ModelSIim® User’'s Manual

Software Version 10.1c

© 1991-2012 Mentor Graphics Corporation
All rights reserved.

This document contains information that is proprietary to Mentor Graphics Corporation. The original recipient of this
document may duplicate this document in whole or in part for internal business purposes only, provided that this entire
notice appears in all copies. In duplicating any part of this document, the recipient agrees to make every reasonable
effort to prevent the unauthorized use and distribution of the proprietary information.



This document is for information and instruction purposes. Mentor Graphics reserves the right to make
changes in specifications and other information contained in this publication without prior notice, and the
reader should, in all cases, consult Mentor Graphics to determine whether any changes have been
made.

The terms and conditions governing the sale and licensing of Mentor Graphics products are set forth in
written agreements between Mentor Graphics and its customers. No representation or other affirmation
of fact contained in this publication shall be deemed to be a warranty or give rise to any liability of Mentor
Graphics whatsoever.

MENTOR GRAPHICS MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS MATERIAL
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

MENTOR GRAPHICS SHALL NOT BE LIABLE FOR ANY INCIDENTAL, INDIRECT, SPECIAL, OR
CONSEQUENTIAL DAMAGES WHATSOEVER (INCLUDING BUT NOT LIMITED TO LOST PROFITS)
ARISING OUT OF OR RELATED TO THIS PUBLICATION OR THE INFORMATION CONTAINED IN IT,
EVEN IF MENTOR GRAPHICS CORPORATION HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

RESTRICTED RIGHTS LEGEND 03/97

U.S. Government Restricted Rights. The SOFTWARE and documentation have been developed entirely
at private expense and are commercial computer software provided with restricted rights. Use,
duplication or disclosure by the U.S. Government or a U.S. Government subcontractor is subject to the
restrictions set forth in the license agreement provided with the software pursuant to DFARS 227.7202-
3(a) or as set forth in subparagraph (c)(1) and (2) of the Commercial Computer Software - Restricted
Rights clause at FAR 52.227-19, as applicable.

Contractor/manufacturer is:
Mentor Graphics Corporation
8005 S.W. Boeckman Road, Wilsonville, Oregon 97070-7777.
Telephone: 503.685.7000
Toll-Free Telephone: 800.592.2210
Website: www.mentor.com
SupportNet: supportnet.mentor.com/
Send Feedback on Documentation: supportnet.mentor.com/doc_feedback_form

TRADEMARKS: The trademarks, logos and service marks ("Marks") used herein are the property of
Mentor Graphics Corporation or other third parties. No one is permitted to use these Marks without the
prior written consent of Mentor Graphics or the respective third-party owner. The use herein of a third-
party Mark is not an attempt to indicate Mentor Graphics as a source of a product, but is intended to
indicate a product from, or associated with, a particular third party. A current list of Mentor Graphics’
trademarks may be viewed at: www.mentor.com/trademarks.


http://www.mentor.com
http://supportnet.mentor.com/
http://supportnet.mentor.com/doc_feedback_form
http://www.mentor.com/trademarks

Table of Contents

Chapter 1
LNt OdUCTION. . .. e 33
Operational Structureand FIOW. . . ... ... o 33
SIMUIEioN Task OVEIVIEW . . ..ottt e ettt ettt 34
Basic Stepsfor SImulation. . .. ... 35
Step 1 — Collect Filesand Map Libraries. ............. ... i 36
Step2— CompiletheDesign . ... i e 37
Step 3— LoadtheDesignfor Simulation .. ....... ... .. i 38
Step 4 — SimulatetheDesign .. ... ..o 38
Step 5 — Debugthe DESIgN . . . .o 39
MOOES Of OPEIaLION . . . . o\ ottt e e e e e e 39
Command LINEMOAE. . . ... e 40
BalCh MOde. . . ..o 41
Definitionof an ObJeCt . ... ... e 41
Standards SUPPOIEd . . . . ..o 41
ASSUMPLIONS. . . . oottt et e e e e e e e 42
TEXt CONVENTIONS. . .. ottt e e e e e e et 43
Installation Directory Pathnames. . .. ... ... 43
Deprecated Features, Commands, and Variables ............. ... ... .. ... ....... 43

Chapter 2
Graphical User Interface. . ... e e 45
Design Object Iconsand Their MeaningS . . .. ... oottt e 47
SEttiNg FONES. . . .o 438
Using the Find and Filter FUNCLIONS ... ... ... o e 49
Using the Find OptionsSPOPUP MENU . . . .. ..ot e e 52
User-Defined RadiCes . . ... ... 52
Usingtheradix defineCommand. . ........... ... . .. 53
Saving and Reloading Formatsand Content ... ........... ... i 57
ActiveTime Label . ... ..o 57
Window Specific Keyboard ShortCuts. . . ... .o 58
BOOKMaIKS. . . .ot 59
Working with Bookmarks. . . ... ... . 59
Managing Your Bookmarks . . ... ... 60
MaiNnWINOOW . . ... e 63
Elementsof theMainWindow . . ... ... e 63
Selectingthe ACtiVeWINdOW . . . ... .o 70
Rearrangingthe Main Window. . . . ... e 70
NavigatingintheMainWindow . . ... e e 72
Main Window Menu Bar .. ... ... e 72
MainWindow Toolbar . . ... 80
Call Stack WINdoW . . ..o 103

ModelSim User’'s Manual, v10.1c 3



Table of Contents

Call Stack Window Tasks. . . ... e 104
Related Commands of the Call Stack Window. . ............ ... ... .. ... ... ... 104
GUI Elementsof the Call Stack Window. . ........... ... . .. 104
Class Graph Window . . . .. ... e e e e e e e 105
Class Graph Window TasksS . . . . oot e e e e e 106
GUI Elements of the Class Graph Window . . ........... ... .. 107
ClassINStanCeS WINGOW . . ... oot e e ettt 107
GUI Elements of the Class InstancesWindow. . ........... ..., 109
Class Tree WIiNAOW . . ..ot e e e e et e et et 109
GUI Elementsof theClass TreeWindow. . . ... 110
Dataflow WINdow . . .. ..o 111
Dataflow Window Tasks. . . .. ..ot 113
FIESWINOOW . . ..o e e 116
GUI Elementsof the FIlesSWIndow . . ... e e 116
FSM LIStWINOOW . . o .ot e e e e e e e e 118
GUI Elementsof the FSM List Window . ......... .. 118
FSM Viewer Window . .. ... e et e e 120
FSM Viewer Window Tasks. . . ... ov i e et 121
GUI Elements of the FSM Viewer Window. . . ... 124
Library WIiNndow. . . . ..o 126
GUI Elementsof theLibrary Window . . .. .......... . i 127
LISt WINAOW. . .. 128
ListWIindow Tasks. ... ..o e 129
GUI Elementsof the LISSWINdOW . . . ... ..ot e 145
LOCAISWINGOW . . ..o e 146
LOCAlSWINAOW TasKS. . . .\ vttt ettt e e e ettt et 147
GUI Elementsof theLocalsWindow. . . ............ i 147
Memory LISt WINdow . .. ... 149
Memory ListWindow Tasks . ... e e 151
GUI Elements of the Memory List Window. ... ... 153
Memory DataWindow . . ... ... 154
Memory DataWindow Tasks. . . ..o v ittt e 155
GUI Elements of the Memory DataWindow. . ..., 156
Message Viewer WindOW . . ...t e e 157
Message Viewer Window Tasks. . . ... e 159
GUI Elements of the Message Viewer Window. . ..., 160
ObJeCtSWINAOW. . . . . oo e 164
ObJectS WINdOW Tasks. . . ..ttt e e e e 165
ProCeSSES WiINOOW . . . . oot e e 168
Processes Window Tasks . . ... .o 168
GUI Elementsof the ProcessesWIindow . ............ i 171
SOUrCEWINAOW . . . oot e e e e e 173
Opening SoUrCe FIleS . . .. oo 174
Displaying Multiple Source Files. . ... ... 174
Dragging and Dropping Objectsinto the Wave and List Windows. ................. 175
Setting your Context by Navigating SourceFiles. ............ ... ... ... 175
Language Templates. . . .. ..o 178
Setting File-Line Breakpointswiththe GUI. . ....... ... ... .. ... . . 180
Adding File-Line BreakpointswiththebpCommand . . .......................... 181

ModelSim User's Manual, v10.1c



Table of Contents

Editing File-Line Breakpoints. . . ... ...ttt e 182
Setting Conditional Breakpoints. . ... ...ttt e e 184
Checking Object Valuesand Descriptions. . .. ... .o e 186
Marking LineswithBookmarks. . ....... ... . i 187
Performing Incremental Search for SpecificCode. .......... ... ... . i, 187
Customizing the Source Window . . . . ... ..ot 188
SIUCIUrE WINOOW . . . ot e e et e ettt 189
Viewing the Structure Window . .......... i e 190
Structure Window Tasks. . .. ..ot 191
GUI Elements of the Structure Window. . . ... 194
TransCript WINAOW . .. ..o 194
Displaying the Transcript Window. . .. ... e 195
Viewing Datainthe Transcript Window . . ... 195
Savingthe Transcript File. . ... ... e 195
Colorizing the TransCript . .. ..ot e e e et e 196
Disabling Creation of the Transcript File. . ... .. o i 197
Performing an Incremental Search . ......... . . 197
Using Automatic Command Help. . ... ... ..o 197
Using driversAnd readersCommand ResultS . .. ... 197
Using TransCript MenuU temsS. . ... ..ot e e et et 198
WatCh WINGOW . . ... e 199
Adding ObjectstotheWatchWindow . . ......... ... e 201
Expanding Objectsto Show Individual Bits. .. .......... ... .. 201
Grouping and Ungrouping ODJeCtS. . . . . ..ot 202
Savingand Reloading Format Files . . ... 203
WaVe WINGOW . . . ..o e e e e e e e e 203
Add ObjectstotheWave Window . . ... 204
Wave WINdow Panes . . ... .ot 205
ObjectsYou Can View intheWaveWindow ........... ... .. ... i, 213
Wave Window Toolbar. . . ... ... 214
Chapter 3

Protecting Your SourceCode . ... e e 215
Creating Encryption ENVElopes. . . ... ..o 215
Configuring the Encryption Envelope . . ... e 216
ProteCtiON EXPrESSIONS . . .\ ottt e e e 218
Using the “include Compiler Directive (Verilogonly).......... ... ... ... .. ..... 220
Compiling WIth +PrOteCt . . ... .o e e 223
TheRuntime Encryption Model . . ... ... e 224
Language-SpecificUsage ModeElS. . . ... ..o 225
Usage Models for Protecting Verilog SourceCode. . ..., 225
Usage Modelsfor Protecting VHDL SourceCode. .. ..., 230
Proprietary Source Code Encryption ToOIS. .. ... e 237
Using Proprietary Compiler Directives . ... 238
Protecting Source CodeUsing-nodebug . .. ...t 239
Encryption Reference. . .. ... oo 240
Encryption and Encoding Methods. . .. ... . 241
How Encryption EnvelopesWork . ... 242

ModelSim User’'s Manual, v10.1c 5



Table of Contents

Using Public ENCryption KeyS . . . . ..o e 243
Using the Mentor Graphics Public EncryptionKey . ......... ... ... .o i, 243
Chapter 4
o 0 247
What are ProjeCtS?. . .. oo 247
What arethe Benefitsof Projects? . . ... ..o 247
Project Conversion Between VErSioNS . . . .. ..ottt e 248
Getting Started With Projects. . . ... ..o 248
Step1— CreatingaNew Project. . .. ... 249
Step 2 — Adding ItemstotheProject ............ . 250
Step3— Compilingthe Files. . . ... .. e 251
Stepd— Simulating abDesigN . .. ..ot 254
Other Basic Project Operations. . . . ... .v i 256
TheProjeCt WIindow . . . ... e e 256
SOMiNG the LISt . . .o 257
Creating aSimulation Configuration. . . ...t e 257
Organizing Projectswith Folders. . . ... ... . o e 259
Adding aFolder . ... 259
Specifying File Propertiesand Project Settings. .. ... ... 261
File Compilation Properties . . . ...t e 261
ProjeCt SEttiNgS. . . . . oot 263
Accessing ProjectsfromtheCommand Line. . ............. .. .. 264
Chapter 5
DeSigN Libraries . . ..o 265
Design Library OVerview .. ... e 265
DesignUnit Information. . . ... 265
Working Library VersusResourceLibraries. . .......... ... 265
ATCNIVES . . 266
Working with Design Libraries. . .. ... e 266
Creating alibrary. .. ... e 267
Managing Library Contents . ... ...ttt et et 267
Assigning aLogical NametoaDesignLibrary ......... ... ... ... .. .. ... ... 268
Moving alibrary . ... .. e 270
Setting Up Librariesfor Group UsSe . . .. ..o 270
Specifying Resource Libraries. . . ... 271
Verilog Resource Libraries. . ... 271
VHDL Resource Libraries . . ... 271
Predefined Libraries . .. ... 272
Alternate IEEE LibrariesSupplied. . . ... i 272
Regenerating Your Design Libraries .. ... 272
Importing FPGA Libraries. . .. ... 273
Protecting SOUrce Code . . . . . oot e e 274
Chapter 6
VHDL SImulation . .. ... e e 275
BaSiC VHDL USage . . . .ottt 275

6 ModelSim User's Manual, v10.1c



Table of Contents

Compilationand Simulationof VHDL . .......... . 275
CreatingaDesign Library for VHDL . .. ... ... e 275
Compiling aVHDL Design—thevcomCommand . ............................. 276
SimulatingaVHDL DeSign . . ... oo e 280
Naming Behavior of VHDL For Generate Blocks. .. ..., 281
Differences Between Versionsof VHDL . .. ... 282
Simulator Resolution Limitfor VHDL. . ... e 285
Default BINdiNg. . ... oo 285
DetaDE ayS . .. .o 286

Usingthe TextiO Package. . . ... .ot e e e e e 289
Syntax for File Declaration. . .. ... . 289
Using STD_INPUT and STD_OUTPUT WithinModelSim . .. .................... 290
TextlO Implementation ISSUES . . . . . ..ot 290
Writing Stringsand Aggregales . . . ..ottt e 290
Reading and Writing Hexadecimal Numbers. . ........... ... .. ... ... . ... 291
Dangling POINterS . . ... 292
The ENDLINE FUNCHION. . . ..o e et 292
The ENDFILE FUNCHION . . . ..o e e e e et 292
Using Alternative Input/Output Files. . . ... ... 292
Flushingthe TEXTIO BUfer ... ... e 293
Providing StImMUIUS . . . ... o 293

VITAL Usageand ComplianCe. . ... ...ttt e e e et et 293
VITAL SOUrCE COTE. . . . oottt e e e e e e e 293
VITAL 1995and 2000 PaCkages . . . ..o oottt et e e 294
VITAL ComMPlanCe . . ..ottt e e e e e e e e e e e e 294
Compiling and Simulating with Accelerated VITAL Packages. .. .................. 294

VHDL UtilitiesPackage (Util) . . .. .. ... 295
0Et TESOIULION . . . oo e 295
INE_Signal_driver() . . ..o e 296
INIE_SIGNAl_SPY() - - - o e et e e 296
SIONAl_TOICE() . oo 296
SIONAl TEIEASE() .« o v v vt 296
100 T €= 1 S 297
10 tIME ) ..o 297

MoOdeling MemMOrY . . ..o e 298
Examples of Different Memory Models. . . ... 299
Affecting Performance by Cancelling Scheduled Events. . ........................ 308

Chapter 7
Verilog and SystemVerilog Simulation. . ........ ... . i 309
Standards, Nomenclature, and Conventions. . . ...ttt 309

Basic VerilogUsage . ... 311

Verilog Compilation .. ........ . o 311
CreatingaWorking Library . ... e 311
Invoking the Verilog Compiler. . ... .. 312
Initidlizingenum Variables. . .. ... .. 315
Incremental Compilation .. ......... . 315
Library USBge . . ..ottt 317

ModelSim User’'s Manual, v10.1c 7



Table of Contents

SystemVerilog Multi-File Compilation . ............ e 319
Verilog-XL Compatible Compiler Arguments. . ..., 320
Verilog-XL uselib Compiler Directive. .. ... e 321
Verilog Configurations. . ... ..ot 323
Verilog Generate Statements . .. ... ..ot 324
Verilog SIMUIELIoN. . . . ... 325
Simulator Resolution Limit (Verilog). .. ... e 326
Event Ordering in Verilog Designs. . . ..o oot e e 328
Debugging Event Order ISSUES. . .. .o oottt e e 331
Debugging Signal Segmentation Violations. . ... i 332
Negative TIming Checks. . . .. ... e 334
Force and Release StatementsinVerilog. . . ... 343
Verilog-XL Compatible Simulator Arguments .. ..., 343
Using Escaped [dentifiers. . . ... 344
Cell Libraries. . ... 345
SDF TIimiNng ANNOtatioN . . . ...t e e 345
Delay MOGES. . . ..o 345
System Tasksand FUNCLIONS . . . ... ..o 347
|EEE Std 1364 System Tasksand FUNCLIONS . . ... .. ..o e 347
Verilog-XL Compatible System Tasksand Functions. . .......................... 349
Compiler DIrECtIVES. . . .ot 352
|[EEE Std 1364 Compiler DIreCtiVeS. . .. ..ot e 353
Verilog-XL Compatible Compiler Directives . ...........co ... 353
Verilog PLI/VPI and SystemVerilogDPI ... ... 355
Standards, Nomenclature, and Conventions. . . ...ttt 355
Extensionsto SystemVerilogDPl . ... ... . 355
SystemVerilog Class Debugging. . . ..o oottt e 356
ClassDebug Visihility . ... .. 356
Viewing ClassObjectsinthe GUI . ... .. i e 357
Conditional Breakpoints. . . ... ..ot e 364
Stepping Through YOUr DESIGN . . . . oot e e e 365
TheRunUntil Here Feature . . . ... e 365
Command Linelnterface . ... 365
Chapter 8

Recording Simulation ResultsWith Datasets. . ........... ... ... 369
SavingaSimulationtoaWLFFile......... ... ... .. i i 370
WLF File Parameter OVEIVIEW. . ... ..o e 371
LimitingtheWLFFileSize ........... ... 373
Multithreadingon Linux Platforms . ... s 374
OpPENING DalaselS. . . . ..ot 374
Viewing Dataset SUCLUNE. . . . ... oot e et et 375
Structure Tab ColUMNS. . . ... e e 376
Managing Multiple Datasets . . ... .. ..o e 376
Managing Multiple Datasetsinthe GUI . .. ... . it 376
CommaNd Line . . ... 376
Restricting the Dataset Prefix Display . ... ..o 378
Saving at Intervalswith Dataset Snapshot. .. ........... o i 378

8 ModelSim User's Manual, v10.1c



Table of Contents

Collapsing Timeand DEltaSteEps. . . . .. ..o v i e 379
Virtual ObjJeCtS. . . ..o 380
Virtual SIgnals ... oo 381
Virtual FUNCLIONS . ... 382
Virtual RegIONS. . . ..o 383
ViIUEl TY DS o 383
Chapter 9

Waveform ANalySiS. . ..o 385
ObJeCtS YOU Can ViBW . . ..o e e e e e 385
Wave WINdoOW OVEIVIEW. . . ..ottt e e et et e e 385
Wave Window Panes . . ... ..o 386
Adding ObjectstotheWave Window . . ... ... i e 388
Adding Objectswith MOUSE ACLIONS . . . . .. oot e e 389
Adding ObjectswithMenu Selections. ... ... e 389
Adding ObjectswithaCommand. . . ...t e 389
Adding ObjectswithaWindow FormatFile .. ......... ... ... .. ... ..., 389
Inserting SignalsinaSpecificLocation. . ... 390
WoOrking With CUIrSOrS . . . oo e e et e e e e e 391
AddiNg CUISOIS. . .ottt e e 393
JumpingtoaSignal Transition. .. ...t 393
Measuring Time with CursorsintheWaveWindow . . ............ .. . oo, 394
SyNCING All ACHVE CUISOIS . . . ot ottt e et e ettt e 394
LiNKING CUISOIS . . ottt e e e e e 395
Understanding Cursor Behavior . . ... 396
Shortcutsfor Working with Cursors. . .. ... ..o e 396
Expanded TimeintheWave Window. . . ... e e 396
Expanded Time Terminology . . . . ..o vt e e 397
Recording Expanded Time Information. . .............. .. .. 397
Viewing Expanded Time Information inthe WaveWindow. ...................... 398
Selecting the Expanded Time Display Mode. . .......... .. i 402
Switching Between TIMeMOodes . . . ...t e e 403
Expanding and Collapsing Simulation Time . . ... s 403
Zooming the Wave Window Display . ... e 404
Zooming withthe Menu, Toolbar and MOUSE ... ... ..ot 404
Saving Zoom Range and Scroll Position with Bookmarks. . ....................... 405
Searching intheWave WIindow . ............ . e 406
Searching for Valuesor Transitions. . . ...t e 407
Using the Expression Builder for Expression Searches. . ............. ... ... ...... 408
Filtering the Wave Window Display . . .. ... oo 411
Formattingthe Wave Window. . . . ... e 411
Setting Wave Window Display Preferences. . ........... . i 411
Formatting ObjectsintheWave Window . ............. .. .. . ..., 414
DividingtheWave WIindow . . . ... e e 417
Splitting Wave Window Panes. . . . ... 419
WAV GrOUPS . . . . oottt et e e e e e e e 420
Creating aWave GrOUD . .. oottt ettt e et e e e e e e 420
Deleting or Ungrouping aWave GroUD . . . . oo vttt e et e e 423

ModelSim User’'s Manual, v10.1c 9



Table of Contents

Adding ltemsto an EXisingWave Group . ... ... oo 423
Removing Items from an ExistingWave Group. . . .. .. .o i i 423
Miscellaneous Wave Group FEeatures. . .. ...t e 424
Composite SIgNalS Or BUSES .. ..ot i i e 424
Savingthe Window Format . . . . ... . o 425
Exporting Waveforms from theWavewindow. . ............ .. . ... 426
Exporting the Wave Window asaBitmaplmage. . ............ ..., 426
Printing the Wave Window to aPostscript File . . ... o . 427
Printing the Wave Window on the Windows Platform . .......................... 427
Saving Waveforms Between TWO CUISOrS. . ..o vttt i i 427
Combining ObJectSINtO BUSES . . .. ..ot 429
ExtractingaBus SliCe. . ... ... 430
Splitting aBusinto Several Smaller Buses . .............. . i 432
Usingthe Virtual Signal Builder . ......... ... e 432
CreatingaVirtual Signal . .......... i e 433
MisCallaNEOUS TasKs . . ..ot 435
Examining WaveformValues. . . ... ... 435
Displaying Drivers of the Selected Waveform. . ......... .. .. . ... 435
Sorting a Group of ObjectsintheWaveWindow . ............. ... .. ... ... ... 436
Creating and Managing BreakpointS. . . ... e e 436
Signal Breakpoints . ... ..ot e 436
File-Line Breakpoints. . .. ..o 438
Saving and Restoring BreakpointS . . . ... ..o 440
Chapter 10

Debugging with the Dataflow Window . . ............ .. i 441
Dataflow WIindow OVEIVIEW . . . .. ..o e e e 441
Dataflow Usage FlOW . .. ... 442
Post-Simulation Debug Flow Details. ... ... 442
Common Tasksfor Dataflow Debugging . ... 443
Adding Objectsto the Dataflow Window. .. ............ ... .. 444
Exploring the Connectivity of theDesign . ......... ... . 446
Exploring Designs with the Embedded Wave Viewer ... ........ .. .. .. .. ..., 449
TraCing EVENtS . . ..o 451
Tracing the Source of anUnknown State (StX) . .. .. ..o 451
Finding Objects by Namein the Dataflow Window. . .. .......................... 453
Automatically Tracing All PathsBetween TWoNets. .. .......................... 453
DatafloW COoNCEPLS. . . . ot e e 455
Symbol Mapping. . . .. oo 455
Current vs. Post-Simulation Command OUtput . . ...ttt 457
Dataflow Window Graphic Interface Reference. .. ... 458
What Can | View inthe Dataflow Window? .. ... 458
How isthe Dataflow Window Linked to Other Windows? .. ...................... 458
How Can | Print and SavetheDisplay?. ... i 459
How Do | Configure Window OptionS?. . . ... ..ot e 461

10 ModelSim User's Manual, v10.1c



Table of Contents

Chapter 11
SOUrCEWINAOW . . .o e e 463
Creating and Editing Source Files. . . ... ... o 463
Creating New Files. ... ..o e e e 463
Opening EXISiNg FIleS . .. ... o 463
Editing FIles . . ..o 464
Language Templates. . . . ..o 464
Searchingfor Code. . . ... . 469
Navigating Through YOUr DESIgN . . .. .ottt e e e 471
Dataand Objectsinthe Source Window . . . ...ttt 472
Determining Object Valuesand Descriptions. . .. ... .o 472
Debugging and Textual Connectivity . ...ttt e 474
Hyperlinked Text . . ... e 474
Highlighted Text inthe SourceWindow . . .......... .. .. 474
Dragging Source Window Objects Into Other Windows. . ........................ 475
BreakpOiNtS . . ... 475
Setting Individual BreakpointsinaSourceFile............ ... ... .. .. ... ... ... 475
Setting BreakpointswiththebpCommand . ............ ... .. .. ... ... ... .. ..., 476
Editing Breakpoints . .. ... 476
Saving and Restoring Breakpoints . . . ... ... 478
Setting Conditional Breakpoints. . . . ... ..ot 479
RUNUNLI HEre . . 481
Source Window BooKmarks . . ... 482
Setting and Removing Bookmarks. . ......... .. 482
Setting Source Window Preferences.. . ... ... 482

Chapter 12
SIONAl SPY . o e 485
Signal Spy FOrmatting SyntaX . . . ... ..ot 486
Signal Spy SUPPOrEd TYPES . . . .ottt e e e 486
disable Signal Sy . ..o 487
enable SIgNal SOy . . ..o 489
NIt SigNal_driVer . ... 491
N SIgNAl Sy . oot e 495
SIgNAl_fOrCe. . . .o 499
SIONAl B89 . . .. 503

Chapter 13
Generating Stimuluswith Waveform Editor .. ........ ... . i 505
Getting Started with the Waveform Editor ......... ... ... ... ... .. 505
Using Waveform Editor Prior to LoadingaDesign. . .................coiviin.. .. 505
Using Waveform Editor After LoadingaDesign. ............. ..., 506
Creating Waveformsfrom Patterns. . . ... i e 507
Creating Waveforms with Wave Create Command. . . ... ...t ... 508
Editing Waveforms . . ... ... 509
Selecting Partsof theWaveform . ... 510
Stretchingand MoVINg EAQES. . . ... ..ot 512
Simulating Directly fromWaveform Editor ............ ... ... .. ... i 512

ModelSim User’'s Manual, v10.1c 11



Table of Contents

Exporting WaveformstoaStimulusFile. . ......... ... o i 512
Driving Simulation with the Saved StimulusFile. . ........... ... ... .. .. ... ..... 513
Signal Mapping and Importing EVCD Files .......... ... .. i 514
Saving the Waveform Editor Commands .. .......... ... i 514
Chapter 14
Standard Delay Format (SDF) Timing Annotation. . ................coieirinan... 515
Specifying SDF Filesfor Simulation. . . ........ ... 515
Instance SPeCifiCation. . . ... ..o 515
SDF Specificationwiththe GUI . . . ... . e 516
Errorsand Warnings. . . ... .ot 516
VHDL VITAL SDF . . .t e e e e e e 517
SDFto VHDL GenericMatching. . . ...t e e 517
RESOIVING EITOrS. . o 518
VErlog SDF . . . . 518
BSOf ANNOtALE . . . ..ttt 519
SDFto Verilog Construct MatChing. . .. ... e e 520
RetainDelay Behavior . ... 523
Optional Edge SpeCificalionS . . .. ..o v e 525
Optional ConditioNS . . .. ... o 526
Rounded TIming ValUes. . . ... ... o e 526
SDF for Mixed VHDL and Verilog Designs. . . .. ..o ot 527
INnterconneCt DEl@ysS. . . .. oo 527
Disabling Timing Checks .. ... ... e e 527
Troubleshooting. . . .. .o 528
Specifyingthe Wrong InstanCe. . . ... .o 528
MatchingaSingle Timing Check.. . . ... ... e 529
Mistaking a Component or Module Name for an InstancelLabel. ................... 529
Forgettingto Specify thelnstance . ......... ... i e 529
Chapter 15
ValueChangeDump (VCD) Files. .. ..o e 531
CreatingaV CD File ... ..o e e e 531
Four-State VCD File. . ..o 531
Extended VCD File. . ..o 532
VECD Case SENSItIVITY . . . o vttt e e e 532
Using Extended VCD asStMUIUS. . . . . ... oot e 532
Simulating with Input ValuesfromaVCDFile.......... ... ... ... ... ... 533
Replacing Instances with Output ValuesfromaVCD File........................ 534
VCD Commandsand VECD TaskS. . .. v vttt et ettt 536
Using VCD Commandswith SystemC. . ......... ... .. . 537
Compressing FileswithVCD Tasks. . ... ..o e 538
VCD Filefrom Sourceto QULPUL. . . . . .. oottt e e e 538
VHDL SoUrCE COUE . . . .ottt e e e 538
VCD Simulator Commands . . .. ..o vttt et e 539
VECD OULPUL .« oottt e e e e e e e e e 540
VD O WL . o 541
Capturing Port Driver Data . . .. . ..o oo e 541

12 ModelSim User's Manual, v10.1c



Table of Contents

DIV SalES . . . oottt 541
DriVEr ST eNgtN . . . o 542
Identifier Code . ... ... 542
ResOIVING ValUBS . . ..o 543
Chapter 16
Tcland Macros(DO Files). . ... oo e e e 547
Tl FaIUNES . . . o 547
TCl REfEIENCES . ..o 547
Tl COmMMaNGS. .. ..o 548
Tcl Command SYNtax .. ....ot e 548
If Command SyntaXx . .......ou it 551
Command SUBSLITULION . . . . . ..o 551
Command SEPAALOr . . . . .ot 552
Multiple-Line Commands. . . . . ... ..ot 552
Evaluation Order. . .. ..o 552
Tcl Relational Expression Evaluation. . ... 552
Variable SUDSHITULION . .. ... 553
System ComMaNdS . . . ..ottt 553
Simulator State Variables . ... ... 553
Referencing Simulator State Variables. .. ... 555
Special Considerationsforthenow Variable. .......... ... ... . .. 555
LISt PrOCESSING . .« ot ettt ettt e e e 556
Simulator Tl CommaNdS . . . ..ot e e e 556
Simulator Tcl TIme Commands. . . . ... ..ot 557
CONVEISIONS. . . e it ittt e et e e e e e 558
RE A ONS. . .. 558
ANNMELIC. . . . 559
T EXAMPIES . . oo 559
MaCroS (DO FIlES) . . ..o e e 561
Creating DO FIlES. . ..o e 561
Using ParameterswithDOFiles. . ... ... . e 562
Deleting aFilefroma.do SCript. . . . ... 562
Making Macro ParametersOptional . . . ... 563
Error ActioninDOFIleS. . . ..o 565
Appendix A
modelsim.ini Variables. . . ... .. e 567
Organization of themodelsm.ini File. . ...... .. ... .. .. . . i 567
Making Changestothemodelsim.ini File.......... ... ... .. ... ... ... .. ... ..... 567
Changing the modelsim.ini Read-Only Attribute. . .............. ... .. ... ....... 568
The Runtime OptionsSDialog . . . ... oo e 568
Editing modelsim.ini Variables . ... . 572
Overriding the Default Initidlization File. .. ... 572
VA S . . 573
AddPragmaPrefiX . ... 573
AMSStaNdard. . . . ... 574
ASSEItFI e . . 574

ModelSim User’'s Manual, v10.1c 13



Table of Contents

BindAtCOMPIlE. . .. 574
BreakONnASSEITION. . . ..o 575
CheCKPIUSAIgS. . . . oot 575
CheckpointCompressMOde. . . .. ..ot e 576
CheckSynthesis. . . . ..o 576
ClassDEDUG . . . . et e e 576
CommaNdHISIONY . . ...ttt 576
Compil e TEmMPDIT. . . 577
ConcurrentFilelimit . .. ... . o 577
CreateDirFOrFI @A CCESS . . . . ot 577
DaAlasEtSEPAraION . . . . . ot e 578
DefaultForceKind . . . ..o 578
DefaultRadiX. . . . ..o 578
DefaultRadiXFIags . . ..o .o 579
DefaultRestartOptioNs. . . .. ..ot 580
D Ay EOPEN . . oo 580
displaymsgmode. . . . ..o 581
DpiOutOfTheBlue. . . . ... 581
DUMPPOISCOlEPSE. . . . .o 582
ENUMBESEINIT . . . oo 582
o 582
ErrorFile . . 583
EXPl I . e 583
L=, €= 583
floatfixlib. . ... 584
FOrCeSIgNEXTItEr . . . . o 584
ForceUnsignedinteger TOVHDLINteger .. ...t e e 584
FSmMImMpPliCitTranS . . ... 585
FSMRESEITraNS . . . . ..o e 585
FSmMSINgle. . .o 585
PO ASSIgN . o 586
GENEratEFOIMAL. . . . . oot 586
GenerateL ooplterationNMaX. . .. .. oottt 587
GenerateRecursionDepthMaX. . .. ... ... o e 587
GenerousldentifierParsing . . ... 587
GlobalSharedObjectsList . ... ... 588
Hazard. . ... 588
BB o it 588
[gNO B Or . . . o 588
IgnoreFailure. . .. ... 589
[gNOrENOLE . . .. 589
IgNOrePragmaPrefiX . . ... 590
ignoreStandardRealVECTOr . . . . ... .ot 590
IgNOrEVItalEITOrS . . .o 590
[gNOrEWAINING . . oottt e 591
IMmMediateCoNtiNUOUSASSION . . ..ottt ettt e et 591
IncludeRecursionDeptNMaX . . . .. ... oot e 591
InitOutCompositeParam . . .. ... ... 592
[terationNLimit .. ..o 592

14

ModelSim User's Manual, v10.1c



Table of Contents

LargeOhjectSIlent . . . ..o 592
LargeOb eCtSize . . .. .o 593
LibrarySearchPath. . . . ... . 593
LI CBNSE .« o .ttt 593
MaxReportRhSCroSSProdUCES. . . . ..o oot e 594
MeSSagEFOrMEL . . . . ..o 594
MessSageFormatBreak . . . ... ..o 595
MessageFormatBreakLine . . ... ... 595
MeESSageFOrMaLETOr. . . . .o 596
MessageFormatFall. . . ... ... e 596
MessageFormatFatal . . . ... ... .. 596
MessageFormatNOte. . . .. .. ..o 597
MessageFormatWarning. . . . ..o oottt e e e 597
MiIXEDANSIPOITS . . .. 597
MOdelSIM LD ... 598
MSOMOUE. . . .ot 598
AV . Lt e 598
011 Y 0 P 598
MultiFileCompilationUnit . ... ... .. e 599
NOCASESIALICEITON . . . oottt e e e e e e e e e 599
NODEDUG. . . .ot 600
NoDeferSUbpgmChecK. . . ... 600
NOINDEXCNECK . . ..o 600
NOOhersStatiCEITOr . . . . .ot e e e e et e 601
NORaNGEChECK . . . . .o 601
10 601
NOV A . . 602
NOVItAICNECK . . . oo 602
NUMENCSIANOWAININGS. . . . oot e e e e 602
OldVHDL ConfigurationVisibility .......... .. 603
OldV hdIFOrGeNNaMES. . . . . ottt ittt e ettt et 603
ONFINI SN . 604
OptiMIZE L1064 . . .t 604
PathSEparalor . . .. .. 604
PEdantiCEITOrS. . . . o 605
PliCompatDefault . . . ... ..o 605
PresarVECas. . . . o 607
PNt S MO ALS . . ..o 607
QUIBL . . . 607
RequireConfigForAlIDefaultBinding. . .. .. ... 608
RESOIULION . . . 608
RUNLENGEN. . . 609
SeparateConfigLibrary . .. ... ... 609
Show_BadOptionWarning . . . .....oou i 609
SNOW LN, . 610
SHOW _SOUICE. . ..ot e 610
Show_VitalChecksWarnings . . . ... e e 610
Show_Warningl . . ... o 610
Show_WarningZ . . . ..o 611

ModelSim User’'s Manual, v10.1c 15



Table of Contents

Show _Warning3 . . ... 611
ShOW Warningd . . . oo 611
ShoW WarningS . . ... e 611
SNOWRUNCLIONS . . . o e e e 612
ShUtdOWNFILE . . . 612
SignalSpyPathSeparator . . . ... ... 612
AU . .« . ot 613
S . o 613
Std_developersKit . ... 613
SIAMANOWANINGS . .. oo e e 614
SUP PSS, . . . e st et e e e e e e e e 614
SUPPressHileTYPERED . . . . oo 614
SV St o 615
SVEEXIENSIONS . . o 615
SV EEXENSIONS . . o o ottt ettt e e 616
VIO . e e 616
YOGS - v et e e e e e e e e 616
SyncCompilerFiles . . ..o 616
TransCriptFile . . o 617
UnbufferedOUtpUL. . . . ... o 617
UsarTimeUnit . . ..o e 618
UVIMOECONIOL . . . e e e 618
VENIOg . . o e 619
VB USRS . ettt e e e 619
VHDL OB . . 619
VhdlVariableLogging. . . .. oo 620
VIl 2000 . . oo 620
VIOgOS oML . . . .ot 621
WarnConstantChange. . . ... ..o 621
WAIMING .+« e e et e e e e e e e e e e e e e e e e 621
WaveSignalNameWidth . ... ... 622
WLFCAChESIZE. . . . .o 622
WLFCO@PSEMOAE. . . . . oo 622
LAY I 01 T == 623
WLFDEateONQUIt . . . ..ot e e e 623
WELFFIELOCK . . .o e e 624
WL eName. . .. 624
WLFOPMIZE. . . o e e e e e e 624
WLFSaVEAIIREQIONS . . . .o e 625
WLFSIMCaChESIZE. . . . .o 625
WELESIZELIMIt . .o 626
WELETIMELIMIL. . .o e e e 626
WLFUpdatelnterval . . ... ... 626
WLFUSETHIEadS. . . . ..o e e e e e e e e 627
Commonly Used modelsim.ini Variables . .. ............ ... i 627
Common Environment Variables. .. ... ..o 627
Hierarchical Library Mapping . .......o it e e 628
CreatingaTransCript File. . ... ... e 628
UsingaStartup File . ... ..o 629

16 ModelSim User's Manual, v10.1c



Table of Contents

Turning Off ASSErtioN MESSAgES . . . ..ttt 629
Turning Off Warnings from ArithmeticPackages. .. ........... ... ... ... .. .... 629
Force Command Defaults. . .. ... 630
Restart Command Defaults. . .. ... 630
VHDL Standard . . .. ... 630
Opening VHDL Files . . ... 631
Appendix B
LOCatioN M apPing. . . oottt e e e e e 633
Referencing Source Fileswith LocationMaps . . .. ... 633
Using LOCatioN Mapping . .. .ovv ettt e e et e 633
Pathname SyntaX. . .. ..ot 634
How Location Mapping WoOrks . ... .. e 634
Mappingwith TCL Variables. . ... ... e 634
Appendix C
Error and Warning MESSageS . . . .. oo vttt e 635
M ESSagE SY O, . . . ot 635
MeESSagE FOrMAEL . . . . ..o e 635
Getting More Information. . . .. ...ttt 635
Changing Message Severity Level . ... . 636
SUPPressiNg Warning MESSagES . .. oottt it et 636
Suppressing VCOM Warning MESSAgES . . .. ot o vt e e e e e e e 636
Suppressing VLOG Warning MESSagES . . . . ..o i v et e e 637
Suppressing VSIM Warning MeSSages . ... ..o et 637
EXIt COUBS . . ot 637
MiSCEllanEOUS MESSA0ES . . . . .ottt e 639
Enforcing Strict 1076 Compliance. . . ... 642
Appendix D
Verilognterfacesto C . ... o e 645
Implementation INformation . . ... .. 645
GCC Compiler Support for usewithC Interfaces. . .......... ... .. 647
Registering PLI Applications. . . . ... .. 647
Registering VPI Applications . . ... ..ot 649
Registering DPI Applications . . ... ... e 650
DPl USE I OW. . .o 651
DPlandtheviogCommand . . ... ... i e e 652
When Y our DPI Export FunctionisNot GettingCalled . ......................... 653
Troubleshooting aMissing DPI Import Function. . ............. .. . ... 653
Simplified Import of Library Functions. .. ............ ... i 654
Optimizing DPI Import Call Performance . .. ... 655
Making Verilog Function Callsfromnon-DPI CModels . ........................ 655
Calling C/C++ Functions Defined in PLI Shared ObjectsfromDPI Code . ........... 656
Compiling and Linking C Applicationsfor Interfaces . ............... .. ... ... .... 656
Windows Platforms — C . ... ..o 657
Compiling and Linking C++ Applicationsfor Interfaces . ............. .. ... ... ... 658
Windows Platforms — CH . ..o 659

ModelSim User’'s Manual, v10.1c 17



Table of Contents

Specifying Application FilestoLoad . ............ i 660
PLIand VPl FileLoading. . .. ..o e e e et et e 660
DPIFileLoading. . . ... e e 660
L oading Shared Objects with Global Symbol Visibility .......................... 661

PLL EXamMple . . 661

VP EXaMPlE . 662

DPl EXamMple . .. 663

ThePLI Callback reason Argument . ...t 664

Thesizetf Callback FUNCtion. . ... e 665

PLIObject Handles . . ... ..o 665

Third Party PLI Applications. . . . ... e 666

Support for VHDL OBJeCtS . . . . ..o 666

IEEE Std 1364 ACC ROULINES. . . . ..ottt e e e e e et et et 668

[EEE Std 1364 TF ROULINES. . . . . oottt e et e e e e 670

SystemVerilog DPl ACCESSROULINES. . . .. ..o it e e e e 670

Verilog-XL Compatible ROULINES . . . .. ... e e 671

64-bit SUPPOrt fOr PLI . . .o 671
Using 64-bit Model Sim with 32-bit Applications . ............ ... .. ... oo, 671

PLINVPETIACING. . . ottt e e e e e e e e e e e e e e e e e 671
ThePurposeof TraCing Files . ... ... e e 672
INVOKING @ TTaCE. . . ottt e e e e e et e e e 672

Debugging Interface Application Code. . ... 673

Appendix E
Command and Keyboard Shortcuts. . .......... .. i 675

Command ShOMCULS. . . . . ..o e e 675
Command History ShOrtCuts. . . .. ... ..o 675

Main and Source Window Mouse and Keyboard Shortcuts . .. ...................... 676
List of Keyboard Shortcutsin GUI Windows. . ... 679

List Window Keyboard ShortCutS . . ... ...t e e 680

Wave Window Mouse and Keyboard Shortcuts . .. ... 680

Appendix F
Setting GUI Preferences. . ... 683

Customizingthe Simulator GUI Layout . ............cc it 683
Layout Mode Loading Priority . . .. ... 683
Configure Window LayoutsDialogBoOX . ... 684
CreatingaCustom Layout Mode . . ... e e 684
Changing Layout Mode Behavior. . . ... . e 684
Resetting aLayout ModetoitsDefault .. ............ .. ... .. i 685
DeletingaCustomLayout Mode . . ... e 685
Configuring Default Windows for Restored Layouts. .. ..., 685

Simulator GUI PreferenCes . . ... oo e 685
Setting Preference VariablesfromtheGUI ... i 686
Saving GUI PreferenCes . . .. ..o 688
Themodelsim.tcl File. . ... 688

GUI Preference Variables . . ... ..o 689
WaveWindow Variables . ... ... 689

18 ModelSim User's Manual, v10.1c



Table of Contents

Appendix G
System Initialization . . ... ... o 691
Files Accessed DUring Startup. . . . .. oo oot e e e e 691
INitialization SEQUENCE. . . . ..ot 691
Environment Variables .. ... 694
Environment Variable EXpansion. . ........... i 694
Setting Environment Variables. .. ... . 695
Creating Environment VariablesinWindows . . .......... ... ... .. 700
Referencing Environment Variables. .. ... ... 701
Removing Temp FIleS (VSOUT) . ..ot e et et 701
Index

Third-Party Information

End-User License Agreement

ModelSim User’'s Manual, v10.1c 19



List of Examples

Example 2-1. Using theradix defineCommand . .. ......... ... .. ... 53
Example 2-2. Using radix defineto Specify Color .. ..., 54
Example 3-1. Encryption Envelope Contains Verilog IP Codeto be Protected . . . ... .. .. 217
Example 3-2. Encryption Envelope Contains “include Compiler Directives . ........... 218
Example 3-3. Results After Compiling withvlog +protect. ......................... 223
Example 3-4. Using the Mentor Graphics Public Encryption Key in Verilog/SystemV erilog 244
Example 6-1. Memory Model Using VHDL87 and VHDL93 Architectures. ... ........ 300
Example 6-2. Conversions Package. . . ... ..ot 302
Example 6-3. Memory Model Using VHDLO2 Architecture .. ...................... 304
Example 7-1. Invocation of the Verilog Compiler ......... .. .. ... 312
Example 7-2. Incremental Compilation Example . . ............ ... 315
Example 7-3. Sub-ModuleswithCommonNames. . ............ ..., 318
Example 15-1. Verilog Counter. . . .. ... o e 533
Example 15-2. VHDL Adder. . . . ..o 533
Example 15-3. Mixed-HDL DeSign. . .. ..ottt 534
Example 15-4. Replacing INStanCes. . . . . ... .ot 534
Example 15-5. VCD Output fromved dumpports. . .. ... .o 546
Example 16-1. Tcl WhileLoop . ...t e e 559
Example 16-2. Tcl for Command . . ... 559
Example 16-3. Tcl foreachCommand. .. .......... ... i e 559
Example 16-4. Tcl break Command . ......... ... .. i e, 560
Example 16-5. Tcl continue Command. . . .. ... ..ot 560
Example 16-6. Access and Transfer System Information. .......................... 560
Example 16-7. Tcl Used to Specify Compiler Arguments .. ........................ 561
Example 16-8. Tcl Used to Specify Compiler Arguments—Enhanced ................ 561
Example 16-9. Specifying Filesto Compile WithargcMacro. ...................... 563
Example 16-10. Specifying Compiler ArgumentsWithMacro ...................... 563
Example 16-11. Specifying Compiler Arguments With Macro—Enhanced. . ... ........ 563
Example D-1. VPI Application Registration. . ...............c .. 649

20 ModelSim User's Manual, v10.1c



List of Figures

Figure 1-1. Operational Structureand Flow . .......... .. . 34
Figure 2-1. Graphical User Interface. . ... 45
Figure2-2. FINdMoOde. . . ... ..o 49
Figure 2-3. Filter Mode . . . .. .. 49
Figure 2-4. Find OptionsSPOPUP MENU . . ... ..ot e 52
Figure 2-5. User-Defined Radix “ States’ inthe WaveWindow . . .................... 54
Figure 2-6. User-Defined Radix “States’ intheList Window . ...................... 54
Figure 2-7. Settingthe Global Signal RadixX . ........... ot 56
Figure2-8. Fixed Point Radix Dialog . . ... ... oo e 56
Figure 2-9. ACtiVE CUIrSOr TIME. . . .. oo e e 57
Figure 2-10. Enter Active TimeValue . ... e 58
Figure 2-11. Schematic Keyboard Shortcuts . ......... ... ... . ..., 58
Figure 2-12. Manage Bookmarks Dialog BOX .. ..., 61
Figure 2-13. Bookmark OptionsDialogBoX. . .. ... 62
Figure2-14. Main Window of theGUI . ... ... ... ... e 64
Figure 2-15. Main Window — MenuBar . .. ... 65
Figure 2-16. Main Window — Toolbar Frame . . ........... ... i, 65
Figure2-17. Main Window — Toolbar. . ... e 66
Figure 2-18. GUI WINCOWS. . . . . .o e e e 67
Figure2-19. GUI TaD GroUp . . . .. oottt e e et 68
Figure 2-20. Wave WIindow Panes . . ......... it 69
Figure 2-21. Main Window StatusBar .. ...t 69
Figure2-22. Window Header Handle . . ... ... .. e 71
Figure2-23. Tab Handle . ... ... .. e 71
Figure 2-24. Window Undock BUttON . . . ... ... oo 71
Figure 2-25. Bookmarks Toolbar. . .. ... ... . 81
Figure 2-26. Compile Toolbar . . .. ...t e e e 82
Figure 2-27. Coverage Toolbar . . . ... 83
Figure 2-28. Dataflow Toolbar . ......... ... .. . e 84
Figure 2-29. FSM Toolbar. . ... oo e 85
Figure2-30. Help Toolbar . . . .. ... 86
Figure 2-31. Layout TOOIbar . . ... ...t e et e 87
Figure 2-32. Memory Toolbar . . .. ...t e 87
Figure2-33. Mode Toolbar . . ... ... 87
Figure 2-34. Objectfilter Toolbar. . .......... ... . 88
Figure 2-35. Process Toolbar. . . ... .o 89
Figure 2-36. Profile Toolbar . . ... ... 90
Figure 2-37. Schematic Toolbar . ........ ... .. . i e 90
Figure2-38. Simulate Toolbar. . . ... e e 91
Figure2-39. Source Toolbar . . ... .. ... 93

ModelSim User’'s Manual, v10.1c 21



List of Figures

Figure 2-40. Standard Toolbar. . . . ... 93
Figure 2-41. The Add Selected to Window DropdownMenu. . ...................... 95
Figure2-42. Step Toolbar . . ... .. o 96
Figure 2-43. Wave Toolbar . . ... ... 97
Figure 2-44. Wave Compare Toolbar ......... ... ... .. 99
Figure 2-45. Wave Cursor Toolbar . ...t e 100
Figure 2-46. Wave Edit Toolbar . ... ... e 101
Figure 2-47. Wave Expand TimeToolbar. . ............ ... ... . .. 102
Figure 2-48. Zoom Toolbar . . . . ..ot 102
Figure 2-49. Call Stack Window . . ... ... 104
Figure 2-50. Class Graph Window . . ... 106
Figure 2-51. Class InstancesWindow . . . . ... ..o e 108
Figure 2-52. Class Tree WIndow . . . . ..ot 109
Figure 2-53. Dataflow Window - ModelSim. . ............ ... . i, 112
Figure 2-54. Dataflow WINdOW . . . .. .. .o 113
Figure 2-55. Dataflow Window and Panes . . ... ... 115
Figure 2-56. FIlesSWINdOW . . ... e e 116
Figure 2-57. FSM LISt WINAOW. . . . . .. oo e 118
Figure 2-58. FSM Viewer Window . . ... ..o 121
Figure 2-59. Combining Common Transition Conditions. .. ........................ 123
Figure 2-60. Library WIndow . . . ... .. 126
Figure 2-61. Tabular Format of the LissWindow .. .......... ... ... 128
Figure 2-62. LISt WINdOW . . . ... .ot e e e e 129
Figure 2-63. Time MarkersintheLiss Window . ........... .. ... . ... 130
Figure 2-64. List Window After configure list -deltanone OptionisUsed ............. 131
Figure 2-65. List Window After configure list -delta collapse OptionisUsed. .......... 132
Figure 2-66. List Window After writelist -deltaal OptionisUsed. .................. 132
Figure 2-67. List Window After writelist -event OptionisUsed. . ................... 133
Figure 2-68. Wave Signal Search DiadlogBoOX. .. ........ ... .. .. 134
Figure 2-69. Expression Builder Didlog BOX . ... 135
Figure 2-70. Selecting Signalsfor ExpressionBuilder . .......... ... ... .. ... ... .... 136
Figure 2-71. Modifying List Window Display Properties. .. ........................ 137
Figure 2-72. List Signal PropertiesDialog . ... 138
Figure 2-73. Changing the Radix inthe List Window. . . ............ ... oo, 139
Figure 2-74. Line Triggering intheListWindow . . .. ......... ... ... ... ... 141
Figure 2-75. Setting Trigger Properties. . . ...t 142
Figure 2-76. Trigger Gating Using ExpressionBuilder. . ............ ... .. ... ... .... 143
Figure 2-77. LoCalSWINAOW . . . .. ..ot 147
Figure 2-78. Change Selected Variable DialogBox .. ......... .. ... 149
Figure 2-79. Memory LISSWINndow. . . .. ..o 151
Figure 2-80. Memory DataWindow . . ... 155
Figure 2-81. Split Screen View of Memory Contents. . . ..., 156
Figure 2-82. Message Viewer Window . . . ....oo ot e 159
Figure 2-83. Message Viewer Window — TaskS . . ... oo 160
Figure 2-84. Message Viewer Filter DialogBoX. .. ... 164

22 ModelSim User's Manual, v10.1c



List of Figures

Figure 2-85. ObjectsSWINdow . . . ... ..o 165
Figure 2-86. Setting the Global Signal Radix from the Objects Window . .............. 166
Figure 2-87. ProcesseS WINQOW . . .. ..ot e 168
Figure 2-88. Column Heading Changes When Statesare Filtered . ................... 169
Figure 2-89. Next Active Process Displayed in Order Column. .. .................... 170
Figure 2-90. Sample Process Report in the Transcript Window .. .................... 171
Figure 2-91. Source Window Showing Language Templates. . ...................... 173
Figure 2-92. Displaying Multiple Source Files. . .......... ... ... . .. 175
Figure 2-93. Setting Context from SourceFiles . ........... ... .. 176
Figure 2-94. Language Templales. . . ... oot e 178
Figure 2-95. Create New Design Wizard. . . ... i, 179
Figure 2-96. Language Template Context Menus. . .. ..., 180
Figure 2-97. Breakpoint inthe Source Window . ..., 181
Figure 2-98. Modifying Existing Breakpoints. .. ........... ..., 183
Figure 2-99. Source Code for SOUICE.SV. . . .ottt 184
Figure 2-100. Source Window DesCription. . ... ..o e e 187
Figure 2-101. Source Window with Find Toolbar. . ........... ... ... .. .. ... ..... 188
Figure 2-102. Preferences Dialog for Customizing Source Window . ................. 189
Figure 2-103. Structure Window . . . . ..ot e 190
Figure 2-104. Find Mode Popup DisplaysMatches . .......... ... ... .. ... 193
Figure 2-105. Changing the colorizeTranscript PreferenceVaue .................... 196
Figure 2-106. Transcript Window with Find Toolbar . .. ............. ... ... ....... 197
Figure 2-107. drivers Command Resultsin Transcript . .. ........ ..., 198
Figure 2-108. Watch Window . . . . .. .. oo e 200
Figure 2-109. Scrollable Hierarchical Display .. ...... ... 201
Figure 2-110. EXpanded Arraly . .. .....co.iri ittt e e 202
Figure 2-111. Grouping ObjectsintheWatchWindow . ........................... 203
Figure 2-112. Wave WIindow. . . . . ..ot 204
Figure2-113. PathnamesPane. . . ... .. .. i e 205
Figure 2-114. Setting the Global Signal Radix from the WaveWindow ............... 206
Figure 2-115. ValueS Pane. . . . . . ..ot 207
Figure 2-116. Waveform Pane. . .. ... i e 207
Figure 2-117. Analog Sidebar Toolbox . . .. ... ... i 208
Figure 2-118. CUrsor Pane. . . .. ..ot e e e 209
Figure 2-119. Toolbox for Cursorsand Timeline . . ........... ... ... ... 209
Figure 2-120. Editing Grid and Timeline Properties. . . ........ ... 210
Figure 2-121. Cursor PropertiesDialog. . . .. oo vt 211
Figure 2-122. Wave Window - MessageBar. . .. ...t 212
Figure 2-123. View Objects Window DropdownMenu .. .. ..., 213
Figure 3-1. Create an Encryption Envelope. . ... ... 216
Figure 3-2. Verilog/SystemVerilog EncryptionUsageFlow ........................ 226
Figure 3-3. Delivering IP Code with User-DefinedMacros . .. .. ... 228
Figure 3-4. Delivering |P with “protect Compiler Directives .. ...................... 238
Figure4-1. Create Project Dialog . .. .. .ot e e 249
Figure 4-2. Project Window Detail . .......... ... i 249

ModelSim User’'s Manual, v10.1c 23



List of Figures

Figure4-3. Add itemstothe Project Dialog . . .. .. ..o 250
Figure 4-4. Create Project FileDialog. . .. ... ..o e 251
Figure 4-5. Addfileto Project Dialog. . . ... oo oo 251
Figure 4-6. Right-click Compile Menu in Project Window . ........................ 252
Figure 4-7. Click Plus Signto Show DesignHierarchy ............................ 252
Figure 4-8. Setting Compile Order .. ... . 253
Figure4-9. Grouping Files. . . ... .o 254
Figure 4-10. Start Simulation Dialog. . . ... .o 255
Figure 4-11. Structure Window with Projects. .. .. ... 255
Figure 4-12. Project Window OVEIVIEW . ... ..ottt e e 256
Figure 4-13. Add Simulation ConfigurationDialog . ............ ..., 258
Figure 4-14. Simulation Configuration in the Project Window. .. .................... 259
Figure4-15. Add Folder Dialog. . . .. ..o 259
Figure 4-16. SpecifyingaProject Folder. . . ........ ... . i 260
Figure 4-17. Project Compiler SettingsDialog . . .. ..o oo 261
Figure 4-18. Specifying File Properties. . ... ... e 262
Figure 4-19. Project SettingsDialog . .. ... oo oo 263
Figure5-1. CreatingaNew Library. . .. ... e 267
Figure 5-2. Design Unit Information intheWorkspace . ..., 268
Figure 5-3. Edit Library Mapping Dialog . . .. .. ..o 269
Figure 5-4. Import Library Wizard . . ... . 274
Figure 6-1. VHDL DeltaDelay Process . . ...t 287
Figure 7-1. Fatal Signal Segmentation Violation (SIGSEGV) ....................... 333
Figure 7-2. Current ProcessWhere Error Occurred .. ..., 334
Figure 7-3. Blue Arrow Indicating Where Code Stopped Executing .. ................ 334
Figure 7-4. Null Valuesinthe LocalsWindow. . ........... .. ... ... 334
Figure 7-5. The Class Instances Window . .. ... 358
Figure 7-6. Placing Class Objectsinthe WaveWindow. . . .......... ... ... ... ...... 360
Figure 7-7. Class Information Popup intheWaveWindow . ........................ 361
Figure 7-8. Classesinthe Class TreeWindow . . ............ ... 362
Figure 7-9. Class Viewing in the Watch Window . ........... ... ... ... ... ...... 363
Figure 8-1. Displaying Two DatasetsintheWaveWindow . ........................ 370
Figure 8-2. Open Dataset DIialogBOX . . ... .o it 374
Figure8-3. Structure Tabs. . . . .. ..o 375
Figure 8-4. The Dataset BrOWSEr . . .. ..ottt e et e 376
Figure 8-5. Dataset Snapshot Dialog. . .. ..o oo 379
Figure 8-6. Virtual Objects Indicated by OrangeDiamond. ... ...................... 381
Figure9-1. TheWave Window . . . .. ...t e e et e 386
Figure 9-2. Wave Window Object PathnamesPane ... .......... ... ... .. ... ....... 387
Figure 9-3. Wave Window Object ValuesPane . ............ ... ... .., 387
Figure 9-4. Wave Window WaveformPane . . .......... ... ... 388
Figure 9-5. Wave Window Cursor Pane . ... ... e 388
Figure 9-6. Wave Window MessagesBar . ... 388
Figure 9-7. Insertion POINt Bar . ... ..ottt et e 390
Figure 9-8. Grid and Timeline Properties . .. ... s 392

24 ModelSim User's Manual, v10.1c



List of Figures

Figure 9-9. Cursor PropertiesDialogBoX. .. ... .o 393
Figure 9-10. Find Previousand Next Transitionlcons. ....................covu.... 393
Figure 9-11. Origina Names of Wave Window Cursors .............c.coovvivnan.n.. 394
Figure 9-12. SynC All ACHIVE CUISOIS . . . .ottt e e e 394
Figure9-13. Cursor LinkingMenu . . .. ... i e e 395
Figure 9-14. Configure Cursor LinksDialog. . . ... ..o e 395
Figure 9-15. Waveform Pane with Collapsed Event and DeltaTime. . ................ 399
Figure 9-16. Waveform Pane with Expanded Time at a SpecificTime . ............... 399
Figure 9-17. Waveform PanewithEvent NotLogged . ........ ... .. .. .. ... .. .. ... 400
Figure 9-18. Waveform Pane with Expanded TimeOver aTimeRange . .............. 401
Figure 9-19. Bookmark PropertiesDialog. . .. .. ..o 406
Figure 9-20. Wave Signal Search DialogBoOX. . ... ... 408
Figure 9-21. Expression Builder Dialog BOX .. ...t 409
Figure 9-22. Selecting Signalsfor ExpressionBuilder . ............................ 410
Figure 9-23. Display Tab of the Wave Window PreferencesDialogBox. . ............. 412
Figure 9-24. Grid and Timeline Tab of Wave Window Preferences Dialog Box. ... .. ... 413
Figure 9-25. Clock Cyclesin Timelineof WaveWindow . ......................... 414
Figure 9-26. Wave Format Menu Selections. . .. ... 414
Figure 9-27. Format Tab of Wave PropertiesDialog .. ..., 415
Figure 9-28. Changing Signal RadiX . .. ....... ... i e 416
Figure 9-29. Global Signal Radix Dialog in WaveWindow. .. ...................... 417
Figure 9-30. Separate Signals with Wave Window Dividers .. ...................... 418
Figure 9-31. Splitting Wave Window Panes. . ............... ..., 419
Figure 9-32. Wave Groups Denoted by RedDiamond . .. .......................... 421
Figure 9-33. Contributing SIgnalSGroup ... ...t e 422
Figure9-34. Save Format Dialog. . .. .. ..o 426
Figure 9-35. Waveform Save Between Cursors . . .......oo it e s 428
Figure 9-36. Wave Filter Dialog . . .. ..o 428
Figure 9-37. Wave Filter Dataset . ... 429
Figure 9-38. Signals Combined to Create Virtual Bus . .. .......... ... .. ... ....... 430
Figure 9-39. Wave Extract/Pad BusDialogBoX. .. ... 431
Figure 9-40. Virtual Signal Builder . ......... ... .. 432
Figure 9-41. Creating aVirtual Signal. . . ... . 434
Figure 9-42. Virtua Signal intheWaveWindow. ..., 435
Figure 9-43. Modifying the BreakpointsDialog . .. ..., 437
Figure 9-44. Signal Breakpoint Dialog . . .. .. .o 438
Figure 9-45. Breakpointsinthe Source Window. . . ..., 439
Figure 9-46. File Breakpoint Dialog BoX .. ..., 440
Figure 10-1. The Dataflow Window (undocked) - ModelSim . ...................... 441
Figure 10-2. Dot Indicates Input in Process Sensitivity Lis ... ...t 445
Figure 10-3. Active Time Label in Dataflow Window . ............................ 445
Figure 10-4. Controlling Display of Redundant Buffersand Inverters. . ............... 448
Figure 10-5. Green Highlighting Shows Y our Path ThroughtheDesign............... 448
Figure 10-6. Highlight Selected Trace with Custom Color. . ........................ 449
Figure 10-7. Wave Viewer Displays Inputs and Outputs of Selected Process ........... 450

ModelSim User’'s Manual, v10.1c 25



List of Figures

Figure 10-8. Unknown States Shown as Red Linesin WaveWindow . ................ 452
Figure 10-9. Dataflow: Point-to-Point Tracing . . .. ... i 454
Figure 10-10. The Print Postscript Dialog. . .. .. .o oo 459
Figure 10-11. The Print Dialog . . . ..o oot e 460
Figure 10-12. ThePage Setup Dialog . . . .. oo oo e e 460
Figure 10-13. Dataflow OptionsDialog . .. ...t e 461
Figure 11-1. Language Templales. . . .. ..ot e 465
Figure 11-2. New Design Wizard AddingPorts . .. ... 466
Figure 11-3. Language Template Blockl Addedto SourceCode. . ................... 467
Figure 11-4. Inserting Module Statement from Verilog Language Template. . .......... 467
Figure 11-5. Expanding list of ansi params . ...............c i, 468
Figure 11-6. Language Template Context Menus. . .. ..., 469
Figure 11-7. Bookmark All Instancesof aSearch. . .......... ... ... ... ... oot 470
Figure 11-8. Setting Context from SourceFiles . ........... ... ... .. ... ... 471
Figure 11-9. Examine POp UpP ... oot 472
Figure 11-10. Time Indicator in Source Window . . .............ccoo ., 473
Figure 11-11. Enteran Event TimeValue. . .. ... e 473
Figure 11-12. Breakpoint inthe SourceWindow . ........... ... . ... 476
Figure 11-13. Editing Existing Breakpoints . ..., a77
Figure 11-14. Source Codefor SOUrCE.SV. . . .. vt i ettt et e e 479
Figure 11-15. PreferencesBy - Window Tab ... ... 483
Figure 13-1. Waveform Editor: Library Window . . .......... ... ... . i, 506
Figure 13-2. Opening Waveform Editor from Structure or Objects Windows. .......... 507
Figure 13-3. Create Pattern Wizard. . . . ... ... .. e 508
Figure 13-4. Wave Edit Toolbar . . ... .o e 509
Figure 13-5. Manipulating Waveforms with the Wave Edit Toolbar and Cursors.. . .. . ... 511
Figure 13-6. Export WaveformDialog . . .. .. .o 513
Figure 13-7. Evcd Import Dialog. . . . ..o 514
Figure 14-1. SDF Tabin Start SimulationDialog. . .. ....... oo 516
Figure A-1. Runtime Options Dialog: DefaultsTab . . ........ ... ... 569
Figure A-2. Runtime Options Dialog Box: Severity Tab .. ..., 570
Figure A-3. Runtime Options Dialog Box: WLFFilesTab ......................... 571
Figure D-1. DPl Use Flow Diagram . . . ... .ottt e 651
Figure E-1. Schematic Window Keyboard Shortcuts . . ........... ..., 679
Figure F-1. Change Text Fontsfor Selected Windows. ............................ 687
Figure F-2. Making Global Font Changes. . .. ...t e 687
Figure F-3. Modifying Signal Display Attributesin the Wave Window. . .............. 690

26 ModelSim User's Manual, v10.1c



List of Tables

Table 1-1. Simulation Tasks— ModelSIm . ... ... 35
Table 1-2. Use Modesfor ModelSim . ... e 39
Table 1-3. Possible Definitions of an Object, by Language .. ....................... 41
Table 1-4. Text CONVENtIONS . . . . ..ottt e ettt 43
Table 1-5. Deprecated FEAIUrES . . . ... ittt e e e 43
Table 1-6. Deprecated Commands .. ...ttt e e 44
Table 1-7. Deprecated Command Arguments .. ...t 44
Table2-1. GUI WINAOWS . .. ..ot e e et et e 46
Table2-2. Design ObjECt ICONS . . ..ottt e e e e e 47
Table 2-3. Icon Shapesand Design Object TYPes .. ... .ot e 48
Table 2-4. Graphic Elementsof Toolbar inFindMode ............................ 50
Table 2-5. Graphic Elementsof Toolbar inFilterMode ........................... 51
Table 2-6. Information Displayed in StatusBar .. .......... .. ... .. . . 69
Table2-7. FileMenu — Item DesCription . .........covuiriiniii it 73
Table 2-8. Edit Menu— Item Description . ... 75
Table 2-9. View Menu — Item DesCription . . ... ..ot e e 75
Table 2-10. Compile Menu — Item Description .............c.ciiiiiennnnnn... 76
Table 2-11. Simulate Menu — Item Description . ............ .. ..., 76
Table 2-12. Add Menu — Item Description . . ... ..o e 77
Table2-13. ToolsMenu — Item DesCription . . .. ...t 77
Table 2-14. Layout Menu — Item Description ........... ... ... i iiinnnnn... 77
Table 2-15. Bookmarks Menu — Item Description . ..., 79
Table 2-16. Window Menu — ltem Description ..............ciiiiiinnnnnnn... 79
Table2-17. Help Menu — Item Description .......... ... . ... 80
Table 2-18. Bookmarks Toolbar Buttons . ............ .. i 82
Table 2-19. Compile Toolbar Buttons ........... ... i 83
Table 2-20. Coverage Toolbar BUttONS . .. .. .. ..o e 83
Table 2-21. Dataflow Toolbar BUttons . . .. ... e 84
Table 2-22. FSM Toolbar BULEONS .. .. ..ot e 85
Table 2-23. Help Toolbar BULtONS . ... .. ... e e 86
