confidential
information of MTI or its licensors. You shall take appropriate action to protect the confidentiality
of the SOFTWARE and to ensure that any user permitted access to the SOFTWARE does not
provide it to others. You shall take appropriate action to protect the confidentiality of the source
code of the SOFTWARE. You shall not reverse-assemble, reverse-compile or otherwise
reverse-engineer the SOFTWARE in whole or in part. The provisions of this section shall
survive the termination of this Agreement.

6. TITLE. Title to the SOFTWARE licensed to you or copies thereof are retained by MTI or third
parties from whom MTI has obtained a licensing right.

7. OTHER RESTRICTIONS. You may not rent or lease the SOFTWARE. You shall not
mortgage, pledge or encumber the SOFTWARE in any way. You shall ensure that all support
service is performed by MTI or its designated agents. You shall notify MTI of any loss of the
SOFTWARE.

8. TERMINATION. MTI may terminate this Agreement, or any license granted under it, in the
event of breach or default by you. In the event of such termination, all applicable SOFTWARE
shall be returned to MTI or destroyed.

9. EXPORT. You agree not to allow the MTI SOFTWARE to be sent or used in any other
country except in compliance with this license and applicable U.S. laws and regulations. If you
need advice on export laws and regulations, you should contact the U.S. Department of
Commerce, Export Division, Washington, DC 20230, USA for clarification.

Important Notice

Any provision of Model Technology Incorporated SOFTWARE to the U.S. Government is with
"Restricted Rights" as follows: Use, duplication, or disclosure by the Government is subject to
restrictions as set forth in subparagraphs (a) through (d) of the Commercial Computer-
Restricted Rights clause at FAR 2.227-19 when applicable, or in subparagraph (c)(1)(ii) of the
Rights in Technical Data and Computer Software clauses in the NASA FAR Supplement. Any
provision of Model Technology documentation to the U.S. Government is with Limited Rights.
Contractor/manufacturer is Model Technology Incorporated, 10450 SW Nimbus Avenue / Bldg
R, Portland, Oregon 97223 USA.




Limited Warranty
LIMITED WARRANTY. MTI warrants that the SOFTWARE will perform substantially in
accordance with the accompanying written materials for a period of 30 days from the date of
receipt. Any implied warranties on the SOFTWARE are limited to 30 days. Some states do not
allow limitations on duration of an implied warranty, so the above limitation may not apply to
you.

CUSTOMER REMEDIES. MTI's entire liability and your exclusive remedy shall be, at MTI's
option, either (a) return of the price paid or (b) repair or replacement of the SOFTWARE that
does not meet MTI’s Limited Warranty and which is returned to MTI. This Limited Warranty is
void if failure of the SOFTWARE has resulted from accident, abuse or misapplication. Any
replacement SOFTWARE will be warranted for the remainder of the original warranty period or
30 days, whichever is longer.

NO OTHER WARRANTIES. MTI disclaims all other warranties, either express or implied,
including but not limited to implied warranties of merchantability and fitness for a particular
purpose, with respect to the SOFTWARE and the accompanying written materials. This limited
warranty gives you specific legal rights. You may have others, which vary from state to state.

NO LIABILITY FOR CONSEQUENTIAL DAMAGES. In no event shall MTI or its suppliers be
liable for any damages whatsoever (including, without limitation, damages for loss of business
profits, business interruption, loss of business information, or other pecuniary loss) arising out
of the use of or inability to use these MTI products, even if MTI has been advised of the
possibility of such damages. Because some states do not allow the exclusion or limitation of
liability for consequential or incidental damages, the above limitation may not apply to you.
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1 - Introduction

Chapter contents

Softwareversions . . . . . . . . . . . . . . . . . . .11
Standardssupported. . . . . . . . . . . . . . . . . . .12
Assumptions. . . . . . . . . . . . . . . . . . . . .13
Sectionsin thisdocument . . . . . . . . . . . . . . . . .13
HDL and HDL item defined. . . . . . . . . . . . . . . . .14
Whereto find our documentaetion . . . . . . . . . . . . . . .15

The purpose of this tutorial is to help you become familiar with Model Sm EE,

Model Technology’s HDL-simulation software for UNIX, Microsoft Windows

NT 4.0, and Windows 95/98. Tutorials are included that apply to one or more of
the following Mode8&im simulators:

* ModelSim EE/VHDL
for VHDL simulation only

* ModelSim EE/VLOG
for Verilog simulation only

* ModelSim EE/LNL
Language-Neutral Licensing - for either VHDdr, Verilog simulation

* ModelSim EE/PLUS
for single language, or mixed VDHL/Verilog simulation

Software versions

This documentation was written to support M&ilel EE/PLUS 5.2 for UNIX,
Microsoft Windows NT 4.0, and Windows 95/98. If the Mdflei software you
are using is a later release, check the README file 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 a single HDL.

ModelSim EE/PLUS Tutorial Introduction - 11



ModelSim’s graphic interface

Model Sim’s graphic interface

While your operating system interface provides the window-management frame,
Model Sm controls al internal-window features including menus, buttons, and
scroll bars. The resulting simulator interface remains consistent within these
operating systems:

* SPARCstation with OpenWindows or OSF/Motif

 IBM RISC System/6000 with OSF/Motif

» Hewlett-Packard HP 9000 Series 700 with HP VUE or OSF/Motif
* Microsoft Windows NT and Windows 95/98

Because Mod&m's graphic interface is based on Tcl/TK, you also have the tools
to build your own simulation environment. Easily accessible preference variables
and configuration commands give you control over the use and placement of
windows, menus, menu options and buttons.

For an in-depth look at Mod&h's graphic interface sed@ylodelSim EE Graphic
Interface"(pl7).

Standards supported

ModelSm VHDL supports both the IEEE 1076-1987, 1076-1993 VHDL, 1164-
1993 Sandard Multivalue Logic System for VHDL Interoperability, and the
1076.2-1996&andard VHDL Mathematical Packages standards. Any design
developed with Mod&m will be compatible with any other VHDL system that
is compliant with either IEEE Standard 1076-1987 or 1076-1993.

ModelSm Verilog is based on the IEEE Std 1364-1%&nhdard Hardware
Description Language Based on the Verilog Hardware Description Language.

The Open Verilog Internation&erilog LRM version 2.0 is also applicable to a
large extent. The PLI is supported for PE and EE users, while VCD support is
available for EE users only.

In addition, all products support SDF 1.0, 2.0, and 2.1, VITAL 2.2b, and
VITAL’'95 - IEEE 1076.4-1995.

12 - Introduction ModelSim EE/PLUS Tutorial



Assumptions

Assumptions

We assume that you are familiar with the use of your operating system. Y ou
should be familiar with the window management functions of your graphic
interface: either OpenWindows, OSF/Matif, or Microsoft Windows NT/95/98.

We &l so assume that you have a working knowledge of VHDL and Verilog.
Although ModelSmis an excellent tool to use while learning HDL concepts and
practices, this document is not written to support that goa. If you need more

information about HDLSs, check out our. "Online References - www.model.com”
(p169).

Sections in this document

In addition to thisintroduction, you will find the following major sectionsin this
document:

2 - ModelSim EE Graphic Interface (pl17)
Thischapter describes the graphic interface available while operating VSIM, the Model Sim

simulator. Model Sm’'s graphic interface is designed to provide consistency throughout all
operating system environments.

3 - ModelSim EE Lesson®95)

This is a collection of lessons for ModelSim EE. Lessons are included for all versions of

EE: VHDL, VLOG, and PLUS. The Tcl lesson gives you a chance to create a custom
simulation environment.

A - Technical Support, Updates, and Licendip§63)

How and where to get tech support, updates and licensing for Slodélinks to
the Model Technology web site; a collection of references to books, organizations,
and companies involved in EDA and simulation.

ModelSim EE/PLUS Tutorial Introduction - 13



Text conventions

Text conventions
Text conventions used in this manual include:

italic text provides emphasis and sets off file and path names

bold text indicates commands, command options, and menu choices, as well as package
and library logical names

nonospaced type monospace type is used for program and command examples

The right angle (>) is used to connect menu choices when traversing menusibsSirBave

path separators examples will show either UNIX or Windows path separators - use separators

appropriate for you operating system when trying the examples

HDL and HDL item defined

“HDL" refers to either VHDL or Verilog when a specific language reference is not
needed. Depending on the context, “HDL item” can refer to any of the following:

* VHDL
block statement, component instantiation, constant, generate statement,
generic, package, signal, or variable

* Verilog
function, module instantiation, named fork, named begin, net, task, or register
variable

Syntax conventions
The syntax elements of Modiin commands are signified as follows:

< > angled brackets surrounding a syntax item indicate a user-defined argument; do
not enter the brackets in commands

[ 1] square brackets indicate an optional item; if the brackets surround several words,
all must be entered as a group; the brackets are not entered

an ellipsis indicates items that may appear more than once; the ellipsis itself does
not appear in commands.

—

| the vertical bar indicates a choice between items on either side of it. Do nc
include the bar in the command

# comments are preceded by the number sign (#)

14 - Introduction ModelSim EE/PLUS Tutorial



Where to find our documentation

Where to find our documentation

Model Technology’s documentation is available in the following formats and

m

locations:

Document Format How to get it

Sart Here for ModelSm | paper shipped with Mod&im

(installation & support _ . . . _

reference) PDF online find "ee_start_here.pdf" in the "<install_dir>/
<modelsim_dir>/docs" directory; also available from the
Support page of our web siteww.model.com

Documentation Index PDF online find "ee_doc_index.pdf" in the "<install_dir>/
<modelsim_dir>/docs" directory after installation; also see
Doc Index bookmark in PDF docs; provides links to all
installed PDF documentation

ModelSm EE Tutorial PDF online find "ee_tutorial_<version>.pdf" in the "<install_dir>/
<modelsim_dir>/docs" directory

paper first two copies free with request cardStart Here
document; additional copies at $50 each (for customers with
current maintenance)

EE Reference Manual PDF online find "ee_manual_<version>.pdf" in "<install_dir>/
<modelsim_dir>/docs"; current version available for ftp frg
the Support page of our web siteww.model.com(password
required)

paper first two copies free with request cardStart Here
document; additional copies at $50 each (for customers with
current maintenance)

Tcl man pages HTML find "contents.html" in "<install_dir>/<modelsim_dir>/do¢s/
html/", or use the Main window menu selection: Help > T
Man Pages

tech notes ASCII located in the "<install_dir>/<modelsim_dir>/docs/

technotes"directory after installation

ModelSim EE/PLUS Tutorial
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Comments

Download a free PDF reader

Comments

Model Technology’s PDF documentation requires an Adobe Acrobat Reader for
viewing. The Reader may be installed from the M&aICD. It is also available
without cost from Adobe dtttp://www.adobe.comBe sure to download the
Acrobat Reader with Search to take advantage of the index file supplied with our
reference manuals; the index makes searching the documentation much faster.

Comments and questions about this manual and Nisdsbftware are welcome.
Call, write, or fax or email:

Model Technology Incorporated
10450 SW Nimbus Avenue, Bldg. R
Portland, OR 97223-4347 USA

phone: 503-641-1340
fax: 503-526-5410

email: manuals@model.com
home pagehttp://www.model.com

16 - Introduction
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2 - Model Sim EE Graphic Interface

Chapter contents

Window overview . . . . . . . . . . . . . . . . . . .18
Window features. . . . . . . . . . . . . . . . . . . .19
Manwindow . . . . . . . . . . . . . . . . . . .24
Dataflow window . . . . . . . . . . . . . . . . . .3
Listwindow. . . . . . . . . . . . . . . . . . . .38
Processwindow. . . . . . . . . . . . . . . . . . .54
Signalswindow. . . . . . . . . . . . . . . . . . .57
Sourcewindow . . . . . . . . . . . . . . . . . . .63
Structurewindow . . . . . . . . . . . . . . . . . .69
Variableswindow . . . . . . . . . . . . . . . . . .72
Wavewindow . . . . . . . . . . . . . . . . . . .75

This chapter describes Model Sim’sgraphic interface.

The example graphicsin this chapter illustrate Model Sirmis graphic interface

within both Windows and UNIX. Since our interface is designed to provide
consistency in all system environments, your operating system’s job is to provide
the basic window-management frames, while M8delcontrols all internal

window features such as menus, buttons, and scroll bars.

Because Mod&m's graphic interface is based on Tcl/Tk, you are able to
customize your simulation environment. Easily-accessible preference variables
and configuration commands give you control over the use and placement of
windows, menus, menu options, and buttons.

The"Tcl/Tk and ModelSim“(p119) section in th®lodelSim EE Lesson@95)
chapter will provide you with some hands-on experience using Tcl/Tk with
ModelSm.
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Window overview

Window overview

The Model Sm simulation environment consists of nine window types. Multiple
windows of each type may be used during simulation (with the exception of the

Main window). Make an additional window with the View > New menu selection
in the Main window. A brief description of each window follows:

* Main window (p24)
The main window from which all subsequent VSIM windows are available.

 Dataflow window(p35)
Lets you trace signals and nets through your design by showing related
processes.

* List window (p38)
Shows the simulation values of selected VHDL signals, and Verilog nets and
register variables in tabular format.

* Process windowjp54)
Displays a list of processes that are scheduled to run during the current
simulation cycle.

* Signals window(p57)
Shows the names and current values of VHDL signals, and Verilog nets and
register variables in the region currently selected in the Structure window.

* Source window(p63)
Displays the HDL source code for the design.

« Structure window(p69)
Displays the hierarchy of structural elements such as VHDL component
instances, packages, blocks, generate statements, and Verilog model instances,
named blocks, tasks and functions.

 Variables window(p72)
Displays VHDL constants, generics, variables, and Verilog register variables in
the current process and their current values.

* Wave window(p75)
Displays waveforms, and current values for the VHDL signals, and Verilog nets
and register variables you have selected.

18 - ModelSim EE Graphic Interface Model Sim EE/PLUS Tutorial



Window features

Window features

Model Sm's graphic interface provides many features that add to its usability;
features common to many of the windows are described below.

Feature

Feature applies to these windows

Quick access toolbgpl9)

Main, Source, and Wave

Drag and Drof{p20)

Dataflow, List, Signals, Source,

windows

Structure, Variables, and Wave windows
Automatic window updatingp20) Dataflow, Process, Signals, and
Structure
Finding names, and searching for val(e®1) various windows
Sorting HDL itemgp21) Process, Signals, Source, Structure,
Variables and Wave windows
Multiple window copieqp21) all windows except the Main window
Menu tear off(p21) all windows
Tree window hierarchical vie\p22) all windows
Tree window hierarchical vie\p22) Structure, Signals, Variables, and Wayve

Quick access toolbar

==¢ wave - default

File  Edit Cursor Zoom  Prop  Window

P 4RBI KK ey QQQ® [EIEIEHH

Buttons on the Main, Source, and Wave windows provide access to commonly
used commands and functions. S&e Main window tool bar(p30),"The
Source window tool bar{p66), and'Wave window tool bar{p80).

ModelSim EE/PLUS Tutorial
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Window features

Drag and Drop

Drag and drop of HDL itemsis possible between the following windows. Using
the left mouse button, click and release to select an item, then click and hold to
drag it.

* Dragitemsfrom these windows:
Dataflow, List, Signals, Source, Structure, Variables, and Wave windows

« Drop itemsin these windows:
List and Wave windows

Note: Drag and drop works to move itemithin the List and Wave windows as well.

Automatic window updating

Selecting an item in the following windows automatically updates other related
ModelSmwindows as indicated below:

Select an item in this window To update these windows
Dataflow window(p35) Process windov{p54)
(with a process selected in the center of the window) Signals window(p57)
Source window(p63)
Structure window(p69)
Variables window(p72)
Process windowjp54) Dataflow window(p35)
Signals window(p57)
Structure window(p69)
Variables window(p72)
Signals window(p57) Dataflow window(p35)
Structure window(p69) Signals window(p57)
Source window(p63)
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Window features

Finding names, and searching for values

« Find HDL item names with th&dit > Find menu selection in these windows:
List, Process, Signals, Source, Structure, Variables, and Wave windows.

* Search for HDL item values with th&dit > Search menu selection in these
windows: List, and Wave windows.

You can also:

* Locate time markers in the List window with tiMarkers > Goto menu
selection.

» Locate time cursors in the Wave window with tB&irsor > Goto menu
selection.

In addition to the menu selections above, the virtual eveRind>> is defined
for all windows. The default binding is &K ey-F19> in most windows (the Find
key on a Sun keyboard). You can bixFind>> to other events with the Tcl/Tk
commandevent add. For example,

event add <<Fi nd>> <control - Key- F>

Sorting HDL items

Use theEdit > Sort menu selection in the windows below to sort HDL items in
ascending, descending or declaration order.

Process, Signals, Source, Structure, Variables and Wave windows
Names such as net_1, net_10, and net_2 will sort numerically in the Signals and

Wave windows.
Multiple window copies

Use theView > New menu selection from thdain window (p24) to create
multiple copies of the same window type. The new window will become the
default window for that type.

Menu tear off

All window menus may be "torn off " to create a separate menu window. To tear
off, click on the menu, then select the dotted-line button at the top of the menu.
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Tree window hierarchical view

Model Smprovidesahierarchical, or "tree view" of some aspect of your designin
the Structure, Signals, Variables, and Wave windows.

— structure

- J' HDL items you can view
Edit  Window Depending on which window you are

. viewing, one entry is created for each of the
following VHDL and Verilog HDL item
within the design:

VHDL items

(indicated by a "box" prefix)

signals, variables, component instantiation,
generate statement, block statement, and
package

Verilog items

(indicated by a "circle" prefix)
parameters, registers, nets, module
instantiation, named fork, named begin,
task, and function

Viewing the hierarchy

Whenever you see atree view, asin the Structure window above, you can use the
mouse to collapse or expand the hierarchy. Select the symbols as shown below to
change the view of the structure.

Symbol Description

[+] click a plus box/circle to expand the item and view the structure
[-] click aminus box/circle to hide a hierarchy that has been expanded
[ ] an empty box/circle indicates asingle-level item
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Tree window action list

Action

Use

Do

expand a level

left mouse button

click on a "+" box/circle

collapse a level

left mouse button

click on a "-" box/circle

select a single item

left mouse button

click on the HDL item name

(not the box/circle prefix)

select multiple contiguous
items (not in Structure window|

left mouse button

click onthe HDL item name a
drag to complete selection

d

select a range of contiguous
items (not in Structure window)

shift + left mouse button

select first item, shift/click on
last item in range

select multiple random items
(not in Structure window)

control + left mouse button

click on the desired items in &
order

ny

move an item

left mouse button

click on an item, then resele
hold, and drag it to reposition

Finding items within tree windows

Y ou can open the find dialog box within al windows (except the Main, and

Source windows) by using this keyboard shortcut:

<control-f>

Options within the Find dialog box allow you to search unique text-string fields
within the specific window. See also,

* "Finding items by name in the List windo\{j49),
« "Finding HDL items in the Signals windowp62), and
« "Finding items by name or value in the Wave winddp87).
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Main window

The Main window is pictured below asit appears when VSIM isfirst invoked.
Note that your operating system graphic interface provides the window-
management frame only; Model S m handles all internal-window features
including menus, buttons, and scroll bars.

= ] ModelSim EE 5.2

File Edt Library “iew Bun Macro Optiohz:  Window Help
# Reading F:AAPPS/MODELTECH AWIM3Z, . Aoliveim pref. bl =
# reading modelzim.ini

# reading modelzim. ini
# Reading F:/appz/modeltechwind2 /modelzim. tcl

ModelSim:

[«

¢Loading. >

The menu bar at the top of the window provides access to awide variety of

simulation commands and Model Sm preferences. The status bar at the bottom of
the window givesyou information about the datain the active M odel Smwindow.
The tool bar provides buttons for quick access to the many common commands.

When a simulation is running, the Main window displaysaV SIM prompt,
alowing you to enter command-line commands from within the graphicinterface.
M essages output by VSIM during simulation are also displayed in this window.
Y ou can scroll backward and forward through the current work history by using
the vertical scrollbar. Y ou can also copy and paste using the mouse within the
window, see "Editing the command line, the current source file, and notepads"

(p33).
The Main window menu bar, tool bar, and status bar are detailed below.
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The Main window menu bar

The menu bar at the top of the Main window lets you access many Model Sm
commands and features. The menus are listed bel ow with brief descriptions of the
command’s use.

File Edit Library “iew Hun Macro  Optionz Window

= TModelSim EE 5.2

E3 BB F [ 02 CIEH e S

File menu

Change Directory

change to a different working directory

Load New Design

start a new simulation via the Load Design dialog box

Restart

restart the current simulation from time zero; a dialog box provides op
to keep the List and Wave formats, breakpoints, and logged signals

tions

End Simulation

Quit the current simulation and return to the ModelSim prompt, the G
remains open; same as tipgit -sim command

JI

Save Main

save the current contents of the transcript window to the previously dé¢
file, see"Saving the transcript file(p29)

xfined

Save Main as...

save the current contents of the transcript window to a filResexng
commands from the Main transcrigp97)

Clear Transcript

clear the Main window transcript display

Options
(all options are set for the
current session only)

Transcript File: sets a transcript file to save for this session only
Command History: file for saving command history only, no comments
Save File: sets filename for Save Main, and Save Main as

Saved Lines: limits the number of lines saved in the transcript (default i
Line Prefix: specify the comment prefix for the transcript

Update Rate: specify the update frequency for the Main status bar
ModelSim Prompt: change the title of the ModelSim prompt

VSIM Prompt: change the title of the VSIM prompt

Paused Prompt: change the title of the Paused prompt

s all)

Path list

Windows only - a list of the most recent working directory changes

Quit

quit ModeB&m (returns to the command line if UNIX)
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Edit menu
Copy copy the selected text
Paste paste the previously cut or copied item to the left of the currently selected item
Select All delete the selected item field
Unselect All combine the selected fiel dsinto auser-defined bus; keep copies of the original items
rather than moving them
Find search the transcript forward or backward for the specified text string

Library menu

Browse Libraries browse all libraries within the scope of the design
CreateaNew Library create anew library or map alibrary to a new name
View Library view or delete the contents of alibrary
Contents

View menu
All open al VSIM windows
Source open and/or view the Source window (p63)
Structure open and/or view the Structure window (p69)
Variables open and/or view the Variables window (p72)
Signals open and/or view the Signals window (p57)
List open and/or view the List window (p38)
Process open and/or view the Process window (p54)
Wave open and/or view the Wave window (p75)
Dataflow open and/or view the Dataflow window (p35)
New create anew VSIM window of the specified type
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Run menu
Run <default> run simulation for one default run length; change the run length with Options >
Simulation, or use the Run Length list on the tool bar
Run -All run simulation until you stop it
Continue continue the simulation
Run -Next run to the next event time
Step single-step the simulator
Step-Over execute without single-stepping through a subprogram call
Macro menu

Execute Macro

allows you to browse for and execute a DO file (macro)

Macro Helper

UNIX only - invokes the Macro Helper tool

Tcl Debugger

invokes the Tcl debugger, TDebug

Options menu

Compile returns the Compile Options dialog box; options cover both VHDL and
Verilog compile options
Simulation returns the Simulation Options dialog box; optionsinclude: default radix,

default forcetype, default runlength, iteration limit, warning suppression,
and break on assertion specification

Edit Preferences...

returns the Preferences dialog box; color preferences can be set for
window background, text and graphic items (i.e., wavesin the Wave
window)

Save Preferences

save current Model Sim settings to a Tcl preference file
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Window menu

Initial Layout

restore all windows to the size and placement of the initial full-screen layout

Cascade

cascade all open windows

Tile Horizontally

tile al open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows

Customize use the Button Adder to define and add a button to either the menu bar, tool bar,

or status bar of the specified window

<window_name>

liststhe currently open windows; select awindow nameto switch to, or show that
window if it is hidden; when the source window is available, the sourcefile name
is also indicated; open additional windows from the "View menu” (p26)

Help menu
About ModelSim display ModelSim application information
Release Notes view current release notes

Information about Help

view the readme file pertaining to Model SSim’s online documentation

ModelSim EE Tutorial

open and read thMedelSm EE Tutorial (.pdf) file; PDF files can be
read with a free Adode Acrobat reader available through
www.adobe.com

ModelSim EE/PLUS
Reference Manual

open and read theE Reference Manual Acrobat (.pdf) file; PDF files
can be read with a free Adode Acrobat reader available through
www.adobe.com

Tcl Man Pages

open and read Tcl /Tk 8.0 manual in HTML format

Technotes

select a technical note to view from the drop-down list
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Main window

Saving the transcript file

Variable settings determine the filename used for saving the Main window
transcript. If either PrefMain(file) in modelsim.tcl, or TranscriptFilein
modelsim.ini fileis set, then the transcript output islogged to the specified file. By
default the TranscriptFile variable in modelsim.ini is set to transcript. If either
variable is set, the transcript contents are always saved and no explicit saving is
necessary.

Note: Thelog file specified above cannot be changed during the simulation session.

If you would like to save an additiona copy of the transcript with a different
filename, you can use the File > Save Main As, or File > Save Main menu items.
Theinitial save must be made with the Save Main As selection, which stores the
filename in the Tcl variable PrefMain(saveFile). Subsequent saves can be made
with the Save Main selection. Since no automatic saves are performed for thisfile,
it iswritten only when a Save... menu selection is made. The fileiswritten to the
current working directory and records the contents of the transcript at the time of
the save.

Using the saved transcript as a macro (DO file)

Saved transcript files can be used as macros (DO files), see "Reusing commands
from the Main transcript” (p97) for more information.
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The Main window tool bar

Buttons on the Main window tool bar give you quick access to these ModelSim
commands and functions.

= TModelSim EE 5.2

File Edit Library “iew Hun Macro  Optionz Window
) -, 3 Yy 5
Sz BB = B[ 04 EEe P
© . S N & S > K& &
OOQQQ\ é@e\Q QOQ Q,O_% «Q,%\_@' & (\\Q,(\Q .(\QQ}\Q «\}(\rb’ Q\Q’ Q}Q()A GQ;’O’
& N c‘o(\“\ &

Main window tool bar buttons

Button Menu equivalent Command equivalents

Compile none, however, vcom <arguments>, or

e

open the Compile HDL
Source Filesdialog box to
select filesfor compilation

Options > Compile
opens the Compile
Options dialog box

vlog <arguments>

pastethe copied text to the
cursor location

Load Design File> Load New Design vsim <arguments>
~u open the Load a Design
L= dialog box to initiate
simulation
Copy Edit > Copy see: "Editing the command line,
copy the selected text the current source file, and
within the Main window notepads” (p33)
transcript
Paste Edit > Paste see: "Editing the command line,

the current source file, and
notepads” (p33)
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Main window tool bar buttons

Button Menu equivalent Command equivalents
Restart File > Restart restart <arguments>
restart the current
simulation with the option
of use current formatting,
breakpoints, and log file
Run Run > Run run (no arguments)

run the current simulation
for the default time length

<default_run_length>...

Run Length

specify the run length
for the current
simulation

none

run <specific run length>

=

Continue Run
continue the current
simulation run

Run > Continue

run -continue

Run -All

run to current simulation
forever, or until it hits a
breakpoint or specified
break event *

Run > Run -All

run -all

Step

steps the current
simulation to the next
HDL statement

Run > Step....

step

Step Over

HDL statements are
executed but treated as
simple statements instead
of entered and traced line
by line

Run > Step Over....

step -over
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Main window tool bar buttons

Button

Menu equivalent

Command equivalents

E:

Break none
stop thecurrent simulation
run

none

The Main window status bar

oo vw e

Fields at the bottom of the Main window provide the following information about

the current simulation:

Field Description

Now the current simulation time or a larger time unit if one can be used without a fractional
remainder

Delta the current simulation iteration number

Env name of the current environment (item selected in the Structure window (p69))
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Editing the command line, the current source file, and notepads

Thefollowing mouse actionsand special keystrokes can be used to edit commands
in the entry region of the Main window. They can also be used in editing the file
displayed in the Source window (p63) and all notepad windows (enter the
notepad command at the VSIM prompt to open the notepad editor).

Mouse - UNIX Mouse - Windows Result

< left-button - click > move the insertion cursor

< left-button - press> + drag select

< shift - left-button - press > extend selection

< |eft-button - double-click > select word

< left-button - double-click > + drag select word + word

< control - left-button - click > move insertion cursor without

changing the selection

<left-button - click > on previousModel Sim or VSIM prompt copy and paste previous command
string to current prompt

< middle-button - click > none paste clipboard

< middle-button - press > + drag none scroll the window

Keystrokes - UNIX Keystrokes - Windows Result

< left | right - arrow > move the insertion cursor

<up | down - arrow > scroll through command history
<control - p > move insertion cursor to previous line
<control - n> move insertion cursor to next line
<control - f > move insertion cursor forward
<control - b> move insertion cursor backward

< backspace > delete character to the left
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Keystrokes - UNIX Keystrokes - Windows Result
<control - d > delete character to the right
< control - k > delete to the end of line
< control - a > < control - a >, <Home> move insertion cursor to beginning of line
< control - e > < control - e >, <End> move insertion cursor to end of line
<*meta- "<"> none move insertion cursor to beginning of file
<*meta-">"> none move insertion cursor to end of file
< control - x > cut selection
< control - ¢ > copy selection
insert clipboard
< control - v >

TheMainwindow allowsinsertionsor pastes only after the prompt, therefore, you
don’t need to set the cursor when copying strings to the command line.

* UNIX only
Which keyboard key functions as the meta key depends on how your X-windows KeySym
mapping is set up. You may need help from your system administrator to map a particular
key, such as the <alt> key, to the meta KeySym.
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Dataflow window

The Dataflow window allows you to trace VHDL signals or Verilog nets through
your design. Double-click an item with the left mouse button to move it to the
center of the Dataflow display.

VHDL signalsor processesin the Dataflow window:

« A signal displays in the center of the window with all the processes that drive
the signal on the left, and all the processes that read the signal on the right, or

« a process is displayed with all the signals read by the process shown as inputs
on the left of the window, and all the signals driven by the process on the right.

Verilog netsor processesin the Dataflow window:

« A net displays in the center of the window with all the processes that drive the
net on the left, and all the processes triggered by the net on the right, or

« a process is displayed with all the nets that trigger the process shown as inputs
on the left of the window, and all the nets driven by the process on the right.

= dataflows

JJ|

Window = dataflow

Aopsodss

process "#ASSIGN#15"

signal or net "paddr"

ModelSim EE/PLUS Tutorial Model Sim EE Graphic Interface - 35



Dataflow window

The Dataflow window menu bar

The following menu commands and button options are available from the
Dataflow window menu bar.

File menu
Save Postscript save the current dataflow view as a Postscript file
Selection Selection > Follow Selection updates window when the Process window (p54) or
Signals window (p57) changes; Fix Selection freezes the view selected from
within the Dataflow window
Close close this copy of the Dataflow window; you can create a new window with
View > New from the "The Main window menu bar" (p25)

Window menu

Initial Layout restore all windows to the size and placement of the initial full-screen layout

Cascade cascade all open windows

Tile Horizontally tile al open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows

Customize use the Button Adder to define and add a button to either the menu bar, tool bar,
or status bar of the specified window

<window_name> liststhe currently open windows; select awindow name to switch to, or show that
window if it is hidden; when the source window is available, the sourcefile name
is also indicated; open additional windows from the "View menu” (p26)
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Tracing HDL items with the Dataflow window

The Dataflow window is linked with the Signals window (p57) and the Process
window (p54). To examine a particular processin the Dataflow window, click on
the process name in the Process window. To examine aparticular HDL iteminthe
Dataflow window, click on the item name in the Signal's window.

with asignal in center of the Dataflow window, you can:

« click once on a process name in the Dataflow window to make the Source and
Variable windows update to show that process,

« click twice on a process name in the Dataflow window to move the process to
the center of the Dataflow window

with a processin center of the Dataflow window, you can:

« click once on an item name to make the Source and Signals windows update to
show that item,

« click twice on an item name to move that item to the center of the Dataflow
window.

The Dataflow window will display the current process when you single-step or
when VSIM hits a breakpoint.
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List window

The List window displaystheresultsof your simulation runin tabular format. The
window is divided into two adjustable panes, which allow you to scroll
horizontally through the listing on the right, while keeping time and delta visible

on the | eft.

list

o]

Eile

Erop

ﬂ| noow

&
d
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o I e e B | e e e B

HDL items you can
view

Oneentry iscreated for
each of thefollowing
VHDL and Verilog HDL
items within the design:

VHDL items
signals and process
variables

Verilog items
nets and register
variables

Note: Constants, generics, parameters, and memories are not viewable in the List or Wave windows.

List window action list

Thisaction list provides a quick reference to menu selections and mouse actions
in the List window. See the "Tree window action list" (p23) for additional

information.

Action

Menu or mouse

See also

place specific HDL itemsin
the List window

Signas window (p57) menu:
View > List (choose Selected Signals,
Signasin Region, or Signalsin Design)

drag and drop:
from the Process, Signals, or Signals
window

"Adding HDL itemsto
the List window" (p44)
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Action

Menu or mouse

See also

moveor deleteitemsalready
in the List window

menu selection:
Edit > (select Cut, Copy, Paste, Delete,
Combine, Select All, or Unselect All)

drag and drop:
within the List window

"Adding HDL itemsto
the List window" (p44)

set display propertiessuch as
name length, trigger on
options, deltaviews, and
strobe timing

menu selection:
Prop > Display Props

" Setting List window
display properties’ (p42)

format an item’s radix, label
width, and triggering
properties

menu selection:
Prop > Signal Props

"Editing and formatting
HDL items in the List
window" (p46)

save your listing to an ASCI|I
file

menu selection:
File > Write List (select tabular, events
or TSSI format)

"Saving List window data
to a file" (p53)

save your List window
configuration for future use

menu selection:
File > Save Format

"Adding HDL items to
the List window"(p44)

reuse a List window
configuration

menu selection:
File > Load Format

"Adding HDL items to
the List window"(p44)

finding an HDL item by
name

menu selection:
Edit > Find

"Finding items by name
in the List window"(p49)

finding the value of an HDL
item

menu selection:
Edit > Search

"Searching for item
values in the List
window" (p49)

set, delete or go to a time
marker in the listing

menu selection:
Markers > (choose Add Marker, Deletg
Marker, or Goto)

1%

"Setting time markers in
the List window"(p52)
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The List window menu bar

The following menu commands and button options are available from the List
window menu bar.

File menu

Write List save the listing as atext filein one of three formats: tabular, events, or TSSI

(format)

Load Format run a List window format DO file previously saved with Save Format

Save Format saves the current List window display and signal preferences to ado (macro) file;
running the DO file will reformat the List window to match the display asit
appeared when the DO file was created

Close close this copy of the List window; you can create a new window with
View > New from the "The Main window menu bar" (p25)

Edit menu

Cut cut the selected item field from the listing; see "Editing and formatting HDL items
in the List window" (p46)

Copy copy the selected item field

Paste paste the previously cut or copied item to the left of the currently selected item

Delete delete the selected item field

Combine combinethe selected fiel dsinto auser-defined bus; keep copies of the original items
rather than moving them

Select All select al signalsin the List window

Unselect All deselect all signalsin the List window

Find... find specified item label within the List window

Search... search the List window for a specified value, or the next transition for the selected
signa
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Markers menu

Add Marker add atime marker at the top of thelisting page

Delete Marker delete the selected marker from the listing

Goto choose the time marker to go to from alist of current markers
Prop menu

Display Props

set display properties for al itemsin the window: delta settings, trigger on
selection, strobe period, and label size

Signal Props

set label, radix, trigger on/off, and field width for the selected item

Window menu

Initial Layout

restore all windows to the size and placement of the initial full-screen layout

Cascade

cascade all open windows

Tile Horizontally

tile al open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows

Customize use the Button Adder to define and add a button to either the menu bar, tool bar,

or status bar of the specified window

<window_name>

liststhe currently open windows; select awindow name to switch to, or show that
window if it is hidden; when the source window is available, the sourcefile name
is also indicated; open additional windows from the "View menu” (p26)
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Setting List window display properties

Before you add items to the List window you can set the window’s display
properties. To change when and how a signal is displayed in the List window,
make this selection from the List window menu Baop > Display Props. The
resulting Modify Display Properties dialog box has the following options.

Trigger settings page

1 The Triggers page controls the
triggering for the display of new
lines in the List window. You can
specify whether an HDL item
trigger or a strobe trigger is used to
determine when the List window
displays a new line. If you choose
Trigger on: Signals, then you can
choose between collapsed or
expanded delta displays. You can
also choose a combination of signal
or strobe triggers. To use gating,
Signals or Strobe or both must be

I selected.

The Triggers page includes these
options:

- Deltas Expand Deltas

When selected with thErigger

on: Signals check box, displays a
new line for each time step on
which items change, including

| deltas within a single unit of time
resolution.

» Ddtas.Collapse Deltas
Displays only the final value
for each time unit in the List
window.

0 ng
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 Deltas:No Deltas
No simulation cycle (delta) column is displayed in the List window.

e Trigger On: Signals
Triggers on signal changes. Defaults to all signals. Individual signals may be
excluded from triggering by using tikeop > Signals Props dialog box.

e Trigger On: Strobe
Triggers on théstrobe Period you specify; specify the first strobe witir st
Strobe at:.

e Trigger Gating: Expression
Enables triggers to be gated on and off by an overriding expression, much like
a hardware signal analyzer might be set up to start recording data on a specified
setup of address bits and clock edges. Affects the display of data, not the
acquisition of the data.

» Use Expression Builder (button)
Opens the Expression Builder to help you write a gating expression.

* Expression
Enter the expression for trigger gating into this field, or use the Expression
Builder (select the Use Expression Builder button). The expression is evaluated
when the List window would normally have displayed a row of data (given the
trigger on signals and strobe settings above).

e On Duration
The duration for gating to remain open after the last list row in which the
expression evaluates to true; expressed in x number of default timescale units.
Gating is level-sensitive rather than edge-triggered.

List window gating information is saved as configuration statements when the list
format is saved. The gating portion of a configuration statement might look like this:
.list.tbl config -usegating 1

.list.tbl config -gateduration 100
.list.tbl config -gateexpr {<expression>}
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Window Properties page

Adding HDL items to the List window

The Window Properties page
includes these options:

e Labe: Full Name
Display the full pathname of
the item.

* Label: Short Name
Display the item name without
the path.

* NameLimit

The maximum number of
number of rows in the name
pane.

Before adding items to the List window you may want to set the window display
properties (se&Setting List window display propertie§fy42)). You can add

items to the List window in several ways.

Adding items with drag and drop

You can drag and drop items into the List window from the Process, Signals, or
Structure window. Select the items in the first window, then drop them into the
List window. Depending on what you select, all items or any portion of the design
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may be added. Seethe "Tree window action list" (p23) for information about
making item selections.

Adding items from the Main window command line
Invoke the add list command to add one or more individua items; separate the
names with a space:

add list <itemnanme> <item nanme>

Y ou can add al the itemsin the current region with this command:
add list *

Or add al the itemsin the design with:
add list -r /*

Adding items with a List window format file

To use aList window format file you must first save a format file for the design
you are simulating. The saved format file can then be used asaDO fileto recreate
the List window formatting.

e add HDL items to your List window

« edit and format the items to create the view you want,
see"Editing and formatting HDL items in the List windoW{346)

* save the format to a file with the List window menu selection:
File > Save Format

To use the format (do) file, start with a blank List window, and run the DO file in
one of two ways:

* use thalocommand on the command line:
do <ny_list_format>

» selectFile> Load Format from the List window menu bar

UseEdit > Select All andEdit > Deleteto remove the items from the current List
window or create a hew, blank List window with Wiew > New > List selection
from the"Main window" (p24). You may find it useful to have two differently
formatted windows open at the same time,"8a@mining simulation results with
the List window" (p48).

Note: List window format files are design-specific; use them only with the design you were simulating
when they were created. If you try to the wrong format file, MadeWill advise you of the HDL items it
expects to find.
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Editing and formatting HDL items in the List window

Once you have the HDL items you want in the List window, you can edit and
format the list to create the view you find most useful. (See adso, "Adding HDL
itemsto the List window" (p44))

To edit an item:

Select the item’s label at the top of the List window or one of its values from the
listing. Move, copy or remove the item by selecting commands from the List
window Edit menu(p40) menu.

You can also click+drag to move items within the window:

* to select several contiguous items:
click+drag to select additional items to the right or the left of the original
selection

* to select several items randomly:
Control+click to add or subtract from the selected group

* to move the selected items:
re-click on one of the selected items, hold and drag it to the new location

To format an item:

Select the item’s label at the top of the List window or one of its values from the
listing, then use thBrop > Signal Props menu selection. The resulting Modify
Signal Properties dialog box allows you to set the item’s label, label width,
triggering, and radix.

46 - ModelSim EE Graphic Interface Model Sim EE/PLUS Tutorial



List window

The M odify Signal
Properties dialog box
includes these options:

Anp/elk * Signal
Shows the item you selected
with the mouse.

» Label

Allows you to specify the
label that is to appear at the
top of the List window
column for the specified
item.

* Radix

~ Allows you to specify the
- radix (base) in which the
item value is expressed. The

default radix is symbolic,
which means that for an
enumerated type, the List

window lists the actual
I I I values of the enumerated

type of that item.

~
~
~
~
e
~
~
+*

For the other radixes -

binary, octal, decimal,

unsigned, hexadecimal, or
ASCII - the item value is converted to an appropriate representation in that radix. In
the system initialization fileynodelsim.tcl, you can specify the list translation rules

for arrays of enumerated types for binary, octal, decimal, unsigned decimal, or
hexadecimal item values in the design unit.

» Width
Allows you to specify the desired width of the column used to list the item
value. The default is an approximation of the width of the current value.

e Trigger: Triggersline
Specifies that a change in the value of the selected item causes a new line to be
displayed in the List window.
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e Trigger: Does not trigger line
Selecting this option in the List Signals window specifies that a change in the
value of the selected item does not affect the List window.

The trigger specification affects the trigger property of the selected item. See also,
"Setting List window display propertie§p42).

Examining simulation results with the List window

Because you can use the Main winddigw menu(p26) to create a second List
window, you can reformat another List window after the simulation run if you
decide a different format would reveal the information you're after. Compare the
two illustrations.

|0

il Erop  Window The divider bar

separates resolution
ns— delta— ftesthenchi/a—,  Ftestbench/b— ftesthe and delta from values,

+0 U UL items are in symbolic
+1 oooooaoo Qooooool format, and an item
+0 oooooooo Qooooool change triggers a new
+0 oooooaoo Qooooool line.

+1 oooooaoo Qoogoool
+0 nooooooo nooooool
+1 oooooooy Qooooool
+( Q000000 0000000

Erop Window Items are listed in
: decimal and
nz— delta—, foin—,  Ssum—  Soout— symbolic formats; a
0 +0 % 1QOns strobe .
100 +0 1 triggers a new line

2
3
13
13
7

=00 +0
300 +0
400 +0
00 +0
600 +0

=
(PR g [ W Yl o e
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Inthefirst List window, theHDL items are formatted as symbolic and use anitem
change to trigger aline; the field width was changed to accommodate the default
label width. The window divider maintains the time and deltain the left pane;
signalsin the right pane may be viewed by scrolling. For the second listing, the
specification for triggering was changed to a 100-ns strobe, and the item radix for
a, b, cin, and sum is now decimal.

Finding items by name in the List window

TheFind dialog box allowsyou to search for text stringsin the List window. From
the List window select Edit > Find to bring up the Find dial og box.

Enter an item label and Find it by searching
Forward (right) or Reverse (left) through the
List window display. The column number of

the item found displays at the bottom of the
dialog box. Note that you can change an item’s
label, seéSetting List window display
properties'(p42).

Searching for item values in the List window

Select an item in the List window. From the List window menu bar setitt
Sear ch to bring up the List Signal Search dialog box.
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The List Signal Search dialog expands with Search
for Signal Value selected (shown below)

o il [

The List Signal Search dialog box
includes these options:

 Signal Name <item_label>
This indicates the item currently
selected in the List window; the
subject of the search.

* Search Options: IgnoreGlitches
Ignore zero width glitches in VHDL
signals and Verilog nets.

 Search Options. Reverse
Direction

Select to search the list from bottom
to top. Deselect to search from top
to bottom.

« Search Options: Search for
Signal Value

Reveals the Search Value field;
search for the value specified in
the Search Value field (the value
must be formatted in the same
radix as the display). If no value is
specified look for transitions.

* Search Options: Search for
Expression

Reveals the Search Expression
field and the Use Expression
Builder button; searches for the
expression specified in the Search
Expression field evaluating to a
boolean true.
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List Signal Search dialog box with Search
for Expression selected

The expression may
involve more than one
signal but islimited to
signalslogged in the List
window. Expressions may
include constants,
variablesand macros. If no
expression isspecified, the
search will give an error.

To help build the
expression, click the Use
Expression Builder
button.

» Search Occurrences
You can search for the n-th
transition or the n-th match
on value or expression;
Search Occurrences
indicates the number of
transitions or matches for
which to search.

Model Sim EE/PLUS Tutorial

Model Sim EE Graphic Interface - 51



List window

Setting time markers in the List window

Fromthe List window select M arkers> Add M arker to tag the selected list line
with amarker. The marker isindicated by athin box surrounding the marked line.
The selected line uses the same indicator, but its values are highlighted. Delete
markers by first selecting the marked line, then making the Markers > Delete

Marker menu selection.

Finding a marker

list

|

Eile  Edit

Erop

Window

&
4

e OES ook
[EEEEY | (e ]

List window keyboard shortcuts

Choose aspecific marked
line to view with
Markers > Goto menu
selection. The marker
name (on the Goto list)
corresponds to the
simulation time of the
selected line.

Using the following keys when the mouse cursor is within the List

window will cause the indicated actions:

Key

Action

<arrow up>

scroll listing up

<arrow down>

scroll listing down

<arrow left>

scroll listing left

<arrow right>

scroll listing right

<page up>

scroll listing up by page
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Key Action

<page down> scroll listing down by page

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

<shift-tab> searches backward (up) to the previous transition on the selected signal (does not
function on HP workstations)

<control-f> opens the find dialog box; find the specified item label within the list display

Saving List window data to a file

Fromthe List window select Edit > Write List (format) to save the List window
datain one of these formats:

* tabular
writes a text file that looks like the window listing
ns delta /a /b /cin / sum / cout
0 +0 X X U X U
0 +1 0 1 0 X U
2 +0 0 1 0 X U
* event
writes a text file containing transitions during simulation
@ +0
/a X
/b X
/cin U
/ sum X
/cout U
@ +1
/a 0
/b1
/cin O
* TSSI

writes a file in standard TSSI format.

4 00000000000000010000000010
100 00000001000000010000000010

ModelSim EE/PLUS Tutorial Model Sim EE Graphic Interface - 53



Process window

Process window

The Processwindow displaysalist of processesand indicates the pathname of the
instance in which the processis located.

Each HDL item in the scrollbox is preceded
by one of the following indicators:

* <Ready>
Indicates that the process is scheduled to be

executed within the current delta time.
FIMPLIGIT-WIEE |

<Walt> RIMPLICIT-WIRE (wern)

; . <Wait>
] #IMPLICIT-WIEE (oen) Indicates that the process is waiting for a VHDL
it> #IMPLICIT-WIRE (we: signal or Verilog net or variable to change or for

R

#IMPLICIT-WIEE
#IMPLICIT-WIR
#IMPLICIT-WIRE (oen) » <Done>

Indicates that the process has executed a VHDL
wait statement without a time-out or a sensitivity
list. The process will not restart during the current
simulation run.

a specified time-out period.

[

=
a
al
a
L=t

o s

If you select a "Ready" process, it will be
executed next by the simulator.

When you click on a process in the Process window the following windows are

updated:

Window updated Result

Structure window(p69) shows the region in which the process is located

Variables window(p72) shows the VHDL variables and Verilog register variables in
the process

Source window(p63) shows the associated source code

Dataflow window(p35) shows the process, the signals and nets the process reads, and
the signals and nets driven by the process.
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The Process window menu bar

Thefollowing menu commands and button options are avail able from the Process
window menu bar.

File menu
Save As save the process tree to atext file viewable with the Model Sm notepad
Environment Follow Environment: update the window based on the selection in the Structure
window (p69); Fix Environment: maintain the current view, do not update
Close close this copy of the Process window; you can create a new window with
View > New from the "The Main window menu bar" (p25)
Edit menu
Copy copy the selected process
Sort sort the process list in either ascending, descending, or declaration order
Select All select adl signalsin the Process window
Unselect All deselect all signalsin the Process window
Find... find specified text string within the structure tree; choose the Status (ready, wait
or done) or Process label to search and the search direction: forward or reverse

Window menu

Initial Layout restore all windows to the size and placement of the initial full-screen layout
Cascade cascade all open windows

Tile Horizontally tile al open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows
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Customize use the Button Adder to define and add a button to either the menu bar, tool bar,
or status bar of the specified window

<window_name> liststhe currently open windows; select awindow name to switch to, or show that
window if it is hidden; when the source window is available, the sourcefile name
is also indicated; open additional windows from the "View menu” (p26)

Active/ln Region toggle button

Active Displays all the processes that are scheduled to run during the current simulation cycle.

In Region Displays any processes that exist in the region that is selected in the Structure window.
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Signals window

The Signals window shows the names and values of HDL itemsin the current
region (which is selected in the Structure window). Items may be sorted in
ascending, descending, or declaration order.

— signals

|

Migwy M oo

HDL items you can view

One entry is created for each of the following
VHDL and Verilog HDL items within the
design:

VHDL items
signals

Verilog items
nets, register variables, and named events

The names of any VHDL composite types
(arrays and record types) are shown in a
hierarchical fashion.

Hierarchy aso appliesto Verilog nets and
vector memories. (Verilog vector registers do
not have hierarchy because they are not
internally represented as arrays.)

Hierarchy isindicated in typical ModelSm
fashion with plus (expandable), minus
(expanded), and blank (single level) boxes.

See "Tree window hierarchical view" (p22) for more information.
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The Signals window menu bar

Thefollowing menu commands are available from the Signalswindow menu bar.

File menu
Save As save the signals tree to a text file viewable with the Model Sm notepad
Environment Follow Environment: update the window based on the selection in the Structure
window (p69); Fix Environment: maintain the current view, do not update
Close close this copy of the Signals window; you can create a new window with
View > New from the "The Main window menu bar" (p25)
Edit menu
Copy copy the current selection in the Signals window
Sort sort the signals tree in either ascending, descending, or declaration order
Select All select dl itemsin the Signals window
Unselect All unselect all items in the Signals window
Force... apply stimulus to the specified Signal Name; specify Vaue, Kind (Freeze/Drive/
Deposit), Delay, and Repeat
Noforce removes the effect of any active force command on the selected HDL item
Find... find specified text string within the Signals window; choose the Name or Value
field to search and the search direction: forward or reverse
View menu
Wave/List/Log place the Selected Signals, Signals in Region, or Signalsin Design in the Wave
window (p75), List window (p38), or Log file
Filter choose the port and signal types to view (Input Ports, Output Ports, InOut Ports
and Internal Signals) in the Signals window
Window menu
Initial Layout restore all windows to the size and placement of the initial full-screen layout
Cascade cascade all open windows
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Tile Horizontally

tile al open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows

Customize use the Button Adder to define and add a button to either the menu bar, tool bar,

or status bar of the specified window

<window_name>

liststhe currently open windows; select awindow name to switch to, or show that
window if it is hidden; when the source window is available, the sourcefile name
is also indicated; open additional windows from the "View menu” (p26)

Selecting HDL item types to view

—| Filter

a

o

B Input Pors

W InCut Po
B Internal

B Cutput Ports

The View > Filter... menu selection allows you to specify which HDL
items are shown in the Signals window. Multiple options may be
selected.

Forcing signal and net values

The Edit > For ce menu selection displays a dialog box that alows you to apply
stimulusto the selected signal or net. Y ou can specify that the stimulusisto repeat
a aregular timeinterval, expressed in the time units set in the Startup window
when you invoked the simulator.
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* Kind: Freeze

Freezes the signal or net at the specified value until it is forced again or until it
is unforced with noforce command.

» Kind: Drive
Attaches a driver to the signal and drives the specified value until the signal or

The For ce dialog box includes
these options:

« Signal Name
Specify the signal or net for the
applied stimulus.

* Value

Initially displays the current value,
which can be changed by entering a
new value into the field. A value can
be specified in radixes other than
decimal by using the form (for
VHDL and Verilog, respectively):

base#value -or- b|o|d|h'value

16#EE or h’EE, for example,
specifies the hexadecimal value EE.

net is forced again or until it is unforced withafior ce command. This value is

illegal for unresolved VHDL signals.

« Kind: Deposit
Sets the signal or net to the specified value. The value remains until there is a
subsequent driver transaction, or until the signal or net is forced again, or until
it is unforced with aofor ce command.

Freezeis the default for Verilog nets and unresolved VHDL signalsarnde is

the default for resolved signals.

If you preferFreeze as the default for resolved and unresolved signals, you can
change the default force kind in thedelsim.ini file.

« Delay

Allows you to specify how many time units from the current time the stimulus

is to be applied.
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¢ Repeat
Allows you to specify the time interval after which the stimulus is to be
repeated. A value of O indicates that the stimulus is not to be repeated.

* Force
When you click thd-orce button, &orce command is issued with the
parameters you have set and echoed in the Main window.

Adding HDL items to the Wave and List windows or a log file

Before adding items to the List or Wave window you may want to set the window
display properties (sé&etting List window display propertie§p42)). Once

display properties have been set, you can add items to the windows or log file in
several ways.

Adding items from the Main window command line

Use theView menu with either thg&Vave, List, orLog selection to add
HDL items to thelave window(p75),List window (p38) or a log file,
respectively.

The log file is written as an archive file in binary format and is used to
drive the List and Wave window at a later time. Once signals are added
to the log file they cannot be removed. If you begin a simulation by
invoking VSIM with the -view <logfile_name> option, VSIM reads the
log file to drive the Wave and List windows.

Choose one of the following options (Mo8ieh opens the target window for you):

—| tearoff2

a

|

aelected Signal

Signals in Region

Signals in Design

» Selected signal

Lists only the item(s) selected in the Signals window.

e Signalsin region

Lists all items in the region that is selected in the Structure window.
« Signalsin design

Lists all items in the design.
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Adding items from the Main window command line

Another way to add itemsto the Wave or List window or thelog fileisto enter the
one of the following commands at the VSIM prompt:

add list | add wave | |og <itemnanme> <item nanme>

Y ou can add all theitemsin the current region with this command:

add list | add wave | log *

Or add al the items in the design with:

add list | add wave | log -r /*

If the target window (Wave or List) is closed, Model Sm opens it when you when
you invoke the command.

Finding HDL items in the Signals window

Find the specified text string withinthe Signals
window; choose the Name or Valuefield to
search and the search direction: Forward or
Reverse.
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Source window

The Source window allows you to view and edit your HDL source code. Select an
item in the Structure window (p69) or use the File menu to add a sourcefileto the
window, then select a processin the Process window (p54) to view that process;
an arrow next to the line numbers indicates the selected process.

B source - C:/modeltech/examples/counter.vhd Mi=] E3

File  Edt Object Optionz  Window

=2 ftBERH4 B |

9 constant tpd_clk_to_count :tme:= 5 ns; j
10

11 function increment{val ; bit_wectar] return bit_sectar

12 iz

13 - niormalize the indexing

alias input : bit_vector[vallength downta 1] iz wal;
wariable rezult : bit_vectar(input'range] ;= input;
wanable carmy : bit:="1";

17 beqin
] far i in input'law to inputhigh loop
rezultfi] ;= input(i] sor carmy;
carmny 1= input(i) and carry;
exit when carmy = '0°;
end loop;
return result;
24 end increment;
28 beqin j

| [

If any breakpoints have been set, each is signified by a colored dot next to aline
number at the left side of the window pane. To set a breakpoint, click at or near
the line number in the numbered area at the |eft side of the window. The
breakpoints are toggles, so you can click again to delete an existing breakpoint.
Thereisno limit to the number of breakpointsyou can set.

To look at afilethat isnot currently being displayed, use the Structure window
(p69) to select adifferent design unit or use the Source menu selection: File >
Open. The pathname of the source file is indicated in the header of the Source
window.

Y ou can copy and paste text between the Source window and the Main window
(p24); select the text you want to copy, then pasteit into the Main window with
the middle button (3-button mouse), or right button (2-button mouse).
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The Source window menu bar

The following menu commands are available from the Source window menu bar.

File menu
New edit anew source file
Open select asource file to open
Use Source specifiesan aternativefileto usefor the current sourcefile; thisalternative source

mapping exists for the current simulation only

Source Directory

add to alist of directories (the SourceDir variable in modelsim.tcl) to search for
sourcefiles

Save save the current sourcefile
Save As save the current source file with a different name
Close close this copy of the Source window; you can create a new window with
View > New from the "The Main window menu bar" (p25)
Edit menu

To edit a source file, make sure the Read Only option in the Source Options
dialog box is not selected (use the Source menu Options > Options selection).

<editing option>

basic editing optionsinclude: Cut, Copy, Paste, Select All, and Unselect All; see:
"Editing the command line, the current source file, and notepads” (p33)

Find...

find the specified text string within the source file; match case option

read only

toggles the read-only status of the current sourcefile

Object menu

Describe displaysinformation about the selected HDL item; theitem name is shown in the
title bar
Examine displaysthe current value of the selected HDL item; theitem nameisshowninthe

title bar
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Options menu

Options

open the Source Options dialog box, see " Setting Source window options® (p68)

Window menu

Initial Layout

restore all windows to the size and placement of the initial full-screen layout

Cascade

cascade all open windows

Tile Horizontally

tile al open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows

Customize use the Button Adder to define and add a button to either the menu bar, tool bar,

or status bar of the specified window

<window_name>

liststhe currently open windows; select awindow name to switch to, or show that
window if it is hidden; when the source window is available, the sourcefile name
is also indicated; open additional windows from the "View menu” (p26)
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The Source window tool bar

Buttons on the Source window tool bar givesyou quick accessto these ModelSm
commands and functions.

B source - counter.vhd

File  Edit

Object  Ophiong

Winda

=E YRR ¢

Source window tool bar buttons

within the Source window

Button Menu equivalent Other equivalents
Load SourceFile File> Open select an HDL itemin the
~u open the Open dialog box Structure window, the associated
[=- (you can open any text file sourcefileis loaded into the
for editing in the Source Source window
window)
Save Sour ce File File> Save none
P' savethefilein the Source
il window
Cut Edit > Cut see: "Editing the command line,
.;Ii{- cut the sel ected text within the current source file, and
the Source window notepads” (p33)
Copy Edit > Copy see: "Editing the command line,
copy the selected text the current source file, and

notepads” (p33)
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Source window tool bar buttons

Button Menu equivalent Other equivalents
Paste Edit > Paste seéEditing the command line,
E paste the copied text to the the current source file, and
cursor location notepads'(p33)
Find Edit > Find none

ﬂ find the specified text
string within the source
file; match case option

Step none step
F} steps the current

simulation to the next
HDL statement

Step Over none step -over
ﬁl HDL statements are

executed but treated as
simple statements instead
of entered and traced line
by line

Editing the source file in the Source window

Several tool bar buttons (shown above), mouseactions, and special keystrokes can
be used to edit the source file in the Source window. See "Editing the command
line, the current source file, and notepads” (p33) for alist of mouse and keyboard
editing options.

Checking HDL item values and descriptions

There are two quick methods to determine the value and description of an HDL
item displayed in the Source window:

« select an item, then cho®éject > Examine orObject > Description from the
Source window menu

« select an item with the right mouse button to view examine pop-up (select "now"
to examine the current simulation time in VHDL code)
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Setting Source window options

Access the Source window options with this Source menu selection: Options >
Options.

The Sour ce Options dialog
box includes these options:

¢ Language

select eitheW HDL orVerilog;
sets language for key word
colorizing

» Source Update Mode
selectfreeze file to maintain the
same source file in the Source
window (useful when you have
two Source windows open; one
can be updated from the
Structure window(p69), the
I I other frozen) ofreeze view to
disable updating the source view
from theProcess windovjp54)

» Colorize Source
colorize key words, variables and comments

« Step Buttons Visible
select to addtep andStep Over buttons to the Source window menu bar

¢ Read-Only
sets the source file to read-only mode

« Highlight Executable Lines
highlights the line number of executable lines
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Structure window

The Structure window provides ahierarchical view of the structure of your design.
An entry is created by each HDL item within the design.

— structure

-1 HDL items you can view

Edit  Window The following HDL items for VHDL and
= = Verilog are represented by hierarchy within
Structure window.

VHDL items
component instantiation, generate statement,
block statement, and package

Verilog items

module instantiation, named fork, named
begin,

task and function

Within the Structure window, VHDL items
are indicated by abox and Verilog items are
indicated by acircle.Y ou can expand and
contract the display to view the elements by
clicking on the boxes or circles at the left of
the Window. The first line of the Structure
window indicates the top-level design unit
being simulated.

Instance name components in the Structure window

An instance name displayed in the Structure window consists of the following
parts:

(architecture)

instantiation label entity or module
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where:

¢ instantiation label

Indicates the label assigned to the component or module instance in the
instantiation statement.

* entity or module
Indicates the name of the entity or module that has been instantiated.

 architecture

Indicates the name of the architecture associated with the entity (not present for
Verilog).

When you select a region in the Structure window, it becomesuthent region

and is highlighted; th&ource window(p63) andSignals window(p57) change
dynamically to reflect the information for that region. This feature provides a
useful method for finding the source code for a selected region because the system
keeps track of the pathname where the source is located and displays it
automatically, without the need for you to provide the pathname.

Also, when you select a region in the Structure windowPtibeess windoWp54)
is updated ifn Region is selected in that window; the Process window will in turn
update the/ariables window(p72).

The Structure window menu bar

The following menu commands are available from the Structure window menu

bar.

File menu
Save_As save the structure tree to a text file viewable with the Modebtepad
Close close this copy of the Structure window; you can create a new window wit

View > New from thé'The Main window menu bar(p25)

Edit menu
Copy copy the current selection in the Structure window
Sort sort the structure tree in either ascending, descending, or declaration orde
Unselect All unselect all items in the Structure window
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Find...

find specified text string within the structure tree; choose the label for instance,
entity/module or architecture to search for and the search direction: forward or
reverse

Window menu

Initial Layout

restore all windows to the size and placement of the initial full-screen layout

Cascade

cascade all open windows

Tile Horizontally

tile all open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows

Customize use the Button Adder to define and add a button to either the menu bar, tool bar,

or status bar of the specified window

<window_name>

liststhe currently open windows; select awindow name to switch to, or show that
window if it is hidden; when the source window is available, the sourcefile name
is also indicated; open additional windows from the "View menu” (p26)
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Variables window

The Variables window lists the names of HDL items within the current process,
followed by the current val ue(s) associated with each name. The pathname of the
current processis displayed at the bottom of the window.

— variables

-4 HDL items you can view

Eile  Edit View  Window The following HDL items for VHDL and
Verilog are viewable within the Variables
window.

VHDL items
constants, generics, and variables

Verilog items
register variables

The names of any VHDL composite types
(arrays and record types) are shown in a
hierarchical fashion. Hierarchy also applies
to Verilog vector memories. (Verilog vector
registersdo not have hierarchy because they
are not internally represented as arrays.) Hierarchy isindicated in typical

M odel Sm fashion with plus (expandable), minus (expanded), and blank (single
level) boxes. See "Tree window hierarchical view" (p22) for more information.

To change the value of aVHDL variable, constant, generic or Verilog register
variable, move the pointer to the desired name and click to highlight the selection.
Then select Edit > Change from the Variables window menu. This brings up a
dialog box that lets you specify anew value. Note that "V ariable Name" isaterm
that isused loosely in this caseto signify VHDL constants and genericsaswell as
VHDL and Verilog register variables. Y ou can enter any valuethat isvalid for the
variable. An array value must be specified as a string (without surrounding
quotation marks). To modify the valuesin arecord, you need to change each field

separately.
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The Variables window menu bar

File menu

The following menu commands are available from the Variables window menu

Save As

save the variables tree to atext file viewable with the Model Sm notepad

Environment

Follow Environment: update the window based on the selection in the Structure
window (p69); Fix Environment: maintain the current view, do not update

Close close this copy of the Variables window; you can create a new window with
View > New from the "The Main window menu bar" (p25)
Edit menu
Copy copy the selected itemsin the Variables window
Sort sort the variables tree in either ascending, descending, or declaration order
Select All select all itemsin the Variables window
Unselect All deselect all items in the Variables window
Change change the value of the selected HDL item
Find... find specified text string within the variablestree; choose the Name or Vauefield
to search and the search direction: forward or reverse
View menu
WavelList/Log place the Selected Variables, Variablesin Region, or Variablesin Design in the

Wave window (p75), List window (p38), or Log file
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Window menu

Initial Layout

restore all windows to the size and placement of the initial full-screen layout

Cascade

cascade all open windows

Tile Horizontally

tile al open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows

Customize use the Button Adder to define and add a button to either the menu bar, tool bar,

or status bar of the specified window

<window_name>

liststhe currently open windows; select awindow nameto switch to, or show that
window if it is hidden; when the source window is available, the sourcefile name
is also indicated; open additional windows from the "View menu” (p26)
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Wave window

The Wave window, like the List window, alows you to view the results of your
simulation. In the Wave window, however, you can see the results as HDL item
waveforms and their values.

The Wave window is divided into two windowpanes: the left pane displays item
names and their values at the active cursor (located in the right pane); the right
pane displays waveforms corresponding to each item and any cursors you may
have added.

¢ wave - default

Verilog items
nets, register
variables, and
named events

File Edit Cursor Zoom Prop  Window HDL i_tems you
< | s A e BE Q@ ] can view

=

O

= VHDL items

= signals and

= foboooom | process

variables

=

O

=

<] | Akl [+]

0 ns to 345 ns

Note: Constants, generics, parameters, and memories are not viewable in the List or Wave windows.

The datain the item values windowpane is very similar to the Signals window,
except that the values change dynamically whenever a cursor in the waveform
windowpane is moved.

At the bottom of the waveform windowpane you can see atimeline, tick marks,
and areadout of the cursor(s) position(s). Asyou click and drag to move acursor,
the time value at the cursor location is updated at the bottom of the cursor.
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Y ou can resize the windowpanesby clicking and dragging the bar between thetwo
windowpanes.

Waveform and signal-name formatting are easily changed via the Prop menu
(p79). Y ou can reuse any formatting changesyou make by saving aWave window
format file, see "Adding items with aWave window format file" (p84).

Wave window action list

Thisaction list provides a quick reference to menu selections and mouse actions
in the Wave window. See the "Tree window action list" (p23) for additional

information.
Action Menu or mouse See also
collapse and expand composites left mouse button: "Tree window action list"
clickona"-" or "+" box/ (p23)
circle
move items, make single and multiple left mouse button and "Tree window action list"
item selections control + left mouse button (p23)
search for transitions in the waveform menu selection: "Searching for item valuesin
display and signal values Edit > Find... the Wave window" (p88)
find an item name or value menu selection: "Finding items by name or
Edit > Find valuein the Wave window"
(p87)
find a specific cursor menu selection: "Making cursor
Cursor > Goto measurements” (p91)
sort items: ascending, descending, menu selection: "Sorting a group of HDL
declaration order Edit > Sort items"' (p87)
making cursor measurements menu selection: "Making cursor
Cursor > Add Cursor measurements” (p91)
reformat items, change their display menu selection: "Editing and formatting HDL
colors, and position them within the Prop > Display Props... itemsin the Wave window"
window (p84)
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Action Menu or mouse See also

zoom in or out to change the amount of menu selection: "Zooming - changing the

simulation time shown in the window Zoom > (select zoom waveform display range”
option) (p92)

center button (3-button

mouse), right button (2-
button mouse):

click and drag to zoom

rubberband section

change signal properties: radix, color, menu selection: " Setting Wave window
height, format (analog/literal/logic/ Prop > Signal Props display properties’ (p83)
event)
save the Wave window configuration; menu selection:
load a new configuration File > Save (or Load)

Format
adding and editing items in the name/ menu selection: "Adding HDL itemsin the
value pane Edit > (select edit option) Wave window" (p83)

The Wave window menu bar

==+t wave - default

File Edit Curzor Zoom  Prop  Window

s E BRSO LG R i ®QO@  ElEIEEH

The following menu commands and button options are available from the Wave
window menu bar. If you see a dotted line at the top of a drop-down menu, click
and drag the dotted line to create a separate menu window.

File menu
Write Postscript save the waveform display as a Postscript file
Load Format run a Wave window format (do) file previously saved with Save Format
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Save Format saves the current Wave window display and signal preferencesto a do (macro)
file; running the DO file will reformat the Wave window to match the display as
it appeared when the DO file was created

Close close this copy of the Wave window; you can create a new window with
View > New from the "The Main window menu bar" (p25)

Edit menu

Cut cut the selected item from the wave name pane; see "Editing and formatting HDL
items in the Wave window" (p84)

Copy copy the selected item and waveform

Paste paste the previously cut or copied item above the currently selected item

Combine combine the selected fields into a user defined bus

Sort sort thetop-level itemsin the name pane; sort with full path name or viewed name;
use ascending, descending or declaration order

Delete delete the selected item and its waveform

Select All select, or unselect, all item names in name pane

Unselect All

Find... find specified item label within the Wave name window

Search... search the waveform display for a specified value, or the next transition for the

selected signal; see: " Searching for item values in the Wave window" (p88)

Cursors menu

Add Cursor add a cursor to the center of the waveform window

Delete Cursor delete the selected cursor from the window

Goto choose a cursor to go to from alist of current cursors
Zoom menu

Zoom <selection>

selection: Full, In, Out, Last, or Range to change the waveform display range
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Prop menu

Display Props set display properties for al itemsin the window: delta settings, trigger on
selection, strobe period, and label size

Signal Props set label, radix, trigger on/off, and field width for the selected item (use the menu
selections below to quickly change individual properties)

Radix set the selected item’s radix

Format set the waveform format for the selected item

Color set the color for the selected item from a color palette

Height set the waveform height in pixels for the selected item

Window menu

Initial Layout

restore all windows to the size and placement of the initial full-screen layoy

Cascade

cascade all open windows

Tile Horizontally

tile all open windows horizontally

Tile Vertically tile all open windows vertically

Icon Children icon all but the Main window

Icon All icon all windows

Deicon All deicon all windows

Customize use the Button Adder to define and add a button to either the menu bar, to

or status bar of the specified window

ol bar,

<window_name>

lists the currently open windows; select a window name to switch to, or shg
window if it is hidden; when the source window is available, the source file n
is also indicated; open additional windows from 'tlieew menu”(p26)

w that
ame
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Wave window tool bar

The Wave window tool bar givesyou quick accessto these Model Sm commands
and functions.

==¢ wave - default
File  Edit Cursor Zoom  Prop  Window

ZE FBR LK wd Q@  ElEIEH

Wave window tool bar buttons

Button Menu equivalent Other options

L oad Wave Format File > Load Format none

= run a Wave window
L= format (DO) file
previously saved with
Save Format

Save Wave For mat File > Save Format none
] saves the current

L Wave window display
and signal preferences
to ado (macro) file

=k

Cut Edit > Cut none
.;Ii{- cut the selected signal

within the Wave
window
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Wave window tool bar buttons

Button

Menu equivalent

Other options

Copy

copy the selected
signal in the signal-

name pane

Edit > Copy

none

Paste

E paste the copied signa
above another selected

signal

Edit > Paste

see: "Editing the command line,
the current source file, and
notepads” (p33)

Add Cursor

E? add a cursor to the
center of the

waveform pane

Cursor > Add Cursor

none

Delete Cursor
,Eé delete the selected

cursor from the
window

Cursor > Delete Cursor

none

Find Previous
—lt Transition

locate the previous
signal value change
for the selected signal

Edit > Find > Reverse

none

Find Next Transition
locate the next signal

ﬂ— value change for the

selected signal

Edit > Find > Forward

none

Zoom in 2x

(ﬂ zoom in by afactor of
two from the current

view

Zoom > Zoom In

see: "Zooming - changing the
waveform display range” (p92)

Zoom out 2x
El zoom out by afactor of
two from current view

Zoom > Zoom Out

see: "Zooming - changing the
waveform display range" (p92)
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Wave window tool bar buttons

Button

Menu equivalent

Other options

Q

Zoom area
use the cursor to
outline azoom area

Zoom > Zoom Range

see: "Zooming - changing the
waveform display range" (p92)

Zoom Full

Zoom out to view the
full range of the
simulationfromtime0
to the current time

Zoom > Zoom Full

see: "Zooming - changing the
waveform display range” (p92)

Run

run the current
simulation for the
default time length

Main menu:
Run > Run <default_length>

usetherun command at theVSIM
prompt

Continue Run
continue the current
simulation run

Main menu:
Run > Continue

use the run -continue command
a the VSIM prompt

Run -All

run to current
simulation forever, or
until it hitsa
breakpoint or specified
break event*

Main menu:
Run > Run -All

userun -all command at the
VSIM prompt

Break
stop the current
simulation run

none

none
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Setting Wave window display properties

Y ou can define the item name width and the cursor snap distance of all itemsin
the Wave window with the Prop > Display Props... menu selection.

The Wave Window Properties
dialog box includes these options:

* Max Signal Name Width

Sets the item name width. This is
especially useful for items that have a
long pathname. Choose a maximum
name width setting, say 10 characters,
and then item pathnames longer than 10
characters are truncated on the left. All truncations take place at the slash
boundary so you will never see a partial item name. The default value for this
field is O, which means to display the full path. Negative humbers allow you to
specify the number of regions, instead of characters, to display.

» Snap Distance
Specifies the distance the cursor needs to be placed from an item edge to jump
to that edge (a O specification turns off the snap). The value displayed in the item
value windowpane is updated to reflect the snap.

Adding HDL items in the Wave window

Before adding items to the Wave window you may want to set the window display
properties (seé&Setting Wave window display propertie@83)). You can add
items to the Wave window in several ways.

Adding items from the Signals window with drag and drop

You can drag and drop items into the Wave window from the Process, Signals, or
Structure window. Select the items in the first window, then drop them into the
Wave window. Depending on what you select, all items or any portion of the
design may be added. See tlieece window action list{p23) for information

about making item selections.

Adding items from the Main window command line

To add specific HDL items to the window, enter (separate the item names with a
space):

add wave <item nanme> <item nanme>
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Y ou can add al the itemsin the current region with this command:

add wave *

Or add al the itemsin the design with:

add wave -r /*

Adding items with a Wave window format file

To use aWavewindow format file you must first save aformat filefor the design
you are simulating.

« add the items you want in the Wave window with any other method shown
above

« edit and format the items, séediting and formatting HDL items in the Wave
window" (p84) to create the view you want

« save the format to a file with the Wave window menu seleckda> Save
Format

To use the format file, start with a blank Wave window and run the DO file in one
of two ways:

¢ use the do command on the command line:
do <ny_wave_f or mat >

» selectFile> Load Format from the Wave window menu bar

UseEdit > Select All andEdit > Delete to remove the items from the current
Wave window, use theelete command with thevave option, or create a new,
blank Wave window with th¥iew > New > Wave selection from thélain
window (p24).

Note: Wave window format files are design-specific; use them only with the design you were simulating
when they were created.

Editing and formatting HDL items in the Wave window

Once you have the HDL items you want in the Wave window, you can edit and
format the list in the name/value pane to create the view you find most useful. (See
also,"Adding HDL items in the Wave window(p83).)
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To edit an item:

Select the item’s label in the left name/value windowpane or its waveform in the
right windowpane. Move, copy or remove the item by selecting commands from
the Wave windovwedit menu(p78) menu.

You can alsalick+drag to move items within the name/value windowpane:

« to select several contiguous items:
click+drag to select additional items above or below the original selection

* to select several items randomly:
control+click to add or subtract from the selected group

* to move the selected items:
re-click and hold on one of the selected items, then drag to the new location

To format an item:

Select the item’s label in the left name/value pane or its waveform in the right
windowpane, then use tfreop > Signal Props... menu selection. The resulting
Wave Signal Properties dialog box allows you to set the item’s height, color,
format, range, and radix.

TheWave Signal Properties dialog
box includes these options:

e Signal
Indicates the name of the currently selected
signal.

* Label
Allows you to specify a new label (in the
name/value pane) for the selected item.

e Height
Allows you to specify the height (in pixels)
of the waveform.

» Color

Lets you override the default color of a
waveform by selecting a new color from the
color palette, or by entering an X-Windows
color name.
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« Format: Analog [Step | Interpolated | Backstep]

Analog Step
Displays awaveform in step style.

Analog Interpolated
Displaysthe waveform in interpolated style.

Analog Backstep
Displaysthe waveform in backstep style. Often unsed for power calculations.

Only the following types are supported in Analog format:

VHDL types:

All vectors - std logic vectors, bit vectors, and vectors derived from these types
Scaler integers

Scaler redls

Scaler time

Verilog types:
All vectors
Scaler real
Scalar integers

Please note that typesin analog formats are always treated as signed numbers.
Wave height and offset can be set from the Wave window menu Prop > Signal
props by adjusting the parameters to the Pixels equation.
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Format: Literal
Displays the waveform as a box containing the item value (if the value fits the
space available). This is the only format that can be used to list a record.

Format: Logic
Displays values as 0, 1, X, Z, H, L, U, or -.

Format: Event
Marks each transition during the simulation run.

Pixels = (value + <offset>) * <scale factor>

This choice works with analog items only and allows you to decide on the scale
of the item as it is seen on the display. Value is the value of the signal at a given
time, <offset> is the number of pixels offset from zero. The <scale factor>
reduces (if less than 1) or increases (if greater than 1) the number of pixels
displayed.

Radix

The explicit choices are Symbolic, Binary, Octal, Decimal, Unsigned,
Hexadecimal, and ASCII. If you select Default the signal’s radix changes
whenever the default is changed usingriéeix command. Item values are not
translated if you select Symbolic.

Sorting a group of HDL items

Use theEdit > Sort menu selection to sort the items in the name/value pane.

Finding items by name or value in the Wave window

The Find dialog box allows you to search for text strings in the Wave window.
From the Wave window seleEdit > Find to bring up the Find dialog box.

Choose either the Name or Value field to
search from the drop-down menu, and enter
the value to search for in the Find fiefdnd

the item by searchingorward (down) or
Rever se (up) through the Wave window
display.
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Searching for item values in the Wave window

Select aniteminthe Wave window. From the Wave window menu bar select Edit
> Sear ch to bring up the Wave Signal Search dialog box.

« Search Options. Reverse Direction
Search the list from right to left. Deselect to search from left to right.

« Search Options. Search for Signal Value

The Wave Signal
Sear ch dialog box
includes these options:

« Signal Name

<item_label>

This indicates the item
currently selected in the
Wave window; the subject of
the search.

» Search Options. Ignore
Glitches

Ignore zero width glitches in
VHDL signals and Verilog
nets.

Reveals the Search Value field; search for the value specified in the Search
Value field (the value must be formatted in the same radix as the display). If no
value is specified the search will look for transitions.
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Wave Signal Search dialog box with Search
for Signal Value selected

« Search Options; Search
for Expression

Reveals the Search
Expression field and the
Use Expression Builder
button; searches for the
expression specified in the
Search Expression field
evaluating to a boolean
true.

The expression may
involve more than one
signal but is limited to
signals logged in the List
window. Expressions may
include constants,
variables, and macros. If
no expression is specified,
the search will give an
error. See th&lodelSm
EE/PLUS Reference
Manual for more
information on expression
syntax and the use of the
Expression Builder.
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» Search Occurrences
You can search for the n-
th transition or the n-th
match on value or
expression; Search
Occurrences indicates the
number of transitions or
matches for which to
search.

Wave Signal Search dialog box with Search for Expression selected

Using time cursors in the Wave window

When the Wave window is first drawn, there is one cursor in it at time zero.

Clicking anywhere in the waveform display brings that cursor to the mouse
location.

You can add additional cursors to the waveform pane with the

Cursor > Add Cursor menu selection, or with thedd Cur sor
button on the toolbar.

The selected cursor is drawn as a solid line; all other cursors are
drawn with dotted lines.

Remove a cursor by selecting it and choosing usin@tisor >

Delete Cursor menu selection, or use tiald Cur sor button on
the toolbar.
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Finding a cursor

+ wave - default

File Edt Cursor Zoom  Prop  Window Choose_aspec_ific
e T cursor view with

Add Cursor : : : Cursor > Goto
Delete Cursar menu selection.
The cursor value
(on the Goto list)
corresponds to the
simulation time of
that cursor.

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. VSIM also adds a delta measurement
showing the time difference between the two 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
cursorsis to use the mouse in the time box tracks at the bottom of the display.
Clicking anywhere in atrack selects that cursor and bringsit to the mouse
position.

The cursors are designed to snap to the closest wave edge to the left on the
waveform that the mouse pointer is positioned over. Y ou can control the snap
distance from "Wave category"” in the dialog box available from the Properties >
Display menu selection; see " Setting Wave window display properties’ (p83).

Y ou can position a cursor without snapping by dragging in the area below the
waveforms.
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Finding next and previous transitions

Y ou can move the cursors to the next and previous transition of the selected item
with the Find Transition buttons on the toolbar:

Find Previous
—lt Transition

signal value ¢

locate the previous

for the selected signal

Find Next Transition
locate the next signal

i

j value change for the

hange selected signal

Zooming - changing the waveform display range

Zoomi

ng lets you change the simulation range in the windowpane display. You

can zoom with either the Zoom menu, the toolbar buttons, mouse, keyboard, or

VSIM

Using the

commands.

Zoom menu - 3-button mouse only

Y ou can use the Wave window menu bar, or call up aZoom menu window with
the right mouse button in the right windowpane. The menu options include:

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

Zoom In

Zooms in by a factor of two, increasing the resolution and decreasing the visible
range horizontally, cropping the view on the right. The starting time is held
static.

Zoom Out

Zooms out by a factor of two, decreasing the resolution and increasing the
visible range horizontally, extending the view on the right. The starting time is
held static.

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

Zoom Range
Brings up a dialog box that allows you to enter the beginning and ending times
for a range of time units to be displayed.
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Zooming with the toolbar buttons
Use these buttons on the Wave window toolbar to zoom.

Zoom in 2x Zoom area

(ﬂ zoom in by afactor of q use the cursor to
two from the current outline azoom area
view
Zoom out 2x Zoom Full

El zoom out by afactor of % zoom out to view the
two from current view full range of the

simulationfromtimeO
to the current time

Zooming with the mouse

Fe [# [ Zoon Bop jndee To zoom with the mouse,
| Ll LA e EEOR L position the mouse cursor to
- the left side of the desired
zoom interval, pressthe
middle mouse button (3-
button mouse) or the right
button (2-button mouse),
continue to press, and drag to
the right, then release when
sl the box has expanded to the

1480 i 260 o right side of the desired zoom
interval.

drag from left to right with the mouse button to zoom
(3-button mouse - middle button, 2-button mouse - right button)
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Zooming keyboard shortcuts
See the table below for list of Wave window keyboard shortcuts.

Wave window keyboard shortcuts

Using the following keys when the mouse cursor is within 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 - finds the
next edge

<shift-tab> searches backward (left) to the previous transition on the selected signal - finds
the previous edge

<control-f> opensthefind dia og box; search within the specified field in the wave-name pane
for text strings
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3 - ModelSim EE Lessons

Chapter contents

Choose the lessons appropriate for your simulator version:

PLUS, and VHDL lessons

Basic VHDL simulation . . . . . . . . . . . . . . . .97
DebuggingaVHDL design. . . . . . . . . . . . . . . 107
Running a batch-mode simulation . . . . . . . . . . . . . 116
Executing commands &t startup. . . . . . . . . . . . . . 118
Tcl/Tk and ModdlS M . . . . . . . . . . . . . . . . 119

PLUS, and VLOG lesson

Basic Verilog simulation . . . . . . . . . . . . . . . 133
PLUS lesson
Mixed VHDL/Verilog smulation . . . . . . . . . . . . . 147

PLUS, VHDL, and VLOG practice

Finding names, and searching forvalues . . . . . . . . . . . 154
Using the Wavewindow . . . . . . . . . . . . . . . 157

Assumptions

We assume that you are familiar with the your platform’s operating system and
graphical interface. Preparation for some of the examples leaves certain details up
to you - you will decide the best way to create directories, copy files and execute
programs within your operating system. (When you are operating the simulator
within ModelSim's GUI, the interface is consistent for all platforms.)

We also assume that you have a working knowledge of HDL design. Although
ModelSmis an excellent tool to use while learning HDL concepts and practices,
this guide is not written to support that goal.

Additional details for VHDL, Verilog, and mixed VHDL/Verilog simulation can
be found in theModel Sm EE/PLUS Reference Manual. (Se€'Where to find our
documentation'(p15).)

Examples may show either UNIX or Windows path separators - use separators
appropriate for your operating system when trying the examples.
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Command, button, and menu equivalents

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

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

Drag and drop too

"Drag and Drop" (p20) alowsyou to copy and move signals among windows. |If
drag and drop appliesto alesson step, it isnoted in afashion similar to MENUS and
PROMPTS with: DRAG&DROP.

Commands and their history

Asyou work on the lessons keep an eye on the Main transcript. 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 SinvV SIM prompt.

Shortcut Description

iy repeats the last command

'n repeats command number n; n isthe VSIM prompt number, i.e., for this prompt:
VSIM 12>, n=12

l'abc repeats the most recent command starting with "abc"

~xyz~ap" replaces "xyz" in the last command with "ab"

click on prompt left-click once on aprevious Model Sim or VSIM prompt in 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)
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Reusing commands from the Main transcript

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

To save the contents of the transcript sdiélet> Save Main As from the Main
menu.

Replay the saved transcript with tthe command:

do <do file name>

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

do nyconpile. do

Note: Neither the prompt nor the Return that ends a command line are shown in the examples.

Basic VHDL simulation

The goals for the first lesson are:

create a library

compile a VHDL file

start the simulator

understand the basic VSIM windows, mouse, and menu conventions
run VSIM using theun command

list some signals

use the waveform display

force the value of a signal

single-step through a simulation run

set a breakpoint

use the Wave window
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1 You'll start out by creating a new directory for this exercise (in case other users will
be working these lesson). Create the directory, then copy all of the VHDL (.vhd) files
from the/<install_dir>/<modelsim_dir>/examples to the new directory.

Make sure the new directory is the current directory.

2 Start ModeSmwith one of the following:
for UNIX at the shell prompt:

vsim - gui

for Windows - your option - DOS prompt, shortcut, or Start menu:

nodel si m exe

This opens the Mod&im Main window without loading a design.

= ] ModelSim EE 5.2

File Edt Library “iew BRun Macro  Optiohz:  SWindow Help
Lz BE 3 14 R |
# Reading C:/MMODELTECH AWIMEZS  Stelfvaimdpref tol 1
ModelSim:

-

Mow: One Delta: 0 Erv: Mo Dezignl

3 Before you compile any HDL code, you'll need a design library to hold the
compilation results. To create a new design library, make this menu selection in the
Main window:Library > Create a New Library. (PROMPT: vlib work)
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. ]Create a Hew Library

Create

% anew library and a logical mapping to it

= anew library only (ho mapping)

" amap to an existing library

Library: |wu:urk

Maps tu:lwurk ﬂ Browze. |

(] 4 | Cancel

IntheCreateaNew Library dialog
box select Create: anew library
and alogical mapping toit.
Make sure Library: indicates
work, then select OK. This
createsasubdirectory named work
- your design library - within the
current directory. This
subdirectory containsaspecia file
named _info. (Do not create these
using UNIX or Windows
commands—always use the the
Library menu or thelib
command from either the
ModelSmor UNIX/DOS
prompt.)

4 Compile the filecounter.vhd into the new library by selecting ti@mpile button on

the toolbar:

@ (PROMPT: vcom counter.vhd)

This opens the Compile HDL Source Files dialog box.
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Compile HDL 5 Fil
ompile ource Files EE3 Complete the
Library: Iwu:urk j compilation by
= _ = selecting
Lockjn: | 3 swamples I ok [z counter.vhd from

bvadd.vhd nall6ré vhd thefilelist and
.......... clicking Compile.

counter.y
srtervh o EET Select Done when
gates.vhd =] testadder.vhd you are finished.

1 foreign
1 library_2
| rizedHDL
1 tel_tutarial

1 work Z] io_utilz.vhd Y ou can compile
adder. vhd iedec. vhd multiplefilesinone
sessionfromthefile

list. Individually
File name: counter. vhd Cormpile Sele(_:t an_d Compile
I |—I thefilesinthe order

Files of type:  [HDL Files [*vhd"+] =] Deie | required by your
design.
Default Dptions... | Edit Source |

5 Start the simulator by selecting the L oad Design button from the toolbar:

E.ﬁ' (PROMPT: vsim counter)

The Load Design dialog box comes up, as shown below (you won’t
see this dialog box if you invokedim with counter from the command line).
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The Load Design dialog box allows you to select the library and the top-level
design unittosimulate. Y ou can also select theresolution limit for thissimulation.
By default, the following will appear for this simulation run:

 Simulator Resolution: default (the default is 1 ns)
* Library: work

 Design Unit: counter

« Description: entity

Note: If the Design Unit is an entity (likeounter in this design) you can click on the plus-box prefix to
view any associated architectures; see the graphic below.
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counter

6 Select the entity counter and choose L oad to accept these settings.

7  Now you can open dl of the VSIM windows with this M ain window menu selection:
View > All.

(PROMPT: view *)

8 Todisplay thetop-level signalsin the List window, select the Signals window and
make this Signal menu selection: View > List > Signalsin Region.

(PROMPT: add list /counter/*)

9 Next add top-level signalsto the Wave window with asimilar Signals menu selection:
View > Wave > Signalsin Region.

(PROMPT: add wave /counter/*)

10 You can apply stimulusto the clock input by moving the pointer to the M ain window
and entering the following command at the VSIM prompt:

force clk 1 50, 0 100 -repeat 100

The force command you just invoked isinterpreted by VSIM to mean:
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» force clk to the value 1 at 50 ns after the current time

* then to 0 at 100 ns after the current time

* repeat this cycle every 100 ns

| ModelSim EE 5.2

File Edit Libram “iew HBoun Macro  Options  Window
S5 B\ F ] w4 e e e
# -- Loading package standard DF

# - Campiling entity counter Run Length
# - Compiling architecture anly of counter

ModelSim:  wzim

# wegimn waork, counter

# Loading F:AAPPS/AMODELTECH AwfIM 32/ Aatd. standard

# Loading library_ 2 counteronly]

wig

B ztucture signals vanables process zource wave list . dataflow
add ligt Acounter/*

add wave fcounter

WSl ¥r force ol 150, 0 100 repeat 100

VEIM S5 |

How: Ong Deka O Enw: Aoounter

Note how the Run Length selector on the toolbar now indicates 100 (ns is the
current default resolution). You will see the effects offiise command as soon
as you tell the simulator to run.

11 Now you will exercise two differerRun functions from buttons on the Main or Wave
window toolbar. Select thRun button first. When the run is complete, seRah All.

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

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

on to the next step.
(PROMPT: run -all) (MENU: Run > Run -All)
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12 Select the Break button on the M ain toolbar to end the run.
(KEYBOARD: control+c)

File

~. ] ModelSim EE 5.2

Edit Library Miew Bun Macro Optionz  “Window

A2l

> BE@ = o:l[ 0 U0
b

Break

13

The arrow points to the next HDL statement to be executed. Next, you will set a
breakpoint in the function on line 18.

Movethe pointer to the VSIM Source window. Using the vertical scroll bar, scroll until
line18isvisible. Click at or near line number 18 to set the breakpoint. Y ou should see
adot next to the line number where the breakpoint is set. This breakpoint can be

toggled on and off by clicking it.

(PROMPT: bp counter.vhd 18)

B source - C:/modeltech/examples/counter.vhd

Eile

Edit Object

Optiong  Sfindow

I [=] B3

EE LEBRERMKHD

24
25

beqin

conztant tpd_clk_to_count : time ;=

function increment{val : bit_wvector] return bit_wvector

iz
- hiormalize the indexing

aliaz input : bit_wectorvallength downto 1] iz wal;
wariable rezult : bit_vectorinputrange] := input;

wariable camy : bit:="1";
begin

for i in input'low to input’high loop
result(i] ;= input(i] =or carmy;
carmy ;= inputll] and carmy;

ME;

exit when camy =0

end loop;
return result;
end increment;
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the breakpoint, as shown by an arrow in the VSIM Source window and by a message
are displayed in the VSIM Variables window.

in the Main window. Also note that the parameters and variables within the function

14 Select the Continue Run button to resume the run that you interrupted. VSIM will hit
15

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

=1 wave - default
Eile

Exii

Click the Step button to single-step through the simulation. Notice that the values
F} (PROMPT: run -step) (PROMPT: step)

changeinthe VSIM Variables window. Y ou can keep clicking Step if you wish.

LCurzar

Now let’s take a look at the simulation in the Wave window.
EE L BRe LA

Zoom  Prop  Window

“f REQe

101100000

101100010

In the Wave window, you
can use cursors to:

» probefor values - Signal
values update whenever you
move the cursor.

« find signal transition times -
Click a signal edge, the cursor
displays the time.

is displayed between two cursors.
2160 us

Prrrrnebrrrrrr o r e r e e
|

* measuretimeintervals- Time

|
—2160100 n=
|

el
21802
I
2160100 ns
Akl
2159364 nz to 2160347 ns
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16 Experiment with using the cursors, buttons, scrolling, and zooming (see page 161 for
Wave window shortcuts).

N
< O
& EXP
N & &
. © PO
These Wave window S ST R
; . @ R4 N o\
buttons give you quick < & © &,\@ @ N
access to zooming and 0@0 @\‘o@ § (\é" & &> & N
cursor placement. Y & & > Q & S N
& ¥ R 127 2 A

=+t wave - default

Edit Cursor Zoom  Prop  Winda)

Click and drag with
the center mouse
button (UNIX) or
right mouse button
(Win) to zoom the
display.

| (i

2159964 ns to 2160347 ns

interval measurement selected cursor is bold

17 When you're done experimenting, quit the simulator by entering the command:

quit -force

This command exits VSIM without saving data. Your window positions will be
saved in thenodelsim.ini file and the windows will close. ( Refer to thidelSm
Reference Manual for additional informtion on thenodelsim.ini file.)
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Debugging a VHDL design

The goalsfor this lesson are:

« show an example of a VHDL testbench - a VHDL architecture that instantiates
the VHDL design units to be tested, provides simulation stimuli, and checks the
results

« map a logical library name to an actual library

« change the default run length

e recognize assertion messages in the command window

« change the assertion break level

« restart the simulation run using thestart command

* examine composite types displayed in the VSIM Variables window
« change the value of a variable

* use a strobe to trigger lines in the VSIM List window

« change the radix of signals displayed in the VSIM List window

1 Return to the directory you created'Basic VHDL simulation"(p97), and invoke
ModelSm:

for UNIX at the shell prompt:

vsim -gu

for Windows - your option - DOS prompt, shortcut, or Start menu:

nodel si m exe

2 Enter the following command at the Mo8eh prompt to create the a new library:
vlib library_2

3 Compile the source files into the new library by entering this command at the system
prompt:

vcom -work library_2 gates.vhd adder.vhd testadder.vhd

4 Now let’s map the new library to the work library. To create a mapping you can edit
the [Library] section of thenodelsim.ini file, or you can create a logical library name
with thevmap command:

vmap work library_ 2
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M odel Sm modifies the modelsim.ini file for you.

5 Start the simulator by entering the following command at the UNIX/DOS prompt:

vsim

The Load Design dialog box is displayed, as shown below.

6

-- Perform thefollowing stepsinthis

dialog box:

I s * Make sure that the simulator
resolution isns (default).

« Look in the Design Unit scroll

box and select the configuration

namedtest_adder_structural.

DesignUnit  |Descripion . ClickLoad to accept the

adder settings.

addem Entity

counter Entity

test_adder behavioral Config

test_adder_structural Zaonfig 7
testhench Entity To open all of the VSIM windows,
enter the following command in
the Main window at the VSIM
prompt:

B

(Main MENU: View > All)

(PROMPT: vsim -t ns
work.test_adder_structural)

ModelSm will open all the
windows in the positions you left them in at the end of the last exercise if no one
has run the simulator since then.

8 Drag and drop the top-level signals to the List window in the following manner: make
sure the hierarchy is not expanded (no minus boxes), select all signals in the Signals
window with Edit > Select All, then drag the selected signals to the List window.

(Signals MENU: View > List > Signals in Region) (PROMPT: add list /*)

9 To add top-level signals to the Wave window, enter the command:
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add wave /*
(Signals MENU: View > Wave > Signals in Region) (DRAG&DROP)

10 Now change the default simulation run length to 1000 (ns) with the run length selector
on the Main toolbar. Click on the field to edit the number to 1000 (notice how the

arrows alow you to change the run length in increments).
(Main MENU: Options > Simulation > Defaults)

| ModelSim EE 5.2
File Edit Libramy “iew Bun  Macro  Option:  Window

22 BE L todd EiEtm A

Fiun Length

11 Next, you will run the simulator. Select the Run button on the Main toolbar.

(PROMPT: run)

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

N
# = Error: Surm iz 00000111, Expected 00007000

#  Time: B00 ne Iteration: 0 Instance: Mestbench
# == Mate: There were ERRORS in the test.
# Time 1 us lterabion: 0 Instance: Mestbench

WS S

Mawe: 1 ug Delta: 1 Enw: ftestbench

Let'sfind out what's wrong. Perform the following steps to track down the
assertion message.
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12 First, change the simulation assertion options. Make this Main menu selection:
Options> Simulation.

13

Sdlect the
Assertions page.
Changetheselection
for Break on
Assertion to Error
and click OK. This
will cause the
simulator to stop at
the HDL statement
after the assertion is

displayed.

14 Torestart the simulation select the Restart button on the Main toolbar.

(Main MENU: File > Restart) (PROMPT: restart)

Make sure all items in the Restart dialog box are selected, then click Restart.
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15 From the Main toobar select the Run button.

(Main MENU: Run > Run 1000 ns) (PROMPT: run)

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

B source - testadder.vhd =] B
File Edt Object Optiohz: wWindow
EE sBRH BP
104 -- check the resulks j
if [zum /= wechar.zum) then
azzert falze
107 report “Sum iz " & bo_string(sum) =i
— k" Expected " & to_sting[wector. sum);
found_error ;= true; j

| [

16 If youturntothe Variables window now, you can seethat i = 6. Thisindicatesthat the

E variables M=]

Eile

simulation stopped in the sixth iteration of the test pattern’s loop.

Edit  Miew afindow

[oop

i=6 —
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17 Expandthevariable named test_patternsby clicking the[+]. (Y ou may need to resize
the window for a better view.)

18 Alsoexpandthesixthrecordinthearray, thatis, test_patterns(6), by clicking the [+].
The Variables window should be similar to the one below.

aooo011y 111111007
joo0ooo11y {11111100%

The assertion shows that the signal sum does not equal the sum field in
test_patter ns(6). Note that the sum of the inputs a, b, and cin should be equa to
the output sum. But there isan error in the test vectors. To correct this error, you
need to restart the simulation and modify the initial value of the test vectors.

19 Inthe Main window, type:

restart -f

The -f option causes VSIM to restart without popping up the confirmation dia og.
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20 Addvariablestothe Variableswindow by selectingthetest /testbench processinthe
Process window.

21 Inthe Variables window, expand test_patter ns, and test_pattern(6) again. Then

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

Aesthenchitestitest patterns(B).sum
0oooo111

cowor | g

22 Select thelast four bitsin the value field 1000 by dragging the pointer across them.
Then replace them with 0111, and click Change. (Note that this is atemporary edit,
you must use your text editor to permanently change the source code.)

23 Sdect the Run button from the Main toolbar.

(Main MENU: Run > Run 1000 ns) (PROMPT: run)

At this point, the simulation will run without any errors.

TLIF
# = Mate: Test completed with no erars.
# Time: 1 ug Iteration: 0 Instance: Aestbench

WEIM 14

Maw: 1 ug Delka: 1 Erw: ftestbench

Next you will learn how to change the new-line triggering for the List window.
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By default, anew lineisdisplayed in the List window for each transition of alisted
signal. Thefollowing stepswill changethetriggering so thevaluesarelisted every
100 ns.

24 Inthe List window make this menu selection: Prop > Display Props.

25

Perform these steps on
Trigger s page in the Modify
Display Properties (list) dialog
box :

» Deselecirigger On:

Signalsto disable triggering on
signals.

» SelecfTrigger On: Strobe
to enable the strobe.

» Enter100 in theStrobe
Period field.

» Enter70in theFirst Strobe
at field.

 Click OK to accept the
settings.

26 Your next action will be to change the radix for a, b, and sum to decimal.

Make this List window menu selectiorop > Signal Props. This will open the
Modify Signal Properties (list) dialog box.
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Modify Signal Properties (list)

ftesthenchia

b

] Rl [

A
A
~
*
~
A
A~
A

27 IntheList window select the signal you want to change, then make the property
changesin the dialog box. Make the following property changes:

 Select signad, then clickDecimal , then clickApply.
 Select signab, then clickDecimal, thenApply.
 Select signatum, then clickDecimal, thenOK.

This brings you to the end of this lesson, but feel free to experiment further with
the menu system. When you are ready to end the simulation session, quit VSIM
without saving data by entering the following command at the VSIM prompt:

quit -force

Model Sim EE/PLUS Tutorial ModelSim EE Lessons - 115



Running a batch-mode simulation

Running a batch-mode simulation

The goalsfor this lesson are:
* run a batch-mode VHDL simulation
« execute a macro (DO) file
* view a saved simulation

You'll work this lesson from a DOS or UNIX prompt.

1 To set up for this lesson you’ll need to create a new directory and make it the current
directory. Copy this file into your new directory:

/<install _dir>/<npdel si m dir>/exanpl es/ counter.vhd

2 Create a new design library:

vlib work

3 Map the library:

vmap wor k wor k

4 Then compile the source file:

vcom count er. vhd

5 Youwilluse a macro file that provides stimulus for the counter. For your convenience,
a macro file has been provided with Ma8let EE. You need to copy this macro file
from the installation directory to the current directory:

<install _dir>/<nodel si mdir>/exanpl es/sti mdo

6 Create a batch file using an editor (such as vi or Wordpad); namgfile and save
it as a plain text file with no extension to your new directory. With the editor, put the
following on separate lines in the file:

add |ist -deciml *
do stimdo
wite format |ist counter.| st

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

vsim -wav saved.wav counter < yourfile

This is what you just did in step 7:
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« invoked the VSIM simulator on a design unit called "counter"

 the-wav switch instructed the simulator to save the simulation results in a log
file namedsaved.wav

« used the contents gburfile to specify that values are to be listed in decimal, to
execute a stimulus file calletim.do, and to write the results to a file named
counter .lst, the default for a design named counter

8 Since you saved the simulation resultsamed.wav, you can view the simulation
results by starting up VSIM with itsiew switch:

vsim -vi ew saved. wav

9 Open the Structure, Signals, List, and Wave windows from the VIEW menu, or use the
equivalent command at the VSIM prompt:

view structure signals |list wave

Note: If you open the Process or Variables windows they will be empty. You are looking at a saved
simulation, not examining one interactively; the logfile savesdwed.wav was used to reconstruct the current
windows.

10 Now that you have the windows open, put the signals in them:

add wave *
add list *

11 Use the available VSIM 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 ModelSm EE/PLUS Reference Manual.
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Executing commands at startup

The goalsfor this lesson are:
 specify the design unit to be simulated on the command line
« edit themodelsim.ini file
e execute commands at startup with a DO file

Start this lesson from either the UNIX or DOS prompt. Make sure you are in the
directory you created in the previous lesson.

1 For this lesson, you will use a macro (DO) file that provides startup information. For
convenience, a startup file has been provided with the Misdgirogram. You need
to copy this DO file from the installation directory to your current directory:

/<install _dir>/<nopdel si m dir>/exanpl es/startup.do

2 Next, you will edit the system initialization file in themodelsim_dir> directory to
specify a command that is to be executed after the design is loaded. To do this, open
themodelsim.ini file using a text editor and uncomment (remove the ";") the following
line in the [vsim] section of the file:

Startup = do startup.do
Save the modified file to the current directory.

3 Take alook at the DO file in a text editor. It uses the predefined vafiediigy to do
different things at startup for different designs.

4  Start the simulator and specify the top-level design unit (counter) to be simulated by
entering the following command at the UNIX/DOS prompt:

vsi m count er

Notice that the simulator loads the design unit without displaying the Load Design
dialog box. This is handy if you are simulating the same design unit over and over.
Also notice that all the windows are open. This is becausgdhve® command is
included in the startup macro.

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

quit -force

6 You won't need thetartup.do file for any other examples, so use your text editor to
comment out the "Startup” line modelsim.ini.
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Tcl/Tk and ModelSim

Thislesson is divided into several Tcl examplesintended to give you a sense of
Tcl/Tk’s function within Mode&m. The examples include a custom simulation
interface created with Tcl/Tk. You must be using M&alEE/PLUS or
ModelSm EE/VHDL to complete these exercises.

Examples in this lesson

Example 1 - create a "hello world" button widge126)
Example 2 - add a procedure that gets called by a button(pL28)
Example 3 - The traffic light simulatiofp127)

Example 4 - draw a state machine that represents the simu{jatidh)

More information on Tcl/Tk

Tcl print references

Sources of information about Tcl includlel and the Tk Toolkit by John K.

Ousterhout, published by Addison-Wesley Publishing Company, Inc., and

Practical Programming in Tcl and Tk by Brent Welch published by Prentice Hall.
Tcl online references

The following are a few of the many Tcl references available:

* When using Mod&mmake this VSIM Main menu selectiodelp > Tcl Man
Pages.

« Tcl man pages are also availablevatiw.elf.org/tcltk-man-html/contents.htm

« Tcl/Tk general information is available from the Tcl/Tk Consortium:
www.tclconsortium.org

» The Scriptics Corporation, John Ousterhout's company (the original Tcl
developer)www.scriptics.com
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Tcl/Tk and ModelSim

How Tcl/Tk works with ModelSim

Model Smincorporates Tcl as an embedded library package. The Tcl library
consists of a parser for the Tcl language, routines to implement the Tcl built-in
commands, and procedures that allow Tcl to be extended with additional
commands specific to ModelSm.

M odel Sm generates Tcl commands and passes them to the Tcl parser for
execution. Commands may be generated by reading characters from an input
source, or by associating command strings with Model Sm's user interface
features, such as menu entries, buttons, or keystrokes.

When the Tcl library receives commands it parses them into component fields and
executes built-in commands directly. For commands implemented by Siodel

Tcl calls back to the application to execute the commands. In many cases
commands will invoke recursive invocations of the Tcl interpreter by passing in
additional strings to execute (procedures, looping commands, and conditional
commands all work in this way).

ModelSm gains a programming advantage by using Tcl for its command
language. Mod&m can focus on simulation-specific commands, while Tcl
provides many utility commands, graphic interface features, and a general
programming interface for building up complex command procedures.

By using Tcl, Modeiim need not re-implement these features, a benefit that
allows it's graphic interface to remain consistent on all platforms. (The only
vestige of the host platform’s graphic interface is the window frame manager.)

120 - ModelSim EE Lessons Model Sim EE/PLUS Tutorial



Tcl/Tk and ModelSim

The custom-traffic-light interface

The subject of our main Tcl/Tk lesson is asimple traffic-light controller. The
system iscomprised of three primary components: astate machine, apair of traffic
lights, and a pair of traffic sensors. The components are described in three VHDL
files: traffic.vhd (the state machine), queue.vhd (the traffic arrival queue) and
tb_traffic.vhd (the testbench).

Y ou could, of course, simulatethis system with Model Sm's familiar interface, but

Tcl/Tk provides us the option to try something different. Since we’re simulating
something most of us have seen and experienced before, we can create an intuitive
interface unique to the simulation.

Assumptions

The example assumes that source files were previously compiled. Here’s how it
works:

> > >

ModelSim commands are run
VHDL source files Tcl procedures create and via the new interface using the

describe the system connect theinterface, plus the Tcl procedures
source files, to ModelSim

draw_intersection

traffic.vhd connect_lights vsim -lib vhdl/work tb_traffic
queue.vhd examine -value <light_timing>
tb_traffic.vhd

draw_queues

draw_controls force -freeze $var $val ns
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frame and
scale widget
A scale widget
within a frame
widget creates
an analog entry
device for a
minimum to a
maximum value
and invokes the
VSIM force
command

entry widget
The entry widget
(contained within
a frame widget)
can facilitate
entry, or in this
case, provides a

display fora VSIM

examine
command.

The result is atraffic intersection interface similar to thisillustration:

label widget

A static label is

added to the end of
the connect_lights

procedure to

indicate connection
to the simulator.

wm widget
Calls to the
operating system
window manager
to create the
"traffic" window.

canvas widget
The background,
lines and traffic
lights are created
with the canvas
widget.

button
widgets
Each button
invokes the
indicated VSIM
run or break
command.
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Tk widgets

The intersection illustration points out several Tcl/Tk "widgets'. A widget is
simply auser interface element, like a menu or scrolled list. Tk widgets are
referenced within Tcl procedures to create graphic interface objects. The Tk tool
box comes with several widgets, additional widgets can be created using these as

abase.

Controlling the simulation

The components of the intersection interface have the following effect within

ModelSm:

Intersection control used

Effect in Model Sim

Run 1000 button

invokes the run command for 1000 ns

Run Forever button

invokes the run -all command

Break button

invokes the break command

light timing control

invokes the force command with the arguments for the
indicated signal and time

arrival time control

invokes the force command with the arguments for the
indicated direction and time

waiting queue

any time you change a control the examine command is
invoked to display the value of the waiting queue

Saving time

Since several intersection controlsinvoke aVSIM command and argumentswith
asingle action (such asthe movement of aslider), this custom interface savestime
compared to invoking the commandsfrom the command line or Model S mmenus.

Copies of the original example files

Additional copies of the Tcl example files from these exercises are located in the
../examples/tcl_tutorial/originals directory.
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Solutions to the examples

Throughout the traffic intersection examples you will be modifying Tcl files to
complete the final intersection. Y ou will find a completed set of intersection
examples ready-to-run in the tcl_tutorial/solutions directory. Invoke these
commands from the Model Sm prompt to run the intersection:

cd sol utions
do traffic.do

Viewing files
If you would like to view the source for any of the Tcl filesin our examples, use
the notepad command at either the ModelSSmor VSIM prompt.
not epad <fil ename>

Most files are opened in read-only mode by default; you can edit the file by
deselecting read only from the notepad Edit menu.

The Tcl source command

The Tcl sour ce command reads the Tcl fileinto the Tcl interpreter, which parses
the procedures for use within the current environment. Once sourced, a Tcl
procedure can be called from the M odel Sim prompt as shown in the syntax below.
VSIM executes the instructions within the procedure.

Syntax
source <tcl filenane>
<tcl procedure nane>

Arguments

<tcl filename>
The Tcl file read into the VSIM Tcl interpreter with the sour ce command.

<tcl procedure nane>
The Tcl procedure defined within <tcl filename>, called from the Model Sm prompt, and
executed by VSIM.

The traffic.do file is a good example of the source command syntax (thefileisa
macro that runs the traffic light simulation). Check it out with the notepad:

notepad traffic.do
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Example shortcuts
To save some typing, copy the commands from the PDF version of these
instructions and paste them at the M odel Sim prompt. Paste with theright (2 button
mouse), or middle (3 button mouse). Y ou can also select aModelSm or VSIM
prompt from the Main transcript to paste a previous command to the current
command line.

Make a transcript DO file

Y ou can rerun the commands executed during the current session with aDo file
created from the Main transcript. Make the DO file by saving the transcript with
the File> Save Main As menu selection at any time during the exercises. Run the
DO file to repeat the commands (do <do filename>).

Preparing for the Tcl/Tk examples
These steps must be completed before running the Tcl examples.

1 Create, and change to a new working directory for the Tcl/Tk exercises. Copy the
lesson filesin the following directory (include all subdirectories and files) to your new
directory:

<install _dir>/<nodel si mdir>/exanples/tcl _tutorial

2 Makethe new directory the current directory, then invoke Model Sm:
for UNIX
vsim - gui
for Windows (from a shortcut or Start > Run, etc.)

nodel si m exe

3 Atthe Model Sim prompt, create awork library in the /vhdl directory:
vlib vhdl /work

4  Mapthework library.

vmap wor k vhdl / wor k

5 Compilethe VHDL example files with these commands (or the Compile dialog box):

vcom vhdl /traffic.vhd
vcom vhdl / queue. vhd
vcom vhdl /tb_traffic.vhd

Now you’re now ready to run the examples.
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Example 1 - create a "hello world" button widget

Before you begin the examples make sure you have completed " Preparing for the
Tcl/Tk examples® (p125).

In this example you will study a"hello world" button that prints a message when
pressed.

1 Sourcethe Tcl file from the Model S m prompt:

source hello.tc

then run the procedure defined within hello.tcl:
hel | o_exanpl e
Thefile hello.tcl was read into the VSIM Tcl interpreter. The instructionsin

hello_example procedure were then executed by VSIM, and "Hello World" was
printed to the Main transcript. Selecting the button will print the message again.

You've just created your first top-level widget!

2 Invoke thehello_example procedure again and notice how the new button replaces the
original button. The procedure destroyed the first button and created the new one. Get
a closer look at the sourceTcl file with thetepad:

not epad hel l o.tcl

Close the hello_example window when you’re done.

Example 2 - add a procedure that gets called by a button push

Before you begin this example make sure you have completegaring for the
Tcl/Tk examples'(p125).

In this example you will study a larger Tcl example, and add a procedure that gets
called by a button push.

This example will display all of the gif images in the images directory. Each
button has a binding attached to it for "enter" events, and a binding for a mouse
button press. When the mouse enters the button graphic, the image file name is
printed to the Main window. When the mouse button is pushed its "widget" name
will be printed to the Main window.

1 Build an image viewer by invoking this command, and calling this procedure:

source images.tc
i mge_exanpl e
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2 Drag the mouse across the buttons and notice what happens in the Main transcript.

Push one of the buttons; you will see an error dialog box. Y ou can solve this
problem by modifying the images.tcl file.

3 Toview the source file press the See Sour ce Code button at the bottom of the image
display or invoke notepad at the Model Sm prompt:

not epad i nages. tcl

You'll find that thepushme procedure is missing; it's commented out in
images.tcl.

4 Search for "proc push” using tRelit > Find menu selection in the notepad.

Remove the comments (the "#" symbols) to return the function to your source,
then close the image window with tBestr oy button.

5 Once thepushme procedure is in place it will print its one parameter, the object name,
to the transcript.

After you have added thmishme procedure to your source, you need to resource
and rerun the Tcl procedure with these commands (use the up arrow to scroll
through the commands or do !source):

source inmges.tcl
i mge_exanpl e

Press all the buttons and notice the object names in the Main transcript. Close the
image example window when you’re done.

Example 3 - The traffic light simulation

In this example you'll simulate an intersection with traffic lights. The simulation
interface you will create allows you to run "what if* scenarios efficiently.

Introduction of the traffic intersection widget

This portion of our example introduces the traffic intersection widget. You’ll add
other widgets to the intersection to create a custom traffic simulation environment.

Once again, make sure you have compl&®edparing for the Tcl/Tk examples”
(p125) before working this example.
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1 Draw theintersection by invoking this command and procedure at the ModelSm
prompt:
source intersection.tcl
draw_i ntersection

2 Fromthe Model S m prompt, use the procedure set_light_state to change the color of
the lights:

set _light_state green .traffic.i.ns_light
set _light_state green .traffic.i.ew_light

Y ou can use the Copy and Paste buttons on the Main toolbar to help build
instructions from previous commands.

3 View the source code with this command at the Model Sm prompt:
not epad i ntersection.tcl

Y ou can locate the set_light_state procedure with Edit > Find from the Main
menu (it's located toward the middle of the file).

Connect traffic lights to the simulation

Using the intersection widget, you will addhen statements to connect the lights
to the real simulation. Once the connection is made you will simulate the traffic
light controller and watch the lights change.

We'll use VSIMwhen statements to condition the simulation to call our Tcl
program when a desired simulation condition happens.

For our example, the desired condition is the state of the lights. Whenever the state
of the light in the simulation changes, we want to change the color of the light on
the screen.

4 Load the VHDL libraries you compiled in preparation for these examples using this
command at the Mod&im prompt:

vsimtb_traffic

Be sure you invoke this command before the start of the connect_lights
procedure, if you don't load the libraries, you won't have a design to simulate.

5 Connect the lights to the simulation with this command and procedure:

source lights.tcl
connect _lights
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Try running the simulation now; select either run button on theintersection (select
Break if you used the Run For ever button - notice how the Source window opens
and indicates the next line to be executed). Only the East/West lights are working.
Y ou can make both lightswork by editing the lights.tcl file.

6 Edit lights.tcl with the notepad to add a when statement for the North/South light.
notepad |ights.tcl
Y ou need to add this because the current statement isfor the East/West light only.

You'll find the solution commented. Remember to change the read-only status of
the file so you can edit it (deselect Edit > read only).

You'll find the code commented-out toward the end of the file (try Edit >Find
again).

7 After you have made the changes, reload and run the simulation again.

source lights.tcl
connect _lights

Both lights are now working.

Note: Remember, if you need to return to the original Tcl files (maybe you’ve edited the file and it doesn’t
work right) you'll find the files in thecl_tutorial/originals directory.

Add widgets to display simulation information

Running the lights may be interesting, but not very useful - let's add some displays
that will tell us what's happening to the cars at the intersection.

Now you will add queue widgets to display the sum of the length of each pair of
queues as we simulate.

8 The East/West widget for displaying the total East/West queue length is already
provided. Let's edit the source to add a display for the North/South direction. Use the
notepad:

not epad queues. tcl

The solution is commented outdueues.tcl.

The Queue Display widget consists of an enclosing frame with two label widgets.
The first label is a simple text string. The second label is the value of the queue
length. The text in the second label will be updated whenever the queue lengths
change.

ModelSim EE/PLUS Tutorial ModelSim EE Lessons - 129



Tcl/Tk and ModelSim

The update is accomplished by using awhen statement.

9 After you have added your North/South widget, run your program by invoking this
command:

source queues.tcl
draw_queues

According to thetrafficindicators, the cars are leaving theintersection at the same
rate. That seemsfair, but if you are designing an intersection that responds to the
traffic flow into the intersection you might want to change the light cycles.
Perhaps one of the directions has more incomming traffic than the other.

Adding controls, in the form of scale widgets, alows you to quickly change the
assumptions about traffic flow into the intersection.

Add "scale" widgets to control the simulation

Next you will add Tk "scale”" widgets that will control the arrival rates and the
length of the lights.

10 The East/West widget for controlling the East/West queue inter-arrival timeis
provided. Y ou'll edit the source code to add controlsfor the North/South direction. Use
this command:

not epad controls.tcl

Y ou can remove the commentsin the code to make this change.

Similarly, add the North/South widget for controlling the length of thelights. The
East/West widget for light control isprovided. (Y ou can remove the commentsin
the code to make this change as well.)

These control widgets are implemented using the Tk "scal€" widgets, enclosed in
aframe.

When the value of the scale widget changes, it calls the command specified with
the -command option on each scale.

11 After you have added your North/South widgets, run your program with this
command:

source controls.tcl
draw _control s

Now you have acomplete intersection interface. Try the run buttons and the slider
scales. Y ou can a so view the simulation with ModelSm’'s GUI. Check the Source
window to view the VHDL files, and add signals to a Wave window
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(add wave *). Y ou can also change the run length in the Main window. Try using
the Run buttons in the Main window and the intersection window.

Keep the intersection simulation running to complete the next example. If you
want to recreate the final intersection environment quickly, invoke these
commandsfrom the Model Sim prompt (after " Preparing for the Tcl/Tk examples®

(p125)).

cd sol utions
do traffic.do

Example 4 - draw a state machine that represents the simulation

In thisfinal example you will draw a state machine representing the simulation,
and connect it to the state signal inside the traffic light controller. Each transition
that the controller makes is displayed asit happens.

The intersection environment from the previous example needs to be running for
thisexample. To get it running quickly, invoke these commands from the
M odel Sm prompt (after "Preparing for the Tcl/Tk examples' (p125)).

cd sol utions

do traffic.do

1 Run the state machine with these commands:

source state-nachine. tcl
draw_st at e_nmachi ne

Let's make some changes to the light colors and transition arrows.

2 Open the source file with this command:
not epad st at e- machi ne. t cl

Find the "ModelSim EXAMPLE part 1" comments in the file. Change "both_red"
state coordinates as indicated in the file.

3 Find the "ModelSim EXAMPLE part 2" comments in the file. Change the transition
arrow coordinates as indicated in the file.

4 Find the "ModelSim EXAMPLE part 3" comments in the file. Change the active color
from "black” to "purple”.

5 Reuse the original commands when you're ready to run the state machine (remember,
to copy a previous command to the current command line, select the previous
ModelSm prompt ):
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source state-machine.tcl

draw_st at e_nachi ne
Notice the changes. Try some additiona changes if you wish.
Thisisthe end of the Tcl/Tk examples. Continue to modify and test the examples
if you wish; you can recover the original files at any timein the
tcl_tutorial/originals directory.
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Basic Verilog simulation

Y ou must be using Model Sm EE/PLUS or Model Sm EE/VLOG for this lesson.
The goalsfor thislesson are:

« compile a Verilog design

« examine the hierarchy of the design

« list signals in the design

« change list attributes

 set a breakpoint

« add and remove cursors in the waveform display

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

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

Copy the Verilog files from thé<install_dir>/<modelsim_dir>/examples directory
into the current directory.

Before you can compile a Verilog design, you need to create a design library in
the new directory. If you are only familiar with interpreted Verilog simulators
such as Cadence Verilog XL this will be a new idea for you. Since Godée a
compiled Verilog, it requires atarget design library for the compilation. Néodel
can compile both VHDL and Verilog code into the same library if desired.

Invoke ModelSim:
for UNIX at the shell prompt:

vsim -gu

for Windows - your option - DOS prompt, shortcut, or Start menu:

nodel si m exe

This opens the Mod&im Main window without loading a design.
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= ] ModelSim EE 5.2

File Edt Library “iew Bun Macro Optiohz:  Window Help
# Reading C:/AMODELTECHAWIN 32/ el vaimdpref kel |5
b odelS i

-

Mow: One Delta: 0 Erv: Mo Dezignl

4  Before you compile a source file, you'll need a design library to hold the compilation
results. To create a new design library, make this menu selection in the Main window:
Library > Createa New Library. (PROMPT: viib work)

. ]Create a Hew Library

In the Create a New Library dialog

Create box, selecCreate: anew library
' anew library and a logical mapping ta it and a logical mapping toit.
Make sure_ibrary: indicates
" anew libraty only [n mapping) work, then selecOK. This
€ amap to an existing libran creates a subdirectory namealk

- your design library - within the

current directory. This

subdirectory contains a special file

Maps to:[work g Browse. | named_info. (Do not create these
using UNIX or Windows

commands—always use the the

Library menu or thelib

command from either the

ModelSmor UNIX/DOS

prompt.)

Library: |wu:urk

(] 4 | Cancel |
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Note: Remember, alibrary directory should not be created using UNIX/DOS commands - always use the
Main Library menu or the vlib command.

Next, you’ll compile the Verilog design.

The example design consists of two Verilog source files, each containing a unique
module. The filecounter.v contains a module calledunter, which implements

a simple 8-bit binary up-counter. The other fitmunter.v, is a testbench module
(test_counter) used to verifycounter. Under simulation you will see that these

two files are configured hierarchically with a single instance (instance dathe

of modulecounter instantiated by the testbench. You'll get a chance to look at the
structure of this code later. For now, you need to compile both files inteoitie
design library.

5 Compile thecounter.v, andtcounter.v files into thework library by selecting the
Compile button on the toolbar:

@ (PROMPT: vlog counter.v)

This opens the Compile HDL Source Files dialog box.

Compile HDL Source Files EE3
Complete the

Library: |work = compilation by

. = 7 = selecting both files.
Lok . | cnamples =l EI Controlgclick (left

1 foreign bvadd.vhd pallEid.vhd mouse button) on

1 library_2 OLIAEEr. W Z] stimuluz.vhd counter.v, then

| rizedHDL counter.vhd 2] tcounter.y tcounter.v from the
|1 tel_getstart gates. vhd 2] testadder.vhd file list and choose
1 work io_uttile. vhd Compile, then

""" adder.vhd jedec. vhd Done.

File name: Icu:uunter.v Compile I
Files of type: [HDL Files [+ vhd ") = Dane |
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Note: The order in which you compile the two Verilog modules is not important. This may again seem
strange to Verilog XL users who understand the possible problems of interface checking between design
units, or compiler directive inheritance. Model Sm defers such checksuntil thedesignisloaded by VSIM (the
HDL simulator). So it doesn't matter here if you choose to compile counter.v before or after tcounter.v.

6 Start the smulator by selecting the L oad Design button from the toolbar:

(PROMPT: vsim test_counter)

The Load Design dialog box comes up, as shown below.

Load Design

test_counter Module
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The Load Design dialog box allows you to select a design unit to simulate from
the specified library. Y ou can also select the resolution limit for the simulation.
The default library iswork and the default resolution is 1 ns (default).

7 Select Design Unit: test_counter and click L oad to accept these settings.

8 Bring up the Signals, List and Wave windows by entering the following line at the
VSIM prompt within the Main window:

view signals |list wave

(Main MENU: View > <window name>)

9 Tolist the top-level signals, move the pointer to the Signals window and make this
View menu selection: View > List > Signalsin Region.

(PROMPT: add list /counter/*)

Signals in Region

Signals in Design

10 Now let’s add signals to the Wave window with Mdd8el's drag and drop feature.
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In the Signals window, control-click on each of the clk, rst, and count signalsto
make a group selection. Click and hold on the group one more time, then drag it
to either pane of the Wave window.

3 signals
File  Edit Wiew ‘Window

=i wave - default
File Edt Curzor Zoom  Prop  Window

EE $BR KK T

M

 ELEFER S

|

ftezt_counter

| | Akl

0 nz to 488 nz

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. You
can aso delete selected items with the Edit > Delete selection.

11 Next open the Structure and Source windows. From the Main window make these
menu selections: View > Structure and View > Sour ce.

(PROMPT: view structure source)
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12

Rearrange the windows to give yourself a clear view of al open windows (try the
Window > I nitial L ayout menu selection), then click inside the Structure window.

JJ|

structure

Eile

Edit

Notice how this window describes the
hierarchical structure of the design. In the

(e tost counter: test counter illustration the Structure window shows three

dut:

hierarchical levels: test_counter, counter and
thefunction called increment. (If test_counter
isnot displayed you simulated counter instead
of test_counter.)

Y ou can navigate within the hierarchy by
clicking on any line with a"+" (expand) or
(contract) symbol. The same navigation
technigue works anywhere you find these
symbols within ModelSm.

13

14

15

Click on Function increment and notice how other VSIM windows are automatically
updated as appropriate.

Specifically, the Source window displaystheVerilog code at the hierarchical level
you selected in the Structure window. The source-file name is also displayed in
the Source window title bar.

Using the Structure window in this way is analogous to scoping commands in
interpreted Verilogs.

For now, make surethetest_counter moduleis showingin the Source window by
clicking on the top line in the Structure window.

Now you will exercise different Run functions from the toolbar.

Select Run button on the Main toolbar. This causes the simulation to run and then stop
after 100 ns (the default simulation length).

(PROMPT: run) (MENU: Run > Run 100 ns)
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16 Next change the run length to 500 on the Run Length selector and select the Run
button again.

~. ] ModelSim EE 5.2

File Edit Libramy Miew Bun  Macro  Optioh:  Window

2 BE BTN EREE E:
—

Run Length

Now the simulation hasrun for atotal of 600ns (the default 100ns plus the 500 you
just asked for). A status bar reflects this information at the bottom of the Main
window.

17 Thelast command you executed (run 500) caused the simulation to advancefor 500ns.
Y ou can also advance simulation to a specific time. Type:

run @ 3000

Thisadvancesthe simulation to time 3000ns. Notethat the simulation actually ran
for 2400ns (3000 - 600).

18 Now select the Run All button from the Main toolbar. This causes the simulator to run
forever.

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

19 Select the Break button to stop the run.

@ (control + ¢ with the Main window active)
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B source - tcounter. v !EI
File Edit Object Optionz:  Window
EE tBRRA BT |
B counter #5,70] dut [count ik rst); d
7
a initial /¢ Clock generator
9 beqin
clk =1,
#10 forever #1010 clk = lclk;
12 end
13
14 initial A Test stimuluz
15 beqin
st =10;
Horst=1;
Hrst=1;
# |
20 end
21
22 initial j
| | +]

Your window won’tlook exactly like the illustration because your simulation very

likely stopped at a different point.

Next we'll take a brief look at some interactive debug features of the Slimdel
environment. To start with, let's see what we can do about the way the List
window presents its data.

20 Inthe List window seledtest_counter/count. From the List window menu bar select
Prop > Signal Props. The Modify Signal Properties (list) dialog box is opened.
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Modify Signal Properties (list)

fest countercount

~
~
~
*
~
~
A~
~

e

) [

Select adisplay radix of Decimal for the signal count. Click OK. This causesthe
List window output to change; the count signal isnow listed in decimal rather than
the default binary.

21 Let's set a breakpoint at line 30 in tbaunter.v file (which contains a call to the
Verilog function increment). To do this, seleett: counter in the Structure window.
Move the cursor to the Source window and scroll the window to display line 30. Click
at or near line number 30 to set a breakpoint (the executable line number is displayed
in green).
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B source - counter.y !EI
File  Edit Object Option:  Window

=EE tEREMd BT |
for [i = 4'b0; [[carmy == AB1 i <= 7); 1=+ 4bl) j
19 begin
increment]i] = valli] ™ carmy;
cary = walli] & carry;
22 end
23 end
endfunction
25
26 always (@ [pozedge clk or posedge reset]
if [rezet]
count = #tpd_reset_to_count S'h00;
23 elze
* count <= Htpd_clk_to_count increment{count];
A
32
Ee endmodule
| Lol

Y ou will see adot appear next to the line number. Thisindicates that a breakpoint

has been set for that line. Clicking line 30 once morewould remove the breakpoint

but don’t do that now.
22 Select theRun button from the Main toolbar to resume execution of the simulation.

(PROMPT: run) (Main MENU: Run > Run 500 ns)

When the simulation hits the breakpoint, it stops running, highlights the Source

window with an arrow, and issues a message in the Main window.
23 Typically when a breakpoint is reached you will be interested in one or more signal

values. You have several options for checking values.

You can look at the values shown in the Signals window, you can move you
mouse pointer over theunt variable in the Source window and press the right
mouse button, or you can use #xamine command:

exam ne count

As a result of your command the count is output to the Main window.
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24 Let's move through the Verilog source functions with M&itels Step and Step Over
commands. Cliclstep Over on the toolbar.

% ]ModelSim EE 5.2 Beta-3a [July 1998)

File  Edt Library Miew Bun Macro Optiohz  Window Help

S B 5 [ sy B |
159

# 23936501 152

# Break kep hit Step Over
# Break key hit

add lizt fest_counter/®

TR

# 23937000 1592

I Break. at counter.y line 30

WSIM 29 j

Maow: 239,380 ne  Delta: 1 Erv: ftest_counter/dut

This causes the debugger to step over the function call on line 30. THruStep
on the toolbar would have single-stepped the debugger, including each line of the
increment function.

25 Experiment by yourself for awhile; setting and clearing breakpoints as well as Step’ing
and Step Over’ing function calls until you feel comfortable with the operation of these
commands.

26 Now let’s get a Wave window view of the simulation.

When the Wave window is first drawn, there is one cursor in it at time zero.
Clicking anywhere in the waveform display brings that cursor to the mouse
location.

Up to ten cursors can be present at the same time. Cursors are displayed with a
time box showing the precise simulation time at the bottom. When you have more
than one cursor, each time box appears in a separate track at the bottom of the
display.

27 Try adding or removing cursors with theld Cursor andDelete Cursor buttons.
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o
. &
These Wave window & o
. . ’D'(\ O
buttons give you quick %vé &N
; N
S
access to zooming and S 4,\00 & o ar N
cursor placement. SN < & NS
N
OIS IS G P S
& ¥ & e © L N

—+ mav - chel il

Click and drag with
the center mouse

button (3-button) or
right mouse button

FHUT o 239410 e (2-button) to zoom
the display.

interval measurement selected cursor is bold

When you add a cursor, it is drawn in the middle of the display. Once you have
more than one cursor, VSIM adds a delta measurement showing the time
difference between the two cursor positions. The selected cursor isdrawn as a
solid line; all other cursors are drawn with dotted lines.

28 Click in the waveform display. Notice how the cursor closest to the mouse positionis
selected and then moved to the mouse position.
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Another way to position multiple cursorsisto usethe mousein the timebox tracks
a the bottom of the display. Clicking anywhere in atrack selects that cursor and
bringsit to the mouse position.

The cursors are designed to snap to the closest wave edge to the | eft of the mouse
pointer. Y ou can position a cursor without snapping by dragging in the areabelow
the waveforms.

29 Experiment with using the cursors, scrolling, and zooming (see page 161 for Wave
window shortcuts).

30 When you're done experimenting, quit the simulator by entering the command:

quit -force
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Mixed VHDL/Verilog simulation

Y ou must be using Model Sm EE/PLUS for this lesson.
The goalsfor thislesson are:
« compile multiple VHDL and Verilog files
« simulate a mixed VHDL and Verilog design
« list VHDL signals and Verilog nets and registers
« view the design in the Structure window
 view the HDL source code in the Source window

1 First, return to the directory you created'Basic VHDL simulation"(p97).

cd <directory_nanme>

Next copy the VHDL and Verilog example files to the directory:

<install _dir>/<nmodel si m di r>/exanpl es/ m xedHDL/ *. vhd
<install _dir>/<nodel si m dir>/exanpl es/ m xedHDL/ *. v

2 Start ModeSim with this command from the UNIX/DOS prompt ¢(oodelsim.exe for
Windows):

vsim - gui

This opens the Mod&im Main window without loading a design.

= ] ModelSim EE 5.2

File Edt Library “iew Bun Macro Optiohz:  Window Help
SZ BE 04 |
# Reading C:/AMODELTECHAWIN 32/ el vaimdpref kel |5
M odelSinn:
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3 Let's create a new library to hold the mixed design. Make this menu selection in the
Main window: Library > Createa New Library.

(PROMPT: vlib mixed)

. ]Create a Hew Library

In the Create a New Library dialog
e box selecCreate: anew library

= anew library and a logical mapping to it only. In theLibrary: field type
mixed, then selecDK.

This creates a subdirectory named
mixed (your design library) within
the current directory. The library
Library: |mised contains a special file nameihfo

| that is created with the library.
Maps to: | ﬂ Browze.

Do not create library
subdirectories using UNIX or
Windows commands—always use
the the Library menu or thdib
command from either the
ModelSmor UNIX/DOS prompt.

£ anew librany only (ho mapping)

" amap to an existing library

(] 4 | Cancel

4 Now you can map the new library to tiverk library. From the Main menu select
Library > Browse Libraries. In the Library Browser select theork library, then
Edit. (PROMPT: vmap work mixed)

LIEIrfrr-:rllllb'llLr I I-Il-lzﬁE RO TELF Y. AT "—I
e maps to $MODEL_TECH/.. fieee
mgc_portable maps to $MODEL_TECH/../mgc_portable
std maps to $MODEL_TECH/. /std
ztd_developerskit maps to $MODEL_TECH/ . fetd_developerskit
FYNOPEYs maps to MODEL_TECH/. /synopsays
veriliog maps to $MODEL_TECH/ . fvenilog
wiork, mapz to miged
mixed (local directarn] -

Maodify the zelected library mapping.

Wiew Add

Edit | Delete | Cloze |
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= TEdit Library

Library: |wu:urk

Path: Imi:-ced

Ok [L Cancel |

This opens the Edit Library
dialog box; where you can
set the library mapping
between work and mixed.

Type mixed into the Path:
field, then click OK. Now
you're ready to compile the
design.

5 Compile the HDL files by selecting tlt&ompile button on the toolbar:

@ (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

Library: Iwu:urk

Logkjn: |3 misedHDL

zet.vhd
top.whd
y RS util.vhd
= memony. v
""" proc_orginal v
File name: Icache.v

Compile I

Files of type: IHDL Files (% whd;"

j Done |

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

Compile the source, by
double-clicking each of
these Verilog files in the
file list (this invokes the
Verilog compiler,vlog):

e cache.v

* memory.v

* proc.v
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6 Depending on the design, the compile order of VHDL files can be very specific. Inthe
case of this lesson, the file top.vhd must be compiled last.

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

e util.vhd
* set.vhd
* top.vhd
Compiling is now complete, click Done to dismiss the dialog box.

7 Now it's time to simulate. Start the simulator by selectingL.tbad Design button
from the Main toolbar:

E.ﬁ' (PROMPT: vsim top)

This returns the Load Design dialog box.

“.]Load Design

Simulator Resolution:  default —l|

Library: |wu:|rk ﬂ Browsze.
Simulate: |
Dezign Lnit Dezcription
cache_set E nitity

E ity

On the Design tab select ttmp entity and click_oad.

8 From the Main menu sele¥tiew > All to open all Modélim windows.
(PROMPT: view *)
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9 Thistimeyou will usethe VSIM command line to add all of the HDL itemsin the
region to the List and Wave windows:

add list *
add wave *

(Signals MENU: View > List > Signals in Region)
(Signals MENU: View > Wave > Signals in Region)

10 Takealook at the Structure window.

Notice the hierarchical mixture of VHDL and Verilog inthedesign. VHDL levels

are indicated by a square “prefix”, while Verilog levels are indicated by a circle
“prefix.” Try expanding (+) and contracting (-) the structure layers. You'll find
Verilog modules have been instantiated by VHDL architectures, and similar
instantiations of VHDL items by Verilog.

JJ|

— structure

Edit  Window

e logic 1164

Let's take another look at the design.

11 In the Structure window, click on the Verilog modute cache. The source code for
the Verilog module is now shown in the Source window.
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12 We’'ll use ModeSin's Find/Search function to find the declaration of cache_set within
cache.v. From the Source window menu seldgdit > Find; the Search dialog box is
displayed.

In theSearch For: field type
. : cache_set and click
Forward. The cache_set

| declaration is now displayed

in the Source window.
_ownas | cuon |

Note that the declaration of cache_set is a VHDL entity instantiated within the
Verilog file cache.v.

B source - C:/modeltech/examples/mizedHDL /cache. v Hi=] E3
File Edit Object Option:  Window

= tBRa4M4s av

1wire (2] enw = g _r, sstrb = ssbrb_r, prdy = prdy_r;

-

Bl

req [0] oen, wen;
waire [20] hit;

L

ll,lxxxxxxxxxxxxxxxx I:al:he SEtS xxxxxxxxxxxxxxxxfl

= <0[paddr, pdata, hit][], oen[[], wen[l]);
cache_get ¢1[paddr, pdata, hit[ 1], oen[1], wen[1]);
cache_set s2[paddr, pdata, hit[-], oen[-], wen[-]);
cache_set 3[paddr, pdata, hit[=], oen[=], wen[]);

initial beqgin
werbose = 1; %
gaddr_r=1;
sdata_r = 'bz; j

< [

13 Now click on the line' s0: cache_set(only)" in the Structure window.

The Source window now shows the VHDL code for the cache_set entity.
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B source - C:/modeltech/examples/mizedHDL/set. vhd Hi=] E3
File  Edit Object Optionz  Window
EE {EEH BT |
] entity cache_set iz j
= genenc|
7 addr_zize : integer = 5; % J
g zel_size :integer = 0;
| word_size  integer ;=
10 I:
11 port]
12 addr s std_logic_wector[addr_size-1 downto [);
13 data s inout gtd_logic_wector[word_zize-1 downta L]
14 hit cout std_logic;
15 =y din zhd_logic;
16 WEN din gtd_logic
17 I
18 end cache_set; j
| | +]

Before you quit, try experimenting with some of the commands you've learned
from Lesson 1. Note that in this design, “clk” is already driven, so you won't need

to use thdorce command.

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

quit -force
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Finding names, and searching for values

Y ou can easily locate HDL item names and values within Model Sm’s windows.
Start any of the lesson simulations to try out the Find and Search functions
illustrated below.

Finding items by name in tree windows

You can find HDL item names with th&dit > Find menu selection in these
windows:
List, Process, Signals, Source, Structure, Variables, and Wave windows.

SelectEdit > Find to bring up the Find dialog box (List window version shown).

Enter an item label arfdind it by searchindg-orward (right) or Rever se (left)
through the window display.

Searching for item values in the List and Wave windows

You can search for HDL item values in the List, and Wave windows. J&diéct
> Sear ch from the window’s menu to bring up the Signal Search dialog box (List
window version shown).
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The List Signal Search dialog box includes these options:

Y ou can locate va ues for the Signal Name: <item_label> shown at the top of the
dialog box. The search is based on these options (multiple Search Options may
be selected):

« Search Options. Ignore Glitches
Ignore zero width glitches in VHDL signals and Verilog nets.

« Search Options. Reverse Direction
Search the list from bottom to top.

« Search Options. Search for Signal Value
Activates theSear ch Value field; search for the value specified in tBearch
Value field, otherwise just look for transitions.

« Search Options. Search for Expression
Activates theSear ch Expression field and theJse Expression Builder button;
searches for the expression specified in the Search Expression field evaluating
to a boolean true.

The expression may involve more than one signal but is limited to signals
logged in the List window. Expressions may include constants, variables, and
DO files. If no expression is specified, the search will give an error.

See thevlodel Sm EE/PLU S Reference Manual for more information on
expression syntax and the use of the Expression Builder.
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Sear ch Occurrences

You can search for the n-th transition or the n-th match on v&éaech
Occurrences indicates the number of transitions or matches for which to
search.

Search Value
Valid only if Use signal value is selected; specifies the search value; must be
formatted in the same radix as displayed.

The result of your search is indicated at the bottom of the dialog box.

156 - ModelSim EE Lessons

ModelSim EE/PLUS Tutorial



Using the Wave window

Using the Wave window

This practiceinvolves the use of Wave window time cursors, zooming the
waveform display, and Wave window keyboard shortcuts. Any of the previous
lesson simulations may be used with this practice.

These Wave window
buttons give you quick
access to zooming and
cursor placement.

—i mave - ol il
Fla [ Cues Joon Pup

B v aaad

‘ [ w]nj
FIH0N T o 1o 23941010 e

N
é\&}o
,b_(\ .\00
%\S (\é{\'
$ > A +
O O \S T V
N o N X >
\§%0 (}§ Q&QA Q‘\S' \(\’l/ 00 'DSQ’ \\§\
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XK €V _RAAQR

Click and drag with
the center mouse

button (3-button) or
right mouse button
(2-button) to zoom

/

interval measurement

/ the display.

selected cursor is bold
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Using time cursors in the Wave window

When the Wave window isfirst drawn, thereis one cursor located at time zero.
Clicking anywhere in the waveform display brings that cursor to the mouse
location.Y ou can add additional cursors to the waveform pane with the Cur sor >
Add Cursor menu selection (or the Add Cursor button shown below). The
selected cursor isdrawn as asolid line; all other cursors are drawn with dotted
lines. Remove cursors by selecting them and choosing using the Cur sor > Delete
Cursor menu selection (or the Delete Cursor button shown below).

Add Cursor Delete Cur sor
E? add acursor to the ,ﬁ delete the selected
center of the cursor from the

waveform window window

Finding a cursor

The cursor value (on the Goto list) corresponds to the simulation time of that
cursor. Choose a specific cursor view with Cursor > Goto menu selection.

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. VSIM also adds a delta measurement
showing the time difference between the two 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
cursorsis to use the mouse in the time box tracks at the bottom of the display.
Clicking anywhere in atrack selects that cursor and bringsit to the mouse
position.

The cursors are designed to snap to the closest wave edge to the left on the
waveform that the mouse pointer is positioned over. Y ou can control the snap
distancefrom "Wave category" in the dialog box avail abl e from the Wavewindow
Prop > Display Props menu selection.

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

buttons:
Find Previous Find Next
Transition Transition
+ . =+ .
—l— locate the previous j locate the next signa
signal value change value change for the
for the selected signal selected signal

Zooming - changing the waveform display range

Zooming lets you change the simulation range in the windowpane display. You
can zoom with either the Zoom menu, toolbar buttons, mouse, keyboard, or VSIM
commands.

Using the Zoom menu

Y ou can use the Wave window menu bar, or call up aZoom menu window with
the right mouse button in the right windowpane. The menu options include:

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

e Zoom In
Zooms in by a factor of two, increasing the resolution and decreasing the visible
range horizontally, cropping the view on the right. The starting time is held
static.

e Zoom Out
Zooms out by a factor of two, decreasing the resolution and increasing the
visible range horizontally, extending the view on the right. The starting time is
held static.

e Zoom Last
Restores the display to where it was before the last zoom operation.

¢ Zoom Range
Brings up a dialog box that allows you to enter the beginning and ending times
for a range of time units to be displayed.
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Zooming with the toolbar buttons
These zoom buttons are available on the toolbar:

Zoom in 2x Zoom area

(ﬂ zoomin by afactor q use the cursor to
of two from the outline azoom
current view area
Zoom out 2x Zoom Full

El zoom out by a % zoom out to view
factor of two from the full range of

current view the simulation
from time O to the
current time

Zooming with the mouse

To zoom with the mouse, position the mouse cursor to the left side of the desired
zoom interval, press the middle mouse button (3 button mouse), or right button (2
button mouse), and while continuing to press, drag to the right and then release at
the right side of the desired zoom interval.

Zooming keyboard shortcuts

See "Wave window keyboard shortcuts' (p161) for a complete list of Wave
window keyboard shortcuts.

Zooming with VSIM commands

The .wave.tree zoomfull provides the same function as the Zoom > Zoom Full
menu selection and the .wave.tr ee zoomr ange provides the same function as the
Zoom > Zoom Range menu selection.

Use this syntax with the .wave.tr ee zoomr ange command:

Syntax

.wave.tree zoonrange f1 f2

Arguments

f1f2
Setsthewaveform display to zoom fromtimefltof2, wherefland f2 arefloating
point numbers.
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Wave window keyboard shortcuts

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 (left) to the previoustransition onthe
selected signal

<Control-f> opens the find dialog box; search within the specified

field in the wave-name pane for text strings

Using the following keys when the mouse cursor is within the Wave
window will cause the indicated actions:
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Continuing with ModelSim EE

Moreinformation on Model Sim commands, functions and techniquesfor use can
be found in the following locations:

* ModelSim EE/PLUS Reference Manual
an Adobe Acrobat (.pdf ) version of our reference manual is available in the
<install_dir>/<modelsim_dir>/docs directory after installation

» Tips and Techniques appendix of the reference manual

* technote text filesinstalled with M odelSim
located in the<install_dir>/<modelsim_dir>/docs/technotes directory
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Technical support - by telephone

Mentor Graphics customers In North America

For customerswho purchased products from Mentor Graphicsin North America,
and are under a current support contract, technical telephone support is available
from the central SupportCenter by calling toll-free 1-800-547-4303. The coverage
window is from 6:00am to 5:30pm Pacific Time. All coverageis provided
Monday through Friday, excluding Mentor Graphics holidays.

Themore preliminary information customers can supply about a problem or issue
a the beginning of the reporting process, the sooner the Software Support
Engineer (SSE) can supply a solution or workaround. Information of most help to
the SSE includes accurate operating system and software version numbers, the
steps leading to the problem or crash, the first few lines of a traceback, and
problem sections of the Procedural Interface code.

Mentor Graphics customers outside North America

For customers who purchased products from Mentor Graphics outside of North
America, should contact their local support organization. A list of local Mentor
Graphics SupportCenters outside North America can be found at
supportnetweb.mentorg.com under "Connections', then "International
Directory".

Model Technology customers worldwide

For customers who purchased from Model Technology, please contact Model
Technology viathe support line at 1-503-641-1340 from 8:00 AM to 5:00 PM
Pacific Time. Be sure to have your server hostID or hardware security key
authorization number handy.

Technical support - electronic support services

Mentor Graphics customers

Mentor Graphics Customer Support offers a SupportNet-Email server for North
American and European companies that lets customers find product information
or submit service requests (call logs) to the SupportCenter 24 hours a day, 365

daysayear. The server will return acall log number within minutes. SSEsfollow
up on the call logs submitted through SupportNet-Email using the same process
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Technical support - electronic support services

asif acustomer had phoned the SupportCenter. For more information about using
the SupportNet-Email server, send a blank e-mail message to the following
address: support_net@mentorg.com.

Additionally, customers can open call logs or search the Mentor TechNote
database of solutionsto try to find the answersto their questions by logging onto
Mentor Graphics’ Customer Support web home padptat/
supportnetweb.mentorg.com

To establish a SupportNet account for your site (both a site-based SupportNet-
Web account and a user-based SupportNet Email account), please submit the
following information: name, phone number, fax number, email address,
company name, site ID. Within one business day, you will be provided with the
account information for new registrations.

While all customers worldwide are invited to obtain a SupportNet-Web site login,
the SupportNet-Email services are currently limited to customers who receive
support from Mentor support offices in North America or Europe. If you receive
support from Mentor offices outside of North America or Europe, please contact
your local field office to obtain assistance for a technical-support issue.

Model Technology customers

Support questions may be submitted through the Model Technology web site at:
www.model.com Model Technology customers may also email test cases to
support@model.conplease provide the following information, in this format, in
the body of your email message:

* Your name:
Company:
Email address (if different from message address):
Telephone:
FAX (optional):

« ModelSmproduct (EE or PE, and VHDL, VLOG, LNL, or PLUS):

* ModelSm Version:
(Use the Help About dialog box with Windows; typem for UNIX
workstations.)

« Host operating system version:
e PC hardware security key authorization number:
* Host ID of license server for workstations:

« Description of the problem (please include the exact wording of any error
messages):
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Technical support - other channels

Technical support - other channels

For customers who purchased Model Smas part of a bundled product from an
OEM or VAR, support is available at the following:

* Annapolis Microsystems
email: wftech@annapmicro.com
telephone: 1-410-841-2514
web site:http://www.annapmicro.com

« Exemplar Logic
email: support@exemplar.com
telephone: 1-510-789-3333
web site:http://www.exemplar.com

» Hewlett Packard EEsof
email: hpeesof_support@hp.com
telephone: 1-800-HPEESOF (1-800-473-3763)
web sitehttp://www.hp.com/go/hpeesof

« Synplicity
email: support@synplicity.com
telephone: 1-408-617-6000
web site http://www.synplicity.com

Updates

Mentor customers: getting the latest version via FTP

You can ftp the latest EE or PE version of the software from the SupportNet site
atftp://supportnet.mentorg.com/pub/mentortech/modeltdoltructions are

there as well. A valid license file from Mentor Graphics is needed to uncompress
the ModeBm EE files. A password from Model Technology is required to
uncompress the Modam PE files. Contadicense@ model.corif you are a

current PE customer and need a password.

Model Technology customers: getting the latest version via FTP

You can ftp the latest version of the software from the web sitp:At
ftp.model.com Instructions are there as well. A valid license file from Model
Technology is needed to uncompress the MadeEE files. A password from
Model Technology is needed to uncompress the MiaePE files. Contact
license@model.corii you are a current PE customer and need a password.
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Licenses - ModelSim EE

Where to obtain your license

Mentor Graphics customers must contact Mentor Graphics for Model Sm EE
licensing. All other customers may obtain Model S m EE licenses from Model
Technology. Please contact Model Technology at license@model.com.

If you have trouble with licensing
Contact your normal technical support channel:
» Technical support - by telephoKel63)
« Technical support - electronic support servi(Eess3)
« Technical support - other channétd.65)

All customers: ModelSim EE licensing

ModelSm EE uses Globetrotter's FLEXIm license manager and files.

Globetrotter FLEXIm license files contain lines that can be referred to by the word
that appears first on the line. Each kind of line has a specific purpose and there are
many more kinds of lines that MTI does not use.

A license.dat file example

SERVER hostname 11111111 1650

DAEMON nodel t ech ./ nodel tech ./options

FEATURE vcom nodel tech 1998. 080 31-aug-98 1 \
0C944D8FOC79B02EF5CF ck=117

FEATURE vsi m nodel tech 1998. 080 31-aug-98 1 \
FCB4FDOF2A635C20E5CF ck=128

FEATURE vl og nodel tech 1998. 080 31-aug-98 1 \
0C944D9F176CA773E889 ck=10

FEATURE vsi mvl og nodel tech 1998. 080 31-aug-98 1 \
FCB41DOFCA3C87567DBC ck=116

FEATURE hdl com nodel tech 1998. 080 31-aug-98 1 \
4C94EDFF6A00858BC8F2 ck=93

FEATURE hdl si m nodel tech 1998. 080 31-aug-98 1 \
4CF48DDF6AGEAS9BCEF2 ck=89

# NOTE: You can edit the hostnane on the SERVER |line (1st arg),
the port address on the SERVER line (3rd arg), the paths
to the daenpn and options files on the DAEMN I i ne

(2nd and 3rd args), or any right-half of a string (b)

of the forma=b where (a) is all |owercase. (For exanple,
xxX in vendor_i nfo="xxx" can be changed).

Any other changes will invalidate this |icense.

HHEHHH B
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A Globetrotter FLEXIm license file contains information about the license server,
the daemon required to authorize the feature, and a line for each product feature
you are authorized to execute.

Thefirst lineisaSERVER ling; it spellsout which computer on the network isthe
license server. The license server is a network resource that will manage the
features for all users of Model Sim products. The SERVER line includes the
server’s hostname, hostID (a unique serial number), and a socket number. The
hostname and socket number may be changed in alicense file, but any change to
thehostID will invalidatethelicense. If thehost isaWindows machine, the hostID
isthe FLEXid security key number, and will take the al pha-numeric form:
T-XXXXXXXX.

If you need to find the unique server 1D, use one of these UNIX commands: for
Sun, hostid; for HP, /etc/lanscan; for IBM RISC/6000: uname-m. On a
Windows machine, use the FLEXIm license manager control panel.

A DAEMON line specifies the name of the license daemon and the locations of
the daemon and options filesit will use. Thisisthe full path to the modeltech
daemon. In the examplefile, the UNIX "./* means"look in the current directory”.
Thisisthe directory in which the server was started. If the server is to be started
from another directory, the full path to the modeltech and options fileswould need
to be added to thisline. For example,

DAEMON nodel tech /usr/nti5. 2/ sunos5/ nodel tech \
/usr/nti5. 2/ sunos5/ options

A FEATURE line describes how many licenses ("tokens") are available; it
contains the feature name, daemon required, most current build date authorized to
run, token expiration date, number of tokens for the feature, license code, and a
checksum. The features are:

vcom isaVHDL compilation feature
vsim isaVHDL simulation feature

vlog is aVerilog compilation feature
vsim-vlog isaVerilog simulation feature

When aVHDL design is compiled, avcom token isused. When aVerilog design
iscompiled, avlog tokenisused. WhenaVHDL designissimulated, avsim token
isused. When aVerilog design is simulated,

vsim-vlog is used. Thisiswhy two people running different single-language
designs can work at the same time with one ModelSim PLUS product. When a
design with both languages is run, one of each token is checked out.
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With ModelSim EE/LNL, hdl FEATURE lines are added. With LNL (language-
neutral licensing), either VHDL or Verilog - but not both - can be used. The hdl
FEATURE lines are shown in the example:

hdlcom is a compilation feature used with either VHDL or Verilog
hdlsim isasimulation feature used with either language

Noticethe FEATURE lines. If alineistoo long for theemail program, abackslash
("\") appears at the end of the line. A UNIX system reads that as "whatever you
read on the next line belongs on thisling". So never edit out the "\" when you are
transcribing alicense file. Never put another character after it either.

All the important lines end in checksums. FLEXIm will et you know if you

mi styped something when transcribing thelicense fil es because the checksum will
not match the line's contents.

(GLOBEtrotter hasauutility that will report any checksum errorsin afile. Usethis
command: Imchksum <license.file>)

Lines that start with "#"' are comments.

If you want to learn more about the tools that license Model Sim, read the license
manager appendix in the Model Sim reference manual, and visit GL OBEtrotter at
http://www.globetrotter.com/home.htm.

All customers: maintenance renewals and EE licenses

When maintenance is renewed, anew license file that incorporates the new
maintenance expiration date will be automatically sent to you. If maintenanceis
not renewed, the current license file will still permit the use of any version of the
software built before the mai ntenance expired until the stop date is reached.

All customers: license transfers and server changes

Model Technology and Mentor Graphics both charge afee for server changes or
license transfers. Contact sales@model.com for more information from Model
Technology, or contact your local Mentor Graphics sales office for Mentor
Graphics purchases.
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Online References - www.model.com

The Model Technology web site includes links to support, software downloads,
and many EDA information sources. Check the links below for the most current
information.

News
Current news of Model Technology within the EDA industry.

model .com/news/index.html

Partners
Model Technology’s value added partners, OEM partners, FPGA partners, ASIC
partners, and training partners.

model.com/partners/index.html

Products
A complete collection of Model Technology product information.

model.com/prductsindex.html

Resources
Books, Tcl/Tk links, technical notes, and training information.

model.com/resources/index.html

Sales
Locate Modebim sales contacts anywhere in the world.

model.com/sales/index.html

Support
Model Technology email support and software downloads.

model.com/support/index.html
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Compile
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Verilog 133
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Debugging aVHDL design 107
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collapse deltasin the List window 43
Descriptions of HDL items 67
Design hierarchy
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Design library, creating 98, 134
Design units

viewing hierarchy 22
DO files
executing a DO file in batch-mode 116
using aDO file at startup 118
using the transcript asaDO file

E

Editing
in notepad windows 33
in the Main window 33
in the Source window 33
Email
Model Technology’s email addre&$§
Errors
breaking on assertiohl0
finding in VHDL design109
viewing in Source windowt11
examples
Tcl example solution§24
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Finding
a cursor in the Wave windo@1, 158
a marker in the List window2
Finding names, and searching for values in wind2¥s
154

H
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defined14
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Model Technology’s home-page URI6
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Instantiation label 70

K

Keyboard shortcuts, List window 52
Keyboard shortcuts, Wave window 94, 161

L

Library creation and mapping 107
Licensing

obtain your license 166
List window

change display radix 141

placing top level Verilog signalsin 137
List window (see also, Windows) 38

M

Macros
see Do files
Main window (see also, Windows) 24
Menus
Dataflow window 36
List window 40
Main window 25
Process window 55
Signals window 58
Source window 64
Structure window 70
tearing off or pinning menus 21
Variables window 73
Wave window 77

Nets

adding to the Wave and List windows 61
displaying in Dataflow window 35
displaying valuesin Signals window 57
forcing signal and net values 59
saving values as binary log file 61
viewing waveforms 75
Next and previous edges, searching for in Wave window
94
Notepad windows, text editing 33

O

Operating systems supported 12

P

Process window (see aso, Windows) 54
Processes
displayed in Dataflow window 35
values and pathnamesin Variables window 72

R

Radix
specifying in List window 47
specifying in Signals window 60
Records
changing values of 72
displaying values of 112
Register variables
adding to the Wave and List windows 61
displaying values in Signals window 57
saving values as binary log file 61
viewing waveforms 75

S

Searching
for HDL item names and transitions in the Wave
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window 92, 159

for values and finding names in windows 21, 154

in tree windows 154
List window

signal values, transitions, and names 49
text stringsin the List window 49
text stringsin the Wave window 87
waveform

signal values, edges and names 87

Shortcuts

command history 96
List window 52

text editing 33

Wave window 94, 161

Signal transitions

searching for 92, 159

Signals

adding to alog file 61

adding to the Wave and List windows 61

applying stimulus to 59, 102

displaying in Dataflow window 35

displaying valuesin Signalswindow 57

forcing signal and net values 59

in the List and Wave windows 108

listing in region 102

placing top-level Verilog signalsin the List and
Wave window 137

saving values as binary log file 61

selecting signal typesto view 59

specifying radix of 114

triggering listings for 113

viewing waveforms 75

Signals window (see also, Windows) 57
Simulating

applying stimulus to signals and nets 59
viewing resultsin List window 38

Simulation

batch-mode 116

executing commands at startup 118
Load Design dialog box 136
mixed VHDL/Verilog 147

saving resultsinlog file 117

single-stepping 105

starting 108

Verilog 133

VHDL 97
Software updates 165
solutions to the examples 124
Sorting

sorting HDL itemsin VSIM windows 21
Source code

viewing 63
Source window (see also, Windows) 63
Status bar

Main window 32
Structure window (see also, Windows) 69
Syntax conventions 14

T

Td
Man Pagesin Help menu 28
Technical support 163
Text editing, see Editing
Text strings
finding in the List window 49
finding in the Wave window 87
Tool bar
Main window 30
Wave window 80

Tracing HDL items with the Dataflow window 37

Tree windows
searching in 154
VHDL and Verilog itemsin 22
viewing the design hierarchy 22
Triggering
changingin List window 114

\Y

Values of HDL items 67
Variables window (see also, Windows) 72
Variables, HDL
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changing value of with the GUI 72

Verilog
interface checking between design units 136
source code viewing 63

viewing design in Structure and Source windows

151
Verilog simulation 133
VHDL
source code viewing 63
VHDL simulation 97
Viewing design hierarchy 22

w

Wave window
cursors 144
placing top level Verilog signalsin 137
Wave window (see also, Windows) 75
Windows
finding HDL item names 21, 154
opening multiple copies 21
opening with the GUI 26
searching for HDL item values 21, 154
Dataflow window 35
tracing signals and nets 37
List window 38
adding HDL items 44
adding signalswith alog file 61
examining simulation results 48
formatting HDL items 46
locating time markers 21, 154
saving to afile 53
setting display properties 42
Main window 24
status bar 32
text editing 33
time and delta display 32
tool bar 30
Process window 54
displaying active processes 54

specifying next process to be executed 54

viewing processing in the region 54
Signaswindow 57

VHDL and Verilog items viewed in 57
Source window 63

text editing 33

viewing HDL source code 63
Structure window 69

HDL items viewed in 69

instance names 69

selecting itemsto view in Signals window 57

VHDL and Verilog items viewed in 69

viewing design hierarchy 69
Variables window 72

displaying values 72

VHDL and Verilog itemsviewed in 72
viewing al 108
Wave window 75

adding HDL items 83

adding signalswith alog file 61

changing display range (zoom) 92, 159

cursor measurements 91, 158

locating time cursors 21, 154

searching for HDL item values 88

setting display properties 83

using time cursors 90, 158

zooming 92, 159

Work library mapping 107

Z

Zoom
from Wave toolbar buttons 160
from Zoom menu 159
with the mouse 160

Zooming in the Wave window 92, 159
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