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ModelSim 
Leading Single & Mixed Language Simulation

Native single kernel verification environment
— Verilog 1995, 2001, 2005
— VHDL 1987/1993/2002/2008
— SystemVerilog for design
— SystemC with SCV and TLM, C, C++ (option)

Broadest type support at language boundaries
— Component/module instantiation
— SignalSpy™
— SC control, observe and connect methods
— Only simulator able to share type definitions written in one package 

in both VHDL and SystemVerilog
Preserving full benefits of strong type checking

Integrated debug capabilities
— Commands/GUI consistent across languages, HW platforms and 

abstraction levels
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True Mixed Language Environment

VHDL
PKG

function Read( )
function Write( )

SystemVerilog
TB

Read( )
.
.

Write( )

VHDL  Design

transmit( )

SystemVerilog
PKG

task  transmit( )

Complexity and size drive the need for multi-
abstraction verification

— Transaction to gate

Need common environment to debug mixed 
language simulations
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Agenda

Performance

Debug & Analysis

Coverage
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Performance & Capacity

Native Single Kernel for all languages
Global optimizations
Best Verilog gate-level performance
Best time to next simulation performance
Multi-core capable

Performance improvements in 
every release
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Verification Throughput
Native simulator architecture

— Continual opportunities for performance 
improvements

vopt performance flow (SE only)
— All abstract levels
— Run time optimization

Regression suite throughput
— “time to next simulation”

Best gate-level performance 
— Best capacity
— VHDL/Verilog compiled SDF

5.4 5.5 5.6 5.7 5.8 6.0 6.1 6.2

Improving Performance

See Questa/ModelSim User’s Manual 
Optimizing designs with vopt

vlog vlog vcom

library

.v

Simulation

vopt

.v .v .vhd

library

Global Optimizations

–In-Line modules
–Always block merging
–Event reduction
–Datapath merging
–Parameter propagation

.v .vhd

library library

Simulation
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6.5 Performance Update
SystemVerilog

— 30% on active benchmark designs vs 6.4
Verilog/SystemVerilog

— Race abatement algorithm
— Gate Level

Design load/elaboration
— 3x improvement on customer designs

SDF timing options
— Optimize and elaborate once run any sdfminr/sdftypr/sdfmaxr

settings
Optimization time and disk space reduction
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6.5 Performance Update
VHDL

— 15% on target designs vs 6.4

Time to next simulation (introduced in 6.4)
— Pre-optimize unchanged blocks for regression suite 

throughput
— Mix optimized and non-optimized blocks
— Disk space savings



9
Mentor Graphics 

ModelSim 6.5

vlib work

vlib asic_lib

vlog -work asic_lib cell_lib.v

vlog netlist.v

vopt -L asic_lib -debugCellOpt +nocheckALL \

-bbox netlist -o optnet

vlog tb.v test1.v

vsim -c tb -do sim.do

Possible Black Box Flow

DUV
Source
Files

Compile &
Optimize

Black Box
DUV Compile &

Link
Simulate

Test 1

Compile &
Link

Simulate

Test 2

Compile &
Link

Simulate

Test 3

Compile &
Link

Simulate

Test N

vlog tb.v test2.v

vsim -c tb -do sim.do

vlog test3.v

vsim -c tb -do sim.do

vlog testN.v

vsim -c tb -do sim.do
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Verification Throughput

Initial run to create 
bbox libraries

Elaboration and 
run time 

unchanged

Re-use bbox to 
eliminate optimization 

phase

Typical optimized flow

Compile ELAB SIM

test 1 test 2 test N

Optimize ELAB SIMOptimizeELAB SIMOptimize

Performance flow using bbox

Compile ELAB SIM

test 1

Optimize ELAB SIM

test 2

Regression suite 
throughput

savings

OptimizeELAB SIM

test 2

ELAB SIM

test N

Disk image savings
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Compiled SDF
Significantly Reduces GLS Load Times!

SDF can be compiled using sdfcom
— Significant time savings during elaboration for SDF 

files used repetitively without modification
— Use: sdfcom <sdf_file> <compiled_name>

When vopt is run, sdfcom will be run implicitly if it 
detects one of the following:

— $sdf_annotate
— -sdfmin/max/typ
— Disable with the “modelsim.ini” file setting:

VoptAutoSDFCompile
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Verification Throughput
Simulating with Different Timing Corners
Originally changing SDF files required creation of the bbox 
object for each SDF file

— Reduced throughput by requiring many vopt runs
— Required extra disk space to keep multiple bbox libraries

Using SDF replacement increases throughput and reduces 
needed disk space

— vopt -bbox once, vsim many times with different timing corners

vopt -bbox core -o core_bb

vsim top -sdftypr /top/dut=tc-1.sdf
vsim top -sdftypr /top/dut=tc-2.sdf
vsim top -sdftypr /top/dut=tc-3.sdf

...
vsim top -sdftypr /top/dut=tc-i.sdf



13
Mentor Graphics 

ModelSim 6.5

Case Study: SDF Replacement

Using SDF replacement flow with bbox

Run time for traditional SDF flow with bbox

Elab/SimCOMPILE vopt -bbox Elab/Sim
SDF file 1 SDF file 2 SDF file N

vopt -bbox Elab/Sim vopt -bbox

Elab/SimCOMPILE
SDF file 1 SDF file 2 SDF file N

vopt -bbox Elab/Sim Elab/Sim

Disk space savings with 8 timing corners

Before:

23GB bbox library * 8 = 184GB

After:

23GB bbox library + (8 * 800MB Compiled SDF) = 29.4GB

Throughput
Improvement 
SDF replace
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Exploiting Multicore Platforms

Ability to enable multi-threaded logging of simulation 
results

— Can improve performance up to 2x

SystemC compile
— Faster SC compilation when enabled
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Optional Post Processing Debug

No Simulation loaded, post 
processing environment

Determine cause of event in 
waveform through dataflow 

Trace instance to module

Find object in source
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Agenda

Performance

Debug & Analysis

Coverage
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Window Manager Common control 
& behavior for all 
windows

Any window can form 
a tab group with any 

other window

Consistent look 
and feel
Improved 
quality
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Easing Processes Debug

View all processes 
together 

regardless of 
language

Toggle between 
viewing modes

All Windows linked 
to process window

Integral with 
SystemC Debug 

Interface
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Debug an FSM
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FSM analysis
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Enhanced Wave Window
Full capabilities

— HDL, SystemC, TLM 
and Assertion Debug

Cross linked to other 
windows

Waveform Compare

Virtual Objects
— Signals, Functions and 

regions

Waveform management
— Dataset snapshot, subset, 

clear, save, stats
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d1 d2data_in

clk2clk

clk1

Delta Cycle Debugging



23
Mentor Graphics 

ModelSim 6.5

User Defined Radix

radix define States {
11'b00000000000 "NOPUSH",
11'b00000000001 "PUSH1",
11'b00000000010 "PUSH2",

…

11'b10000000000 "PUSH11",
-default hex}

Tcl command 
defines radix

New radix appears 
in pick list 

“push” signals with 
& without radix



24
Mentor Graphics 

ModelSim 6.5

Wave Window
Create multiple panes and drag and drop signals from one 
pane to the other.
Powerful Edit and Search Capabilities under the Edit Menu.
Cursors - multiple, jump to edge and measurement. 
Bookmarks for marking multiple waveform views.
Balloon popup to display values
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Wave Window
Wave window reload 
Write format restart” command saves a single .do file that can be 
used to restore the current state of all wave, list and source 
windows as well as all line and signal (when) breakpoints 
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Wave Window Analog Display
Improved analog wave display

— add wave -min and –max
Example of signal with values between 0 and 5

add wave –analog –min 0 –max 5 –height 100 <my_signal>

— Clamp display to min/max values
add wave –clampanalog {0|1}

— Save with write format wave <file.do>
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Dataset snapshot
Extract waveforms from current 
simulation 

— Can be based on time
— Can be based on size

Use to minimize waveform file size
— Use for monitoring batch jobs
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Waveform File Manager (wlfman)

Utility to manipulate existing wlf files 
— Reduce amount of information to display

View portion 
of original 
waveform file
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Transaction Display
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Source Annotation

Annotation can be 
linked to active cursor

Signal transitions

Steady state values

Hover over signal to get 
full path & value
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Graphical Dataflow: Tracing Signals
Find Cause of Unknown with ChaseX

Users can also direct dataflow 
window to compute and draw paths 
between one point and another
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Textual Dataflow: Tracing Signals

Find reader of strb_r

Select Signal 
then RMB



33
Mentor Graphics 

ModelSim 6.5

Textual Dataflow: Tracing Signals

Find driver(s) of prdy_r

Select Signal 
then RMB
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Optional source 
code hyperlinking

34

Easing Causality Tracing
Source Code Hyperlinking

Hyperlinked variables
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35

Easing Causality Tracing
Source Code Hyperlinking

Jump through hierarchyJump through hierarchy

Jump to source window and Jump to source window and 
highlight variable declarationhighlight variable declaration
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SystemC & 
HDL Source 
Code

HDL & 
SystemC Design 
Hierarchy

HDL & SystemC 
Signals, Module 
member 
variables

GDB & Questa CLI 
(run, step, step over, etc.)

SystemC & HDL 
Active Processes

Single-Step & 
Break-Point

Debug of SystemC & HDLs
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Debug Example: sc_fifo
Writing to & Reading from sc_fifo<long> with 
10 Elements

# 1100: reading 0
# 1200: Available: 9
# 1200: reading 1
# {{2 3 4 5 6 7 8 9}}
# 1300: Available: 8
# 1300: reading 2
# 1400: Available: 7
# 1400: reading 3
# 1500: Available: 6
# 1500: reading 4
# 1600: Available: 5
# 1600: reading 5
# 1700: Available: 4
# 1700: reading 6
# {{7 8 9}}

# 100: writing 0
# Executing 'examine fifo' yields 
# {{0}}
# 200: writing 1
# Executing 'examine {fifo(0 to 1)}' 
yields 
# {{0 1}}
# 300: writing 2
# 400: writing 3
# 500: writing 4
# 600: writing 5
# 700: writing 6
# Executing 'examine {fifo(0 to 7)}' 
yields 
# {{0 1 2 3 4 5 6}}
# Executing 'examine {fifo(7)}' yields 
# -Unused-
# 800: writing 7
# 900: writing 8
# 1000: writing 9
# 1100: Available: 10
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Identify a sub-block from a chip/system environment
— Save extended VCD data from sub-block of system/chip 

environment
Improved time to debug

— Transfer sub-block to design team with most expertise
— Re-simulate sub-block with extended VCD file

Failure Isolation – Time To Debug

a b

c

VSIM 1> vcd dumpports –file c.vcd /top/c/*
VSIM 2> run -all

vsim c –vcdstim c.vcdtop

c
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Using VCD as Stimulus

$ vsim c –vcdstim c.vcd

CCC

VCD file
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Expanded Data requires Data Management 
Message Viewer

Organize all simulation messages
Sort by severity or type
Cross links to other windows for quick isolation of 
problems
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Agenda

Performance

Debug & Analysis

Coverage
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Code
Coverage

Functional
Coverage

Assertion
Engine

UCDB

Custom Programs Custom Programs 
& Scripts& Scripts

Verification
Coverage
Analysis &
Reporting

3rd Party, Other 
Mentor Tools & 

User
Data

R
ead A

PI

W
rite A

PI
Open Read And Write 
API, ‘C’ Functions & CLI

Database Toolset, load, copy, 
merge, rank, report, analyze Written In ‘C’ or TCL 

Scripts Using CLI

Best capacity and 
performance
Most comprehensive
Open and flexible
Base technology for 
Questa Verification 
Management

Unified Coverage DataBase (UCDB)

0-in
Formal

User
Coverage

Test
Specific

Test

Plan

ModelSim
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Code Coverage
Measures language coverage

— Have you executed each:
Statement
Branch
Condition
Expression
Or Toggled each bit

Best used at block level
— Easier to exercise code

aspects
— Ensures blocks are tested &

ready for integration

Built-in
— Low overhead

compatible with most 
optimizations

— Easy to use
— High capacity and performance 

UCDB

Improve verification throughput
— Rank UCDB test files and 

eliminate regression tests that do 
not contribute to coverage 
metrics
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6.5 Coverage Update
Improved FSM recognition

— Must use vopt
UCDB capacity

— 20-30% memory footprint reduction
Coverage remove

— Elimination of test specific data from merged UCDB file
Fine-grained exclusions
UCDB preserve count merge 

— Enables detailed analysis of merged coverage data

Expanding Coverage Usability
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Comprehensive FSM Debug Solution

State diagram animation linked 
to active wave cursor 

State variables identified 
with FSM icon 

Select FSM from list
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FSM Debug with transition expressions

Control display of:
* Transition counts
* State counts
* Conditional paths
* Balloon popups
* Wave cursor linking

FSM states:
* Brown - Reset state
* Yellow - Previous state
* Green - Present state
* Blue - Not one of the above
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Code Coverage Reporting Efficiencies

Test Details

Coverage Totals

Includes complete coverage result details
Easy reporting to management 
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HTML Coverage Viewing

For details click on 
specific Item

Specify design 
Hierarchy
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VHDL
VHDL 2008 support introduced 

— Predefined operations on scalar (5.1.5) and array 
(5.2.1.3) types

— External Names (8.7)
— Package STANDARD (16.3)
— Standard environment package (16.5)
— VHDL Encryption (24.1)

Enable by setting vhdl93 = 2008 in modelsim.ini
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ModelSim 6.5 Functional Verification

The best execution
— Integrated platform available today

The best technology
— High capacity, high performance and throughput

The right strategy
— Make every verification cycle count!
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Additional Mentor Products
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Processor-driven Verification

Allows test efforts to span multiple stages of the design  
- test reuse across the project

Questa Codelink provides the critical features to 
support processor-driven, including multi-core 
verification

Testbench-based 
tests

Processor-
Driven C test

High-Level
Simulation

RTL/Gate
Simulation

Emulation Prototype
or FPGAs

Post-
Fabrication
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Hardware/Software Correlation
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Multi-Core Processor Debug Environment
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Mentor’s 0-In® Formal Verification Solution 
Delivers …

Highest capacity and 
performance
Extensive Design Style 
Support
Smart integration of 
formal verification with 
simulation
The largest library of assertion IP in the industry 
Intuitive graphical analysis and debug
Questa Coverage database enabled

The ‘proven’ formal verification solution
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0-In® CDC Verificaton  
Structural CDC verification

— Automatically identifies all clocks and 
clock-domain crossings (CDCs)

Verification of CDC protocols 
— Automatically proves CDC Protocols 
— Simulate CDC protocol assertions

Silicon-accurate RTL simulation
— Mimics the metastability effects in 

synchronizers
Accurate Coverage metrics

— Provides a measure of completeness for 
the testbench as related to metastability 
issues

0-In® CDC – The Benchmark in CDC verification
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Expanding Debug Feature Set
Improves Productivity

Advanced waveform viewer
Schematic-based Dataflow 
window
Integrated assertion browser
Functional and code coverage 
including FSM
Performance analyzer
Memory viewer
Waveform editor
Signal Spy
JobSpy
Watch window

Message viewer (6.2)
Source annotation (6.2)
TLM Viewing (6.2)
Post Simulation Debug (6.3)
Textual Dataflow (6.3)
TLM Analysis (6.3)
Verification Management 
(6.3)
UCDB Browser (6.3)
SV call stack window (6.3)
And much more

Rich native debug environment for all languages 
and abstraction levels


