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Preface

This tutorial shows you how you can use NCLaunch and the SimVision analysis environment
to simulate and debug a simple design.

This tutorial should take aproximately 1 hour to complete.

Audience

This tutorial is intended for designers who want to learn how to use the SimVision analysis
environment for simulating digital designs.

Prerequisites

You must be familiar with the Verilog hardware description language.

Tool Requirements

Completion of this tutorial requires that you have access to the following tools:
m  NC-Verilog simulator, version IUS 5.4 or later
m  The SimVision analysis environment, version IUS 5.4 or later

m  NCLaunch, version IUS 5.4 or later

This tutorial assumes that you are using either the UNIX or Windows platform.

For More Information

About the NC-Verilog simulator:
m Seethe NC-Verilog Help.
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About NCLaunch:
m Seethe NCLaunch User Guide.

About the SimVision analysis environment:

m See the SimVision User Guide.

Customer Support

A qualified Applications Engineer at the Cadence Customer Response Center (CRC) is ready
to answer all of your technical questions on the use of the product. You can contact the CRC
by telephone at 1-877-CDS-4911 or via e-mail at support @adence. com

Typographic Conventions

The following typographic conventions are used in this manual:

Convention Meaning Example

Italic Titles of books NC-Verilog Simulator Help

Names of buttons and menu  File — Open Database.
choices in the graphical user

interface
Literal Program output or text thatyou ncvhdl *.vhd
type at the command line
literal Variables, such as ncel ab top
italic command-line arguments
Blue underlined Hypertext links, which take you See the SimVision User Guide for
to a relevant section of this more information.
book, another document, or an
exercise
ﬁ Video Links to interactive exercises ﬁ Video
that you can run to duplicate
the steps described in the

Now try this interactive exercise,

tutorial About Interactive Exercises.
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Introduction

This tutorial introduces you to the Cadence NC-Verilog simulator and SimVision.

The example used in the tutorial is a design for a drink dispensing machine written in the
Verilog hardware description language. Using this example, you will learn how to:

m  Compile Verilog source files, elaborate the design, and run the simulation using
NCLaunch, a graphical user interface that helps you manage large design projects.
NCLaunch helps you configure and launch the compiler, elaborator, and simulator. You
can also run other tools from NCLaunch, such as the SDF Compiler, HDL Analysis and
Lint, Code Coverage Analyzer, NCBrowse, and Comparescan.

= Debug a problem in the design using the SimVision analysis environment.

SimVision is a unified graphical debugging environment for Cadence simulators. You can use
SimVision to debug digital, analog, or mixed-signal designs written in Verilog, VHDL,
SystemC, or mixed-language.

You can run SimVision in either of the following modes:
= Simulation mode

In simulation mode, you view “live” simulation data. That is, you analyze the data while
the simulation is running. You can control the simulation by setting breakpoints and
stepping through the design.

SimVision provides several tools to help you track the progress of the simulation:
0 Console Window

O  Source Browser

0  Design Browser

0 Cycle Viewer

0  Schematic Tracer

0  Waveform Window
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O Register Window

All of these windows are linked so that when you select an object in one window, it is
selected in the other windows as well.

m  Post-processing environment (PPE) mode

In PPE mode, you analyze simulation data after simulation has completed. You have
access to all of the SimVision tools, except for the simulator. As in simulation mode, all
of these windows are linked so that, when you select an object in one window, it is
selected in the other windows as well.

This tutorial introduces you to some of the major features of the following SimVision tools:

Console window

No icon The Console window lets you enter Tcl simulator commands or SimVision
commands.

Design Browser

z The Design Browser lets you access the signals and variables in the design

@ database.

Register window

ﬁ The Register window lets you use a free-form graphics editor to define any
number of register pages, each containing a custom view of the simulation
data.

Source Browser

The Source Browser gives you access to the design source code.

Waveform window

nnn The Waveform window plots simulation data along an X-axis and a Y-axis.

Tt Data is usually shown as signal values versus time, but it can be any

recorded data.

In addition to the SimVision features, this tutorial also shows you how to prepare your design
for simulation with NCLaunch, a graphical user interface that helps you manage large design
projects and configure your Cadence simulation tools.
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The Drink Machine Example

The drink machine design is made up of three modules:

= drink_machi ne counts the amount of change that the user has entered, dispenses a
drink, and returns any change that is due.

m coi n_count er loads the machine with coins and determines when the machine is out
of change.

m can_count er loads the machine with drinks and determines when the machine is
empty.

The example also includes a testbench, which initializes the machine and buys drinks by
depositing different combinations of nickels, dimes, and quarters.

The behavior for accepting coins and dispensing drinks is modeled as a state machine. The
amount of money that the user has deposited so far defines the current state. The type of coin
that the user deposits determines the machine’s next state.

For example, when no money has been deposited, the machine is in the i dl e state. When
the user adds a nickel, the machine transitions to the next state, f i ve. When the current state
isf i ve and the user adds a quarter, the machine transitions to the next state, t hi r t y. When
the user has added exactly 50 cents, the machine dispenses a drink and transitions back to
the i dl e state. When the user adds more than 50 cents, the machine dispenses a drink,
returns the correct change, and transitions back to the i dl e state.

Table 1-1 Drink Machine State Table

Current State Transition Value Next State

idle 4'dO ni ckel _in five 4 dl
dinme_in ten 4’ d2
quarter_in twenty five 4’d5

five 4 dl ni ckel _in ten 4’ d2
dine_in fifteen 4'd3
quarter_in thirty 4 dé

ten 4’ d2 ni ckel _in fifteen 4'd3
dinme_in twenty 4’ d4
quarter_in thirty five 4 d7

fifteen 4’d3 ni ckel _in twenty 4’ d4
dime_in twenty five 4’d5
quarter_in forty 4'd8

August 2004
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Introduction

twenty 4’ d4 ni ckel _in twenty_five 4" d5
dime_in thirty 4 dé6
quarter_in forty five 4’ d9

twenty five 4’d5 ni ckel _in thirty 4’ dé6
dinme_in thirty_five 4 d7
quarter_in fifty 4'd10

thirty 4’ dé6 ni ckel _in thirty five 4’ d7
dine_in forty 4’ d8
quarter_in ni ckel _out 4'dill

thirty_five 4 d7 ni ckel _in forty 4'd8
dime_in forty five 4’ d9
quarter_in dime_out 4'dl12

forty 4’d8 ni ckel _in forty five 4’ d9
dine_in fifty 4 di0
quarter_in ni ckel _di me_out 4’'dl4

forty five 4'd9 ni ckel _in fifty 4'd10
dine_in ni ckel _out 4’ dil
quarter_in two_di me_out 4’'dl4

fifty 4'di0 idle

ni ckel _out 4’'dil idle

di me_out 4’ di2 idle

ni ckel _di me_out 4’ d13 idle

two_dinme_out 4'dl4 idle

About Interactive Exercises

After each procedure in this book, you have the opportunity to perform the procedure yourself.
These interactive exercises simulate the tool. You see the same windows, make the same
choices from menus, and enter the same information in forms, as you would if your were
running the tool. However, if you need help performing a particular step, you can click a Help
button, and the interactive exercise displays instructions for that step.

Interactive exercises are marked by the Video icon. To learn more about them, click on the

title of the exercise below.

ﬁ Video

Now try this interactive exercise, About Interactive Exercises.
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For More Information

SimVision provides other tools not used in this tutorial.

Tool/Feature

Description

Schematic Tracer

Simulation Cycle Debugger

The Schematic Tracer displays a Verilog or VHDL design as
a schematic diagram and lets you trace a signal through the
design.

See Chapter 12, “Viewing a Design Schematic,” in the
SimVision User Guide.

The Simulation Cycle Debugger lets you step through a
simulation cycle, stopping at each time point, delta cycle,
simulation phase, or scheduled process. It is not available
for Verilog-XL or AMS Designer.

See Chapter 11, “Debugging at the Delta Cycle Level,” in the
SimVision User Guide.

August 2004
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Getting Started

Before you can simulate your design, you must compile and elaborate it. Compiling the design
produces an internal representation for each HDL design unit in the source files. Elaborating
the design constructs a design hierarchy based on the instantiation and configuration
information in the design, establishes signal connectivity, and computes initial values for all
objects in the design.

You can compile, elaborate, and simulate your design by running the following tools:

ncvl og Compiles the Verilog source files.
ncel ab Elaborates the design and generates a simulation snapshot.
ncsi m Simulates the snapshot.

You can run NC-Verilog in single-step invocation mode with the ncveri | og command.

You can also use NCLaunch, a graphical user interface, to manage your design projects.
NCLaunch helps you configure and launch the simulation tools, including Comparescan, SDF
Compiler, HDL analysis, Code Coverage Analyzer, and NCBrowse. You can run the tools in
multi-step mode or in single-step mode.

This tutorial shows you how to use NCLaunch in multiple step mode.

Copying the Tutorial Source Files

All of the source files for this design are included in your Cadence installation hierarchy.
On UNIX systems, the source files are in the following directory:
install _dir/doc/ncvlogtut/exanmples/files

Create a directory, and then copy the tutorial files to this directory. For example:

nkdir tutorial
cd tutorial
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cp -r install _dir/doc/ncvl ogtut/exanples/files .

On Windows systems, if you have installed the software in the default location, the source
files are in:

C.\ Program Fi | es\ Cadence Desi gn Systens\| US\ doc\ncvl ogt ut\exanples\files

Copy and paste this folder into a working directory. This tutorial uses the following location:
C\tutorial

Starting NCLaunch on UNIX Systems

1. Start NCLaunch from the directory into which you have copied the source files for the
tutorial.

ncl aunch -new &

The - new option specifies that you want to work on a new design.

At startup, NCLaunch displays a list of modes in which you can run the tool, as shown in
Figure 2-1 on page 2.

Figure 2-1 NCLaunch Run Modes

Multiple Step

Single Step (NCVenlog Cnly)

Help

Exit

Multiple Step mode uses the ncvl og and ncel ab commands to compile and elaborate
your design; Single Step mode uses the ncveri | og command.

2. Click Multiple Step.
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Because this is a new design, you must define a cds.lib file and work libarary. NCLaunch
opens the Open Design Directory form, shown in Figure 2-2 on page 3, so that you can
do this.

Figure 2-2 Open Design Directory Form

. Dggign Dirgctmy .................................
i."hI'rI.I’EIEUHIEu"BHEIT'IFIIEQJ'E:I-C;'EII'I'IFIIBS |

—Library Mapping File-
i!h A 1Ll 2 Eamp 8 s/asampl Bg |

Creala cds lib File... |

mmmmsmsmm———————
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3. Inthe Library Mapping File field, click the Create cds.lib File button. This opens the
Create a cds.lib file form, as shown in Figure 2-3 on page 4.

Figure 2-3 Create a cds.lib File Form

Create a cds lib file

Directony: #him ol aud isdexan plessexan ples i | @l
P 1=
Filz name: ||:ds.||n Save
Files of iype:  Lilrary Filzs (Clib) — cancel J
SRR

4. Click Save to create a library mapping file with the default name, cds. | i b. NClaunch
opens the New cds.lib File form, as shown in Figure 2-4 on page 5. This form lets you
pick the libraries that you want to use in the design. For Verilog files, you can choose
Don’tinclude any libraries. For VHDL and mixed-language designs, choose either the

default libraries or the IEEE pure libraries.
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Figure 2-4 New cds.lib File Form

o MWew cds.lib File

Houw wolid ¥ou ke 1o configure the cos b fle T

# Include defzult laranes (Whdl ormixed design]
s InClude [EEE pure libraries vhdl oF mixed design)
s Dot include any librariss feerilog design)

I, Cancel

5. Click OK to close the New cds.lib File form. NCLaunch displays the main window, as
shown in Figure 2-5 on page 6.
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Figure 2-5 NCLaunch Main Window

MNCLaunch @ dmdclawdiaexamplas Sexam ples |
Elle  Edit  Tools  UEAles  Plig-Ine ﬂulp
Hrewsars: rf’E E Tools i ~‘}~:=E :-__.5| #|%J:%ﬁ E'-ﬁi _ﬁ_;i
Directary: {/mmciaudiadesamples/asaples T & hnclaudiaeamplesmamplesics lib
i . @ warklib
&1 INCA_liba “-[4 Snapshots
i-fig] can_counter.y
E E coin_counter.w

 § E drink_machine.y
- drink_machine_top.y
- f] tesl_drink.y

§

§

Fikara:".v *.vhd ".vhal |

70 Itema salocied

The left side of the window shows all of the files in the current directory. The right side
will show the design libraries, after you have compiled the source files and elaborated
the design. The top of the window contains menus and buttons for starting the tools.

E Video

Now try this interactive exercise, Getting Started on UNIX Systems.
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Starting NCLaunch on Windows Systems

1. Invoke NCLaunch from the Start menu, by choosing Programs — Cadence Design
Systems — Design & Verification — NCLaunch.

At startup, NCLaunch displays a list of modes in which you can run the tool, as shown in
Figure 2-1 on page 2.

Figure 2-6 NCLaunch Run Modes

Multiple Step

Single Step (NCWerilog Cnly)

Help

Exit

Multiple Step mode uses the ncvl og and ncel ab commands to compile and elaborate
your design; Single Step mode uses the ncveri | og command.

2. Click Multiple Step. NCLaunch displays the main window, as shown in Figure 2-7 on
page 8.
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Figure 2-7 NCLaunch Main Window

ﬁlHELaunch {NC-5im): C:/ =10l x]

File Edit Tools Uklities Plug-Ins  Help

Browsers: ﬁ;ﬁ

......
-] ADOBEAPP

F ] AribaORMS

#-_1 Documerts and Settings
#_] My Documerts

-1 Program Files

-1 Qarbon

#_] RECYCLER -
| | _'*I_I
Filkers:) %+ *vhd *.vhd| =
triclaunche

| 0items selected

3. Select File — Set Design Directory. This opens the Set Design Directory form, as
shown in Figure 2-8 on page 9.
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Figure 2-8 Set Design Directory Form

Sek Design Direckory :ifi £l |
— Desion Dreclony
(= J
— Libuan Mapping Fils
[ J
Create s b File
= wfork. Lbrery
I :I M
0t | Comedl | Hed

4. Specify the name of the directory in the Design Directory field.

5. Inthe Library Mapping File field, click the Create cds.lib File button. This opens the
Create a cds.lib file form, as shown in Figure 2-9 on page 10.
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Figure 2-9 Create a cds.lib File Form

Creabe a cd< lib file

Save in | = tubanal

=

MpH stocrk P

i 2=
= = ® ek E-
File mame |= j Sve
Saveaztps | Library Fles [“io] | Cancel
g

6. Click the Save button.

7. Inthe New cds.lib File form, shown in Figure 2-10 on page 10, enable the Don’t include
any libraries (verilog design) button and click OK. This closes the form.

Figure 2-10 New cds.lib File Form

H i wionild et ik b coeficuns the cdsdib fle?

™ Include defaut bbranes jvhdi or rived desian]
" Include [EEE pure Ebraries [vhdl or mised designi

& Doe'tinchade 2y ibiaies [vedon desigr)

Cance i
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8. In the Set Design Directory form, click OK. In the NCLaunch window, a folder called
I NCA | i bs has been created. This folder contains a folder called wor kI i b, which will
be used as the work library.

E Video

Now try this interactive exercise, Getting Started on Windows Systems.

Compiling and Elaborating the Design

Before you can simulate your design, you must compile the source files using the Verilog
compiler, and you must elaborate the design into a snapshot using the elaborator. A snapshot
is the representation of your design that the simulator uses. It is stored in the work library
along with the other intermediate objects generated by the compiler and elaborator.

The NCLaunch main window gives you access to the tools you need to compile and elaborate
the design, as well as access to several utilities. You access the tools and utilities by using
the Tools or Utilities menu, or by clicking the appropriate button on the toolbar. Not all tools
and utilities listed in the menus are available on the toolbar, but you can customize the toolbar
to add any tools or utilities that you like.

Table 2-1 on page 11 shows the buttons that NCLaunch includes in the toolbar.

Table 2-1 NCLaunch Toolbar Buttons

Button Tool

:?-?a':t VHDL Compiler
VHIL

u.n:‘! Verilog Compiler

EJ Elaborator
‘47 Simulator
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Tool

HDL Analysis and Lint

NCBrowse (UNIX systems only)

HAL Definition Editor

£ Waveform window

Compiling the Design

To compile the design:
1. Select the Verilog files that make up the design:

can_counter.v
coin_counter.v

dri nk_rmachi ne. v

dri nk_machi ne_top.v
test _drink.v.

To select multiple files, hold down the Cont r ol key and click on each filename.
2. Click the Verilog Compiler button.

The 1/0O area at the bottom of the window displays the ncvl og command that runs as a
result of your selections, and it displays the messages that NC-Verilog generates as it
compiles the design files.

By default, NC-Verilog creates a directory called | NCA | i bs and a subdirectory called

wor kl i b. All modules in the design are compiled into the wor ki i b directory. Notice that the
I NCA_|i bs directory now appears in the file browser (left side) of the NCLaunch window,
and that the design library wor kI i b has been added to the library browser (right side) of the
window.

E Video

Now try this interactive exercise, Compiling the Design Source Files.
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Elaborating the Design

To elaborate a design, you typically expand the work library (wor Kkl i b), select the top-level
design unit, and click on the Elaborator button. However, for this tutorial, you must set some
elaborator options.

Perform the following steps to set the options and elaborate the design:
1. Expand the work library (wor k1 i b) by clicking on the plus sign next to the hardhat icon.

2. Expand the top-level design unit. In this example, the top-level unit is the Verilog
testbench, t est _dri nk.

3. Select nodul e.

4. Choose Tools — Elaborator to open the Elaborate form, shown in Figure 2-11 on
page 14.
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Figure 2-11 Elaborate Form

I Elaborate

Design Unit vorklab test_drick:moduls
{ [ojcalyiew)] )

I Snapshol Mamg |

W Sork Likrary |wnrhlit:|

hd
Overgrite log file Hntelah.lng |
W Crror Limit | 154

- Update if needed

W ACcaBs VISENIT Al anmi

| Execulable Filename ;

( Defaull: nocelah )

W Other Dptions -timescale TnsMng

Advenced Cptions..

oK, Cancel Bpply Help

Notice that the Access Visibility button is selected and that the value is set to All. This

option provides full access (read, write, and connectivity access) to simulation objects so
that you can probe objects and scopes to a simulation database and debug the design.

Note: Access to simulation objects is on by default when you are using NCLaunch.
When you are using the command-line interface, access is off by default and you must
start the elaborator with the - access option. For example:

ncel ab -access +rwec worklib.test_drink: nodul e

Note: If you are running the Verilog Desktop, debug options, such as Access Visibility,
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are always on. This option is not available in the Verilog Desktop.

5. Only one module in the drink machine contains the * t i mescal e compiler directive. To
prevent the elaborator from issuing errors because the other modules do not set a
timescale set, enable the Other Options button and enter the following option in the text
field:

-timescal e 1ns/1ns

6. Click OK to elaborate the design.

The 1/0O area at the bottom of the window displays the ncel ab command that runs as a
result of your selections, and it displays the messages that the elaborator generates.

s
—(p)— Tip

If you receive elaborator error messages, you may have made a mistake when
running these steps. For example:

0 Did you select the correct design unit name?
0 Did you remember to include the - t i nescal e option?

Perform these steps again if you get errors during elaboration.

E Video

Now try this interactive exercise, Elaborating the Design.

Starting the Simulator

To start the simulator:
1. Expand the Snapshots folder to display the snapshots that are available in your library.

2. Select the snapshot you want to simulate, as shown in Figure 2-12 on page 16.
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Figure 2-12 Selecting a Snapshot to Simulate

E||:| Snapshaots

------- warklib.test_drink:module |

3. Click the Simulator button.

The Design Browser and the Console window appear. You can access your design
hierarchy in the Design Browser and enter SimVision and simulator commands in the
Console window.

Figure 2-13 on page 16 shows the Design Browser at startup. In the Design Browser
sidebar on the left side of the window, SimVision places the simulation at the top of the
hierarchy and assigns it the name si nul at or. The top-level of the design hierarchy is
placed below the simulation. In this example, it is named t est _dr i nk.

Figure 2-13 Design Browser
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At startup, the Console window has two tabs, as shown in Figure 2-14 on page 17. The
SimVision tab lets you enter SimVision commands and the simulator tab lets you enter
simulator commands. As you run the simulation, the Console window also displays
messages from SimVision and the simulator.

Figure 2-14 Console Window
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E Video

Now try this interactive exercise, Starting the Simulator.

Exiting NCLaunch

After invoking the simulator, you can exit NCLaunch.

To exit NCLaunch:

0  Bring the NCLaunch main window to the foreground and choose File — Exit from the
menu bar.
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For More Information

This chapter describes how to run NC-Verilog in multi-step invocation mode using NCLaunch.
There are other ways to prepare your design for simulation.

Tool/Feature Description

NCLaunch You can compile the source files, elaborate the design, and start
the simulator in a single step using the NCLaunch ncveri | og
support as described in the NCLaunch User Guide.

NC-Verilog, Multiple You can compile the source files, elaborate the design, and start

Step mode the simulator using the ncvl og, ncel ab, and ncsi m
commands, as described in Multi-Step Invocation (Library-Based
Mode), in the NC-Verilog Simulator Help.

NC-Verilog, Single Step You can compile and elaborate the design in a single step using
mode the ncveri | og command, as described in Single-Step
Invocation with ncverilog in the NC-Verilog Simulator Help.
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Simulating the Design

SimVision lets you choose the simulation data that you want to save for particular objects or
scopes. This can help keep the size of simulation data files as small as possible. At a later
time, you can load a simulation data file back into the Waveform window and reexamine the
simulation results.

Selecting the Simulation Data to Save

You can save simulation data by probing the design during simulation and saving the values
of the probed objects to a database.

There are two types of probe commands:

m  Probe a specific object or objects. The values of the specified objects are saved in the
database.

m  Probe a scope or scopes. You can choose the type of information you want to save, such
as the inputs to that scope, and you can choose whether to probe some or all subscopes.

To probe all objects in all scopes, beginning at the t op module:
1. In the Design Browser, click on the + icon nextto t est _dri nk to expand the hierarchy.

2. Selectthet op scope. The signal list on the right side of the window displays the signals
for the t op scope, as shown in Figure 3-1 on page 2. The signal list indicates the type of
each signal—input, output, inout, internal signal, or transaction. You can use the filter
buttons to choose which signals you want to see in the list.
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Figure 3-1 Choosing the Top Scope
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If the signals are not displayed in the right side of the window, the Show contents
field may be setto In the selector below. If so, choose In the signal list area from
the drop-down menu, and the signals should appear as shown in Figure 3-1 on
page 2.

3. Choose Simulation — Create Probe from the menu bar.

SimVision opens the Set Probe form. This form lets you probe one or more levels of
subscope, choose the type of signals you want to probe, and write the probed information
to any database.

4. For this probe:

0 Select Include sub-scopes and choose all from the drop-down list to include all
the subscopes in the design.

0 Select Include within each scope and choose all from the drop-down list to
include all inputs, outputs, and ports.

0 Deselect Add to waveform display.

The form should have the settings shown in Figure 3-2 on page 3.
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Figure 3-2 Set Probe Form
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5. Click OK to set the probe and close the form.
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Simulating the Design

s
—(¢)~ Tip

=

If you see the following message in the Console window, you have successfully
created the probe:

ncsi n> dat abase -open waves -into waves.shm -defaul t
Created default SHM dat abase waves

ncsi n> probe -create test_drink.top -depth all -all -shm
Created probe 1

Running the Simulation

To run the simulation:

August 2004 4

1. From the any SimVision window, choose Simulation — Run. SimVision simulates the
design and saves the simulation data in a default database. As it runs, the simulator
displays the following messages in the Console window:

ncsi Nk run

400 | oadi ng machine with 5 cans
400 *** machi ne enpty! ***
700 enter nickel

900 enter dine

1100 enter quarter

1300 enter dine

1500 enter quarter

1500 -> drink di spensed
1800 enter nickel
2100 enter nickel
2300 enter dine
2500 enter dinme
2600 *** pachi ne enpty! ***
2700 enter quarter
2700 ni ckel changed
3000 enter nickel
3200 enter dine
3400 enter quarter
3600 enter dine
3800 enter quarter
3900 -> drink dispensed

68400 enter quarter

68700 enter nicke

69000 enter nickel

69200 enter dine

69400 enter dine
Simul ation conplete via $finish(1l) at time 69600 NS + 0
./test _drink.v:48 $fini sh
ncsi np
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Simulating the Design

s
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When you have completed these steps, your working directory should contain a new
directory named waves. shm The waves. shmdirectory should contain two files:
waves. dsnandwaves. t r n. If these files are significantly smaller than 65,500 and
360 bytes, respectively, you did not probe all of the necessary objects during

simulation.

To correct any problems, restart the simulator by choosing Simulation — Reinvoke
Simulator from the Console window or by exiting the simulator and restarting it with the

following command:

ncsim - gui

wor kl i b. test _drink: nodul e

Then rerun the steps in this chapter.

ﬁ Video

Now try this interactive exercise, Simulating the Design.

For More Information

This chapter describes how to set a probe and use the Console window to run the simulation.
However, there are other ways to perform these steps, as follows:

Tool or Feature

Description

$shm open
$shm pr obe
$shm cl ose

dat abase -open
probe -create
run

August 2004

You can include calls to these system tasks in your Verilog
source files. When you simulate the design, these system tasks
open your database, set the objects that you want to probe, and
close the database after the simulation has completed.

See “Displaying Waveforms with the SimVision Waveform
Viewer” in the NC-Verilog Simulator Help for details on these
system tasks.

You can call these simulator commands from the Tcl command-
line interface, or include them in a command file to simulate the
design in batch mode.

See the probe, database, and run commands in the NC-Verilog
Simulator Help.
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Simulating the Design

Tool or Feature

Description

Simulation database
management

Probes

Breakpoints

Simulation control

Simulation Cycle
Debugger

You can create different simulation databases for individual
components of a design to help with debugging, or you can open
simulation databases from other tools.

See_Chapter 6, “Managing Simulation Databases” in the
SimVision User Guide.

You can enable, disable, and delete probes, or create new
probes from the Properties window, and create probes
automatically by sending signals to the Waveform window.

See_Chapter 7, “Creating and Managing Probes” in the
SimVision User Guide.

You might want to control where simulation stops by setting
breakpoints.

See_Chapter 8, “Setting and Managing Breakpoints” in the
SimVision User Guide.

You can run a simulation, stop at breakpoints, and step into and
over subprogram calls. You can also save the state of a
simulation and restart the simulation from that point.

See_Chapter 10, “Controlling the Simulation” in the SimVision
User Guide.

The Simulation Cycle Debugger lets you step through a
simulation cycle, stopping at each time point, delta cycle,
simulation phase, or scheduled process. It is not available for
Verilog-XL or AMS Designer.

See Chapter 11, “Debugging at the Delta Cycle Level,” in the
SimVision User Guide.

August 2004
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Displaying Simulation Data

Waveforms show the values of signals at any time during simulation. They can help you
understand the behavior of your design.

To open a Waveform window:

rwrry Deselect the t op scope in the Design Browser sidebar, then click the Waveform
alesy  putton in the Send to toolbar. You can deselect the scope by pressing Cont r ol

e

while clicking on the selected scope.

SimVision opens a blank Waveform window, as shown in Figure 4-1 on page 2.

()~ Tip

If you select a scope before clicking the Waveform button, all of the signals in that
scope are added to the Waveform window. If the scope has many signals, this may
add more signals to the window that you want, and it may take a long time to load

all of those signals and their waveforms into the window.
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Figure 4-1 Opening a Blank Waveform Window
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Selecting the Signals to Display

In the Design Browser sidebar, you can select objects from one scope at a time and send
them to the Waveform window.

To select the signals that you want to display in the Waveform window:

1. Expand the Design Browser sidebar by clicking the Expand button in the
sidebar tab. SimVision adds the sidebar to the window, as shown in

Figure 4-2 on page 3.
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Figure 4-2 Expanding the Design Browser Sidebar
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2. Expand the t est _dri nk scope by clicking on the + button, then select the t op scope.
The sidebar displays the signals for that scope in the selector area, as shown in

Figure 4-3 on page 4.
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Figure 4-3 Showing the Contents of the top Scope
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3. Inthe selector area, select the signals that you want to add to the Waveform window. For
this sample session, select ni ckel _i n,di me_i n,quarter _in,di spense,
ni ckel out,di me_out,two_di ne_out, andcl k.

4. Expand the t op module and select the vendi ng scope. In the selector area, click on
current _st at e to add that signal to the Waveform window.

E 5. Collapse the sidebar by clicking the Collapse button.

The Waveform window displays the signals and waveforms, as shown in Figure 4-4 on

page 5. Signal names and values are displayed on the left; their waveforms are displayed
on the right.
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Figure 4-4 Displaying Data in the Waveform Window

|-
Eie Edi Yew Espore Fopsl Smpiom Windows Halp
IR T B T & GBI EES
S e M e § | Bighal - -| $, O | SEedreh TiFskic | Velig - - 1
.\,::ITIIQF | = |55, ] = i v (TR IEEI n'-l]]m ?:T ?i'. 4l ENTEA, BDdas + D T ;_,1 1 : 200ns v _.I.‘ ::'._
m Hemplires - §

Comor-Basedre = §0 G600
= Hare =
i Tebar

P piegmie:

[, T

= e @i

1) Gb{ECks Bebsnbed

SimVision adds the signals in the order in which you select them, but you can
rearrange them. Select the signal that you want to move, then press and hold the
middle mouse button. As you move the cursor, SimVision displays a red insertion

bar. Place the insertion bar where you want the signal to appear, and release the
mouse button.

E Video

Now try this interactive exerecise, Selecting the Signals to Display.
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Moving through Simulation Time

Above the waveform data, you can see the beginning and ending times for the simulation data
currently displayed. Below the waveform data, the scroll bar shows the entire simulation time.
You can adjust the amount of waveform data displayed in the window by entering a new time
range.

To enter a new time range:
1. Enter arange in the Time field.
For this example, enter 0: 3000, as shown in Figure 4-5 on page 6, and press Ret ur n
to apply the time range.

Figure 4-5 Entering a New Time Range

Tite: §T5 |0 : 3000ns |

2. Save these settings by selecting Keep this range from the Time drop-down menu, as
shown in Figure 4-6 on page 6.

Figure 4-6 Saving a Time Range
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SimVision opens the Create a Time Range form, as shown in Figure 4-7 on page 7.
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Figure 4-7 Create a Time Range Form

—  Create a Time Range

Start Time: |III

Mame: {0 : 2000na|

End Time: |2000as

3. You can either assign a name to the time range, or accept the default name. This name
appears in the drop-down list of time ranges. At any time, you can quickly return to a view
by selecting it from the drop-down list.

E Video

Now try this interactive exercise, Managing Time in the Waveform Window.

Moving the Cursors

The Waveform window contains two cursors, named Ti meA and Basel i ne. You can move
these cursors to any point in simulation time and use them as reference points. You can also
create any number of additional cursors. However, for this example, you need only these two.

To move a cursor:

0  Either drag the cursor to the desired time or enter a simulation time in the cursor time text
field. For this example, change the simulation time of Ti neAto 16, 700 ns, as shown in

Figure 4-8 on page 7.

Figure 4-8 Setting the Cursor Time
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Controlling the Appearance of Waveform Data

When looking at a waveform, it is sometimes helpful to display the signal values as ASCII
strings. For example, when the value of cur r ent _st at e is 1, the user has deposited 5 cents
in the machine; when cur rent _st at e is 2, the user has deposited 10 cents. It can be
helpful when viewing the waveform to display the current _state asfi ve andt en rather

than 1 and 2.

To map signal values to ASCII strings, define a mnemonic map:

1. Choose Windows — Tools — Mnemonic Maps to open the Properties window for
Mnemonic Maps, as shown in Figure 4-9 on page 8.

Figure 4-9 Properties Window for Mnemonic Maps
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When you define a mnemonic map, you can define not only the text that is displayed for
a particular signal value, but also the way that value is displayed in the Waveform

August 2004
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window, including the shape of the waveform, the color, and icons for any special
conditions associated with a value.

@( 2. Click the New Map button to create a new mnemonic map.

3. Define the first mnemonic map entry as follows:
a. To change the default radix, click on the * h entry and select * d.

b. Click in the Values Matching field, enter the value 0, and then press Tab to move
to the Relabel As field.

c. Inthe Relabel As field, enter the string i dl e and then press Tab to move to the
Values Matching field of the next entry.

The Preview field shows what the Waveform window will display when the value of
current _stateis0. Thatis, it displays a box containing the string i dl e.

4. Define the following states:

Values Matching Relabel As
idle

five

ten

fifteen

t went y

twenty five
thirty

thirty five

forty

©O©| 0| N O] O | W N| | O

forty five
fifty

=
o

[
[

ni ckel _out

=
N

di me_out

=
w

ni ckel _di me_out
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Values Matching Relabel As

14 two_di ne_out

5. In the Name field, change New map to Current State.
6. Click Apply To Selected Signals.

Now the values of current _st at e are displayed asi dl e, five,fifty, and so on,
rather than as their decimal equivalents, 0, 1, 10, and so on, as shown in Figure 4-10 on
page 10.

Figure 4-10 Displaying Signal Values with a Mnemonic Map

h current_state[30]  idle bei five Jfiftk ffortyff
]

7. Choose File — Close Window to close the Properties window.

E Video

Now try this interactive exercise, Creating a Mnemonic Map.

For More Information

This chapter describes a few of the ways that you can display and organize information in the
Waveform window. Other tools and features are available to help you display waveforms.

Tool/Feature Description

Design Search sidebar You can search for signals, variables, and scopes in multiple
databases, without regard for the design hierarchy.

See Chapter 4, “Accessing Design Objects,” in the SimVision
User Guide.

Groups and expressions You can collect signals into groups and expressions. These
features let you treat a set of signals as a single entity.

See Chapter 15, “Organizing Signals into Groups, Expressions,
and Comparisons,” in the SimVision User Guide.
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Tool/Feature

Description

Markers

Measurement window

Preferences

You can place markers, similar to cursors, on the simulation
timeline. You can jump from marker to marker to compare
simulation results at different times, but you cannot use markers
for measurement purposes.

See Chapter 16, “Navigating through Simulation Time,” in the
SimVision User Guide.

You can create a table of measurements to examine the
characteristics of variables over a specified simulation time. For
example, you can look at their slopes and minimum and
maximum values. This is useful for measuring the properties of
analog signal waveforms.

See Chapter 20, “Measuring Signal Values,” in the SimVision
User Guide.

You can specify the style of toolbars in SimVision windows, set
Waveform window defaults, select the text editor for the Source
Browser, and otherwise customize SimVision.

See Chapter 21, “Setting Preferences,” in the SimVision User
Guide.

August 2004
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Debugging the Design

By defining conditions and analyzing the waveform data, you can see where errors occur in
your design. When you have located an error, you can edit the design source code and
reinvoke the simulator to test your changes.

Searching for Conditions

A condition is a combination of signal values that you want to search for in the Waveform
window. For example, you can define a condition that occurs whenever the di spense and
guart er _i n signals have the value 1, as follows:

1. Selectthe quarter _i n and di spense signals in the Waveform window and click the
Next Edge button until both signals have the value 1.

2. Choose Edit — Create — Condition.

SimVision opens the Expression Calculator, as shown in Figure 5-1 on page 2.
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Figure 5-1 Expression Calculator
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The Expression Calculator creates a default AND expression. This expression is true

whenever both signals have the value 1. You can edit this expression if you want to look
for a different condition.

3. Enter a name for the condition expression in the Name field, such as
guart er _i nANDdi spense.

4. Click the Waveform button to add the condition to the Waveform window.

When you add a condition to the Waveform window, you can treat it like a signal and jump
from edge to edge.

5. Choose File — Close Window to close the Expression Calculator.
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6. Search for the expression to locate where the condition occurs.

ﬁ Video

Now try this interactive exercise, Creating an Expression.

Analyzing Simulation Data in the Waveform Window

Analyzing waveforms can help you find problems in a design. For example:

1. Set the simulation time to 16,700 ns, as shown in Figure 5-2 on page 3.

Figure 5-2 Setting the Simulation Time

[/ Times <[ =]16,700  ~|jns =]

At this time, the machine is in the i dl e state.

—

=

- Tip

There are several ways to set the simulation time:

O

d

O

Enter the desired time in the cursor time field.
Drag the primary cursor until it reaches the desired time.

Select the di spense signal and click the Next Edge button until you reach the
desired time.

2. Selectthe current _st at e signal and click the Next Edge button to follow the
sequence of events from clock cycle to clock cycle:

O

d

O

The user adds a nickel, and the machine transitions to the next state, fi ve.
The user adds a dime, and the machine transitions to the state fi f t een.
The user adds a quarter, and the machine transitions to the state f or t y.
The user adds a dime, the machine transitions to the state fi ft y.

During this clock cycle, the user also adds a quarter. You would expect the machine
to transition immediately to the state t wenty_f i ve, but it does not. The machine
transitions to the i dl e state, and sets the di spense signal to 1; the quarter is
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ignored. During the next clock cycle, the user deposits a nickel, and the machine
transitions to the state fi ve.

Figure 5-3 on page 4 shows the waveform at the point where the error occurs.
Between the time the machine dispenses a drink and the machine returns to the

I dl e state, the quar t er _i n signal goes high. The machine transitions to the state
f i ve in the next clock cycle, when the user deposits a nickel.

Figure 5-3 Locating the Error in the Design
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3. From the Time field, choose Keep this View from the drop-down list so that you can
easily go back to this view later.

ﬁ Video

Now try this interactive exercise, Analyzing Waveforms to Find an Error.

Analyzing Simulation Data in the Register Window

Another way to analyze simulation results is through the Register window, where you can
create custom views of the simulation data, including freeform text and graphical elements.
A Register window can have several pages, each with its own view.
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To create a page in a Register window:

1. From the Waveform window, select the signals that you want to analyze, such as the
ni ckel _in,dinme_in,quarter _in,dispense, ni ckel out, di me_out,
two_di ne_out,clk,andcurrent _state.

2. Click the Register button to send these signals to a Register window, as shown in
Figure 5-4 on page 5.

Figure 5-4 Adding Signals to a Register Window
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Along the right side of the window are buttons that let you draw graphical objects, add
text, and manage the layout of the objects in the window. Tool tips pop up when you place
the cursor over these buttons, telling you what functions they perform.

3. To apply the mnemonic map to the Register window, select the cur r ent _st at e signal
and choose Format — Radix/Mnemonic — Current State.
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4. Arrange the objects any way that you want. For example, the layout in Figure 5-5 on
page 6 shows the relationship between the inputs—ni ckel _i n, di ne_i n, and
quarter _in, andcl k—the state machine variable, cur r ent _st at e, and the
outputs—di spense, ni ckel _out, di ne_out, andtwo_di ne_out .

Figure 5-5 A Custom Layout

<43 simulator:nicke ]
4 simulator:dime_in = [ w |t shilEies ot alels - din ]

5. Enter a simulation time, such as 16,700 ns, in the Cursor Time field.
The Register window updates the signals to show their values at that time.
6. Select a signal, such as current _st at e, and click the Next Edge button.

The time progresses to the next edge of that signal and the Register window updates all
of the signals to show their values at that time.

7. Click the Previous Edge button to move the simulation time back to the previous edge
of the selected signal.

8. Start at simulation time 16,700 ns, selectthe cur r ent _st at e signal, and click the Next
Edge button to see the same sequence of events in the Register window that was shown
in the Waveform window. That is:

0 The user adds a nickel, and the machine transitions to the next state, fi ve.
0 The user adds a dime, and the machine transitions to the state fi f t een.
0 The user adds a quarter, and the machine transitions to the state f orty.

0  The user adds a dime, the machine transitions to the state fi f ty.

E Video

Now try this interactive exercise, Analyzing Simulation Data in the Register Window.
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Fixing an Error in the Source Code

You can use the Trace Signals sidebar and Source Browser to locate the line in the source

file where an error occurs, as follows:

1. In the Waveform window, and with the primary curset set to 17,700 ns, select the
current _st at e variable and choose Explore — Go To — Cause.

SimVision opens the Source Browser with the Trace Signals sidebar containing the
signal you have selected. The sidebar lists the signal’s drivers, as shown in Figure 5-6
on page 7. The Source Browser points to the beginning of the module where this signal

is defined.

Figure 5-6 Displaying Drivers in the Trace Signals Sidebar
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2. In the Trace Signals sidebar, select the first driver: assi gn current _state = 0.

The Source Browser now points to the line in the source file where current _state is
setto ‘i dl e, as shown in Figure 5-7 on page 8.
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Figure 5-7 Displaying Source Code in the Source Browser
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3. Scroll through the list of drivers in the Trace Signals sidebar, and you can see that there
are several places where curr ent _st at e is set to 0. Click on these drivers to see the
lines in the source code where these state transitions occur.

Notice that the code for * fi f t y, shown in Figure 5-8 on page 9, sets the
current _statetoidl e, butdoes not check to see if additional coins have been

added.
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Figure 5-8 Source Code for the Incorrect Case Statement
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4. To fix the error in the drink machine, choose Edit — Edit File from the Source Browser
and add the necessary logic to the case statement for * fi f t y. For example:

“fifty : /14’ d10
begin
di spense <= 1;
if (nickel _in == 1)
begin
current _state <= ‘five;

end
else if (dine_in == 1)
begin
current _state <= ‘ten;
end
else if (quarter_in == 1)
begin
current _state <= ‘twenty _five;
end
el se
begin
current _state <= ‘idle;
end

end
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/ Important

You can copy the above code and paste the solution into the source file. However,
make sure that the tick marks face the correct direction after being pasted; otherwise
the simulation will fail.

Save these changes to the file.
Choose Simulation — Reinvoke Simulator from the Source Browser.
Note: If the Reinvoke dialog box appears, click Yes.

SimVision compiles and elaborates the design, and restarts the simulator. All of the
SimVision windows that were opened in the previous session are opened again, and the
mnemonic map and condition that you created are still defined.

In any SimVision window, choose Simulation — Run to generate new simulation data.

In the Waveform window, display the view that you previously saved; you can see that
the machine transitions correctly to state t wenty _fi ve.

ﬁ Video

Now try this interactive exercise, Fixing an Error in the Source Code.

Ending a SimVision Session

To exit from SimVision:

1.
2.

Choose File — Exit SimVision from any SimVision window.

If the Waveform window remains open, choose File — Exit SimVision from the
Waveform window.

SimVision displays a confirmation message.

Click Yes to exit and close all SimVision windows.
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For More Information

This chapter describes some basic steps for debugging a design. You may also find these
other debugging tools and features helpful, as follows:

Tool/Feature Description

Measurement window  You create a table of measurements for selected variables during
a specified period of simulation time. For example, you can look
at the value, slope, and minimum and maximum values of the
variables, which is useful for measuring the properties of analog
signal waveforms.

See Chapter 20, “Measuring Signal Values,” in the SimVision
User Guide.
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